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The Safety, Operational, and Cost Impacts of
Pedestrian Indications at Signalized Intersections

H. DOUGLAS ROBERTSON and EVERETT C. CARTER

ABSTRACT

Pedestrian signals have been used in the
United States since the 1920s. Although
these signals are viewed by many as a safe-
ty improvement, studies to date have not
entirely sustained this premise. Other
studies have centered on improving opera-
tional efficiency of pedestrian signals
through timing, phasing, and uniformity of
displays. In addition to these safety and
operational considerations, energy conser-
vation and reduced operation and mainte-
nance revenues are added justification for
optimal and Jjudicious use of pedestrian
signals. The effects that pedestrian signal
indications have on safety, operations, and
cost are examined. Information is drawn
from the literature and analyses of acci-
dents, delay, and benefits versus cost. The
study concludes that there is evidence in-
dicating that pedestrian signals are over-
used and thus contribute to unnecessary
costs and delays and possibly reduced safe-
ty. A need exists for the more judicious
use of pedestrian indications at signalized
intersections.

Approximately 130,000 motor vehicle accidents in-
volving pedestrians occurred in 1981, which resulted
in 9,000 pedestrian fatalities and 100,000 injuries.
A majority of these accidents (84 percent) occurred
in urban areas. Approximately 25 percent of the pe-
destrians killed or injured (26,700) were crossing
or entering intersections (1, pp. 45-47, 55, 61).

The competition for spaéé between pedestrians and
vehicles is increasing, particularly in densely pop-
ulated regions. Provisions for pedestrian movements
and pedestrian-vehicle conflicts reduce intersection
capacity and increase delay. The traffic engineer is
thus confronted with two sometimes conflicting con-
siderations: safety and operational efficiencv.

Pedestrian signals have been used in the United
States since the 1920s., Although they are viewed by
many engineers as a safety improvement, studies to
date have not entirely sustained this premise. In
some instances the correlation between pedestrian
signal installations and public pressure is far
greater than the correlation between pedestrian sig-
nals and accident reduction or improved operations.

In addition to the safety and operational consid-
erations just mentioned, energy conservation and
reduced operation and maintenance funds are added
justification for optimal and judicious use of pe-
destrian signals. At this time ¢traffic engineers
have insufficlent information and data to determine
where pedestrian signals are needed most and in what
manner they should be operated to best meet all re-
quirements.

The safety, operational, and cost impacts of us-
ing pedestrian signal indications at signalized in-

tersections are examined in this paper. Four sources
of information are used: existing 1literature, a
pedestrian accident analysis, a delay analysis, and
a benefit/cost analysis.,

LITERATURE REVIEW

The information that appears to be most useful to
pedestrians is a clear indication of when to walk
without interference from traffic. In evaluating the
effect of pedestrian signals versus no pedestrian
signals at intersections, Mortimer (2) found that
the pedestrian signal aided pedestrians in estima-
ting the safe crossing time remaining. As a result,
a significantly greater number of pedestrians
crossed during the WALK interval compared with the
green interval of the traffic signal. At the traffic
signal without pedestrian indications, the highest
pedestrian flow occurred during the amber interval,
a potentially hazardous situation.

Forsythe and Berger (3) presented the results of
interviews with pedestrians crossing unsafely (with-
out a WALK or a green indication). The overriding
factor was clearly time related. A need to hurry or
a desire to keep moving was the prime motivation be-
hind disobeying pedestrian (or traffic) signals. The
implication for intersection safety appeared to be
that, as with vehicles, the pedestrian stream must
be kept flowing.

A study by Orne (4) developed some interesting
findings. Data were collected on pedestrian viola-
tions, pedestrian volume, and vehicle volume at in=-
tersections with and without pedestrian signals in
two cities. The data analysis showed that pedestrian
violations were positively correlated with both pe-
destrian and vehicle volumes even though a regional
difference in pedestrian characteristics was shown
to exist between the two cities. The correlation was
higher at the intersections with pedestrian signals
than at those without.

A particular aspect of the pedestrian signal has
been of concern. As Sleight (5, pp. 224-253) noted,
the meaning of pedestrian signals is not always
clear. In certain installations, WALK means that the
pedestrian has exclusive use of the crosswalk and no
traffic will interfere; however, in the majority of
situations traffic is permitted to turn through a
crosswalk during the WALK indication. A pedestrian
really has no way of knowing which type of control
is in effect at a particular intersection. Obviously
the pedestrian who frequents semiexclusive, con-
trolled crosswalks builds a different set of expec-
tancies than the pedestrian who has to watch for
turning traffic regardless of signal message.

One way of providing more information is to use a
flashing signal. However, a similar problem exists
in that the WALK or DONT WALK indication may flash
with the intent of conveying two different messages.
The flashing WALK is intended to warn pedestrians of
turning vehicles. The flashing DONT WALK indicates
the clearance interval; that is, the signal is about
to change. Again pedestrians build expectancies that
may be incorrect for other intersections, or if they
face different uses of the flashing signal and can-



not build an expectancy,
that signal.

In a study of pedestrians' understanding of the
meaning of signal indications, Robertson (6) found
that of 400 pedestrians surveyed in two cities, only
2.5 percent understood the intended meanings of
flashing WALK and steady WALK. Less than half of the
pedestrians in both cities said that they would ex-
pect vehicles to be turning into the crosswalk dur-
ing the WALK interval even though turning vehicles
in both cities made up one-fourth of the total traf-
fic passing through the intersections and all turns
were permitted.

Overall the pedestrian signal appears to have
limited effectiveness. The major limitation is the
uncertainty of information provided. However, it may
not be practical to expect all of the desirable in-
formation features to be included in every pedes-
trian signal system. As Welke (7) pointed out, the
practical aspects of complicated signal systems
(i.e., cost and maintenance) 1limit their use to
heavily traveled intersections. Even if a complete
information set cannot be provided in every signal
application, considerable gain can result by stan-
dardizing the meaning of the information presented.
I1f different amounts of information need to be given
at various sites, provisions must be made for the
pedestrian to identify or be aware of the difference.

It is apparent from the literature that research-
ers have some degree of understanding of the needs
and expectations of pedestrians crossing at signal-
ized intersections; however, there is much evidence
to indicate that these needs and expectations are
not being fully accommodated. Low compliance with
the signal; lack of understanding of the meaning of
pedestrian indications; and inadequate accommoda-
tions for special pedestrians, such as the elderly
and the handicapped, are examples of needs and ex-
pectations not being met.

they will tend to ignore

ACCIDENT DATA ANALYSIS

Accidents and accident rates have traditionally been
accepted as the ultimate measures of safety because
they represent the ultimate failure of safety provi-
sions. Although numerous from an overall viewpoint,
pedestrian accidents are rare events that often oc-
cur under various circumstances. It is therefore
quite difficult to use pedestrian accident statis-
tics to determine accident causation factors or to
ascertain which countermeasures are effective or
show a potential benefit., The difficulty could be
reduced if there were a way to measure, or express,
pedestrian exposure and thus indicate some measure
of risk. Because vehicle traffic is somewhat homo-
geneous, exposure may be calculated in terms of mea-
sures such as vehicle miles of travel. Pedestrian
traffic is for the most part heterogeneous and mean-
ingful exposure relationships have not yet been ful-
ly developed.

Three existing data bases containing more than
5,100 accidents and representing 20 different urban
areas were obtained and examined. These included the
following:

1. District of Columbia pedestrian intersection
accidents from 1971 through 1973 (2,685),

2. Pedestrian intersection accidents from 13
cities collected during the Snyder and Knoblauch (8)
study of pedestrian behavior (973), and

3. Pedestrian intersection accidents
cities collected during the Knoblauch (9)
urban pedestrians (1,443).

from 7
study of
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For convenience, these data bases will hereafter
be referred to as the D.C., PED, and URPED data
bases, respectively. The D.C. data base contained
only information from police accident reports. The
other data bases contained behavioral data from in-
depth investigations in addition to police report
information.

Table 1 gives the frequency and percentage of
pedestrian accidents by type of control for each of
the three data bases analyzed. The percentages of
control type from the PED and URPED data bases re-
flect the average for several cities and are in
close agreement with one another. The D.C. data
base, which represents a single city, has different
percentages but shows the same trend between control
types as reflected in the average data from 20
cities. Overall, at intersections with pedestrian
accident histories, 44 percent of the accidents
occurred at signalized intersections.

TABLE 1 Pedestrian Intersection Accidents by Data Base and
Type of Control

Type of Control

Signal None? Stop or Yield

Data Base Frequency Percent Frequency Percent Frequency Percent Total

D.C. 1,043 39 1,378 51 264 10 2,685
PED 477 49 359 37 137 14 973
URPED 700 48 506 35 237 17 1,443
Total 2,220 44 2,243 44 638 12 5,101

4This category includes accidents that occurred on the major street of a nonsignalized
intersection.

An analysis was conducted of 47 intersections (23
with pedestrian signals, 19 with traffic siqnals on-
ly, and 5 with no signals) in Wwashington, D.C.,
where pedestrian and vehicle volumes as well as pe-
destrian accident data were available. Pedestrian
accident rates were calculated for each intersection
by dividing the number of pedestrian accidents in 3
years during a 1l0-hr period by a sample of the pe-
destrian volume during the same 10-hr period. Mean
pedestrian accident rates were then calculated for
each type of control. Tests of significance
(Student's t) revealed that the intersections with
vehicular or pedestrian signals or both had a sig-
nificantly lower accident rate than nonsignalized
intersections. There was no significant difference
in mean accident rates between intersections with
pedestrian signals and intersections with traffic
signals only. These results imply that signalized
intersections are safer than nonsignalized intersec-
tions and that pedestrian signals are no safer than
traffic signals alone. Caution should be exercised
when these findings are used because the small sam-
ples may not be representative.

More substantial evidence may be found in a
recent study by Zegeer et al. (10) in which it was
concluded that there was no significant difference
in pedestrian accidents between signalized intersec-
tions with standard timed pedestrian signals and
those with no pedestrian signal indications. The
study was based on data from 1,100 intersections in
15 U.S. cities, and the analysis controlled for both
pedestrian and vehicle volumes as well as one-way
and two-way operation. The study did not examine
nonsignalized intersections but does offer strong
evidence that, in general, pedestrian signal indica-
tions are no safer than traffic signals alone.

Approximately one of every five accidents in the
data base involved a turning vehicle hitting a pe-
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destrian., Left turns accounted for about 62 percent
of the turning accidents [60 percent in the data by
Zegeer et al. (10)]. Before these statistics could
be used as indicators of a safety problem, however,
it was necessary to examine them in light of some
measure of exposure. The first step was to determine
whether accidents between turning vehicles and pe-
destrians occurred at a greater rate than the rate
of turning vehicles. Sixty-two intersections were
sampled from the D.C. accident data base. The only
sampling criterion was that pedestrian volumes, ve-
hicle counts by movement, and accident histories be
available for each intersection. The pedestrian and
vehicle volumes were based on 10-hr counts. The
3-year accident histories ranged from zero to seven
accidents per intersection. Of the 62 intersections
in the sample, 8 had no signals, 29 had traffic sig-
nals only, and 25 had both traffic and pedestrian
signals.
This sample data base revealed the following:

1. Of the 202 pedestrian accidents that oc-
curred, 29 percent involved turning vehicles;

2. The average ratio of turning vehicles to
total vehicles entering the intersection was 17 per-
cent;

3. Left-turning accidents accounted for 59 per-
cent of the total turning accidents; and

4, Left turns represented 44 percent of the
total turns.

on the basis of these data, turning vehicles, and in
particular left-turning vehicles, were overrepre-
sented in these pedestrian intersection accidents.
This analysis assumed that the vehicle counts were
representative of the vehicle volumes over the peri-
od in which the accident data were collected.

Some interesting trends were reflected by the
pedestrian accident rates in Table 2. Left turns had
a higher rate than right turns at signalized inter-
sections. The through-movement rate was higher than

TABLE 2 Pedestrian Accident Rates by Type of Control

Type of Control

Type of Rate®® No Signal Signal Only  Pedestrian Signal All

Left turn = 5.99 3.69 4.33
Right turn 2.24 1.85 2.59 2.34
Total turn 1.22 3.78 3.06 3:22
Through 595 1.54 1.17 1.51
Total vehicle 552 1.95 1.60 1.90
Pedestrian volume 3.16 1.41 0.81 1.10

3Accident rates based on vehicles = number of pedestrian accidents divided by total 10-
hr vehicle volume times 10,000.

bAccident rates based on pedestrians = number of pedestrian accidents divided by total
10-hr pedestrian volume times 1,000.

€No left-turn accidents occurred at unsignalized intersections. Left turns made up 45
percent of the total turns,

the turning-movement rate at nonsignalized intersec-
tions but lower at signalized intersections. Over-
all, left turns were almost three times more hazard-
ous to pedestrians than through movements. This
corresponded to research by Habib (11), who found
the left-turning maneuver to be about four times as
hazardous as the through movement with regard to
pedestrian accidents when turning volumes were con-
sidered.

On the basis of the data reflected in Table 2,
signalized intersections had lower pedestrian acci-
dent rates than nonsignalized intersections when
either vehicle or pedestrian volumes were consid-
ered, Standard tests of differences in mean acci-
dents, pedestrian volume, vehicle volume, and number

of turns per intersection between each type of con-
trol showed no significant difference in mean acci-
dents per intersection and significant differences
(0.1 level) in all of the other means. As one might
expect, the mean volumes (pedestrians, vehicles, and
turns) were higher at the signal-only intersections
and highest at the pedestrian signal intersections.
Caution should be exercised when interpreting the
findings in Table 2, because the sample of 62 inter-
sections from which the data were drawn may not be
representative of each of the types of control.

In conclusion there was evidence to support the
contention that turning movements, and in particular
left-turning movements, present a safety problem for
pedestrians crossing at intersections and that it
appears that the problem may be more acute at sig-
nalized intersections.

In addition, Zegeer et al. (10) concluded that
the presence of pedestrian indications may tend to
create a false sense of security in that pedestrians
may think that they are fully protected and do not
need to be cautious. The absence of pedestrian in-
dications makes pedestrians feel that they must rely
on their own senses and judgment and thus exercise
more caution, particularly with regard to turning
vehicles.

Age appears to have a significant effect on pe-
destrian behavior. The data were analyzed to deter-
mine what age groups of pedestrians crossing at
intersections were overinvolved or at risk when ex-
posure was taken into account. Age data were avail-
able on 2,397 pedestrians in the total data base.
Almost 40 percent of the pedestrians involved were
under the age of 15.

Risk for each age group was calculated by divid-
ing the percentage of pedestrians involved in acci-
dents by the corresponding percentage of the popula-
tion. Risk was then plotted by age and is shown in
Figure 1. Risk values greater than 1 represented age
ranges that were overinvolved in pedestrian inter-
section accidents given the proportion of those age
ranges found in the general population. These data
tended to confirm the results of other studies that
the young (between 5 and 15 years) and the elderly
(more than 64 years) are overrepresented in pedes-
trian intersection accidents.

The accident factors discussed thus far have all
related to the incidence of the accident. In other
words these factors related to the occurrence of the
accident and to whether that occurrence could be
expected given the situation with regard to expo-
sure. The following factors characterized those ac-
cidents that occurred (and were reported). The sa-
lient factors included pedestrian injury severity,
pedestrian actions, driver actions, and blocked
vision.

The data on 2,371 pedestrians indicated that in-
juries occurred most frequently at signalized inter-
sections and least frequently on approaches with
stop or yield control. Fatalities were particularly
high at signalized intersections when compared with
nonsignalized intersections. The number of pedestri-
ans with no injuries was low; that 1is, 4 percent of
those struck were not injured. This indicates that
when struck by a vehicle, the pedestrian seldom es-
capes injury. It is also possible that many no-in-
jury accidents go unreported. Except for the trends
already noted, the other injury categories reflected
few differences.

With respect to causal factors, inattention was
cited for pedestrians over drivers by almost three
to one. Blocked vision was also frequently cited as
a causal factor by both pedestrians and drivers. The
blocking objects were almost identically reported:
parked cars, 39 percent; standing traffic, 23 per-
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FIGURE 1 Pedestrian intersection accident risk by age based on exposure.

cent; moving traffic, 22 percent; and other, 16 per-
cent.,

To drivers, pedestrians appeared suddenly in
their path in one-third of the accidents coded. The
pedestrians did not recognize the need for evasive
action in two-thirds of the accidents coded.

The major violations coded were failure by driv-
ers to yield the right-of-way to pedestrians, cross-
ing against the signal by pedestrians, speeding, and
hit and run. The pedestrian was charged in approxi-
mately one-half of the accidents, the driver in ap-
proximately one-third.

By comparison, the study by Zegeer et al., (10)
concluded that approximately one-half of the inter-
section pedestrian accildents were caused by pedes-
trians violating the traffic or pedestrian signal or
both. In the other half of the pedestrian accidents,
the pedestrians were following the instructions of
traffic or pedestrian signals, but were struck by
motorists who failed to observe or yield to pedes-
trians in time.

DELAY ANALYSIS

The purpose of the delay analysis was to assess the
impact of pedestrians on intersection performance as
reflected by vehicle and pedestrian delay. The anal-
ysis included signalized intersections with and
without pedestrian signals.

Pedestrian delay at signalized intersections has
been shown to be a function of signal timing, pedes-
trian and vehicle volume, and roadway width. It is
also a function of one other major factor, which is
often overlooked or assumed away. Pedestrian compli~-
ance with the signal can have a significant impact
on pedestrian delay, particularly at intersections
with moderate to 1low vehicle volumes. Pedestrians
who are willing to trust their own judgment of gaps
in traffic incur less delay than those who comply
with the signal. A number of factors appear to in-
fluence a pedestrian's willingness to obey the sig-
nal. The strongest motivation for high pedestrian
compliance with pedestrian signals is the pedes-

trian's perceived need for assistance in crossing
the street. This motivation is reflected by the
relationship between the percentage of violators
(those crossing when vehicles have the right-of-way)
and vehicle volume, which has been established in

several studies and confirmed in this study. As
vehicle volume increases, pedestrian violations
decrease.

Signal timing was found to influence compliance.
When too much green time was given to vehicle traf-
fic with respect to its volume, pedestrian viola-
tions increased. Increasing pedestrian clearance
time was also accompanied by an increase in pedes-
trian violations. Other factors such as age, sex,
width of street, sight distance, and weather affect
compliance in varying degrees. Because of the number
of factors that influence pedestrian compliance,
there is a large variance from site to site and city
to city.

With respect to type of control, an examination
of the proportion of the cycle where the pedestrian
must wait (assuming he complies) shows that one
would anticipate the least pedestrian delay under
pedestrian-actuated control and the most delay under
fixed-time, exclusive-pedestrian-phase (scramble)
control, all else being equal.

Traditionally vehicle delay has often been the
controlling factor when trade-offs were made with
pedestrian delay and to a large extent safety. This
is not unexpected given the magnitude of difference
between pedestrian and vehicle volumes.

In general, vehicles are delayed by pedestrians
in one of the following ways:

1. Direct conflict with left- and right-turning
vehicles when pedestrians are given the right-of-way
concurrently with vehicles on the street parallel to
the crosswalks,

2. Control of vehicle green time by the minimum
walk time requirement,

3. The use of an exclusive pedestrian phase
(scramble) or prohibition of turns, or

4, pPedestrian-actuated control at intersections
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of high-volume major streets and low-volume minor
streets.

In assessing the impact of various pedestrian
signal phasing and timing alternatives on vehicle
delay, Abrams and Smith (12) dealt exclusively with
delay to right-turning vehicles. They assumed that
the delay incurred when right-turning vehicles must
yield to pedestrians in the crosswalk was the only
significant delay to vehicles beyond that normally
introduced by the signal. They found that street
width (length of crosswalk) had a significant effect
on right-turn delay. With crosswalks less than 60 ft
(18.3 m) long, right-turning vehicles had to wait
until pedestrians crossing from both curbs had
cleared the street. With longer crosswalks, one or
more vehicles could turn right between the time that
the near-side curb pedestrians had cleared and the
time that the far-side curb pedestrians reached the
lane into which the vehicles were turning.

Pedestrian-induced left-turn delay is generally
less severe than right-turn delay. This is primarily
because heavy left-turn movements are usually accom-
modated by a separate left-turn phase during which
pedestrians are not permitted to enter the crosswalk
where conflicts may occur. When left turns are per-
mitted without a separate left-turn phase, the turn-
ing vehicles must first yield to opposing through
traffic before they turn. This usually gives pedes-
trians an opportunity to clear the crosswalk before
the left-turning vehicle reaches it. As indicated in
the accident analysis portion of this paper, the
conflict between left turn and the pedestrian is one
of the most hazardous. A left-turning driver who is
seeking a gap in opposing traffic may be sufficient-
ly distracted not to see the pedestrian in the
crosswalk through which he is turning.

During the early 1950s the exclusive pedestrian
phase, or scramble, was introduced in several U.S.
cities, It met with mixed success. Installed as a
safety measure (pedestrians and vehicles were sepa-
rated from conflict), it was found to significantly
increase both pedestrian and vehicle delay (13). The
application of scramble is somewhat limited today.
It is found in some of the larger cities in downtown
sections and has also enjoyed a wider application at
intersections where safety is paramount, such as at
school crossings,

BENEFIT/COST ANALYSIS

Pedestrian indications could conceivably benefit
users in two ways: reduced delay and improved safe-
ty. As discussed previously, delay to pedestrians
and vehicles at signalized intersections is primar-
ily a function of signal timing and, to a lesser ex-
tent, compliance with the signal indications. Signal
timing is a function of vehicle and pedestrian de-
mand (usually expressed in terms of volumes). Vehic-
ular signals are generally timed to accommodate
vehicles and pedestrians regardless of whether pe-
destrian indications are present. Therefore, pedes-
trian indications have no significant effect on that
portion of delay that is affected by signal timing.

The remaining guestion is whether pedestrian in-
dications have an impact on pedestrian compliance.
The evidence is somewhat mixed on this issue. Some
studies have reported increases in compliance after
pedestrian indications were installed, whereas
others have found no change. Even where increases in
compliance have occurred, the overall noncompliance
rate has remained relatively high except at inter-
sections with high vehicular volumes.

From another point of view, the delay to motor-
ists caused by pedestrians who do not comply with

the signal is generally offset by the reduction in
pedestrian delay resulting from the noncompliance.
Thus the conclusion is that, in general, pedestrian
indications do not significantly affect either pe-
destrian or vehicle delay.

With respect to safety, data from a sample of 47
intersections in this study revealed no significant
difference in mean pedestrian accident rates between
signalized intersections with and without pedestrian
indications. More conclusively, the study by Zegeer
et al. (10) found concurrently timed pedestrian sig-
nals to have no significant effect on pedestrian ac-
cident distributions or frequencies for a sample of
more than 1,100 locations representing these two
groups. This finding was also true for the five
largest cities in the sample, both individually and
collectively.

On the basis of this evidence, one could conclude
that pedestrian signal indications, as predominantly
applied (i.e., concurrent timing), offer no safety
benefit over that provided by vehicular signals
alone. However, it is clear from the literature that
safety did improve at some locations. The safety
benefit then had to be a function of proper applica-
tion. In other words, the pedestrian indications had
to meet specific pedestrian needs that could not be
met by the vehicular signals alone. For example, the
indications may serve to reduce the hazards posed by
poor sight distance; to clarify confusing traffic
signal phasing; or to aid young, old, and handi-
capped pedestrians.

The following analysis included the costs to
equip and operate pedestrian indications at a typi-
cal four-leg intersection with crosswalks on all ap-
proaches. It was assumed that traffic signals were
in place and that the existing fixed-time controller
would accommodate the operation of the pedestrian
indications. A signal life of 10 years and a dis-
count rate of B8 percent were assumed; signal equip-
ment costs were based on prices in various sources
(14;15, p. 6). The annual costs, expressed in 1981
dollars, are summarized in Table 3. The most expen-
sive (incandescent) and least expensive (fiber op-
tics) signal types were chosen to establish the cost
ranges shown. Power consumption was the largest sin-
gle item and represented between 30 and 68 percent
of the total annual cost.

TABLE 3 Annualized Cost of Pedestrian Indications
(Incandescent and Fiber Optics)

Annual Cost ($1981)

Item Per Signal® Per Intersection®
Equipment cost ($225-353) 33.53- 52.61 268.24-420.88
Power consumption® (based on

$0.06/kW - hr) 70.96- 23.65 567.65-189.22
Installation (1 hr at $20/hr) 2.98 23.84

Maintenance per signal per
year (includes parts and labor) 16.88- 29.81

Total 124.35-109.05

135.08-238.45
994.81-872.39

2Assume 10-year signal life with a discount rate of 8 percent.
bincludes eight signals.
Cwatts per signal x 24 hr x 365 x $0.05.

The total annual cost of pedestrian indications
was not easily compared with the total annual costs
of the intersection traffic signals because of the
wide variance in different types of controllers and
signal equipment. A comparison was made, however,
between the power consumption costs of traffic sig-
nals versus pedestrian indications. The power con-
sumed by the controller was not included. It was



assumed that the same typical four-leg intersection
had two 3-section, 12-in. traffic signals on each
approach for a total of 24 signal heads rated at 150
W per head. It must be remembered that only eight
heads are lit at any given time. The annual power
consumption for each head (at $0.06/kWehr) would
cost §78.84 and for the intersection §630.72. 1If
incandescent pedestrian indications were used in
conjunction with the traffic signals, they would
consume 47 percent of the power needed to operate
this intersection. Fiber-optic indications would
consume 23 percent of the total power to operate the
intersection.

With the methodology suggested by AASHTO (16, pp.
11-34 and 63-65), the estimated benefits and costs
were compared for alternative improvements at a typ-
ical signalized intersection. Two cases were exam-
ined. Case 1 was the installation of pedestrian sig-
nal indications, and case 2 was the removal of the
pedestrian indications. The criterion for economic
feasibility was that the equivalent uniform annual
benefits exceed the equivalent uniform annual costs.

For case 1 it was assumed that the pedestrian
indications were being installed to meet specific
pedestrian needs; thus the benefit was in terms of
the prevention of pedestrian accidents. For this
hypothetical example it was assumed that the pedes-
trian indications would prevent an average of one
pedestrian accident every 2 vyears (or 0.5 accident
per year). The cost of a pedestrian accident was
calculated by multiplying the proportions of fatali-
ties and injuries by the representative costs for
fatal and injury accidents (16), respectively, and
summing the products. Performing this calculation
resulted in a cost of $22,953 per pedestrian acci-
dent (in 1981 dollars). The annual benefit (cost
savings) of installing pedestrian indications was
found by multiplying the number of accidents pre-
vented annually (0.5) by the cost per accident
($22,953). Thus, the equivalent uniform annual bene-
fit for case 1 was $11,477.

The equivalent uniform annual costs to purchase,
install, operate, and maintain incandescent pedes-
trian signals at the intersection were taken from
Table 3 and amounted to $995. The equivalent uniform
annual benefits exceeded the equivalent uniform an-
nual costs by $10,482, which indicated that the in-
stallation of pedestrian indications at this inter-
section was economically desirable.

In case 2 the alternative improvement was the
removal of pedestrian indications at a signalized
intersection where there were no specific pedestrian
needs being met beyond those provided by the vehicu-
lar signal. Based on the findings of both this and
the study by Zegeer et al. (1l0), there would be no
difference in safety with or without the pedestrian
indications; therefore, the equivalent uniform an-
nual benefit was zero. The equivalent uniform annual
costs were the same as those in case 1 ($995), but
because the pedestrian indications had been removed,
these costs were in reality negative costs or sav-
ings. Therefore the costs actually represented an
economic benefit of $995 [0 - (~$995))1, thus indi-
cating that the removal of pedestrian indications
was economically desirable.

These hypothetical examples demonstrate that both
the installation and the removal of pedestrian indi-
cations may be economically feasible if they are in-
stalled where they are needed and removed from where
they are not needed.

CONCLUS IONS

There is no doubt that pedestrian intersection acci-
dents pose a safety problem. In 1981 alone, 26,700
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pedestrians were killed or injured at intersections
(1) . Evidence indicates that traffic signals offer
an improvement to pedestrian safety. Pedestrian in-
dications, when properly applied to meet specific
pedestrian needs, are thought to provide an addi-
tional safety improvement. The magnitude or extent
of that added improvement has not been established.
In short, pedestrian indications appear to con-
tribute to the reduction of accidents or accident
potential at some intersections, have little or no
effect at others, and even increase accidents at
still others. There is clearly a need to determine
the conditions under which the safety afforded by
pedestrian indications is realized, or in other
words, when pedestrian indications are effective in
enhancing safety.

The presence of pedestrian signal indications
does not appear to significantly affect the perfor-
mance of the intersection as measured by pedestrian
and vehicle delay. The operation of those indica-
tions in conjunction with the vehilcular signals (in
terms of phasing and timing), however, has a pro-
found effect on delay. When traffic signals are em-—
ployed, care must be taken to ensure that they are
properly timed.

Until recent years, the cost of providing and
operating traffic and pedestrian signals has not
been a major problem to most jurisdictions. During
the 1950s, 1960s, and early 1970s, intersection sig-
nalization experienced tremendous growth. In the
absence of more definitive information and armed
with generally worded warrants and guidelines in the
Manual on Uniform Traffic Control Devices (MUTCD),
many Jjurisdictions undertook use of pedestrian in-
dications. For example, Los Angeles had pedestrian
indications at 89 percent of its signalized inter-
sections in 1974.

Since 1974 the economic situation has changed
significantly. Inflation has reduced buying power
and in turn the ability of government budgets to
sustain the growth of signal control. Operating bud-
gets have, in effect, been reduced by the rising
cost of energy. The 1luxury of signal control that
does not produce a reasonable and necessary benefit
can no longer be afforded. As the analysis demon-
strated, the cost of pedestrian signals is substan-
tial.

With no relief to the economic and energy prob-
lems in sight, ways must be found to reduce costs.
Pedestrian indications offer a cost-reduction tar-
get; therefore, it is critical that the conditions
for the effective use of these indications be deter-
mined so that the safety benefits afforded by these

devices will not be lost in an arbitrary move to cut
costs.
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Evaluation of Innovative Pedestrian Signalization

Alternatives

CHARLES V. ZEGEER, MICHAEL J. CYNECKI, and KENNETH S. OPIELA

ABSTRACT

The purpose of this study was to develop and
evaluate innovative pedestrian sign and sig-
nal alternatives, particularly those that
indicate the clearance interval (in place of
the flashing DONT WALK message) and those
that warn pedestrians of possible turning

vehicles (instead of the flashing WALK mes-
sage). A total of 41 alternatives were
developed, and the 8 judged most promising

were evaluated at several sites within 5
U.S. cities. The alternatives were evaluated
using before-and-after studies of pedestrian
violations and various types of pedestrian-
vehicle conflicts. Based on the results of
the Z-test analyses of observations at the
study sites, several alternatives were
recommended for inclusion in the Manual on
Uniform Traffic Control Devices for applica-
tion at intersections with pedestrian safety
problems. These included the WALK WITH CARE
signal indication, a sign for motorists
stating YIELD TO PEDESTRIANS WHEN TURNING
(requlatory sign), a pedestrian warning siqn
stating PEDESTRIANS WATCH FOR TURNING
VEHICLES, and a pedestrian signal explana-
tion sign (word and symbolic). A three-sec-

tion pedestrian signal using DONT START to
indicate the clearance interval was recom-
mended for additional testing, but little or
no benefit was found for the use of the
steady DONT WALK indication for the clear-
ance interval or the flashing WALK indica-
tion (to warn pedestrians of turning ve-
hicles).

One of the major pedestrian safety problems in the
United States today is the ineffectiveness and con-
fusion associated with pedestrian signal indica-
tions. Pedestrians in many cities often do not com-
ply with pedestrian signal indications because of a
lack of understanding or respect for the devices. In
fact, violations of the DONT WALK message have been
found to be higher than 50 percent in many cities

(1) .

" There could be several reasons for the lack of
effectiveness of pedestrian signal indications in
commanding respect, improving compliance, or reduc-
ing pedestrian accidents. This study addressed the
misunderstanding and confusion on the part of pedes-
trians regarding the meaning of the steady or flash-
ing DONT WALK indication and the steady and flashing
WALK indication.

A steady, illuminated DONT WALK message means
that a pedestrian shall not enter the intersection



"in the direction of the indication,"™ according to
the 1978 edition of the Manual on Uniform Traffic
Control Devices (MUTCD) (2). The flashing DONT WALK
sign indicates a clearance 1interval and is intended
to inform pedestrians not to start crossing the
street but to complete their crossing if they have
already begun. Many pedestrians do not distinguish
between the flashing and the steady DONT WALK indi-
cations. Other pedestrians tend to treat the DONT
WALK message as only advisory and cross at their own
discretion. An accident analysis conducted in an
earlier study by Zegeer et al. (3) indicated that in
the majority of pedestrian accidents at signalized
intersections, the pedestrian had violated the sig-
nal message.

A . second problem with pedestrian signal indica-
tions involves the flashing WALK display. The steady
WALK indication is widely used to designate the
pedestrian crossing interval, but the flashing WALK
indication is used in some jurisdictions to inform
pedestrians that vehicles may be turning across
their path. When the flashing WALK signal is used,
the steady WALK signal is generally used to desig-
nate a protected pedestrian crossing interval during
which vehicles are not permitted to turn across the
crosswalk. However, many jurisdictions do not use
the flashing WALK signal for the following reasons:
(a) many pedestrians do not understand its meaning,
{(b) their signal display hardware is not easily
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adapted to providing it, or (c) its use at one loca-
tion would necessitate its use at all other appro-
priate locations, which could require major monetary
outlays by the agency.

Confusion is common because many pedestrians
either do not know the meaning of the flashing WALK
signal or believe that any WALK indication (whether
flashing or steady) means that they need not 1look
around for cars or use caution. The danger is that
a motor vehicle may run through the red 1light or
turn across the crosswalk without yielding to pedes-
trians. Although pedestrians may be within their
rights, they should also exercise caution whenever
crossing the street because they are most, suscep-
tible to injury or death in the event of an accident
with a motor vehicle.

It is believed that these basic problems related
to pedestrian signals can be addressed in part by

innovative sign and signal alternatives. These al-
ternatives include new sign and signal devices,
modifications of existing devices, supplemental

devices to enhance the function of the signal, and
promotion of improved understanding and respect of
the signals.

Figure 1 shows how signal alternatives might ad-
dress specific pedestrian problems at signalized
intersections. For example, pedestrians who under-
stand and comply with pedestrian signals still need
to be alerted to turning vehicles. Pedestrians who
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violate signals do not understand their meaning, do
not notice them, or simply choose to disreqard
them. For pedestrians who intentionally violate the
signals, police enforcement or improved pedestrian
signs or signals (more demanding of respect) may be
appropriate.

This study focused on two situations in which
signal alternatives were considered most 1likely to
be effective:

1. Pedestrian clearance: to replace or supple-
ment the flashing DONT WALK indication, and

2. Indication of potential conflicts: to replace
or supplement the flashing WALK indication,

It was recognized, however, that other methods
must also be considered in efforts to enhance pedes-
trian safety at signalized intersections. These
methods include the following:

1. Enforcement of pedestrian compliance with the
signal messages;

2. Enforcement of vehicle compliance with the
pedestrian's right-of-way in crosswalks;

3. Public education (i.e., in schools, on radio
and TV, and so on) or awareness programs addressing
the meaning of pedestrian signals, pedestrian and
vehicle laws, and pedestrian behavior; and

4. Changes in the roadway environment through
traffic engineering or geometric improvements.

DEVELOPMENT OF PEDESTRIAN SIGNAL ALTERNATIVES

As a part of this study a comprehensive review of
the literature and current practices was completed
to identify alternatives for indicating the clear-
ance interval and warning of potential conflicts.
Subsequently a range of candidate signal alterna-
tives was developed and priority ranked, and the al-
ternatives judged most promising were selected for
field testing. The alternatives selected were fabri-
cated and field tested at certain intersections in
five cities. Before-and-after analyses of pedes-
trian compliance and pedestrian-vehicle conflicts
were used to evaluate each alternative. The results
of these tests are presented in this paper and
recommendations are provided for application of the
most promising pedestrian signalization alterna-
tives. The alternatives evaluated in this study are
described in the following sections.

Selection of Pedestrian Clearance Alternatives

A careful review was conducted of past research and
current practices relative to pedestrian clearance
indications. Approximately 22 different alternatives
for depicting the clearance interval were proposed
by various members of the project team for further
consideration. These alternatives were refined with
inputs from various city, state, and federal offi-
cials and other pedestrian signal and safety ex-
perts. Detailed descriptions of these alternatives
were compiled, which included design features (move-
ment, color, message, size, and location), a sketch
or drawing, past use, justification for use, poten-
tial advantages and disadvantages, estimated cost of
installation, and estimated cost of maintenance and
operation, The detailed descriptions were used to
rate alternatives in terms of their practicality and
expected level of effectiveness. The results were
then summarized and recommendations were made con-
cerning the alternatives that should be considered
for field testing.

Examples of the 22 experimental devices not
selected for testing include education programs
(driver education, school education, and so forth),
signal displays (various messages on three-section
signal heads, color-only 1lenses, yellow ball for
clearance with DONT WALK and WALK messages, and so
forth), audible devices (beeping messages, spoken
word messages, and so forth), and other alternatives
(digital and@ symbolic countdown devices, variable
message displays, pavement messages, and so forth).
Such messages were generally rejected for field
testing because of their high cost, electronic
sophistication, or expected ineffectiveness. Details
of these devices are given in the full report on
this study by Goodell-Grivas, Inc. (4). The three
clearance alternatives selected for field testing
and the justification for their selection are de-
scribed in the following.

Alternative 1: Pedestrian Signal Explanation Sign

An informational sign may be placed on the pedes-
trian signal pole or other pole near the crosswalk
to explain the meaning of the flashing DONT WALK,
the steady DONT WALK, and the steady WALK signals
(and also the flashing WALK signal, if used). This
sign was developed for both word messages and sym-
bolic messages, depending on the type of pedestrian
signal at a given site, as shown in Fiqure 2,

As Jjustification for its use, this alternative
will provide continual education and remind pedes-
trians of the meaning of these indications. Also, a
sign placed at the intersection should have the
greatest impact on those who need it most. This al-
ternative has a low cost (approximately $10 per
sign) and would not require modifications to signal
hardware. Although this type of alternative had
been used to a limited degree in the past, it was
never formally evaluated.

Alternative 2: DONT START Signal Indication

A three-section signal head with an orange DONT WALK
indication, a yellow DONT START indication, and a
white WALK indication may be used. This pedestrian
signal device is shown in Figure 2 (right).

To justify its use, this alternative displays
three distinct indications for the different cross-
ing situations, which could eliminate the confusion
caused by the flashing DONT WALK signal display.
Robertson tested the DONT START indication to re-
place both the flashing DONT WALK signal (clearance
interval) and the steady DONT WALK signal (prohibi-
tive crossing interval), so pedestrians were not
shown a separate clearance indication (5). The use
of the DONT START signal as a separate clearance
display was believed to be more easily understood by
pedestrians, because this display for pedestrians
would then be comparable with the amber indication
of a traffic signal.

Alternative 3: Steady DONT WALK Signal
Indication

A steady orange DONT WALK (or a symbolic hand) may
be displayed for the clearance interval as well as
for the prohibitive crossing period. It is justified
on the basis that the flashing mode causes confu-
sion. This option would be to use only the steady
WALK and DONT WALK indications. This alternative was
estimated to be low in cost and adaptable to exist-
ing signal hardware.



10

OK. TO CROSS
WATCH FOR
TURNING CARS

STEADY

DON'T START
W' FINISH CROSSING

IF STARTED

FLASHING

PEDESTRIANS
SHOULD NOT BE
IN CROSSWALK

BTYEADY

sign (left) and DONT START signal display (right).

Selection of Alternatives to Indicate Potential
Conflicts with Turning Vehicles

Alternatives to indicate potential pedestrian~-ve-~
hicle conflicts were developed by project team mem-
bers after a comprehensive review of the MUTCD
guidelines, current practices, and available litera-
ture. After the available information had been re-
viewed, 19 alternatives were developed. These
alternatives were developed by using the same pro-
cedure as that for indicating the clearance inter-
val. Each alternative was evaluated by the project
team as discussed earlier for the clearance alterna-
tives, and recommendations were made for alterna-
tives to be field tested.

Of the 19 candidate devices, examples of those
not selected for field testing include motorist
signs (motorist warning or turn prohibition signs
with or without flashing 1lights), pedestrian signs
(symbolic pedestrian warning signs with or without
flashers or lcoop detectors to detect approaching
vehicles), pedestrian signals (pedestrian symbolic
or word and signal messages such as CAUTION: TURNING
VEHICLES), and other alternatives (reduction of
sight obstructions, variable-message pedestrian sig-
nal, audible message, and so forth). As discussed
previously, each of these devices was considered to
be undesirable in terms of cost, practicality, ef-
fectiveness, complexity, or other reasons. The
alternatives selected are described in the follow-
ing paragraphs.

Altemative 1: Motorist YIELD Sign

The first alternative is a sign directed toward the

motorist that reads: YIEID TO PEDESTRIANS WHEN
TURNING. This is a red-and-white triangular sign
(similar to a standard YIELD sign), 36 x 36 x 36
in., that points downward and has a pedestrian

symbol at the bottom (Figure 3, left).

This alternative is aimed at motorists, who, when
turning, are by law supposed to yield the right-of-
way to pedestrians. This sign is designed to be
conspicuous and easily understandable to motorists.
It will be a constant reminder to drivers and has a
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relatively low cost. Although various agencies have
used similar devices, no documented evidence has
been found of any previous formal evaluations of
these devices.

Alternative 2: Pedestrian Signal Explanation Sign

An informational sign may be used on the pedestrian
signal pole that explains .the meaning of the
flashing WALK, the steady WALK, the flashing DONT
WALK, and the steady DONT WALK signals. This device
was also tested as an alternative to the clearance
indication, as described earlier.

This educational sign provides pedestrians with
the intended meaning of the pedestrian signal dis-
plays. It is low in cost and would not require
modification to existing signal hardware. The ef-
fectiveness of this device had not been formally
evaluated.

Alternative 3: Pedestrian Warning Sign

A 30 x 30-in. diamond-shaped sign with black letters
on a yellow background stating PEDESTRIANS WATCH FOR
TURNING VEHICLES may be used (Figure 4, left). Be-
cause many pedestrians do not obey or pay attention
to pedestrian signals, it was considered beneficial
and considerably less expensive to use a sign re-
minding pedestrians to cross safely rather than to
modify the pedestrian signal.

Alternative 4: WALK WITH CARE Signal Indication

A standard three-section signal may be used that has
the steady DONT WALK indication for the prohibitive
period, a flashing DONT WALK for the clearance in-
terval, and a WALK WITH CARE indication during the
crossing interval. The standard white WALK display
is used and a yellow WITH CARE display is added at
the bottom. This alternative was seen as a means to
provide a clear, simple warning of potential vehicle
conflicts to pedestrians.
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FIGURE 3 Devices tested to indicate potential pedestrian-vehicle conflicts: motorist YIELD sign (left)
and word pedestrian signal explanation sign (right).
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FIGURE 4 Device tested to indicate potential
pedestrian-vehicle conflicts: pedestrian warning
sign.

Alternative 5: Flashing WALK Indication

The WALK display flashes at locations where vehicles
are permitted to turn through the crosswalk during
the WALK interval. The flashing WALK indication is
currently allowed in the MUTCD to warn pedestrians
of potential vehicular conflicts. This alternative
has been used in some cities, and at least one pre-
vious evaluation has found this device to be inef-
fective in warning pedestrians of potential con-
flicts (5).

EVALUATION OF CANDIDATE PEDESTRIAN
SIGNAL ALTERNATIVES

An experimental plan was developed to evaluate the
various pedestrian signalization alternatives de-
scribed previously. This plan addressed the data
needs, statistical techniques, sampling require-
ments, site selection, and data-collection proce-
dures, as described in the following sections.

Data Needs

The evaluation of the various pedestrian signaliza-
tion alternatives required information to be ob-
tained about pedestrian violations and pedestrian-
vehicle conflicts, the nature of traffic conditions
at the location, and site features and traffic
controls. The specific data needs varled somewhat
by the nature of the signalization alternative being
tested and its intended purpose. In the following
paragraphs the nature of the data required for the
evaluation of pedestrian signal alternatives is dis-
cussed.

The ultimate goal of each of these experimental
devices was to improve pedestrian safety and reduce
related accidents. However, accident data are a
poor measure of effectiveness (MOE) for testing such
devices because of the infrequent occurrence of
pedestrian accidents per site, which would necessi-
tate waiting a period of three or more years to ob-
tain sufficient amounts of data after installation
of the device. Thus, it was decided to determine
whether pedestrian conflicts and violations could be
altered to improve safety through various signaliza-
tion alternatives. The conflict and violation MOEs
selected for use in the analysis included the fol-
lowing:

1. Conflict (behavior) measures
a. Pedestrian hesitation (PH) = Pedestrian
momentarily reverses his or her direction
of travel in the traffic lane, or the
pedestrian hesitates in response to a
vehicle in a traffic lane



12

b. Aborted crossing (AC): Pedestrian steps
off curb but later reverses direction back
to the curb

c. Moving vehicle (MV): Through traffic is
moving through the crosswalk within 20 ft
of a pedestrian in a traffic lane

d. Right-turning-vehicle (RT) interaction:
Pedestrian is in the path and within 20 ft
of a right-turning vehicle

e. Left-turning-vehicle (LT) interaction:
Pedestrian is in the path and within 20 ft
of a left-turning vehicle

f. Running pedestrian conflict (or run-ve-
hicle) (RV): Pedestrian runs in a traffic
lane in an effort to avoid a possible col-
lision with a vehicle

g. Run on clearance (RC): Pedestrian runs at
onset of clearance interval in response to
the change in the signal message

h. Run from turning vehicle (RTV): Pedestrian
runs in a traffic lane in response to a
turning vehicle or potential turning
vehicle

2. Violation (compliance) measures

a. Pedestrian starting on the clearance in-
terval (SC)

b. Pedestrian starting on the prohibited in-
terval (SP)

c. Pedestrian anticipating the WALR signal
(starting just before the end of the pro-
hibited crossing) (AW)

Because various pedestrian signalization alterna-
tives with differing functions and objectives were
tested, it was necessary to determine the most ap-
propriate operational MOEs for each alternative. For
example, the three clearance alternatives are pri-
marily intended to improve pedestrian compliance
with pedestrian signals, but they should also have
the secondary effect of reducing pedestrian-vehicle
conflicts. Some of the devices aimed at the motorist
only (such as the motorist YIELD sign) should not
affect pedestrian compliance but could affect pedes-
trian-vehicle conflicts because of changes in driver
behavior. A summary of the pedestrian signal alter-
natives along with the corresponding appropriate
MOEs is given in Table 1.

There is a possibility that some types of MOEs
will be reduced at the expense of an increase in
some seemingly unrelated MOEs. Thus, each sign and
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signal device was also evaluated by using the fol-
lowing MOEs:

1. Total conflicts with through vehicles: PH,
AC, MV, RV, RC:

2. Total turning conflicts: RT and LT interac-
tions, RTV;

3. Total conflicts
turning vehicles); and

4. Total pedestrian violations: SC, SP, AW.

(conflicts with through and

It was also considered necessary to obtain data
related to the vehicular and pedestrian traffic vol-
ume at each study site. This information involved
counts of vehicles and pedestrians and included
vehicle turning movements. This information was re-—
quired to compute the proportions of pedestrian con-
flicts and violations and to account for the effects
of varying traffic volumes.

In addition to volume and operational data col-
lected before and after installation of each experi-
mental device, site information was also obtained.
The information on physical features was used pri-
marily to help select the most appropriate type of
experimental device at each site and to assure
proper timing, placement, and installation of the
device. Site information was also useful in inter-
preting the results of the analysis, particularly in
cases in which a specific device was effective at
one site but ineffective at another.

Statistical Analysis Technique

The Z-test for proportions was selected as the sta-
tistical test. This test is wused to determine
whether the proportion of occurrences in one group
is significantly different from the proportion of
occurrences in a second group. It is applicable to
continuous data (proportions) and has three under-
lying assumptions (6):

1. The distribution is binomial, so that an
event either does or does not occur,

2. The observations are independent, and

3. The sample of events is greater than 30 in

each sampling period.

TABLE 1 MOE: Selected for Analyzing Each Sign and Signal Alternative

Alternative Purpose No. of Sites MOE Selected
WALK WITH CARE signal indication ! Turning-vehicle warning 4 SC, SP, AW, PH, AC, MV, RT
interaction, LT interaction,
RV,RC,RTV
YIELD TO PEDESTRIANS WHEN Turning-vehicle warning 4 PH, AC, RT interaction, LT
TURNING sign interaction, RTV
PEDESTRIANS WATCH FOR Turning-vehicle warning 4 PH, AC, RT interaction, LT
TURNING VEHICLES sign interaction, RTV
Steady or flashing WALK signal Turning-vehicle warning 5 SC, SP, AW, PH, AC, MV, RT
indication interaction, LT interaction,
RV, RC,RTV
DONT START signal indication Clearance indication 4 SC, SP, AW, PH, AC, MV, RT
interaction, LT interaction,
RV, RC,RTV
Steady or flashing DONT WALK Clearance indication 3 SC, SP, AW, PH, AC, MV, RT
signal indication interaction, LT interaction,
RV, RC, RTV
Pedestrian signal explanation sign Clearance indication 5 SC, SP, AW, PH, AC, MV, RT
and turning-vehicle interaction, LT interaction,
warning RV, RC, RTV

Note: Violation measures: SC = start on clearance interval, SP = start on prohibited interval, AW = anticipate WA LK signal. Conflict mea-
sures: PH = pedestrian hesitation, AC = aborted crossing, MV = moving vehicle, RT interaction = right-turning-vehicle interaction 1T inter-
action = left-turning-vehicle interaction, RV = running pedestrian conflict, RC = run on clearance, RTV = run from turning vehicle,
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In this analysis the events are pedestrian conflicts
or violations and an opportunity for an event is a
pedestrian crossing.

Sampling Requirements

To allow for proper use of the Z-test for propor-
tions it was necessary to collect a minimum of 30
conflicts and violations at each site. To fulfill
this data requirement, it was estimated that 2 to 6
hr of data were required for each test site in each
before-and-after period, depending on pedestrian
volume levels.

Site Selection

Sites for the collection of data were selected with
moderate to high pedestrian volumes (a minimum of
approximately 1,000 per day) to ensure adequate
samples of events in a reasonable period of time.
The sites represented typical situations and were
not highly unusual in geometry or traffic control
strategy. Attempts were made to select sites that
had a pedestrian safety problem, because these sites
are prime candidates for improvement.

Acceptable vantage points were needed at the
sites to allow discrete observation by using manual
data-collection methods or video cameras (i.e., a
pole or buildings or other structures near the
intersection). 1In addition, sites were selected to
reflect typical applications for the type of device
to be tested. For example, the clearance alterna-
tives are most appropriate at sites with moderate to
high levels of pedestrian violations and long cross-
ing distances. Alternatives for turning-vehicle
conflicts were tested at sites with high turning
volumes and high pedestrian volumes.

Some variation was desired in region of the coun-
try and in type of city, because the effectiveness
of a device may differ considerably depending on
local laws and attitudes., Cities also had to be
found that were willing to install and maintain the
devices until the experimental data could be col-
lected. The cities selected for testing of experi-
mental devices included Detroit, Ann Arbor, and
Saginaw, Michigan; Washington, D.C.; and Milwaukee,
Wisconsin.

Data-Collection Procedures

A data-collection scheme was developed to allow for
the collection of pedestrian behavior and compliance
data, traffic and pedestrian volumes, pedestrian-ve-
hicle conflicts, and site characteristics. Two dif-
ferent data-collection plans were used for opera-
tional and volume data: video-recording techniques
and manual data collection. Video recording was
considered particularly desirable in the early
stages of data collection at high-volume sites to
allow for close quality control of all data, because
the film could be viewed repeatedly for checking and
verification to guarantee data accuracy. The manual
data collection was found to be adequate in the
later stages of the project after close control of
data collection had been ensured.

Most of the data were collected by using two
video cameras, which allowed one camera to film the
crosswalk of concern and the other camera to simul-
taneously film the pedestrian signal message. With a
signal mixer, the real-time image of the pedestrian
signal message was superimposed into one corner of
the video screen, so the pedestrian violations and
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conflicts could be easily recorded as a function of
the pedestrian signal indication. This allowed the
analyst, for example, to record the number of pedes-
trians crossing on the flashing DONT WALK interval,
steady DONT WALK interval, and WALK interval. Counts
were also made of pedestrians anticipating the WALK
interval or those waiting at the signal and stepping
off the curb before the WALK signal. A time-image
generator was used to superimpose the elapsed time
directly onto the screen for use in recording data
in 10-min or other intervals.

To collect data, trained technicians viewed the
film and recorded the volume, behavior, and conflict
data in 10-min intervals. The film was viewed twice,
with pedestrian and traffic volumes and turning
movements recorded on the first pass and the con-
flicts and pedestrian violations recorded on the
second pass. The data were then entered into a com-
puter file and thoroughly checked for completeness
and accuracy.

ANALYSIS OF RESULTS

Before-and-after data were collected for each ex-
perimental sign and signal device, and a comprehen-
sive statistical analysis was conducted to determine
the effect of each device on pedestrian violations
and conflicts.

Statistical Analysis

The statistical analysis consisted of a series of
Z-tests for proportions to compare several MOEs,
such as the percentage of pedestrian violations and
conflicts., For example, the percentage of pedestrian
conflicts or compliance violations in the before, or
base, condition was computed. This percentage was
matched with that for the corresponding after, or
experimental, period by using the Z-test, and one of
the following results was found and illustrated with
the corresponding symbol:

- A: significant difference was found in favor of
the experimental condition,

- B: significant difference was found in favor of
the base condition,

- NC: no significant difference was found between
the base and experimental conditions, and

- NA: the MOE was not applicable (for example, on
a one-way street approach, conflicts involving

right- and 1left-turning vehicles from other
approaches are not applicable; also, some MOEs
are not applicable for some types of

experimental devices).

The levels of significance used were 0.05 and 0.0l.

Because of the small sample sizes of some MOEs,
the analysis included MOEs individually and also in
the following groups:

1. Total conflicts with through vehicles,

2. Total conflicts with turning vehicles,

3. Total conflicts (through and turning ve-
hicles), and

4, Total pedestrian violations.

These four groups of combined conflicts and viola-
tions represent useful information, because they
provide a better perspective of the overall effect
of a sign or signal. In order to account for changes
in traffic volume between the base and experimental
periods, data at each site were stratified into low,
medium, and high levels of through-traffic volume. A
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separate analysis was then conducted within each of
the three volume levels. Then data at each site were
stratified again based on turning volumes for low,
medium, and high levels and analyzed for each of
these groups. When the results of the Z-tests within
each traffic-volume category did not support the
overall analysis, differences in traffic volume were
assumed to be responsible for at least part of the
changes in the MOE.

Pedestrian-Clearance Alternatives

The three pedestrian-clearance alternatives that

were field tested in this study included

1. A pedestrian signal explanation sign that de-
fined the intent of the pedestrian signal indica-
tions, '

2. A three-section
steady DONT START
interval, and

3. The steady DONT WALK indication used during
the clearance (and prohibitive crossing) interval
instead of the flashing DONT WALK indication.

pedestrian signal with a
indication during the clearance

The first two alternatives correspond to the ex-
perimental period. The steady DONT WALK indication
was used in the base period and the flashing DONT
WALK signal in the experimental period. It should
be mentioned that these clearance alternatives are
intended to improve pedestrian understanding and to
reduce violations and associated conflicts. Thus,
all types of MOEs listed previously were analyzed
before and after the installation of each clearance
device. The flashing DONT WALK signal was used as
during the base period unless it is stated other-
wise., The results of the three alternatives are dis-
cussed in the following.

Alternative 1l: Pedestrian Signal Explanation Sign

The pedestrian signal explanation signs were tested
at two isolated sites in Saginaw, Michigan, where
the pedestrian signals used were the symbols for a
walking man and a hand (Fiqure 2, left), and at two
sites in Washington, D.C., where the pedestrian word
indications WALK or DONT WALK (in addition to the
flashing WALK and DONT WALK) were used (Figure 3,
right) . The signal explanation signs were located at
or near the approaches to each crosswalk at the
sites and at several nearby signalized crossing lo-
cations. The effects of this informational sign on
pedestrian violations and conflicts are summarized
in Table 2.

At one site in Saginaw, total clearance-related
conflicts decreased significantly (0.01 level), and
anticipation of WALK signal decreased significantly
at the two sites combined (0.05 level). BHowever, no
significant changes occurred in total conflicts,
pedestrian violations, or any other type of pedes-

trian behavior at either of the sites tested in
Saginaw.
At the two sites in Washington, D.C., the sign

describing the four word messages was used that ex-
plained the flashing WALK as used in that city as
well as the flashing DONT WALK. Several significant
changes occurred after the signs had been installed.
For the two sites combined, a significant improve-
ment resulted in overall pedestrian violations (0.01
level) from 44.4 percent in the base period to 34.7
percent in the experimental period. The total turn-
ing-related conflicts dropped from 687 (7.8 percent)
to 535 (6.7 percent), which was significant at the
0.01 level based on a Z-value of 2.65.
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TABLE 2 Results of Installation of Pedestrian Signal Explanation
Sign

Saginaw Washington
Site Site Sites 1  Site Site Sites 3
MOE 1 ] and2 3 4 and 4
Conflict
PH - - A? B? NC
AC = . - - = "
MV = - = NC B® B®
RT interaction NC NC NC AP NA NA
LT interaction NC NC NC NA AP NA
RV z = = = B® NC
RC - - = A? NC NC
RTV = o = = — =
Total clearance related NC Ab Ab Ab BY NC
Total turning related ~ NC NC NC AP AP e
Total conflicts NC NC NC AP NC NC
Violation
sC NC NC NC Al BP B®
SP . - NC A? AP AP
AW : = A? AP B® AD
Total violations NC NC NC AP AP AP

Note: A = significant difference in favor of experimental condition, B = significant dif-
ference in favor of base condition, NC = no significant difference between base and ex-
perimental conditions, NA = not applicable, A dash indicates insufficient sample size,
MOUEs are as defined in Table 1,

aSignificant at the 0.05 level.

bSignificant at the 0.01 level.

In summary, the pedestrian signal explanation
signs did not result in significant reductions in
violations or conflicts at the two sites in Saginaw
but resulted in a significant decrease in violations
and some conflict types at the two sites in Washing-
ton. The reason for its increased effectiveness at
the Washington sites compared with that at the Sagi-
naw sites is not fully known. It was noted, however,
that the violation rate was much higher in the base
period at the Washington site (44.4 percent) than at
the Saginaw sites (16.2 percent), so there was more
room for improvement.

Alternative 2: DONT START Signal Indication

This device was tested at one site in Ann Arbor,
Michigan; one site in Washington, D.C.; and at two
sites in Milwaukee, Wisconsin. A summary of results
the four sites where the three-section DONT
START signal indication was tested is given in Table
3.

At the site in Ann Arbor, no significant changes
were observed 1in clearance-related conflicts, in
turning-related conflicts, or in total conflicts.
However, pedestrian hesitation increased and moving-
vehicle conflicts decreased significantly (0.05
level) . Also, the percentage of violations increased
significantly (0.05 1level) during the experimental
period at the Ann Arbor site. City personnel in-
creased the DONT WALK interval by 4 sec during the
experimental period, and it is 1likely that this
changye was partly responsible for this increased
violation rate. Also, on reviewing 7Z-tests for
various traffic volume groups, no significant change
in pedestrian violations was found for any group.
This implies that the increase in violations in the
experimental period was 1likely because of factors
other than the DONT START signal (such as shifts in
traffic volume).

At the site tested in Washington, D.C., overall
conflicts dropped from 19.3 percent in the base
period to 13.0 percent in the experimental period,
which is a significant reduction at the 0.01 level.
Total violations dropped from 22.8 percent to 18.7
percent, which is also a significant reduction (0.01
level) . The reductions occurred in spite of in-

or
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TABLE 3 Results of Use of DONT START Signal Indication

Milwaukee
Ann Wash- Sites
Arbor ington 7 and
MOE Site § Site 6 Site 7 Site 8 8
Conflict
PH B? B® = = AP
AC - - — — -
MV A? — — — —
RT interaction NC A? B? NA  NA
LT interaction NC NA NC NA NA
RV - - — — -
RC - NC — - -
RTV - - — NA NA
Total clearance related NC BY AP AP AP
Total turning related NC AP NC NA NA
Total conflicts NC AP AP AP AP
Violation
sC A? Al A7 AP AP
SP BY B® AP AP AP
AW AP AP AP NC AP
Total violations B? Ab AP AP AP

Note: A =significant difference in favor of experimental condition, B = significant dif-
ference in favor of base condition, NC = no significant difference between base and ex-
perimental conditions, NA = not applicable. A dash indicates insufficient sample size.
MOE:s are as defined in Table 1,

aSignificant at the 0.05 level.

bsignificant at the 0.01 level.

creases in a few individual MOEs. A review of %-
tests by volume group indicates significant reduc-
tions in total violations, total conflicts, and turh
conflicts in wvirtually all volume groups (0.01
level).

At the two sites in Milwaukee where the DONT

START signal indication was tested, significant re-
ductions were found in total violations, total con-
flicts, and clearance-related conflicts (0.01 level
in all cases). In fact, total conflicts dropped from
20.9 percent (391 of 1,870 pedestrians) in the base
period to 13.8 percent (331 of 2,392) in the experi-
mental period. Overall pedestrian violations dropped
from 41.6 percent to 22.8 percent, and clearance-re-
lated conflicts were reduced from 8.9 percent to 3.7
percent. The Z-tests by volume groups agreed with
the overall results from the Milwaukee sites,

In summary, there is strong evidence that the
three-section DONT START signal resulted in a sig-
nificant improvement over the standard flashing DONT
WALK display. At three of the four sites, the DONT
START display resulted in significantly fewer con-
flicts and pedestrian wviolations. At the fourth
site (in Ann Arbor, Michigan) no significant changes
were experienced. This may have been because of the
different signal timing in the experimental period
(4 sec of additional DONT WALK signal) and the high
percentage of college students (University of Michi-
gan) who crossed. 1In fact, more than 54 percent of
the pedestrians at this site violated the pedestrian
signal in the base period, which was a higher viola-
tion rate than at any other site where testing was
conducted. No type of pedestrian signal would have
any effect on a pedestrian population that largely
ignores pedestrian signals.

Alternative 3: Steady DONT WALK Versus
Flashing DONT WALK Indication

None of the cities selected to test devices agreed
to convert their signals to a steady DONT WALK dis-
play during the clearance interval for testing pur-
poses (because of legal risks). However, in Washing-
ton, D.C., two sites were found where the pedestrian
signal did not flash during the clearance interval
or during the WALK interval. Thus, in the base
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period the steady WALK (permissive interval) and the
steady DONT WALK (clearance and prohibiltive inter-
val) signals were displayed, and in the experimental
period the flashing WALK and DONT WALK signals were
displayed as well as the steady DONT WALK signal
during the prohibitive crossing interval.

The results of the comparison between steady and
flashing DONT WALK signals showed no significant re-
ductions in pedestrian violations, pedestrian hesi-

tations, left—turn conflicts, moving-vehicle con-
flicts, or total conflicts at the two sites.
Left-turning-related conflicts dropped signifi-

cantly, whereas total clearance-related conflicts
increased significantly (0.01 level in each case).

It appears from the analysis at these sites that
there is no significant difference in overall con-
flicts or violations due to flashing signal indica-
tions or steady indications for the combined WALK
and DONT WALK intervals. This finding basically
agrees with Robertson's results, which found that
the steady DONT WALK signal had the same effective-
ness as the flashing DONT WALK signal, and that the
flashing WALK is not an effective means of warning
pedestrians about turning vehicles (5). The testing
in the Robertson study involved a comparison of the
flashing versus the steady WALK signals separately
from the flashing versus the steady DONT WALK siqg-
nals. The results of this study are based on flash-
ing both the WALK and the DONT WALK signals in the
experimental period.

Turning-Vehicle Alternatives

The second category of alternatives that were field
tested included sign and signal messages to warn
pedestrians or motorists or both of possible turning
conflicts. The devices tested included

1. Motorist YIELD sign,

2. Pedestrian signal explanation sign,

3. Pedestrian warning sign,

4. WALK WITH CARE signal indication, and
5. Steady versus flashing WALK indication,

The results of the field testing are discussed in
the following.

Alternative 1: Motorist YIELD Sign

The YIELD TO PEDESTRIANS WHEN TURNING sign was
tested at two sites in Detroit, Michigan, and two
sites in Milwaukee, Wisconsin, Because this sign is
directed toward motorists approaching an intersec-
tion who turn left or right, the only MOEs selected
for evaluation purposes are those involving turning
vehicles as well as total conflicts. At the Detroit
sites, signs were aimed at both left- and right-
turning vehicles at one site, but signs were aimed
only at right-turners at another site (because left
turns were prohibited). For the two sites combined,
right=turn conflicts decreased from 20.1 percent
(415 of 2,063 pedestrians) to 14.1 percent (414 of
2,926 pedestrians), which is significant at the 0.01
level. Left turns were prohibited at one of the
sites, so left-turn conflicts are not applicable,
For the two Detroit sites combined, total turn-re-
lated conflicts dropped significantly (21.6 to 15.7
percent), even though these conflicts at one of the
sites experienced no significant change. Total con-
flicts (including all types of behavioral MOEs) also
dropped from 25.6 to 19.2 percent, which was sig-
nificant at the 0.01 level.
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At the two Milwaukee sites, a sign was installed
for both left- and right~turning vehicles at both
sites. Based on the analysis, a significant reduc-
tion was found in right~turn conflicts for both
sites combined (8.8 to 5.8 percent), even though
there was no significant change at either site in-
dividually. However, there was no significant change
in left-turn conflicts. Total turning conflicts were
significantly reduced at each of the sites in Mil-
waukee (0.05 level at one site and 0.01 1level at
another site), and total conflicts dropped signifi-
cantly (0.01 level) from 17.9 percent to 11.3 per-
cent at the two sites combined.

An analysis of the data by individual volume
groups revealed no conflicting results. The effec-
tiveness of the sign was not influenced by the level
of through or turning volume. Thus, the sign may be
considered applicable to a wide range of traffic
volumes.

In conclusion, the YIELD TO PEDESTRIANS WHEN
TURNING sign was found to be effective in reducing
turning conflicts and in particular right-turning
conflicts. Left-turning conflicts were not signifi-
cantly affected, possibly because of smaller sample
sizes and other effects such as the preoccupation of
left-turning motorists with through traffic, other
visual information, and poor sign location. Also,
pedestrians are inherently more aware of right-turn-
ing vehicles than of left-turning vehicles, as noted
in the literature. The signs were equally effective
for low, medium, and high traffic volume levels.

Alternative 2: Pedestrian Signal Explanation Sign

This device was tested at two sites in Washington,
D.C., and Saginaw, Michigan, as discussed pre-
viously. At the sites in Washington, D.C., the
flashing WALK indication was used and the pedestrian
signal explanation sign had separate messages  for
the steady WALK and the flashing WALK signals, as
shown in Figure 3 (right). At the two sites in Saqgi-
naw symbolic pedestrian signals were used with the
steady WALK signal (Figure 2, left). The results of
this test (Table 2) showed no significant difference
in turn-related conflicts at the Saginaw sites but a
significant reduction in turn-related conflicts at
the two Washington, D.C., sites.

Alternative 3: Pedestrian Warning Sign

The PEDESTRIANS WATCH FOR TURNING VEHICLES sign was
tested at two sites in Detroit and two sites in Mil-
waukee. This sign was intended to reduce turning-ve-
hicle conflicts by alerting pedestrians to the pos-
sibility of turning vehicles. Thus, the MOEs used
in analyzing this device were turning conflicts and
total conflicts.

Right-turn conflicts at the two Detroit sites
dropped significantly (0.01 1level) overall, from
17.5 percent to 8.1 percent. Left-turn conflicts
were not applicable at one site (left turns were
prohibited) and did not change significantly at the
other Detroit site. There were significant reduc-
tions in total turning conflicts (18.8 percent to
8.4 percent) and in total conflicts (23.9 percent to
12.9 percent), which are both significant at the
0.01 level.

At the two sites in Milwaukee, there was a sig-
nificant reduction in right-turn vehicle conflicts
(5.8 to 3.4 percent), although the sample of left-
turn conflicts was inadequate to evaluate this type
of conflict. Total turning conflicts dropped sig-
nificantly (0.01 level) as a result, and total con-
flicts dropped from 12.0 to 6.7 percent, The results

pared with 19.8 percent of the
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from the Z-tests for various traffic volume groups
revealed no conflicting information.

In summary, the sign PEDESTRIANS WATCH FOR TURN-
ING VEHICLES was found to be effective at each of
the four test sites, particularly relative to right-
turning-vehicle conflicts. The signs, however, have
no proven effect relative to left-turn-related con-
flicts.

Alternative 4: WALK WITH CARE Signal Indication

The WALK WITH CARE display was tested at one site in
Ann Arbor, Michigan; one site in washington, D.C.;
and two sites in Milwaukee, Wisconsin (Table 4). Be-
cause the WALK WITH CARF message provided a general
warning message to pedestrians, all of the selected
MOEs were expected to be related in some way to this
device, although the message was expected to have

the greatest impact on conflicts related to turning
vehicles.

TABLE 4 Results of Use of WALK WITH CARE Signal

Milwaukee
Ann Wash-
Arbor ington Sites 21

MOE Site 19 Site 20 Site 21 Site 22 and 22
Conflict

PH = B? - - A?

AC = = = = =

MV = = = =

RT interaction AP AP Ab A? AP

LT interaction - AP - — AP

RV - = = - -

RC - = = - =

RTV s - - - —

Total clearance related AP NC AP — AP

Total turning related AP AP AP AP AP

Total conflicts AP AP AP Ab A®
Violation

e NC NC NC AP AP

SP A° NC AP AP AP

AW — AP - — —

Total violations Ab AP AY AP A®

Note: A = significant difference in favor of experimental condition, B = significant
difference in favor of base condition, NC = no significant difference between base and
experimental conditions, NA = not applicable. A dash indicates insufficient sample
size. MOEs are as defined in Table 1.,

agjgnificant at the 0.05 level,

U8ignificant ai the 0,01 level,

At the site in Ann Arbor, right-turn conflicts
dropped from 8.1 percent (46 of 571 pedestrians) to
3.9 percent (95 of 2,427 pedestrians), which is sig-
nificant at the 0.0l level. Significant reductions
(0.01 level) were also found in total clearance-re-
lated conflicts (7 percent to 2.1 percent) and total
conflicts (17.7 to 7.8 percent). Also, total pedes—~
trian violations were reduced from 45.9 percent to
17.7 percent, which is also significant at the 0.0l

level (Z-value of 14.37 compared with the critical
Z-value of 2.58).

At the site in Washington,
nificant reductions (0.01 level)
flicts (18.7 to 15.4 percent), left-turn conflicts
(2.8 to 1.7 percent), total turning-related con-
flicts (23.0 to 18.2 percent), and total conflicts
(28.2 to 24,4 percent). Pedestrian hesitations
increased from 1.9 percent to 3.0 percent, which was
a significant increase at the 0.05 level, A signifi-
cant reduction was also observed in pedestrian vio-
lations; 23.5 percent of the 1,844 pedestrians were
involved in violations during the base period com-

D.C., there were sig-

in right-turn con-

3,269 pedestrians in

the experimental period.
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The two sites in Milwaukee with the WALK WITH
CARE indication also experienced significant reduc-
tions in conflicts and violations. For the two sites
combined, there were significant reductions in
pedestrian hesitations (2.6 to 1.6 percent), right-
turn conflicts (8.3 to 5.8 percent), left-turn con-
flicts (4.7 to 2.2 percent), and total clearance-re-
lated conflicts (7.0 to 3.3 percent). Total con-
flicts also dropped significantly (0.01 level), from
20.6 percent to 11.6 percent, and pedestrian viola-
tions dropped by nearly two-thirds, from 35.9 per-
cent (of 3,127 pedestrians) to 12.7 percent (of
1,866 pedestrians), which is significant at the 0.01
level (and a Z-value of 17.8). Of the Z-tests con-
ducted for each traffic volume category, results
were basically similar to those discussed previously
for the total data base. The significant reductions
in conflicts and violations were more prevalent for
medium and high levels of turning volume than for
low-volume periods.

The results of field testing at four sites in
three cities indicate that the WALK WITH CARE indi-
cation is effective in reducing turn-related con-
flicts as well as pedestrian violations.

Alternative 5: Steady Versus Flashing
WALK Indication

The steady WALK display was compared with the flash-
ing WALK display at a total of four sites--two in
Washington, D.C., and two in Milwaukee. At the two
sites in Washington, D.C., the steady WALK signal
(permissive phase) was originally used in conjunc-
tion with a steady DONT WALK signal (clearance and
prohibitive interval). After conversion to flashing
WALK and flashing DONT WALK (clearance interval
only), the analysis showed no significant difference

in wviolations or total conflicts, as discussed
earlier.
The Milwaukee sites were converted from the

steady WALK signal (base period) to the flashing
WALK mode (experimental period). There was no sig-
nificant change in pedestrian violations at the two
sites combined, although a significant reduction oc-
curred in total conflicts, turning conflicts, and
conflicts with through vehicles. However, after the
results of the Z-tests had been checked by wvolume
group, these findings were not fully supported. For
example, within the individual volume groups, total
conflicts were reduced significantly only for one
volume group at one of the two sites. A large in-
crease in hourly pedestrian volume (134 to 290) com-
bined with shifts in right~ and left-turning volume
and lower through volume in the experimental period
could also be largely responsible for the results,

In summary, the results of the analysis of sites
in Milwaukee and in Washington, D.C., provide evi-
dence that little or no difference exists relative
to the flashing or steady WALK display in terms of
pedestrian compliance or conflicts.

CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations were
developed based on the results of the analysis. The
first three conclusions involve clearance alterna-
tives and the next four relate to alternatives to
turning conflicts.

1. The pedestrian signal explanation sign was
found to have no effect at two sites and was effec-
tive at two other sites in reducing pedestrian vio-
lations and turning conflicts. 1Its ineffectiveness
at the two sites in Saginaw, Michigan, was thought

7

to be the result of little or no pedestrian safety
problems (i.e., more than B0 percent pedestrian com-
pliance in the base period) compared with the Wash-
ington, D.C., sites (at which there was only 56 per-
cent compliance in the base period).

2, The steady DONT START clearance indication
using a three-lens pedestrian signal was found to
result in a significant improvement over the flash-
ing DONT WALK display in terms of pedestrian viola-
tions and associated clearance-related conflicts at
three of the four sites.

3. The steady DONT WALK display for the clear-
ance interval provides no improvement over the
flashing DONT WALK signal.

4., The WALK WITH CARE display was tested in con-
junction with the WALK interval to warn pedestrians
of turning vehicles. The results of the field tests
at four sites in three cities indicate that the WALK
WITH CARE messade is effective in reducing turn-re-
lated conflicts as well as pedestrian violations.
Further analysis showed that these displays were ef-
fective for moderate to high right-turn volumes. Tt
is recommended that the WALK WITH CARE display be
used at only those intersections with (a) a high in-
cidence of pedestrian accidents involving right- or
left-turning vehicles, (b) moderate to high turning
volumes and numerous turning-pedestrian conflicts,
and (c) a high incidence of pedestrian violations. A
specific warrant should be developed for use of this
three-lens signal to prevent 1its overuse, which
could reduce its effectiveness.

5. The motorist YIELD sign stating YIFLD TO
PEDESTRIANS WHEN TURNING was found to be effective
in reducing turning conflicts, particularly right-
turn conflicts. The sign would be most appropriate
for use on the right side of intersection ap-
proaches, particularly in cases where right-turning
motorists commonly fail to yield the right-of-way to
pedestrians.

6. The pedestrian warning sign stating PEDES-
TRIANS WATCH FOR TURNING VEHICLES was also found to
be effective in reducing right-turn conflicts. This
sign would be appropriate in place of or in conjunc-
tion with the YIELD TO PEDESTRIANS WHEN TURNING sign
discussed previously. The PEDESTRIANS WATCH FOR
TURNING VEHICLES sign could also be applicable to
sites with a high incidence or potential for right-
turn pedestrian accidents.

7. The flashing WALK signal has no proven bene-
fit over the steady WALK display in terms of warning
pedestrians of turning vehicles. Based on studies
by Robertson and others, the distinction between the
flashing and the steady WALK signals is understood
by only about 3 percent of pedestrians (5). The
flashing WALK display is not recommended. -

Based on the findings of this study, several
recommendations are relevant regarding the inclusion
of these devices in the MUTCD, as follows:

1. The option for a flashing WALK display should
be taken out of the MUTCD, because the flashing dis-
play offers no advantage over the steady WALK dis-
play and only serves to confuse pedestrians, accord-
ing to other major studies.

2. The signs WATCH FOR TURNING VEHICLES (warning
sign) and YIELD TO PEDESTRIANS WHEN TURNING (requla-
tory sign) should be added to the MUTCD as optional
signs to be installed at sites where a particular
problem exists with accidents or conflicts relative
to turning vehicles, particularly right-turning ve-
hicles interacting with pedestrians.

3. The pedestrian signal explanation sign (both
word and symbolic options) should be added to the
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MUTCD as information signs to inform pedestrians of
the meaning of existing signal messages.

4, The WALK WITH CARE signal display should be
added to the MUTCD as a special device that can be
used as an option at locations with a high pedes-
trian accident rate or at locations with an unusual
problem of heavy vehicular turning maneuvers and
moderate to high pedestrian volumes.

5. Because of its beneficial effect at three of
four test sites, further testing of the three-sec-
tion DONT START pedestrian signal indication is jus-
tified to determine under what conditions it is ef-
fective. However, even if it is more understandable
than the flashing DONT WALK signal, its adoption on
a national basis may not be practical, because all
pedestrian signals would require the addition of a
third signal head and additional electronic work.
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Pedestrian Time-Space Concept for Analyzing

Corners and Crosswalks

JOHN J. FRUIN and GREGORY P. BENZ

ABSTRACT

The preliminary version of the new Highway
Capacity Manual, Interim Materials on High-
way Capacity (Transportation Research Board
Circular 212), contains procedures for de-
termining pedestrian levels of service at
street corners and in crosswalks. Problems
encountered during several applications of
the Circular 212 procedures are discussed
and a new conceptual approach for analyzing
crosswalks and corners is introduced. Based
on a time-space concept, this analysis
method has several advantages over the Cir-
cular 212 procedure. Simply stated, the
method is based on developing an estimate
of total pedestrian occupancy time for a
corner or crosswalk and relating this
occupancy value to the available time and
space. Average pedestrian occupancies
derived from these values are compared with

level-of-service criteria to determine
relative degrees of convenience. The time-
space analysis method and an illustrative
problem are presented and compared with the
Circular 212 procedure. Additional research
to further increase the utility of the
time-space technique is discussed.

Increasingly planners and engineers must address the
problem of pedestrians at intersections. In the past
the primary concern was to provide adequate walk
time for safe crossing of the street, and little at-
tention was paid to the volume of pedestrian activi-
ty and relative convenience. Vehicular traffic was
accommodated first, Sidewalk widths were often re-
duced to create turning or parking lanes. However,
the concentration of workers, shoppers, and visitors
in many urban centers is becoming so intense that
sidewalks and crosswalks are proving inadequate. Be-
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yond safety concerns, attractive pedestrian environ-
ments and enhancement of pedestrian activity are
being recognized as important determinants of the
usefulness of urban centers. Until recently few
analytical tools existed to evaluate pedestrian-re-
lated issues.

Building on previous work (1,2), TRB Circular
212, Interim Materials on Highway Capacity (3), in-
troduced an analytical procedure for evéiuating
crosswalks and corner spaces. However, several con-
ceptual and application problems make it difficult
to use. A new approach based on a time-space (TS)
concept of the functioning of street corners and
crosswalks is described that presents several ad-
vantages over the TRB Circular 212 procedure.

CORNER AND CROSSWALK ANALYSIS

The concentration of pedestrian activity at street
corners and in crosswalks makes them the critical
links for both sidewalk and highway networks in the
urban core. Overloaded corners and crosswalks affect
not only pedestrian convenience and safety but also
roadway capacity by delaying vehicle turning move-
ments and thereby reducing the through capacity of
an intersection.

The corner is a difficult analysis problem be-
cause of the many events that occur there. Pedestri-
ans entering a corner space from the sidewalk or
crosswalk can turn left or right or continue ahead
(Figure 1). Pedestrians that accumulate at corners
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FIGURE 1 Intersection corner: pedestrian movements.

during the red signal phase require standing space,
which reduces the space for circulation. Pedestrians
accumulating during the red phase also create denser
platoons when they cross. Conflicts with turning ve-
hicles during the crossing cycle reduce crosswalk
capacity and can cause pedestrians to drift outside
the marked crosswalk area, which potentially endan-
gers them,

The basis for determining the adequacy of pedes-
trian facilities used in both the Circular 212 pro-
cedure and the TS method are the level-of-service
(LOS) criteria for walkways and queuing spaces.
These criteria provide a measure of relative degrees
of convenience based on the average amount of space
available per person. For walkways the criteria re-
late average space per person to the flow rate per
unit of walkway width, conflict probability, ease of
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pedestrian movement, and average walking speed. LOS
criteria for standing or queuing spaces relate aver-
age pedestrian space to degrees of personal comfort
and individual mobility within the queuing space.
LOS criteria presented in Circular 212 are summar-
ized in Tables 1 (3, p. 124) and 2 (3).

Both the Circular 212 procedure and the TS method
focus on pedestrian space demands at the corner and
in the crosswalk. For corners there are two dis-
tinctly different types of pedestrian space require-
ments:

- Circulation space: Space needed to accommodate
the movement of pedestrians crossing during the
green signal phase, those joining the red phase
queue, and those moving between the adjoining
sidewalks but not crossing the street.

- Hold space: Space needed to accommodate stand-
ing pedestrians waiting during the red signal
phase.

CIRCULAR 212 PROCEDURE

In 1980 TRB published Circular 212: Interim Materi-
als on Highway Capacity (3), which contained a sec-
tion on analysis techniques for pedestrian facili-
ties. A new technique for analyzing corners was
presented that included procedures for both inter-
section reservoirs (corner space) and crosswalks.
The adequacy of the reservoir space for an assumed
pedestrian LOS standard is compared with that of the
space available. For crosswalks the procedure esti-
mates the width required to accommodate the surge of
pedestrians during the walk phases.

The reservoir space analysis technique estimates
the space required for circulation-~pedestrians
passing through the corner. It includes pedestrians
approaching the corner by way of the intersecting
sidewalks and from the crosswalk with the walk
phase. Pedestrian flow volumes expanded by peaking
factors for platooning are converted into equivalent
flow rates and the required circulation space is de-
termined by using an assumed level of service, for
example, level of service C. Reguirements for hold-
ing space are determined by the maximum number of
waiting pedestrians who would accumulate just before
the walk signal phase. A space requirement per per-
son, again using an assumed level of service, is
applied to the build-up and the required holding
space is determined. The combined circulation and
holding-space requirements plus dead space (region
not available for circulation or queuing) are then
compared with the space available at the corner.

As the procedure is set up, the evaluation deter-
mines whether the pedestrian demands satisfy the
assumed levels of service. Some analysts have devel-
oped a use measure by comparing the space required
with the space available. A use under 1.0 would in-
dicate that excess capacity exists.

In crosswalks crossing-pedestrian volumes are
factored to account for signal phasing and converted
into equivalent flow rates. By using LOS curves sup-
plied in Circular 212, the required width of the
crosswalk is determined for the flow rates. The re-
quired width is then compared with the actual or
proposed width of the crosswalk.

The Circular 212 procedure was applied in several
studies in midtown Manhattan where intensive pedes-
trian activity is both common and an increasingly
sensitive planning and design issue. In the course
of these applications, some problems were encoun-
tered with the procedure:

1. The data-collection requirements are expen-
sive in terms of manpower; in addition to crosswalk
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TABLE 1 Pedestrian LOS Standards for Walkways: Average Flow Conditions (3)

Avg Unit Width

Space Flow Rate? Avg Speedh Volume/Capacity
Level of Service (ftz/pedestrian) [ pedestrians/(min - ft)] (ft/min) Ratio®
A >40 <6 >250 <0.24
B 24-40 10-6 240-250 0.24-0.40
(B 16-24 14-10 224-240 0.40-0.56
D 11-16 18-14 198-224 0.56-0.72
E 6-11 25-18 150-198 0.72-1.00
F <6 0-25 0-150 Variable
4Flow rates are relative to effective walkway width,
bSpeeds are computed from speed = flow x space.
CAssumed capacity = 25 pedestrians/(min * ft).
TABLE 2 Pedestrian LOS Standards for Queuing Spaces (3)
Avg Pedestrian
Space Occupancy Avg Interpersonal
Level of Service (ft2) Spacing (ft) Description

A 13+ 4+

B 10-13 3.54.0

C 7-10 3.0-3.5

D 3-7 2-3

E 2-3 «2

F <2 Close contact

Standing and free circulation

Standing and partly restricted circulation without
disturbance to others

Standing and limited circulation with disturbance
to others

Standing without touching others, circulation
severely restricted

Unavoidable physical contact, circulation not
possible

Close physical contact, discomfort, no movement,
potential danger

volumes, directional volumes on sidewalks are re-
quired;
2., The series of trial assumptions required

makes the procedure cumbersome, particularly because
the majority of corners are not in the problem range;

3. The and the output are concep-
tually difficult for laymen to understand;

4, Many professionals, especially those accus-
tomed to vehicular traffic analysis, have difficulty
with the cut-and-try assumptions required;

5. The procedure is sensitive to certain of its
parameters, particularly the space assumed per queu-
ing pedestrian;

6. The analysis is not responsive to changes in
approach volumes and at higher volumes requires in-
terpolation on a logarithmic curve;

7. The corner analysis measures the maximum
build-up of pedestrians on the corner just before
the signal change and does not adequately respond to
crowding conditions existing over longer periods of
time.

The Circular 212 procedure advanced the state of
the art in pedestrian analysis. However, in the
spirit of the issuance of the interim materials for
review, testing, comment, and revision, an alterna-
tive concept is proposed.

TS CONCEPT

The theoretical capacity of any traffic system is
definable in terms of time and space. Transportation
engineers are familiar with time-and-space graphs
and diagrams for signal phasing, train scheduling,
and terminal operations studies, but TS principles
can be applied to other problems where different
types of traffic elements occupy a system (space)
for varying times related to their speeds or other
operational characteristics. (The TS concept as used
here is different from the time-and-space diagram
used in vehicular and railroad traffic analyses in
which the relative location of vehicles is plotted

over time.) TS analysis is useful for corner and
crosswalk evaluations because it 1is a relatively
simple technique that is sensitive to changes in
corner and crosswalk geometry, pedestrian volumes,
and signal phasing. The method also provides a po-
tential evaluating the effects of vehicle
turning movements on crosswalk adequacy.

Conceptually the method assumes that corners and
crosswalks are TS zones in which moving and standing
pedestrians require different amounts of space and
occupy the zones for different periods of time. The
total amount of time and space available for these
activities is simply the net usable area of the zone
in square feet multiplied by the time of the analy-
sis period, usually the peak 15 min. The time and
space used by queuing pedestrians at corners becomes
the product of the average number waiting to cross
during the red phases and an assumed standing area.
The analysis presented assumes that pedestrians
waiting for a signal change form a competitive queue
with an average space occupancy of 5 ft? per per-
son (level of service D). This is the typical aver-

means of

age occupancy observed at most crowded corners, and
the assumption simplifies the calculations. In the
corner analysis this queuing or holding TS is de-

ducted from the total TS to determine the net avail-
able for circulation.

In order to determine the average circulation
space for moving pedestrians and corner level of
service, the total volume of pedestrians using the
corner during the analysis period is multiplied by
an estimated corner occupancy time (typically in the
range of 3 to 5 sec) needed to walk through the cor-
ner space. In the problem presented, this time is
estimated at 4 sec, based on the longest travel
path. An assumption of travel on the longest path is
conservative, because many pedestrians cut across
the corner edges. The resulting product in pedestri-
an minutes is divided into the available circulation
TS in area minutes to determine average circulation
area per pedestrian. This area is then compared with
the LOS criteria for walkways and translated into
relative degrees of pedestrian convenience.
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The crosswalk can also be analyzed as a TS zone.
The TS for pedestrian movement is the product of the
green-phase crossing time less 3 sec platoon start-
up time and the area of the crosswalk in square
feet. The product of pedestrian crossing volume and
the average pedestrian crossing time gives the de-
mand for this TS in pedestrian minutes. Division of
demand into the available TS produces the area per
moving pedestrian available during crossing. This
area can also be compared with LOS criteria for
walkways.

A brief maximum flow or surge condition occurs in
crosswalks during the green phase when the two lead
platoons from opposite corners, accumulated during
the red waiting phase, are simultaneously moving in
the crosswalk. Excessive pedestrian flows during
this surge could cause pedestrians to drift out of
the marked crosswalk area, which potentially endan-
gers them. The time element used in the analysis of
this surge is the time it takes for the lead pedes-
trian in each platoon to walk across the street.

Neither the average nor the maximum surge esti-
mate of the crosswalk level of service accounts for
the effects of turning vehicles during the pedes-
trian crossing phase. A rough estimate of pedestrian
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LOS degradation by turning vehicles has been made in
the problem presented by assuming a vehicle-swept
path and the time that the vehicle occupies the
crosswalk. The method can be used to make approxi-
mate evaluations of the effects of different signal-
phasing and vehicle-turning strategies on pedestrian
movement, but it is emphasized that this approach
has not been validated by field observations and
will require further research.

ANALYSIS PROCEDURES

In order to simplify the understanding and applica-
tion of the TS method, the development of its equa-
tions is presented in parallel with the solution of
a sample corner and crosswalk problem. The problem
is based on actual data from a street corner in mid-
town Manhattan previously analyzed by the Circular
212 procedure. The results of the two analysis meth-
ods are then compared. (Users of these procedures
should review assumed values presented in this paper
for appropriateness for their 1locality and adjust
the assumed values accordingly.)

Figures 2 and 3 show the two signal phase condi-

. HOLD AREA
(Minor red)

Va,b = sidewalk flow

Vdo = peds. joining queue

Vco = outbound crossing peds.
vci = inbound crossing platoon
Ha,b = width sidewalks

FIGURE 2 Intersection corner: condition 1—minor-street crossing.
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: Vco = peds. joining queue

1 Vdo = outbound crossing peds.
vdi = inbound crossing platoon
wa,b = width sidewalks

FIGURE 3 Intersection corner: condition 2—major-street crossing.
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tions that are analyzed in both corner and crosswalk
computations. Condition 1 is the crossing of the
minor street occurring during the major-street green
phase; a maximum queue is built up on the major-
street side. Condition 2 is the major-street cross-
ing occurring during the minor-street green; a max-
imum queue is built up on the minor-street side.

The sidewalks at the intersection of a major and
a minor street are 20 ft and 15 ft wide, respec-
tively, with a corner radius of 10 ft. The roadway
width for the major street is 50 ft and for the
minor street, 30 ft. The cycle length of the signal
is 90 sec, with a two-phase split of 50 sec of green
plus amber for the major street (56 percent) and 40
sec of green plus amber for the minor street (44
percent). The 15-min peak-period pedestrian crossing
and sidewalk volumes (Figures 2 and 3) are as

follows:

Peak Flow Rate
15-min (pedes -

Flow Count trians/min)

Vei 354 24

Veo 276 18

Vai 505 34

Yio 797 53

Va,b 227 _15

rotal 2,159 144

The problem is to find

1. The average level of service for pedestrian
circulation at the street corner,

2. The average level of service for pedestrians
crossing in minor- and major-street crosswalks for
the green phase and maximum surge conditions, and

3. The decrement in average crosswalk pedestrian
level of service due to five turning vehicles per
cycle on the major-street crossing.

Corner Analysis

1. Total available TS in the intersection corner
in area minutes for both queuing and circulation for
an analysis period of tp min is the product of this
time and the net corner area (Ac). Ac is found by
multiplying the intersecting sidewalk widths (W,
Wb) and deducting the area 1lost because of the
corner radius and any obstructions:

Ac (area corner radius seqgment = 0.215R?) =
15 * 20 - 0.215 * 10 * 10 = 279 ft2.

TS = Ac * tp, or

TS = 279 * 15 min = 4,185 ft?  min.

2. Assuming uniform arrivals at the crossing
queues, the average pedestrian holding times (Qtg0
and tho) of persons waiting to use crosswalks C

and D, respectively, are one-half the product of the

15-min outbound flows (Vgor Vo), the proportion
of the analysis period that these flows are held up,

and their holding time based on the red signal
length, determined as follows:

Condition 1 (minor-street crossing on major green):

Otgo = (V4o * ratio minor red * minor red t)/
(2 * 60), or

Otgo = (797 * 0.56 * 50)/(2 * 60) = 186 pedestrian
min.
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The ratio of minor red is the proportion of time
that the major-street crossing flow is held back and
as used determines the total number of pedestrians
waiting in the major-street queue (Vgo * ratio
minor red). Minor red t is the time that these pe-
destrians wait to cross, in seconds, converted to
minutes (sec/60). The divisor 2 converts the total
waiting time distribution based on the assumption of
uniform arrivals to an average waiting time in pe-
destrian minutes.

Condition 2 (major-street crossing on minor green):

Otoo = (Voo * ratio major red * major red t)/
(2 * 60), or

Oteo = (276 * 0.44 * 40)/(2 * 60) = 40 pedestrian
min.

The variables are similar to those described pre-
viously.

3. Holding-area TS requirement (Tsh) is the prod-
uct of the average waiting times (Otgor Otgo) and the
average area used by a waiting pedestrian, assumed to
be 5 ft?/pedestrian (level of service D), determined
as follows:

Tsh = (Qtg, + Ot.,) * 5, or

Tsh

(186 + 40) * 5 = 1,130 £t? * min.

4. Net circulation area TS (Tsp) is the total TS
available minus that used for holding (Tsh), as fol-
lows:

Tsp TS - Tsh, or
Tsp = 4,185 - 1,130 = 3,055 £t? » min.

5. Total circulation volume (P), which must use
the available circulation TS (Tsc), is the sum of

all pedestrian flows for the 15-min analysis period,
as follows:

P = VCi + VCo + Vdi + Vdo + Va,b' or

P

354 + 276 + 505 + 797 + 227 = 2,159 pedestrians.

All values are in pedestrians per 15 min and all
volumes are defined in Fiqures 2 and 3 and stated in
the data given.

6, Total circulation time (Ct) that pedestrians
consume while circulating through the corner area is
taken as the product of P and an assumed average
circulation time of 4 sec:

Ct =P * (4/60), or
Ct = 2,159 * (4/60) = 144 pedestrian min,

where 60 is a conversion from seconds to minutes.

7. Circulation area per pedestrian (M) (called
the pedestrian space module) is computed as Tsp di-
vided by Ct:

M

Tsp/Ct, or

M

3,055/144 = 21,2 ft?/pedestrian.

8. For the corner level of service M is com-
pared with the LOS standards of Table 1 to obtain an
approximate measure of pedestrian circulation con-
venience for the street corner. Values equal to or
below level of service C indicate a potential prob-
lem and should be the subject of further field study
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and possibly remedial actions, which could include
changes in signal-cycle timing, prohibition of vehi-
cle turning movements, sidewalk widening, and remov-
al of sidewalk obstructions.

From Table 1 a value for M of 21.2 ft?/pedes-
trian falls within the range of level of service C
(16 to 24 ft?/pedestrian), which is indicative of
a busy corner potentially requiring more detailed
study.

Crosswalk Analysis

1. The total available TS in each crosswalk
(Tsc, Tsd) is the product of their areas and the ef-
fective green times. The corner radius area segment
of 1.5 ft? subtracted from the corner area is
added to the crosswalk area (there are two corner
area segments for each crosswalk). Therefore,

Area crosswalk C = (15 * 30) + (2 * 21.5) = 493 ft2,

Area crosswalk D = (20 * 50) + (2 * 21.5)
1;043 ££2.

2. The TS available for
follows:

each condition is as

Condition 1 (minor-street crossing, crosswalk C):

Tsc = Ac * (major green t - 3)/60, or

Tsc 493 * (50 - 3)/60 = 386 ft? = min.
Condition 2 (major street crossing, crosswalk D):

Tsd

Ad * (minor green t - 3) /60, or

Tsd

1,043 * (40 - 3)/60 = 643 ft? * min.

3. Crosswalk time (tc, td) is the average time a
pedestrian occupies each crosswalk, obtained by di-
viding the street width by the assumed pedestrian
walking speed. Street widths are in feet, and walk-
ing speed is assumed to be 4.5 ft/sec. Then

Condition 1 (crosswalk C, L 30 f£t):

tc = 30/4.5 = 6.6 sec.
Condition 2 (crosswalk D, L = 50 ft):
td = 50/4.5 = 11.1 sec.

4. Total crosswalk occupancy time (Tc, Td) is
the product of the pedestrian volumes using each
crosswalk during the green phase and the street
crossing times (tc, td). The average pedestrian
volume or number crossing during a given green phase
is the product of the crosswalk flow rates and the
total cycle length (St). This includes pedestrians
held in the red phase and new arrivals during the
green phase.

Condition 1 (crosswalk C):

Tc = (v + Vo) * (St/60) * (tc/60), or

ci

T (24 + 18) * (90/60) * (6.6/60) = 6.9 pedestrian

min.
Condition 2 (crosswalk D):

Td = (Vg + Vgo) * (St/60) * (td/60), or
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Td = (34 + 53) * (90/60) * (11.1/60) = 24.1 pedes-
trian min.

5. Average circulation space (Mc, Md) per pedes-
trian is determined by dividing the TS available
during each crossing phase (Tsc, Tsd) by the respec-
tive occupancy times (Tc, Td). This yields the aver-
age space module available for each crosswalk, a
value that can be compared directly with LOS crite-
ria in Table 1.

Condition 1 (minor street) :
Mc = Tsc/Tc = 386/6.9 = 56 ft?/pedestrian.

From Table 1, this is equivalent to level of service
A.

Condition 2 (major street):
Md = Tsd/Td = 643/24.1 = 27 ft?/pedestrian.

From Table 1, this is equivalent to level of service
B.

In the foregoing procedure only average condi-
tions in the crosswalk during the green phase are
considered. The maximum surge condition, the condi-
tion with the maximum number of pedestrians in the
crosswalk, should also be examined. This occurs when
the lead pedestrians in each crossing platoon accu-
mulated during the red phase reach the opposite cor-
ner. The space module (Mc, Md) for the surge is the
area of the crosswalk divided by the maximum number
of pedestrians in the crosswalk (Pcp.y, Pdpa,).
The major and minor red times plus 3 sec and the
outbound volumes determine the size of the crossing
platoon. The addition of the crossing times (tc, td)
determines the new arrivals as these platoons cross
the street.

Condition 1 (minor street):

Pc (Voi + Veo! * (major red t + 3 + tc) /60, or

max -
Popax = (24 + 18) * (40 + 3 + 6.6)/60 = 35 pedes-
trians.

Mc = Ac/Pc = 493/35 = 14,1 ft?/pedestrian.

max

Condition 2 (major street):

P4 = (Vgi *+ Vo * (minor red t + 3 + td) /60, or

max
Pdnax = (34 + 53) * (50 + 3 + 11.1)/60 = 93 pedes-
trians.

Md = Ad/Pdp,, = 1,043/93 = 11.2 ft?/pedestrian.

From Table 1 pedestrian area modules of 14.1 and
11.2 ft?/pedestrian fall within the range of level
of service D (11 to 16 ft?/pedestrian), indicative
that these crosswalks are both quite congested but
still below capacity limits.

Estimating the Decrement to Crosswalk Level of
Service due to Turning Vehicles

The TS method allows a rough estimate to be made of
the effect of turning vehicles on the average level
of service for pedestrians crossing in a given green
phase. This is done by assuming an average area oc-
cupancy of a vehicle in the crosswalk based on the
product of the vehicle-swept path and crosswalk
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widths and an estimate of the time that the vehicle
preempts this space.

For this example, the vehicle-swept path has been
assumed to be 8 ft wide, and the time the vehicle
preempts the crosswalk space is taken as 5 sec to
allow for some avoidance behavior on the part of
either the driver or the crossing pedestrians. The
vehicle TS decrement in square feet minutes would
then be as follows:

Veh.Dec. = swept path * crosswalk width * preempt
time/60, or

Veh.Dec. = 8 * 15 * 5/60 = 10.0 £t? « min/vehicle.

The impact for the average level of service on
the major-street crossing (not the maximum surge) of
five turning vehicles is as follows:

5 vehicles x 10.0 = 50 £ft? * min/phase.

the total available Tsd
was found to be 643 ft? ¢ min in each phase., De-
ducting 50 ft? « min for the five turning vehi-
cles reduces Tsd to 593 ft?2 « min. The averaqe
crosswalk area per pedestrian may now be recomputed
as follows:

For the major crossing,

Md = 593 ft? * min/24.1 pedestrian min = 24.6 ft?/
pedestrian.

This is in the range of level of service C, one
level of service worse than originally indicated in
the major-street crossing analysis. This method
could be adapted to evaluate various signal-phasing
and vehicle-turning strategies on pedestrian con-
venience. However, further research is necessary to
validate its use for these applications.

Comparison with Circular 212

This same corner was analyzed by using the Circular
212 procedure. Using level of service C for the
analysis, the corner area required under condition 1
was 537 ft?, whereas for condition 2, the area
required was 368 ft?, 1In this procedure, dead
areas (including the buffer spaces) are included in
the area required. The corner space available is 480
ft?. (This procedure extends the corner space back
up the adjacent sidewalks by multiplying the product
to the two sidewalk widths by a factor of 1.67.) For
condition 1, the corner is functioning below level
of service C in the peak period, whereas for con-
dition 2, it is functioning within level of service
C.

The TS analysis for the corner, which encompasses
both conditions, indicated that the corner is func-
tioning at level of service C, showing general con-
sistency with the more involved Circular 212 proce-
dure.
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The Circular 212 crosswalk analysis procedure is
comparable to the average condition during the walk
phase. The Circular 212 procedure does not directly
determine a level of service, but one can be found
by converting the flow into an equivalent flow rate
of pedestrians per foot per minute rather than using
the space module. For condition 1, the crosswalk is
functioning at level of service A and for condition
2 at level of service C, as compared to the level of
service A and B using the TS method. The difference
may result from the use by the TS concept of cross-
walk area, whereas the Circular 212 procedure uses
crosswalk width., Circular 212 does not examine
maximum surge conditions in the crosswalk.

CONCLUSIONS AND CONSIDERATIONS FOR
FURTHER RESEARCH

The TS technigue represents a different way of exam-
ining pedestrian conditions at sidewalk corners and
crosswalks. TS is the product of the space (area)
available or occupied and the time it is available
or occupied. The output is an area per person that
can then be compared with the commonly used pedes-—
trian level of service criteria. The method can bhe
used to test means of improving problem pedestrian
corners, such as changes in sidewalk and crosswalk
geometry, changes in signal timing, and vehicle
turning strategies. It yields results comparable
with those of the more cumbersome Circular 212
procedure but with less involved computations.

A subject for further research would be the de-
velopment of general values to use in the analysis
(default values) if the user does not have 1local
data. Extensions of this analysis procedure to such
issues as the influence of turning vehicles on
crosswalk capacity or, conversely, heavy pedestrian
volumes on the vehicle throughput of intersections
require further examination. The TS technique also
has potential application in the analysis of other
pedestrian facilities involving circulation and
queuing spaces, such as transit platforms. The rela-
tively simple computational steps also make it
adaptable to programming on a microcomputer.
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Pedestrian Exposure to Risk in Housing Areas

D.H. CROMPTON

ABSTRACT

A large-scale study has been carried out
for the U.K. Transport and Road Research
Laboratory to determine levels of pedestri-
an activity in representative housing areas
and to examine their influence, along with
other factors, on annual pedestrian casual-
ty rates. Data were collected on land use
and layout, population and socioeconomic
characteristics, number of pedestrians (by
age and sex), traffic, and casualties to
pedestrians in 474 squares of 1 km each,
distributed in the regions of England and
Wales. Analysis of these data has resulted
in a group of models in which annual casu-
alty rates per square kilometer of housing
area are explained in terms of pedestrian
and traffic data, population and census
data, and land use and layout data. The
best of the models (which were tested
against an independent data set) explain up
to 77 percent of the variation about the
mean casualty rate (R = 0.88). But standard
errors of the estimate are disappointingly
high. Factors influencing the size of these
errors are examined, and possible practical
applications of the models are discussed.

Annual records of accidents or casualties involving
pedestrians in housing areas can be expressed as
rates per 100,000 residents and used to compare con-
ditions in different localities. These casualty
rates vary considerably from region to region. Among
the many factors influencing these variations, lev-
els of pedestrian exposure appear likely to be im-
portant. The level of pedestrian exposure in a hous-
ing area might be defined in terms of some function
of the number of pedestrians and their age and sex
distributions together with the amount and character
of the traffic and certain geometric characteristics
of the layout of the roads and adjacent buildings;
the supposition is that these are the factors that
appear likely to influence risk of accidents to pe-
destrians.

But at this time little is known about these re-
lationships or their actual influence on pedestrian
casualty rates. Apart from the inherent complexity
of the subject, problems arise in the very collec-
tion of suitable data on levels of pedestrian expo-
sure to risk. Because of the great lengths of roads
in housing areas and because of the generally small
numbers of both pedestrians and annual casualties
per unit area, the collection of enough data re-
quires large resources of manpower in the field. In
1970 some experiments were carried out at Imperial
College to test the feasibility of carrying out sur-
veys of housing areas on a large scale by using pho-
tographic or video apparatus from a moving car.

OBJECTIVES

On completion of these preliminary trials, sample
housing areas throughout England and Wales were sur-
veyed with the aim of determining levels of pedes-

trian activity and risk and to provide enough data
on the various relevant factors to determine the im-
portance of each in relation to pedestrian casualty
rates (1).

The task was seen first as one of collecting and
tabulating information on pedestrian activity, traf-
fic flows, and land use and layout characteristics;
population and other socioeconomic characteristics;
and pedestrian casualty statistics. These data
should enable typical and atypical conditions en-
countered in housing areas to be described and
should make up a comprehensive data base for use in
further studies. But beyond this, an important aim
of the study was to try to develop models that ex-
plain the relationships between pedestrian exposure
levels and casualty rates in different housing areas.

WORKING ASSUMPTIONS

The whole study was based on the working assumption
that casualty rates can be explained mainly in terms
of three sets of data: (a) those relating to popu-
lation and socioeconomic characteristics as derived
from census material; (b) those on land use and lay-
out characteristics as derived from maps and obser-
vation; and (c) those on activity characteristics as
derived from relatively short-period surveys of pe-
destrians and traffic in sample housing areas.

The data available for use in the study appeared
likely to have certain shortcomings in that the time
periods for the casualty, census, and pedestrian
sets of data were not strictly compatible with each
other. It was also realized that for any particular
survey area, the absolute number of casualties per
year was likely to be low. A further working assump-
tion was adopted that given both a consistent basis
for the collection of each separate set of data and
examination of a large number of sample housing
areas, it should be possible to produce useful mod-
els that help to explain the factors that influence
the known variations in casualty rates.

SCOPE OF REPORT

The general procedure adopted in the surveys is out-
lined in the next section. Next the data for each of
the regions of England and Wales are used to deter-
mine which of the main factors were significant in
relation to the casualty rates. Then all the data
are treated as a single data set to allow various
stratification tests to be carried out and multivar-
iate casualty models are described that use the cen-
sus data only, the pedestrian and traffic data (the
activity variables) only, and the layout data only,
A final model is developed by using all these types
of explanatory variables. The procedure adopted to
test the validity of the models is described: The
entire data set was subdivided into two equal parts,
models were developed by using only one of the two
subsets, and then these models were used to compare
predicted casualty rates with the actual rates for
the second of the two subsets. In the last section
the factors influencing the size of the predictive
errors are examined and possible practical applica-
tions of the models are discussed.
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METHODS AND DATA BASES

General Approach

The basic unit for the selection of sample survey
areas was l-km squares of the national grid. For any
given developed square, the resident population can
be obtained from the 1971 census, and the yearly
number of pedestrian casualties can be obtained from
police reports on road traffic accidents.

The 9 standard regions of England and Wales were
adopted for the study, but the South East region was
subdivided into 3 parts, making 11 regions in all
(Figure 1). For each of these regions a sample of 40
to 50 squares of 1 km was selected, making a total
sample of 474 squares (Figure 2). Data on land use,
layout, population, socioeconomic characteristics,
and casualties to pedestrians were collected; the
sample areas were then surveyed to collect data on
traffic and pedestrian numbers and age and sex dis-
tributions.

Selection of Sample Survey Areas

For each region, the universe from which sample sur-
vey squares were chosen was the set of 1-km squares
containing parts of the built-up areas of all towns

South West (8)

il
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whose 1971 populations exceeded 1,500. But all
squares with less than 20 percent of the area devel-
oped and all predominantly nonresidential squares
(i.e., central areas and major industrial areas)
were omitted.

The two criteria used for the selection of survey
squares were the 1971 census population and the mean
(1970-1971) annual number of pedestrian casualties
in each square. The mean annual casualty rate per
100,000 population for each square was calculated
and an ordered listing of these rates prepared.
Every fourth square was then selected to obtain the
sample. This sampling approach had the practical
merit of being relatively simple and applicable to
all the 11 regions. It resulted in the selection of
a set of sample squares having representative casu-
alty rates per 100,000 population.

Layout and Land Use Data

West
Midiands

A 1:2,500 scale map of each sample square was used
in the field for navigational purposes and for re-
cording various field observations relating to land
use. The maps were also used to measure the extent
of the developed area within the 1-km qgrid square.
The color coding on 1:50,000 scale 0OS maps was used
to classify the roads into class A and B roads and

Yorkshire &
Humberside

East
Midiands

Police Authorities
ﬂ]:um] for which casualty
data were not available
South East
(9) — Greater London
(10) — Outer Metropolitan Area
{11) — Outer South East

FIGURE 1 Regional boundaries for selection of survey squares and analysis of

data.
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FIGURE 2 Distribution of the 474 grid squares.

minor roads (coded C and D), whereas cul-de-sacs
were classified separately as group E.

On the assumption that certain layout factors may
play a role in determining accident rates or rela-
tive risk ratios or both, an attempt was made to
develop quantified measures that could be used con-
sistently to describe the salient physical charac-
teristics of all types of development. However, it
was accepted that it would not be possible to de-
scribe the 1layout characteristics in great detail
(e.g., to record slight or irreqular changes in
street width from one end of a street block to the
other). Accordingly, the following basic measures of
layout were adopted:

1. Road lengths of types A, B, C, D, and others
(E) ;

2. Numbers of junctions of various types;

3. Carriageway widths for each road type; and

4. Numbers of traffic signals, pedestrian cross-
ing facilities, and bus stops.

Although most of the sample squares consisted of
land in residential use, many had at least a small
number of nonresidential uses such as shops or nurs-
ery schools, but some included shopping centers,
large schools, or industrial areas. When such non-
residential uses are extensive, they may generate
larger numbers (and different types) of pedestrians.
It therefore is desirable to quantify these other
uses so that the pedestrian exposure 1levels and
casualty rates associated with the residential popu-
lation and age and sex structure of each square can
be determined. Data were therefore collected in the
field on numbers or frontages of shops, and the
presence of schools and other nonresidential uses
were noted. A simple point systems was employed to
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define the amount of nonresidential land use in each
square.

Census and Casualty Data

The data for each sample grid square were obtained
from the 100 percent population and the 100 percent
household census returns. These data were particu-
larly useful in that they enabled resident popula-
tions and observed pedestrians to be compared in
terms of their age and sex distributions.

Casualty data included details of age and sex of
pedestrian casualties and other details such as
class of road and pedestrian's activity at the time
of the accident for the years 1969-1975. Because of
the generally small and variable numbers of casual-
ties per square per year, the 7 years of data for
each square were converted into a mean annual rate
for use in the subsequent analyses.

The Apparatus

For the field surveys, it was necessary to traverse
all roads in each sample sqguare, collect data on
traffic and pedestrian numbers, and record details
of land use and layout that could not readily be ob-
tained by other means. A visuval and audio recording
was made with a portable 0.5-in. National Panasonic
video tape recorder and video camera with zoom lens
coupled to a convex mirror projecting through the
roof of the survey car. Each videotape ran for only
35 to 40 min but that proved adequate for recording
the survey runs on the roads of a l-km square, even
though the actual surveys generally took 1.5 to 2 hr
to complete. The sound track was used to make verbal
identification of road sections, locations of bus
stops, and certain land uses such as shops, schools,
and industry. Three such recording units were avail-
able for the surveys, and these were used in Renault
4Ls with opening roofs,

Traffic Surveys

The field surveys were conducted by making videotape
recordings as the survey vehicle passed along all
the roads in each 1-km square. If generally only one
survey per street was made, the total time spent in
any one section of the road network was comparative-
ly short. But the reliability of traffic counts
derived from the recordings would then be low, par-
ticularly in the common case of roads with low traf-
fic volumes. Resources of time and manpower did not
permit a large number of survey runs to be made down
each street, It was therefore decided that the best
approach was to make four runs on each of the A and
B (major) roads but only one run on the C and D
(minor) roads. Traffic on the E roads (cul-de-sacs)
was not recorded, although number of parked vehicles
was.

This approach reflected the view that for the C
and D roads with generally lower amounts of traffic,
pedestrian accidents are essentially random occur-
rences that are unlikely to be explained in terms of
observed traffic flows. But class A and B roads
generally have traffic volumes or densities that are
likely to be more highly correlated with the data on
casualties. Adoption of the moving-observer tech-
nique, when based on videotape recordingas of the
repeated runs on the A and B roads, enabled the num-
ber of moving vehicles to be counted and likely er-
rors of the estimate to be calculated. Initially,
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the traffic data were expressed in terms of vehicle
densities per kilometer of road.

Pedestrian Surveys

Number, age, and sex of pedestrians on both sides of
each length of road were recorded in every 1l~km

square. Pedestrians were classified into six age
groups: 0 to 4, 5 to 9, 10 to 15, 16 to 24, 25 to
59, and 60 and over. These divisions follow those

used in the casualty data but differ slightly from
the age grouping used in the 1971 population census.
The surveys were carried out between 9:30 a.m. and
12:30 p.m. and 2:00 and 3:30 p.m. on weekdays and in
the main during the school term. All surveys were
carried out in dry weather. Pedestrian crossing
facilities (such as zebras) were few, and the ob-
servable flows of pedestrians crossing at random
locations were generally low. It did not prove pos-
sible to collect data on number of pedestrians
crossing the roads.

PRELIMINARY ANALYSES
Data Base

The total (1971) population resident within the 474
squares was 1,669,000. Road length as measured off
1:2,500 scale maps was 3670 km. Pedestrian casual-
ties (1969-1975) average 2,223 per year. The total
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urban area from which the sample squares were se-
lected was made up of 8,006 squares of 1 km, with a
total population of 27,973,000. Thus the sample set
embraced 5.92 percent of the area and 5.97 percent
of the population of the sampling universe.

Regions Compared

In Tables 1 and 2 the data from the regional samples
and their relation to the regional sampling uni-
verses are compared in terms of their numbers of
1-km squares, populations, total casualties, popula-
tion densities, and casualty rates. Individual re-
gions had total sample areas ranging from 3.5 to 8.0
percent of the regional sampling universes. But for
East Anglia, a 25 percent sample was taken.

Population samples ranged between 3.1 percent and
10.5 percent (East Anglia, 26.2 percent). Mean popu-
lation density per square kilometer was 3,494 for
the whole universe of grid squares and 3,521 for the
474 sample squares. In the individual regions densi-
ties ranged between 2,505 (South West) and 5,815
(Greater London) persons/km?. Annual pedestrian
casualty rates per 100,000 population were 154.5 for
the universe of grid squares, and averaged 140.8 for
the sample squares; regional figures ranged between
87 (East Anglia) and 213 (Greater London).

Table 3 shows that for a range of key varlables
(including population, pedestrians, and vehicle
counts) the mean values per square differ between
regions by a factor of up to 2. But for pedestrian

TABLE 1 Number of 1-Km Squares and Total Resident Population in Each of the 11 Regional Sample Sets

Population per Square

Number of 1-Km Squares Population (000s) Kilometer

Region Whole Region Sample Percent Whole Region Sample Percent Whole Region Sample
East Anglia 228 57 2.5 661 173 262 2,897 3,037
North 531 42 9:9 1,568 138 8.8 2,953 3,295
Yorkshire and

Humberside 1,031 43 4.1 3,326 154 4.6 3,226 3,553
North West 540 41 7.6 2,148 175 8.1 3,977 4,271
East Midlands 527 42 8.0 1,675 164 9.8 3,179 3,902
West Midlands 949 41 4.3 3,518 180 5.1 3,707 4,380
Wales 524 44 8.4 1,396 147 10.5 2,665 3,344
South West 512 36 7.0 1,283 88 6.9 2,505 2,436
Greater London 1,205 42 35 7,007 218 3.1 5815 5,182
Quter metropolitan

area 1,176 42 3.6 3.172 111 3.5 2,697 2,645
Outer South East _ 783 _44 5.6 2,209 121 5.45 2,834 2,754

Total area 8,006 474 5.9 27,973 1,669 6.0 3,494 3,521

TABLE 2 Mean Casualty Rates for Each of the 11 Regional Sample Sets

Total Pedestrian Casualties,

Pedestrian Casualties” per

Year per 100,000 Pedestrian Casualties® per Year

1970 and 1971 Population per Square Kilometer

Region Whole Region Sample Percent Whole Region Sample Whole Region Sample
East Anglia 1,145 302 26.3 87 87 25 2.7
North 4,544 422 953 147 153 4.3 5.0
Yorkshire and

Humberside 9,427 427 4.5 142 139 4.5 4.9
North West 7,154 529 7.4 167 151 6.1 6.5
East Midlands 4,585 474 10.3 137 145 4.3 5.3
West Midlands 10,048 513 51 143 143 5.3 6.3
Wales 4,093 421 103 147 143 3.6 4.8
South West 2,079 186 8.9 81 106 2.0 2.6
Greater London 31,540 882 2.8 225 213 13.0 10.5
Outer metropolitan

area 6,811 254 3.7 107 114 2.9 3.0
Outer South East 5,016 288 5.7 113 119 3.2 34

Total area 86,442 4,698 155 141 5.4 5.0

3Casualties consist of 1971 and 1972 data only.
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TABLE 3 Comparison of Regions: Mean Values per Sample Square of Selected Key Variables

Annual Pedes- Moving Parked Road Percentage of
Region Population Pedestrians trian Casualties Vehicles  Vehicles Length (km) Area Developed
East Anglia 3,037 92 2.5 32 149 7.3 64
North 3,295 147 4.9 26 137 8.2 5l
Yorkshire and
Humberside 3,553 95 4,2 31 156 8.3 54
North West 4,271 149 6.1 31 217 9.3 66
East Midlands 3,902 119 6.1 26 195 7.4 56
West Midlands 4,380 102 5.6 40 187 8.1 69
Wales 3,344 96 4.8 30 238 7.4 49
South West 2,435 85 2.6 25 169 6.9 50
Greater London 5,182 138 9.9 55 519 9.0 70
Outer metropolitan
area 2,561 7 2.6 23 132 6.6 54
Quter South East 2,754 78 2.8 26 173 6.9 53
Total area 3,511 107 4.7 31 206 1.7 58
casualties the discrepancy widens: Greater ILondon - Cas/(li'v)l/2 annual pedestrian casualty rate
sample squares have almost four times as many pedes- per square root of the product of observed
trian casualties as squares in East Anglia or the pedestrian and vehicle numbers on a sample
South West. Road length and size of the developed square.

area, on the other hand, are relatively constant.
Definitions of various pedestrian casualty rates
used in Tables 4 and 5 are given as follows:

- Cas: annual pedestrian casualty total per
sample square,

- Cas/pop: annual pedestrian casualty rate per
100,000 residents,

- Cas/ped: annual pedestrian casualty rate per
100 pedestrians observed,

- Cas/veh: annual pedestrian casualty rate per
100 moving vehicles observed,

- Cas/dev: annual pedestrian casualty rate per
square kilometer of developed area,

- Cas/km: annual pedestrian casualty rate per

kilometer of road length,

In Table 4 the regions are compared in terms of var-
ious alternative pedestrian casualty rates that were
considered. By ranking the regions in terms of these
different casualty rates, Table 5 shows that what-
ever the particular rate adopted, the order in the
ranking is more or less the same: Greater London has
the highest, and East Anglia the lowest, casualty
rates.

Table 6 shows, for the 474 squares, the distribu-
tion of the pedestrian casualties in terms of sever-
ity, age, sex, time of day and year, and pedestri-
an's location and action at the time of accident.
For the 474 grid squares as a whole, the number of
pedestrians observed was about 3.0 percent of the

TABLE 4 Mean Pedestrian Casualty Rates for Samples Squares of

Different Regions
Region Cas/Pop Cas/Ped  Cas/Veh Cas/(PV)'/2 Cas/Dev  Cas/Km
East Anglia 83 2.7 79 5.0 3.5 0.35
North 153 3.4 19.0 8.5 8.8 0.61
Yorkshire and
Humberside 119 4.4 14.8 8.3 7.1 0.51
North West 142 4.1 19.5 9.3 8.9 0.65
East Midlands 156 5.1 23.6 11.6 93 0.82
West Midlands 130 5.6 14.0 9.2 7.4 0.69
Wales 142 5.0 16.0 9.3 8.9 0.64
South West 106 34 10.3 5.8 4.5 0.37
Greater London 191 7.2 18.0 12.2 124 1.10
Outer metropolitan
area 102 3.4 11.2 7.1 4.5 0.39
Outer South East 102 3.6 10.9 6.6 4.6 0.40
Total area 134 44 15.0 8.7 7.2 0.61
Note: Pedestrian casualty rates are defined in the text.
TABLE 5 Rankings of Regions in Terms of Alternative Casualty Rates
Cas/Pop  Cas/Ped Cas/Veh Cas Cas/Km  Cas/Dev C;.\S/(PV)V2
High casualty rate 9 9 S 9 9 9 9
8§ 6 4 4 5 5 5
2 5 2 5 6 4 4
4 7 9 6 4 7 7
7 3 7 2 7 2 6
6 4 3 7 2 6 2
3 11 6 3 3 3 3
8 2 10 11 11 11 10
10 8 11 8 10 8 11
i 10 8 10 8 10 8
Low casualty rate 1 1 1 1 1 1 1

Note: Region 1, East Anglia; 2, North; 3, Yorkshire and Humberside; 4, North West; 5, East Midlands; 6, West
Midlands; 7, Wales; 8, South West; 9, Greater London; 10, outer metropolitan area; and 11, outer South East.
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TABLE 6 Key Characteristics of the Casualty Distribution for
the 474 Sample Squares

Percentage of All Casualties (All Squares)

Children Adults Total
Variable (N=7,809) (N=6,942) (N=14,751)
Severity
Fatal 1.3 4.9 3.0
Serious 28.0 31.3 29.6
Slight 70.7 63.8 67.4
Age (years)
04 20.0 - 10.6
5-9 49.8 - 26.4
10-15 30.2 - 16.0
16-24 - 20.5 9.6
25-59 - 41.9 19.7
60+ - 37.6 197
Sex
Male 59.6 49.3 54.7
Female 40.4 50.7 453
Time of day (hr)
0-7 0.8 6.4 3.4
8-9 10.9 9.7 10.3
10-11 7.1 11.5 9.2
12-13 15.4 11.6 13.6
14-15 16.1 11.6 14.0
16-17 30.3 16.5 23.8
18-19 14.3 10.0 23.8
20-23 5.1 22,7 13.4
Month
January 6.9 10.1 8.4
February 6.9 7.9 7.4
March 8.6 8.0 8.3
April 9.0 7.5 8.3
May 9.9 7.2 8.6
June 93 6.9 R.2
July 9.1 6.9 8.1
August 8.3 6.9 T
September 8.5 7.7 8.1
October 9.6 8.2 8.9
November 7.5 11.3 9.3
December 6.4 11.4 8.7
Pedestrian action
Crossing at a pedestrian
crossing 5.7 13.3 9.3
Crossing within 50 yd
of pedestrian crossing 3.0 6.2 4.5
Pedestrian location
In the road, not crossing 4.6 8.2 6.3
Masked by stationary vehicle 31.2 1155 21.9
Daylight conditions 88.7 62.0 76.1
Junction type
TorY 36.0 39.3 37.6
X or multiple 13.0 16.5 14,6
Automatic signal control 4.3 8.2 6.1
Parked vehicle contributing
to accident 17.9 7.0 12.8

resident population, the figure varying between 2.3
percent and 4.6 percent in the individual regions.
The ratio of the child (0 to 15 years) casualty rate
per 100,000 population of the same age group to the
rate for the rest of the population varied in the
regions between 1.8 and 5.3.
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In Table 7 the data from the 474 squares are
stratified into six age groups and the distributions
of their resident population, observed pedestrians,
and casualties are shown. Comparison of columns 2
and 3 with columns 3 and 4 shows that the 0-4 and
the 10-15 age groups were less in evidence as pedes-
trians than in the resident populations. The highest
casualty rate in column 8 was 428 annual casualties
per 100,000 residents for the 5-9 age group, and the
lowest was 62 for the 25-59 age group. If the casu-
alty figures are expressed as rates per 100 pedes-
trians (column 9), the 10-15 age group had the high-
est rate. This is explained at least partly by the
fact that the surveys were carried out mainly during
school hours and consequently pedestrians 10 to 15
years old were underrepresented.

Key Variables and Simple Linear Regressions

In the preliminary regional analysis, mean values of
key variables and simple linear correlations between
selected variables and annual casualty rates per
1-km square were calculated (Table 8). Resident pop-
ulation per grid square kilometer gave correlation
coefficients ranging from 0.66 to 0.92 for the 11
regions and 0.81 for all 474 squares. A number of
other variables were found to have fairly high
values of R. These included number of pedestrians
(P) (0.60 and 0.89 for regions 10 and 9, respective-
ly), moving vehicles (V) (0.65 and 0.85 for regions
6 and 8, respectively), (PV) (0.76 and 0.92 for
regions 2 and 11, respectively), and number of
parked vehicles (0.58 and 0.95 for regions 10 and
11, respectively).

For the 474 squares as a whole, equations of the
regression lines for the foregoing variables in re-
lation to annual casualty rates per grid square
kilometer were derived (Table 9)., The standard er-
rors of the estimate for the seven variables listed
ranged from 3.8 to 5.3 casualties per grid square
per year, and these may be compared with the overall
annual mean of 4.67 casualties per square,

When resident population is used as the explana-
tory variable, all 11 regions have regression line
slopes fairly similar to the slope for all 474 (na-
tional) squares, except for East Anglia and the out-
er metropolitan region. When number of observed pe-
destrians was used as the variable, the regional
slopes lay close to the national slope, except for
the previous two regions and also the northern and
South West regions. In those four cases, there is a
smaller rate of increase in number of casualties per
grid square as number of pedestrians increases.

But the use of these rates per grid square may
not provide the best basis, either for purposes of
analysis or for practical application, of the
derived casualty models., The data and the simple
correlations were therefore examined in terms of the
rates per square kilometer of developed area. On

TABLE 7 Distribution of Mean Resident Populations, Observed Pedestrians, and

Casualty Rates by Age Group

Resident Observed Pedestrian

Age Population Pedestrians Casualties Casualties per Casualties per
Group 10° Popuila- 100 Pedes-
(years) No. Percent No. Percent Percent tion trians

04 276 7.9 4.9 4.7 0.50 10.7 181 10.2

5-9 292 8.3 9.6 9.3 1.25 26.8 428 13.0

10-15 316 9.0 4.7 4.5 0.75 16.0 238 16.0
16-24 472 134 159 154 045 9.6 95 2.8
25-29 1,479 42.1 463 449 0.91 19.4 62 2.0
60+ _676 193 219 212 0.82 17.5 121 3.
All 3,511 103.3 4.68 33 4.5
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TABLE 8 Correlations of Key Variables with Annual Pedestrian Casualties

Moving Road
Pedestrians  Vehicles , Length Parked

Region Population P) V) (PV)/2 PV (km) Vehicles

1 0.66 0.72 0.79 0.85 0.73 0.62 0.82

2 0.82 0.62 0.76 0.76 0.66 0.59 0.73

3 0.76 0.80 0.71 0.86 0.89 0.74 0.89

4 0.78 0.70 0.80 0.84 0.91 0.67 0.74

5 0.92 0.88 0.83 0.91 0.91 0.70 0.94

6 0.80 0.77 0.65 0.80 0.77 0.52 0.84

7 0.82 0.80 0.77 0.85 0.86 0.72 0.84

8 0.85 0.83 0.85 0.90 0.84 0.66 0.92

9 0.83 0.89 0.72 0.91 0.87 0.60 0.83
10 0.38 0.60 0.68 0.80 0.73 0.43 0.58
11 0.78 0.83 0.83 0.92 0.94 0.68 0.95
All 0.81 0.74 0.71 0.82 0.79 0.61 0.80

TABLE 9 Annual Pedestrian Casualties Related to Key Explanatory Variables
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Rates per 1-Km Square

Rates per Square Kilometer Developed

Rates per Kilometer of Road

Correlation Equation of Correlation Equation of Correlation Equation of
Explanatory Variables Coefficient SEE Regression Line Coefficient SEE Regression Line Coefficient SEE Regression Line
Population 0.81 39 -3.46 +0.0023X  0.69 6.0 -5.45 +0.0022X 0.57 0.5 -0.22+0.00171X
Road length (km) 0.61 5.3 -6.08 +0.0014X  0.26 7.9 -1.11 +0.0006X 0.44 0.5 -0.13 + 0.000084X
Observed pedestrians (P) 0.74 4.5 0.08 +0.0432X  0.59 6.7 2.20 +0.0284X 0.54 0.5 0.23 +0.0222X
Observed moving vehicle (V) 0.71 4.6 -1.37+0.1934X  0.54 6.9 -0.14 +0.0139X 0.53 0.5 0.062 +0.1144X
Observed parked vehicles 0.8 4.0 0.032 +0.0226X 0.7 59 0.371 + 0.208X 0.7 0.4 0.046 +0.01974X
PV | 0.79 4.1 2.12+0.0005X  0.64 6.4 4.19 +0.000267X 0.51 0.5 0.4+ 0.00176X
(PV)~ 0.82 3.8 -1.80 +0.12X 0.73 5.7 -2.01 +0.1038X 0.69 04 -0.049 + 0.0855X

Note: SEE = standard error of regression equations.

this basis (for the 11 separate regions), parked ve-
hicles per developed square kilometer and (PV)
generally had the highest simple linear correlation
coefficients, whereas the values of r based on resi-
dent population, number of pedestrians, or number of
moving vehicles were generally relatively lower.
Simple regression equations are set out along with
the associated standard errors of the estimate for
all the main variables in Table 9. For the 474
squares as a whole, values of R when numbers of ob-
served pedestrians (P), moving vehicles (V), parked
vehicles, and (Pv)l/i are used as explanatory
variables ranged between 0.54 and 0.73.

Surprisingly, these correlation coefficients were
lower than was the case when casualty rates were ex-
pressed using the l-km grid square as the areal unit
of measurement. Possible explanations for this were
that the extent to which a grid square 1s actually
developed might be determined by other factors that
have a bearing on casualty rate, such as distance of
the square from town center or size of town. The
preliminary analyses led to the conclusion that the
correlations between annual casualty rates and a
number of key explanatory variables were sufficient-
ly high to make a more elaborate analysis worthwhile.

FURTHER ANALYSES

Casualty Models Based on Stratification of Data

Next, casualty rates were modeled by using only
casualty data that matched the survey data (in terms
of period of the day). Data from all 474 squares
were stratified in terms of 24-hr and off-peak day-
time (OPDT) casualties. Simple regression analyses
produced three models of annual casualty rates per
grid square using only OPDT casualties. These models
had lower values of R and higher standard errors of
the estimate (SEEs) than were obtained by using the
full 24-hr casualty data, and it was concluded that
stratification of the data by time of day did not
improve the understanding of the relationships.

It was thought likely that different age and sex
groups might have different casualty rates and that
these rates might be differently distributed by time
of day. Twenty-four-hour and OPDT models were de-
rived with pedestrian numbers weighted to reflect
the relative vulnerability of the six age and sex
groups. But the correlation coefficients of both
these weighted models were lower than the values ob-
tained for either the 24-hr or OPDT data by using

unweighted pedestrian numbers as the explanatory
variable.
Further casualty models were derived by using

both observed pedestrian numbers and resident popu-
lations as explanatory variables, stratified again
by age groups: children, adults, and the elderly.
For children (0-15 years), casualty rates correlated
well (R = 0.83) with numbers of resident child popu-
lations; similarly for the 60+ age group (R = 0.73).
But for the adult group (16-59), the correlation
with resident adult population was only 0.70.

When the number of pedestrians (stratified into
the same three groups) was used as the explanatory
variable, the simple regression model was best for
the adult pedestrian numbers (R = 0.79) but the cor-
relations for the children and the elderly were much
weaker (R = 0.43 and 0.60, respectively). It was
concluded that prediction of annual casualties to
children and the elderly is likely to be best when
census population data are used, whereas for the
adult population, use of observed pedestrian numbers
gives the best results.

The casualty data were next stratified by road
type (i.e., major and minor roads). Simple regres-
sion models were derived in terms of numbers of pe-
destrians, parked vehicles, and road length for each
of the two road types. For both types the simple
correlation coefficients were much lower and the
SEEs higher than was the case for similar models
based on all road types.

The data were then examined in greater depth by
stratifying the set of 474 squares according to the
values taken by some key variables and then compar-
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ing the characteristics of the subsets of squares
thus formed. Squares with low casualty totals also
tended to have low population and activity levels
and relatively small amounts of urban development,
Squares with high casualty totals tended to score
high on all other counts. Where squares were less
than 1 km from a town center, casualty rates per
resident were some 50 percent higher than elsewhere,
whereas the rates per pedestrian were some 25 per-
cent lower than elsewhere.

Casualty rate patterns vary considerably accord-
ing to the particular denominator chosen. It was
concluded that by using crude casualty totals, the
arbitrary position of the national grid lines has an
undue and confusing influence on the figures. On the
other hand, if the casualty figures are expressed as
rates per unit of developed area, the effect of that
arbitrariness can be eliminated. This approach was
therefore adopted in the last stages of the analysis.

Multivariate Models of Casualty Rates

Multiple-regression analyses were carried out with
casualty rates per square kilometer of development
as the dependent variable and with three different
sets of independent variables: the activity set
(including numbers of pedestrians, vehicles, and
parked vehicles), the census set (including popula-
tion, number of households, etc.), and the land use
set (including road length, number of shops, etc.).
The best of these equations are discussed in the
following.

Activity Set

The best activity set models were as follows:

C=-309+0.013PRK +0.017P +0.063V R=0.80 SEE=54 1)
=-3.13+0.012PRK +0.075 (PV)* R=081 SEE=5.3 @)
where
C = annual pedestrian casualties per developed
square kilometer of housing area,
PRK = number of parked vehicles per developed
square kilometer,
P = number of pedestrians per developed square
kilometer, and
V = number of moving vehicles per developed

square kilometer.

Model 1 has a multiple correlation coefficient of
0.80 (SEE = 5.4 casualties per year per developed
square kilometer). PRK, P, and V per developed
square kilometer provided significant contributions
to the eguation. In model 2, PRK and (PV)1 2
proved significant and the value of R rose to 0.8l
(SEE = 5.3).

Census Set

The best census set models were the following:

C=2.02+0.0029Pop + 0.034SH - 0.0091C, - 0.0078CT
R=085 SEE=48 6))

C=2.91 +0.023H - 0.0087C,, - 0.015DW ~ 0.0061CT
R=084 SEE=49 @)
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where

Pop = resident population per developed square

kilometer,
H = number of households per developed square

kilometer,

SH = number of households in shared dwellings
per 1,000 households,

Co = number of cars owned per developed square
kilometer,

CT = number of council tenants per 1,000 house-
holds, and

DW = number of dwellings per developed square

kilometer.

Significant explanatory variables included resi-
dent population and number of dwellings; households,
cars owned, and council tenants per 1,000 households
(all expressed as rates per developed square kilo-
meter) . These two models could be used in appropri-
ate cases to predict the annual pedestrian casualty
rate per developed sqguare kilometer, provided that
the census data could be matched in temporal and
areal terms to the housing area.

Land Use Set

The best model using only the land use set was the
following:

1=-15.5+0.0077FR + 7.3 x 10T + 1.7EC

+0.93SC +0.05J+ 10.6DEV + 0.58RL R=0.73 SEE=6.7 5)
where
FR = shop frontage in meters per developed
square kilometer,
T = resident population of nearest town,

EC = employment code (0-3, index of nonresi-
dential land use),

SC = school code (0-3, index of number and type
of schools),

J = total number of junctions per developed
sguare kilometer,

DEV = proportion of developed area in grid square

kilometer, and

RL = total road length.

Significant variables were shop frontage,
size, extent of industrial and office uses, number
of schools, number of road junctions, road length,
and proportion of the grid sguare that was devel-
oped. Although the multiple correlation coefficient
of the model is lower than those for models 1-4, it
is apparent that the land use variables influence
the pedestrian casualty rate to a considerable
extent.

town

Full Data Set

Finally, a model using all three types of data sets
was derived:

C = -2.37 + 0.0029Pop + 0.091V - 0.0085C, — 0.0072CT
R=088 SEE=44 )

Significant variables were resident population,
number of moving vehicles, car ownership, and number
of council tenants per 1,000 households (all ex-
pressed as rates per square kilometer of developed
housing area). It should be noted that the number of
pedestrians does not appear as a variable in the
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model because its introduction along with two other
variables (numbers of major road Jjunctions and
households in shared dwellings) only marginally in-
creased the value of R from 0.88 to 0.89 and slight-
ly decreased the value of the SEE.

Tests of Models Using Data Subsets

To test the robustness or validity of the models,
the data set of 474 squares was divided into two
subsets. An examination of the means and standard
deviations of the key variables showed that each
subset had values similar to those for the full data
set. New models were constructed that were similar
in form and used the same variables as the original
models. Their multiple correlation coefficients and
SEEs were slightly lower than those resulting from
the use of the full data set, as would be expected.

These new models were then used to predict casu-
alty rates for the other independent data subset of
237 grid squares, and the results were compared with
the actual casualty rates. The means of the resid-
uals were close to zero, and the standard deviations
of the residuals were similar to the SEEs of the
models.,

The sample grid squares of the 11 survey regions
had mean casualty rates that varied considerably
from region to region as did mean population, number
of pedestrians, and so on, per grid square. It may
be asked how far the models really explain these
differences in casualty rates. Comparison of the
recorded mean annual casualty rates for each of the
11 regions with the mean rates as predicted by
models 2 and 6 showed that for each model more than
half the residuals were less than 1.0 casualty per
year.

The two regions with the greatest differences in
mean annual casualty rate were East Anglia (region
1) and Greater London (region 9). The differences
between the actual casualty rate and that predicted
by models 2 and 6 were +1.4 and +1.0 for the East
Anglia sample and +0.6 and -1.8 for the Greater Lon-
don sample.

CONCLUSIONS
The Models

Casualty rate models 1 and 2, based on the activity
data set, and the census data set models 3 and 4 all
explain between about 66 and 72 percent of the vari-
ation about the mean. Model 6, which uses all types
of variables, explains nearly 80 percent of the
variation. It was concluded that the census models 3
and 4 gave better results in the prediction of an-
nual numbers of casualties among children or the
elderly, whereas the activity models 1 and 2 were
more effective for the 16-59 age groups. Tests of
the model by using half the data as an independent
data set as described previously appeared to confirm
that models 1~6 are robust. But the SEEs are dis-
appointingly high.

Factors Influencing SEEs

The SEEs of models 1-4 and 6 ranged from 5.4 to 4.4
pedestrian casualties per year per developed square
kilometer. These figures may be compared with the
mean recorded value of 7.2 (with a standard devia-
tion of 8.3). To some unknown extent, random varia-
tions in the annual number of casualties may be re-
sponsible for the size of the SEEs. For example, the
sample grid squares had about 30 pedestrian casual-
ties per square over the 7-year period. A typical
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square that because of its inherent characteristics
should have had 30 casualties over the same period
might simply because of chance have actually had
anywhere between 20 and 40 casualties (95 percent
confidence interval).

But a number of other contributory factors need
to be considered. First, the method of selecting
sample 1l-km grid squares was based on examination of
the universe of urbanized squares and their ranking
by casualty rates per 100,000 resident population.
The casualty data used for this (1971 and 1972)
closely matched the population used (1971 census),
but the selection of every fourth of the ranked
squares of course could not ensure that the chosen
housing area samples were representative as regards
size of urban settlement, age or sex or socloeconom-
ic structure of the resident population, population
density, or type of 1layout arrangement of the
squares. Moreover, the numbers of pedestrians coming
into or passing though the survey squares or both
could not be determined. Nor was it possible to
count the numbers of pedestrians crossing the roads
surveyed. Such crossing activity may be an important
factor influencing casualty rates.

Tests of the representativeness of the samples
for the East Anglia and West Midlands regions indi-
cated that no special bias had been introduced in
the selection of the sample squares. But no further
tests were carried out of the representativeness of
the squares in terms of their layout or other char-
acteristics by which a housing area may be said to
be representative. Admittedly, the sampling proce-
dure adopted had the advantage not only that it was
simple and straightforward but also that it made it
possible to bypass the difficult problem of precise-
ly defining the term "representative housing areas."

As to the amount of data collected for each re-

gion, it is considered that the scale was about
right; had the number of squares surveyed been
doubled it is unlikely that the regional models

would have shown any significant improvements. The
number of samples for each region was, however, too
small to allow the various stratification analyses
to be undertaken on a regional basis. But the amount
of data available (for instance, for the age and sex
stratifications), when based on all 474 squares, was
adequate and there is nothing to suggest a need for
a more extended data set.

Another problem that may have influenced the size
of the standard errors arose because of the unavoid-
ably differing dates of the 1971 census data, the
7-year casualty data, and the field surveys. The
underlying relationships between number of pedestri-
ans observed (in 1976 and 1977) and resident (1971)
population may have been obscured in those squares
in which fairly large population changes or new de-
velopment had taken place since 1971.

An examination was made of the effect of exclud-
ing casualty data from outside of the field survey
times, and it was concluded that the models could
not be improved by such a stratification. In gener-
al, it must be accepted that, viewed on a global
scale, the data collected were rather remote from
the detailed and local factors leading to accidents,
especially because the actual factors contributing
to casualties (e.g., pedestrian activity and time of
day) were not analyzed in the main modeling process.

One shortcoming of this study has been the uncer-
tainty about the extent to which the surveys of num-
ber of pedestrians and vehicles were representative
of long-term average local conditions. In particu-
lar, seasonal factors and school holidays may have
had some influence on the effectiveness of the mod-
els. Short-term variations in the number of pedes-
trians (especially because total numbers per survey
square were generally low) certainly take place;
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thus the number of pedestrians observed for any par-
ticular square is not necessarily representative.
But to the extent that these short-term variations
occur randomly, the effects of the short survey
times on the complete data set of 474 squares and on
the resultant casualty models may not have been con-
siderable. In fact, the SEEs of the activity-based
models (1 and 2) were only marginally greater than
the errors of models 3, 4, and 6, none of which used
number of pedestrians as an explanatory variable.
But it seems possible that had three or four more
full surveys been carried out at each location, the
fuller activity data might have resulted in margin-
ally improved equations.

Finally, the standard errors of the models might
have been lower had more time been spent on deriving
and testing the best possible composite variables,
and the mathematical form of the models themselves
could perhaps have been improved. But it is consid-
ered that further work on the current data set along
such lines would not be likely to produce dramatic
reductions of the SFEs.

Practical Application of Models

It has been concluded that the data collected and
the variables used in the resulting models provide a
good basis- for explaining the variation in annual
casualty rates in housing areas. It remains to be
considered whether the models are both suitable and
sufficiently accurate to allow than to be put to
practical use.

On the question of their suitability, models 1
and 2 require data inputs on number of pedestrian
and other activity variables. Collection of such
data in existing housing areas is of course pos-
sible, although tedious, but where alternative
large-scale housing developments not yet built are
being examined, no activity observations are pos-
sible. To use predicted number of pedestrians, for
example, by invoking the simple linear regression
models would be hazardous. No attempt has been made
in this study to develop multiple-regression models
of numbers of pedestrians but further analysis of
the data from the 474 squares would almost certainly

enable a useful pedestrian-number model to be
derived.
Models 3 and 4, based on census data, would

eliminate the need for collecting activity data but
would require (a) reasonably up-to-date census data
and (b) census data properly matched with the
geographical boundaries of the housing area being
examined. This certainly can raise problems. Where
models 3 and 4 are to be applied to proposed alter-
native developments, much of the necessary data on
the population, number of households, and so on, can
be predetermined by the design for the area, but for
some of the variables, such as number of cars per
square kilometer of development, presumably some
predictive model would have to be invoked.

The relatively poor performance of the land use
variable models suggests that as a basis for practi-
cal application, the activity or census variable
models are definitely to be preferred. Model 6,
which incoporates all three types of variables, has
the best performance of the group of models, but its
practical and easy use may be limited because both
census and activity data are required as inputs.

Model 6 has an SEE of 4.4 casualties per year per
square kilometer of development. This SEE may be
compared with the overall mean of 7.2 casualties per
year per square kilometer. If the equation is used
to predict the number of casualties likely to occur
within a square kilometer of housing area, there
would be a 95 percent confidence interval of *8.6
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casualties per year. If the predictive errors on
different squares are statistically independent, a
housing area of 18 km? would enable a prediction
accurate to *2 casualties per year per developed
kilometer of housing area. To reduce the predictive
error to *1 casualty per year, an area of 75 km?
would be required.

The models could be usefully adopted as a basis
for comparison, for example, where a local authority
(or indeed a residents' group) may be concerned
about the number of pedestrian casualties in a par-
ticular housing area. The equations would show
whether the area's casualty record is better or
worse than what might be expected on the basis of
the national sample. In this way, the models would
help in identifying problem areas. This kind of use
of the models is possible whatever the size of the
area to be considered, although of course the sta-
tistical significance of any differences between the
two casualty rates increases with the size of the
housing area being examined.

Pedestrian Exposure to Risk

A brief discussion of the concept of pedestrian ex-
posure to risk and of the extent to which the data
and models measure the levels of exposure and risk
follows. In the main study it has been assumed that
the so-called activity variables, number of pedes-—
trians and moving vehicles, represent the main fac-
tors relating to levels of exposure. The assumption
has plausibility, because in the absence of pedes-
trians or moving vehicles or both, there could be no
pedestrian casualties, The composite variables PV or
{PV) can be fairly regarded as measures of ex-
posure because they explain much of the variation
about the mean casualty rate (Table 8). Equations 1
and 2 use (PV) as an explanatory variable, but
the number of parked vehicles per developed square
kilometer also appears as a significant variable. As
Table 6 shows, parked vehicles contributed to 12.8
percent of all pedestrian casuvalties and to 17.9
percent of casualties to children. But it may be
that this variable also acts as a proxy for levels
of activity not measured by the short-period surveys
of pedestrians or traffic or both.

The census models 3 and 4 result in somewhat bet-
ter equations without including number of pedes-
trians or vehicles as explanatory variables. From
this it can be inferred either that the census vari-
ables function as proxies for the activity or expo-
sure variables (and that owing to the short survey
periods for the pedestrian and vehicle counts, the
proxy variables are therefore to be preferred) or
that over and above the activity or exposure
variables used in models 1 and 2, other compounding
factors relating to certain of the land use and
census variables also influence the casualty rates.
This view appears to be supported by the superiority
of model 6, which includes both activity and census
variables. It seems likely that in the absence of
number of pedestrians from the model, resident popu-
ation serves as a proxy variable.
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Pedestrian Characteristics and Exposure Measures

RICHARD L. KNOBLAUCH, HENRY N. TOBEY, and EVELYN M. SHUNAMAN

ABSTRACT

The objectives of this research were to
identify specific pedestrian trip-making
characteristics, develop pedestrian expo-
sure measures, and examine these trip-mak-
ing characteristics and exposure measures
relative to accident information in order
to determine the relative hazardousness of
various pedestrian characteristics and be-
haviors. A large-scale field study was con-
ducted in five standard metropolitan sta-
tistical areas (SMSAs). A total of 12,528
person-hr were devoted to observing ve-
hicles and pedestrians at a stratified ran-
dom sample of locations in five SMSAs. Vol-
ume and activity data were recorded for
612,395 vehicles and 60,906 pedestrians. In
addition, 20,147 pedestrians were coded by
demographic characteristics and behavior. A
total of 1,357 sites were measured, photo-
graphed, and described. Data on pedestrian
trip-making characteristics and behavior
are presented: who walks, where they walk,
how they walk (or run), and when they walk.
Pedestrian exposure is described in terms
of the number of pedestrian-vehicle (PV)
interactions. Exposure data are presented
in terms of various pedestrian and site
characteristics. Relative hazardousness was
determined by comparing the exposure data
with pedestrian accident data. The relative
hazard associated with various site charac-
teristics, pedestrian and vehicle charac-
teristics, and pedestrian and vehicle ac-
tions is described.

Nearly one of every five traffic fatalities is a
pedestrian. Pedestrian accidents account for 5 per-
cent of all traffic accidents. The nature and extent

of the pedestrian accident problem has been examined
in many accident studies (1-3). However, for acci-
dent data to be meaningful, they should be compared
with the experience of the nonaccident population,
or the population at risk. This information on the
population at risk is called exposure data. With the
exception of some British and Australian studies
(4-7), little is known about the nature of pedestri-
an exposure, This project reports on what pedestri-
ans are doing when they are walking from place to
place on public rights-of-way.

The results of an FHWA project on pedestrian risk
exposure measures are described. The project had
three major goals:

1. To identify pedestrian trip-making character-
istics and behavior,

2. To determine
exposure, and

3. To determine relative hazardousness of pedes-
trian behaviors, activities, and various situational
factors.

characteristics of pedestrian

RESEARCH PROCEDURES

A goal of the project was to develop a defensible
national estimate of pedestrian behavior. To do
this, it was necessary to observe pedestrians at a
sample of locations that would allow the observed
behavior to be developed into a national estimate. A
series of random and stratified-random procedures
was used to select the data~collection areas and the
data-collection sites within those areas.

Site Selection

City selection was based on NHTSA's National Acci-
dent Sampling System (NASS), which provided a sta-
tistically sound sample with a properly developed
weighting system. The NASS system consists of 10
strata of approximately equal size. Each stratum
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contains about 10 percent of the nation's popula-
tion. They range in size from stratum 1, which con-
tains large cities, to stratum 10, which contains
small villages and towns. To concentrate efforts on
the more densely populated areas of the country,
data-collection areas were selected from the first
four strata. The five areas selected included New
York City; St. Louis, Missouri; Seattle, Washington;
St. Petersburg, Florida; and Prince Georges and
Charles counties in Maryland. These areas represent
40 percent of the nation's population and include
urban as well as relatively densely populated subur-
ban and rural areas.

The site selection procedure had to have the ca-
pability to allow the projection of activity within
the entire city and allow comparability among the
data collected in each of the various cities. Be-
cause of the lack of comparability in zoning maps,
land use maps, and street inventories, a site inven-
tory procedure was developed.

A randomly selected 5 percent sample of the area
of each city was inventoried to catalog all the in~
tersection and midblock sections. Each intersection
and each midblock section in the sample was visited
and defined in terms of land use (commercial, resi-
dential, etc.), number of traffic lanes, signaliza-
tion, and total length (midblock sections only). The
sites inventoried were divided into categories based
on these descriptors. A stratified random sample of
99 locations was selected from the sites inventoried
in each of the study areas. Thus, a stratified ran-
dom sample of 495 sites in five randomly selected
cities was selected.

Data Collection

Three types of data were collected and analyzed:
pedestrian and vehicle exposure data, site-charac-
teristics data, and accident data. The exposure data
were collected to determine the number and type of
people and vehicles that pass through the site and
to specifically identify what they are doing. Four
different types of exposure data were collected:
pedestrian volume and action data, vehicle volume
and action data, pedestrian activity sample, and
counts of special types.

The pedestrian volume and action data included
the number of pedestrians crossing within a cross-
walk, crossing within 50 ft of a crosswalk, crossing
midblock, and crossing the intersection diagonally.
This information was recorded for more than 60,000
pedestrians observed at the sites.

The vehicle volume and action data included the
total number of vehicles; the number of vehicles
turning right, turning left, and making a right turn
on a red signal; the number of vehicles encountering
pedestrians; the type of vehicle; and the number of
specific vehicle actions. This information was re-

corded for more than 612,000 vehicles passing
through the sites,
The pedestrian activity sampling data involved

specific information on a randomly selected subset
of all the pedestrians observed. Each pedestrian
selected was tracked as he or she passed through the
site. The following information was recorded: age,
sex, accompaniment (alone or with others), location,
distance walked, signal compliance, mode (walking or
running), and interactions with vehicles either
passing straight through or turning at the intersec-
tion. This information was coded for more than
20,000 pedestrians.

Additional tallies were kept of certain types
passing through the site. These special counts kept
track of the number of bicyclists, joggers, skaters,
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blind pedestrians, and
pedestrians,

The exposure data describe what pedestrians and
vehicles are doing. The site characteristics de-
scribe where they are doing it. The following site
factors were recorded: land use, roadway functional
classification, parking characteristics, roadway
surface, shoulder surface, pavement markings, cross-
walks, street 1lighting, signalization, channeliza-
tion, signing, type of intersection, and pedestrian
accommodations. This information was recorded at all
495 exposure sites from 7:00 a.m. to 11:00 p.m. on a
weekday. In addition, one-third of the sites (some
from each site type) were covered from 7:00 a.m. to
11:00 p.m. on a Saturday and a Sunday.

The exposure data and the site-characteristic
data give a picture of when, where, and how people
are exposed to traffic. To determine which of these
activities or characteristics are dangerous, compa-
rable information was needed from pedestrians in-
volved in accidents. A sample of approximately 200
pedestrian accident reports was obtained from each
of the five study jurisdictions. The accidents were
selected to correspond to the same time of the day
and same general time of the year as the exposure
data. The following information was coded from each
police report: time of day, pedestrian age and sex,
light condition, vehicle type, pedestrian location
(crosswalk or midblock), signal compliance, pedes-
trian accompaniment, vehicle type and action, and
accident type. In addition, more detailed informa-
tion on the characteristics of the accident sites
was needed. Each of the 762 accident sites was
visited and the previously described site factors
were recorded.

transportation-handicapped

Sample Weighting

A series of random and stratified-random selection
techniques was used to select the data-collection
sites and to collect the data. In order to develop
national estimates of pedestrian behavior from the
data that were collected, a series of sample weight-
ing procedures was applied. Weighting procedures
were developed to project the data-collection ses-
sions to produce hourly vehicle and pedestrian vol-
umes, project hourly volumes to produce a full week
of pedestrian and vehicle activity, project the
stratified sample to locations to represent an en-
tire city, correct for the deliberate oversampling
of central business districts (CBDs), project the
city totals to represent their NASS strata, and pro-
ject the NASS strata totals to represent the study
nation. In this project, the nation is the more
densely populated 40 percent of the country. A total
of 12,528 hr of pedestrian and vehicle activity was
observed and recorded. The weighting procedures were
used to project the pedestrians and vehicles ob-
served to represent the nation.

RESULTS

Pedestrian Characteristics

A great deal of descriptive information on pedestri-
an characteristics was collected. By conducting
tracking studies, information was collected on pe-
destrian sex, pedestrian age, estimated age, mode
(walking or running), crossing location, accompani-
ment, signal observance, and other factors that pro-
vide a wuseful basis for describing activity and
behavior of the American pedestrian. The pedestrian
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characteristics were analyzed under four major head-
ings:

1. Who walks (age and sex of the observed pedes-
trian population) ;

2. Where pedestrians walk (pedestrian activity
in terms of adjoining land use and crossing behav-
ior);

3. When pedestrians walk (pedestrian activity in
terms of time of day, day of week, and crossing
location; age and sex differences also);

4., What pedestrians do [pedestrian activity in
terms of crossing behavior, time spent in the road-
way, mode (walking or running), accompaniment (alone
or with others), signal compliance, and gap accep-
tance].

Two examples of the pedestrian characteristics
are presented. Fiqure 1 shows the age and sex dis-
tribution of the national walking population. Chil-~
dren under 14 account for 16.5 percent of the pedes-
trians observed, yet they constitute 21.1 percent of
the population of the study locations. WNearly 60
percent of the pedestrians observed were male, a
finding that was consistent across all age groups
except for those 60 and over. In contrast, slightly
less than half of the population of the study loca-
tions was male.
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FIGURE 1 Pedestrian characteristics by age
and sex.

Figure 2 shows pedestrian activity by hour of day
for males and females. The relatively high level of
pedestrian activity across the entire data-collec-
tion day (7:00 a.m. to 11:00 p.m.) was somewhat sur-
prising. It was expected that the curves would be
trimodal with a.m., noon, and p.m. pedestrian ac-
tivity peaks. The curves for female and male pedes-
trians show distinctive noon peaks; in addition, the
curves indicate that more males walk in the evening
hours.
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FIGURE 2 Pedestrian activity by sex by hour of
the day.
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Pedestrian Exposure Measures

Pedestrian exposure measures were developed by com-
bining the pedestrian and vehicle activity informa-
tion. The exposure measure used was a refinement of
Cameron's (4) concept of pedestrian-vehicle (PV) in-
teraction. In addition to Cameron's constraint that
the pedestrians and vehicles need to be counted
within a relatively similar time frame and that the
periods of observation be short, it was required
that the paths of particular vehicles and pedestri-
ans cross each other in order for those vehicles and
pedestrians to enter the exposure count. The pedes-
trian and vehicle actions and locations had to be
organized to resemble potential accident encounters.
A total of six different types of exposure measures
was collected and analyzed:

1. Pedestrian crossing midblock, vehicle
ceeding straight ahead;

2. Pedestrian crossing at intersection, vehicle
proceeding straight through the intersection;

3. Pedestrian crossing at intersection, vehicle
concluding either a right or left turn (two types);

4, Pedestrian crossing at intersection, vehicle
initiating either a right or left turn (two types).

pro-

Each of these exposure measures was considered rel-
ative to adjoining land use, day of the week, NASS
strata, time of day, number of traffic lanes, road-
way functional classification, block length, inter-
section configuration, and special activity magnets
(schools, parks, etc.).

Two examples of the pedestrian exposure data are
presented. Fiqure 3 shows the total of all six pe-
destrian exposure types categorized by land use. The
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FIGURE 3 Pedestrian exposure by type of
land use.

majority of the PV exposure occurs in commercial
(71.8 percent) and mixed residential (21.6 percent)
areas, Only 6.6 percent of the exposure occurs in
areas classified as 100 percent residential. Of par-
ticular interest is the discovery that more than 55
percent of the total sites were classified as 100
percent residential and only 17 percent were classi-
fied as commercial. More than 70 percent of the
pedestrian exposure occurs at 17 percent of the
sites. Figure 4 shows the distribution of pedestrian
exposure by roadway classification. More than 60
percent of the total pedestrian exposure occurs on
collector-distributor roadways; 24 percent is on
local streets. Not shown is the finding that the
percentage of midblock crossing contributing to the
total exposure decreases across roadway type; there
is more midblock crossing on local streets than on
collector-distributors and even less on major arte-
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FIGURE 4 Pedestrian exposure by roadway
classification.

rials. Thirty percent of the local street pedestrian
exposure occurs midblock, whereas 23 percent of ex-
posure on major arterials is at midblock locations.

Relative Hazard

In previous sections pedestrian exposure measures
and pedestrian trip-making characteristics have been
discussed. The relationship between these pedestrian
exposure and pedestrian trip-making characteristics
and pedestrian accidents is addressed here. If a
factor--for example, running--is found to be asso-
ciated with the accident population more than with
the exposure population, it should be considered
relatively hazardous. If another factor--for ex-
ample, walking--is found more often in the exposure
population than it is in the accident population, it
should be considered to be relatively less hazard-
ous, or safe.

Hazard scores were developed to analyze the re-
lationship between the occurrence of certain factors
in the accident population and their occurrence in
the general population at risk. These hazard scores
are the ratio created by dividing the percentage of
occurrence of a characteristic in either the acci-
dent population or the exposure population by the
percentage of occurrence in the other population. In
order to maintain an interval scale, the larger per-
centage is always divided by the smaller percentage.
Thus, hazard scores always have an absolute value
greater than or egual to 1.0. If the accident popu-
lation had the larger percentage--an indication that
more hazard is associated with the characteristic--
the hazard score is presented as a positive number.
If the exposure population had the larger percent-
age, the hazard score is presented as a negative
number--an indication that less hazard is associated
with the characteristic.

Three types of hazard scores
site, pedestrian volume, and PV. The site hazard
scores are based on how frequently sites with
various characteristics occur in the accident popu-
lation relative to the general population of sites
at risk. The pedestrian volume hazard scores are
based on the percentage of the total national pro-
jection of pedestrians crossing found at each type
of site. The PV hazard scores are based on the ex-
posure measure PV--the number of pedestrians (P)
times the number of vehicles (V). Like the pedestri-
an volume hazard score, it is based on the percent-
age of the PV exposure occurring at sites with cer-
tain characteristics.

In order to simplify the discussion associated
with relative hazard, only the PV scores are pre-
sented at this time. In the remainder of this paper
the relative hazardousness, in terms of PV exposure,

were examined:
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associated with roadway and intersection character-
istics, pedestrian and vehicle characteristics, and
accident characteristics will be addressed.

Roadway and Intersection Characteristics

Hazard scores for many descriptive factors asso-
ciated with the roadway and the intersection were
computed. Figure 5 shows the relative hazard asso-
ciated with some selected roadway and intersection
characteristics.

Percent of National PxV
Projection of: Hazard Score
Roadway PxV Less More
Characteristics Accidents | Exposure Hazard Hazard
5 '?AI +1 43 45
Roadway Functional
Classification
Major Arterial 17.0 8.1 ) +2.1
Collector Distributor 308 61.2 -20 ]
Local Street 39.4 240 +16
Other 129 6.7 +1.9
Pedestrian Accommodations
No Sidewalks or Pathways 232 10.7 j +21
Sidewalk {one or both sides) 76.7 89.3 1.2 [
Street Lighting |
None 145 1.2
Present 855 98.8 1.2 [l
Land Use
100% Residential 217 65 Bed  +33
Commercial 47.7 718 -15 {l
Wixed 306 218 | S 114

Lane Configuration

2x2 487 290 +{1isd:
2x4 34,2 19.3 +18
4x4 17.0 51.7 -30 [

Signalization
No Signalization 63.3 318 P +20
Red, Green, Amber (RGA) 121 10.1 #12
RGA + Pedestrian, Signal 24,7 58.2 -24 [:

Crosswalks
Not Marked 61.2 24.8 i +25
Marked 388 75.2 19 [

FIGURE 5 Relative hazard: selected roadway and intersection
characterisiics.

The PV score for the roadway functional classifi-
cation variable indicates that both major arterials
and local streets are relatively hazardous. Major
arterials, for example, have 17.1 percent of the
accidents yet account for only 8.1 percent of the PV
exposure., The hazard score of +2.1 is produced by
dividing 17.1 by 8.1l. Because the sites have more
accidents than exposure, the hazard score is posi-
tive, indicating that more hazard is associated with
the major arterials. Collector-distributors, on the
other hand, represent less hazard to pedestrians.

The relative hazardousness of sites with and
without sidewalks is shown under the pedestrian
accommodations variable. Sites with no sidewalks

represent about one-tenth of the PV exposure; they
account for only about one-fourth of the accidents.
The PV hazard score shows that they are 2.1 times
overrepresented when pedestrian and vehicle volumes
are considered.

The data on street lighting show an even larger
effect, Sites with no street 1lighting account for
14.5 percent of the accidents and get only 1.2 per-
cent of the PV exposure. The PV hazard score of
+12.1 indicates that 1locations with no street
lighting represent a great hazard to pedestrians.
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The land use variable shows the effect of adjoin-
ing land use on relative hazardousness. Although 100
percent residential areas are relatively common, the
proportion of the pedestrian volumes found in these
locations is almost exactly the same as the propor-
tion of accidents. However, because vehicle volumes
are low, the PV hazard score (+3.3) indicates that
100 percent residential areas are hazardous. Commer-
cial and industrial areas are relatively safe (PV =
-1.5), whereas mixed residential areas are only
somewhat hazardous (PV = +1.4).

Also shown is relative hazardousness associated
with signalization. Sites with no signal are more
hazardous (PV = +2,0) than sites with a red, green,
and amber (RGA) signal (PV = +1.2). Sites with an
RGA signal and a pedestrian head are relatively less
hazardous (PV = -2.4).

The PV hazard scores for sites with crosswalks
indicate that far less hazard (PV = -1.9) is associ-
ated with marked crosswalks than with locations with
no marked crosswalks (PV = +2,5).

Pedestrian and Vehicle Characteristics

Unlike the previously described site characteris-
tics, because the factors are not site specific, it
is not possible to generate three separate hazard
scores for site, pedestrian volume, and PV exposure.
In the remaining discussion a single hazard score is
presented. This score is based on the percentage of
the accident-involved pedestrians or vehicles and
the percentage of the pedestrians or vehicles ob-
served. Figure 6 shows the relative hazardousness
associated with various pedestrian and vehicle char-
acteristics. The data on pedestrian age are particu-
larly interesting. It has long been known that
pedestrian accidents are a particular problem for

Percentage of Hazard Score
Pedestrian [ Pedestrians
and or
Vehicle Pedestrian Vehicles Less More
Characteristics Accidents Observed Hazard Hazard
- 3 o +F7. 43 45
— = T P
Pedestrian Age
1-4 years old 83 1.0
5-9 216 54
10-14 122 10.1
15-19 108 1.6 1.1
20-29 18.4 226 - 1.2
30-59 158 4.7 -26
60+ 128 1.7
Pedestrian Mode
Walking 47.1 88 [-19 [] L. "
Running 529 1n.2 I44,7
Pedestrian Crossing Location
Crosswalk 24.0 543 |-23 [
Within 50’ of Intersection 24,1 9.4 7] +28
Diagonally Across Intersection 09 1.7 -19 [
Midblock 51.0 346 ] +18
Pedestrian Signal Respanse
With Signal: Green 51,3 904 |-18 [] |
Against Signal: Red 48,7 96 TR LR
Vehicle Action
Going Straight 90.0 846 1.1
Turning Right 38 7,7 -20
Turning Left 46 7.2 =16
Right Turn on Red 16 0.5 ;] +32
Vehicle Type
Cars 793 835 1.1
Vans, Pickups 124 116 ] 11
Trucks, Other 23 24 |-10 I
Buses 20 07 7] +29
Taxis 0.7 08 1.1
Motorcycles 33 1.0 :‘:} ¢33

FIGURE 6 Relative hazard: selected pedestrian and vehicle
characteristics.
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the very young and the elderly. The data shown re-
veal that the very young and the elderly are over-
involved in pedestrian accidents relative to their
exposure as pedestrians. Surprisingly, the data on
pedestrian sex and accompaniment (being alone or
with others) did not reveal a similar effect. The
proportion of pedestrians exposed was almost exactly
the same as the proportion of pedestrian accidents.

Running has long been recognized as a frequently
occurring precipitating factor in pedestrian acci-
dents. Over half of the pedestrians struck by vehi-
cles were running, yet only one-tenth of pedestrians
observed were running. Thus, a hazard score of +4.,7
is associated with running.

The data on crossing location indicate that it is
more hazardous to cross within 50 ft of an inter-
section (hazard score = 4+2.6) than it is to cross
midblock (hazard score = +1.5). It is by far safer
to cross in a crosswalk (hazard score = -2.3) than
at any other location. Somewhat surprisingly, it was
found that crossing diagonally across an intersec-
tion resulted in reduced hazard (hazard score =
-1.9). However, this score is based on a small per-
centage (0.9 percent) of the accidents and should be
carefully considered.

The response of pedestrians crossing at signal-
ized intersections was examined. It was found that
about half (48.7 percent) of the pedestrians struck
had crossed against the signal, whereas only 9.6
percent of the pedestrians observed crossed against
the 1light. The hazard score (+5.1) indicates that
crossing against the signal is indeed a hazardous
activity. Clearly, efforts to improve signal compli-
ance would result in an improvement in pedestrian
safety.

Figure 6 also highlights the relative hazard as-
sociated with various vehicle characteristics. Vehi-
cles were observed to turn, either right or left,
about twice as often as they were found to be turn-
ing in pedestrian accidents. The hazard scores for
turning right (-2.0) and turning left (-1.6) indi-
cate that these vehicle turning maneuvers do not
result in increased risk to pedestrians. The data on
right turn on red (RTOR) indicate the opposite ef-
fect. RTOR vehicles are overinvolved in accidents
relative to their involvement in the exposure popu-
lation. The hazard score (+3.2) indicates that RTOR
presents a hazard to pedestrians.

The hazard scores associated with various types
of vehicles indicate that buses (+2.9) and motorcy-
cles (+3.3) present a hazard to pedestrians. The
other vehicle types--cars, vans, trucks, and taxis--
are involved in accidents in almost exactly the same
proportion as they were observed in the exposure
population.

Accident Characteristics

Two characteristics of pedestrian accidents will be
described in this section: the time of day of oc-
currence and the accident type. Each of these char-
acteristics will be described relative to the expo-
sure data that were collected.

In Figure 7 the occurrence of the national pro-
jection of pedestrian accidents is plotted by time
of day. Also shown are the percentage of the pedes-
trian volumes and the percentage of the PV exposure
measures observed during each hour of the day. The
accident curve shows a slight early a.m. peak, a ma-
jor early afternoon peak, and a minor early evening
peak. Although the curves for the pedestrian and the
PV exposure measures tend to follow one another,
they do deviate from the accident profile in several
places. The relatively low rate of accident occur-
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FIGURE 7 Pedestrian activity and pedestrian-
vehicle exposure by time of day.

rences in the late morning indicates that hazard to
pedestrians is lowest at that time., The traditional
afternoon peak in pedestrian accidents is shown to
closely follow a similar peak in the PV exposure
measure plot. Accidents are occurring only slightly
more often than would be expected on the basis of PV
exposure. In the early evening, however, a large
relative separation occurs between the curves. Both
the pedestrian and the PV exposure measures show a
continual decline, whereas the accident rate remains
relatively stable and even shows a modest increase
at 9:00 p.m. This indicates that periods of dark-
ness, after 8:00 p.m., represent the greatest rela-
tive hazard for pedestrians.

Figure B shows a plot of the PV hazard scores by
time of day. The relative safety associated with
early and midday pedestrian exposure is shown in
contrast to the increase in hazard after 7:00 p.m,

+3
MORE
HAZARD +2
+1
2
LESS
HAZARD 3
o r

7 9 1 1 3 65 71 9
TIME OF DAY
FIGURE 8 PV hazard score by time of day.

Each accident report in the sample was reviewed
and assigned to an accident type. Each pedestrian
observed during the pedestrian activity sampling
portion of the field data collection was also as-
signed to an accident type. The field researchers
simply coded the appropriate accident type in re-
sponse to the question, "If the pedestrian had been
struck during the time that he or she was being ob-
served, into what type would the accident have been
classified?"” The accident types were based on the
behavioral activities of the pedestrians when they
were struck. The relative frequency of the accident
types in the accident population and in the exposure
population was used to generate a hazard score.

Figure 9 shows the data on the relative hazard
associated with the wvarious accident types. Four
accident types were found to have negative scores,
an indication that there is less hazard associated
with these pedestrian activities. Not surprisingly,
a pedestrian on the sidewalk--not crossing--was the
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| Percentageof Hazard Score
Pedestrian Pedestrians
Accident Type Accidents Observed Less More
5 -3 SIS o O I
BN iraT, " PR vy S’
Pedestrian on Sidewalk— o
Not Crossing 33 165 [s0
Intersection Crossing— |
Walking 121 525 a4
Trapped: Changing Light 06 2.2 3.7
Exiting-Entering Parked
Vehicles 32 6.8
Midblock Dart-out 330 1.2
Bus Stop Related 1.8 0.1
Vehicle Turn-Merge 49 0.4
Vendor, Ice Cream
Truck-Related 1.7 02
Right Turn On Red 14 0.2
Disabled Vehicle Related 1.7 03
Crossing Expressway 04 0.1
Multiple Threat 23 08
Intersection Dash 1.1 54
Playing in Roadway 37 1.8
Walking Along Roadway 6.9 46
Midblock CrossingWalking 94 6.3
Hitchhiking 01 0.1 10
School Bus-Related 02 0.0 10
Mailbox Related 0.0 05 1.0

FIGURE 9 Relative hazard: accident types.

safest accident scenario; walking across the roadway
at an intersection was the second safest. A surpris-
ing 2.2 percent of the pedestrians observed were
trapped by a changing light. Because only 0.6 per-
cent of the accidents involved that situation, the
hazard score of -3.7 indicates that the situation is
not a hazardous one,

The midblock dart-out is by far the most common
accident type, accounting for one-third of all pe-
destrian accidents. However, darting out was rarely
done by the pedestrians observed, only 1.2 percent.
The +27.5 hazard score shows this behavior to be by
far the most hazardous, Other less frequently occur-
ring accident types were also found to have high
positive hazard scores: bus-stop related, +19.0;
vehicle turn-merge, +12.,3; and vendor, ice cream
truck related, +8.5. The RTOR accident type also had
a high positive hazard score, +7.0. This is support-
ive of the high hazard (+3.2) previously reported to
be associated with RTOR as a vehicle action. The
hazard scores for RTOR as an accident type and as a
vehicle action are different because they are based
on the proportions associated with two different
distributions.

Three other accident types accounted for rela-
tively frequently occurring scenarios: intersection
dash (11.1 percent), walking along the roadway (6.9
percent), and midblock crossing (9.4 percent). These
accident types had positive hazard scores of +2.1,
+1.9, and +1.5, respectively. Playing in the roadway
accounted for 3.7 percent of the accidents. Inter-
estingly, a total of 1.8 percent of the pedestrians
observed were also playing in the roadway. Although
a hazard score of +2.1 results, this activity is not
as hazardous as might have been expected.

CONCLUSIONS

In the project described in this paper a great deal



of useful data was collected on the characteristics
of pedestrians and the nature of pedestrian expo-
sure. Only a small fraction of the large data base
has been presented here.

The data on pedestrian characteristics provide an
indication of what people are doing, where they are
doing it, when they are doing it, as well as the
kind of people that make up the population of pedes-
trians. This information is valuable in developing a
walking environment designed for the needs and char-
acteristics of the pedestrian population.

The data on pedestrian exposure measures provide
an indication of the nature of various kinds of pe-
destrian-vehicle interactions. By examining areas
and locations where pedestrian exposure to vehicular
traffic is most frequent, the efficiency and safety
of the pedestrian environment can be improved.

The data on relative hazard provide an indication
of the risk associated with various roadway, inter-
section, vehicle, and pedestrian characteristics.
This information identifies those places and persons
most likely to have a pedestrian accident, based on
exposure. This provides an effective way to target
locations for safety improvements.

The hazard scores for the various accident types
provide an indication of the relative hazard asso-
ciated with accident-precipitating pedestrian activ-
ities. This information can be effectively used to
target pedestrian safety countermeasures.
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Midblock Crosswalks: A User Compliance and

Preference Study

NAGUI M. ROUPHAIL

ABSTRACT

This study documents the impact of traffic
control present at marked midblock cross-
walks (MBCs) in an urban area on user com-
pliance and preference. The behavior study
indicates that pedestrian compliance is in-
dependent of traffic control at MBCs where-
as motorist compliance is highest under
signalized control. Conflicts between pe-
destrians and vehicles are more frequent at
the unsignalized MBC. The preference study
indicates that users perceive the unsignal-
ized MBC to be unsafe, although the same
crosswalks are rated highest in crossing
convenience, Finally, motorists surveyed
indicated that overhead devices (signs,
flashing lights) provide effective advance
warning of MBCs for approaching traffic,

The competition for urban street space between
pedestrian and vehicular traffic (moving or station-
ary) has been a long-standing problem facing trans-

portation engineers and planners in many U.S.
cities. Nonintersection or midblock crosswalks
(MBCs) have often been introduced to accommodate

natural pedestrian flows at such locations. However,
some of the installations have sprung up as a result
of community action, business pressure, or political
considerations rather than engineering judgment.

Although considerable research has been under-
taken on the general problem of pedestrian safety,
aspects unique to the MBC have yet to be thoroughly
investigated, especially for the marked but unsig-
nalized MBC. Foremost among these problems are the
following:

1. Pedestrian crossings at midblock locations
are generally unexpected by the motorist ([Manual on
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Uniform Traffic Control Devices (MUTCD), Sec. 3B-5
(1)1. This problem is further compounded by the oc-
currence of higher midblock travel speeds and sight
distance restrictions due to curb parking.

2. Conflicting interpretations exist between pe-~
destrians and motorists as to who has the right-of-
way at any glven time, provided that there is no
specific guidance from traffic control (e.g., sig-
nals, stop signs). Existing legislation often adds
to the ambiquity by giving pedestrians the right-of-
way at unsignalized crosswalks while prohibiting
them from leaving the curb when there is a danger of
collision with oncoming vehicles. For example, the
Ohio Revised Code, Sec. 4511-46 (1978), which ap-
plied to the sites included in this study, defines
pedestrian rights at the MBC as follows:

a. Pedestrian on crosswalk has right-of-way
(Ohio Rev. Code Ann., Sec. 4511-46, 1978):

(A) When traffic control signals are not
in place or not in operation the driver
of a vehicle...shall yield the right-of-
way, Slowing down or stopping if need be
to so yield, to a pedestrian crossing the
roadway within a crosswalk when the pe-
destrian is upon the half of the roadway
upon which the vehicle is traveling or
when the pedestrian is approaching so
closely from the opposite half of the
roadway as to be in danger.

(B) No pedestrian shall suddenly leave a
curb or other place of safety and walk or
run into the path of a vehicle...which is
so close as to constitute an immediate
hazard.

(D) Whenever any vehicle...is stopped at
a marked crosswalk...to permit a pedes-
trian to cross the roadway, the driver of
any other vehicle...shall not overtake
and pass the stopped vehicle.

b. Right-of-way yielded by pedestrian (Ohio Rev.

Code Ann., Sec. 4511-48, 1978):

(A) Every pedestrian crossing a roadway
at any point other than within a marked
crosswalk or within an unmarked crosswalk
at an intersection shall yield the right-
of-way to all vehicles.

(C) Between adjacent intersections at
which traffic control signals are in op-
eration, pedestrians shall not cross at
any place except in a marked crosswalk.

(E) [This section does not relieve the
operator of a vehiclel...from exercising
due care to avoid colliding with any pe-
destrian upon any roadway.

As shown, the pedestrian and driver responsibili-
ties in midblock crossings are not specifically de-
lineated. Pedestrians are not supposed to leave a
curb and walk or run into the path of a vehicle that
is so close as to constitute an Ilmmediate hazard.
Drivers are supposed to yield to pedestrians cross-
ing within a crosswalk when the pedestrian is on the
half of the roadway on which the vehicle is ap-
proaching. Thus, no specific suggestions are af-
forded regarding a minimum pedestrian-vehicle
separation before right-of-way preferences are re-
versed. This is not altogether surprising given the
wide variations in gap (or risk) acceptance charac-
teristics among pedestrians.

Although some of these concerns may be addressed
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by installing a midblock signal, it is unlikely
under current MUTCD warrants that many sites would
qualify for such action. In a recent survey of 422
signalized intersections in Chicago and Washington
conducted by Zegeer (2), only 8 percent met the min-
imum pedestrian warrant (warrant 3), whereas 84 per-
cent met the minimum vehicular volume warrant (war-~
rant 1). In addition, the high capital costs in-
curred for signal installation (especially within
interconnected signal systems), the uncertainty on
the part of the traffic engineer of improved safety
performance, and the inevitable increase in delays
to both motorists and pedestrians tend to diminish
the perceived benefits of the alternative.

Some of these issues are addressed by focusing on
the safety aspects of the MBC relative to the level
of traffic control adopted at the crossing facility.
The following tasks are addressed:

1. A review of safety literature pertaining to
the MBC and nonintersection crossings in general,

2. Documentation of a limited field compliance
study of pedestrians and motorists to MBC traffic
control in an urban area, and

3. Documentation of motorist and pedestrian at-
titudes and preferences regarding the operation of
the MBC.

REVIEW OF SAFETY STUDIES

Nonintersection accidents involving a pedestrian and
a vehicle traveling straight ahead account for the
largest percentage of vehicle-related fatalities in
U.S. urban areas (3). The degree of nonintersection
pedestrian accident involvement is related signifi-
cantly to age group; pedestrians under the age of 14
are more likely to be involved in accidents at these
locations.

A comprehensive accident study of 6,000 pedes-
trian accidents conducted by Knoblauch (4) identi-
fied pedestrian actions that are concomitant with
accident occurrence for the purpose of developing
multidisciplinary countermeasures for each type of
behavior (5). Midblock actions including pedestrian
dart-outs and dashes were involved in almost 40 per-~
cent of the pedestrian accident samples in the study.

The impact of traffic control on accident fre-
quency and severity at the MBC was studied by Inwood
and Grayson (6) at zebra (unsignalized) and pelican
(pedestrian-actuated signal) crossings in England.
Pedestrian accident rates were found to be not sta-
tistically significant among crosswalk types al-
though vehicle accident rates were 1lower at the
pelicans. A similar study by Crompton (7) analyzed
31 streets in Greater London from 1972 through 1977.
Pedestrian accidents per 1,000 crossings per hour
were derived for zebra, pelican, and signalized in-
tersection crossings, among other types. Zebras per-
formed best at a rate of 1.2, whereas pelicans and
intersection crossings exhibited accident rates of
1.8 and 3.0, respectively. Similar to Inwood's find-
ings, however, no significant difference was found
between accident rates at zebras and those at peli-
cans.

Data compiled by Rayner (8) provided a unique op-
portunity for monitoring the safety performance of
zebra crossings that were later converted to peli-
cans, with some being relocated for signal hardware
requirements. It was found that at pelicans re-
located within 50 ft of the original zebras (30
sites), pedestrian accidents dropped by 28 percent
at the crossing but increased by 133 percent within
150 £t from the crossing. It was postulated that as
the crosswalks became safer for crossing, they also
became less convenient from a delay standpoint. Thus
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more pedestrians chose to cross between gaps in the
traffic, which increased the potential (and indeed
actual) conflict with oncoming traffic. Similar to
Inwood's findings, vehicle accidents dropped by 20
percent at the new pelican crossings. Because only
eight sites were relocated 50 ft or more, no attempt
was made to draw statistical inferences from their
accident records.

Supplemental traffic control devices such as spe-
cial reflectorized signs, floodlights, and special
illumination techniques were also found to be gen-
erally effective in reducing nighttime accidents at
pedestrian crosswalks (9-11). However, when sound
engineering design is coupled with effective legis-
lative, educational, and enforcement programs, dras-
tic reductions in pedestrian accidents can be
achieved, such as those observed in the Toronto Pe-
destrian Crossover Program (12).

Many studies have resorted to proxy safety indi-
cators in assessing traffic control effectiveness at
pedestrian crossings. This is in part because of an
increasing need for quick-response techniques that
do not rely on long-term accident experience.
Cynecki (13), for example, has developed a conflict-
analysis technique for pedestrian crossings, and
other studies have selected user compliance as the
barometer for crosswalk safety (7,14-18). Although
the use of proxy variables has been challenged on
the grounds that no firm correlation between compli-
ance and accident has yet been established (19), it
appears that in the short term, proxy variables can
provide a quick, albeit imperfect, tool for the
identification of problem crossings in urban areas
and the subsequent implementation of needed counter-
measures to alleviate some of these problems.

USER COMPLIANCE STUDY

This study was conducted in Columbus, Ohio, and in-
cluded a total of 10 MBCs, located in the downtown
area. Existing traffic control at the MBC consisted
of

1. Three signalized MBCs (all on one-way
streets) ;
2. Seven unsignalized MBCs (all on one-way

streets), four of which had side-mounted crosswalk
signs; and

3. The unprotected approach width (i.e., street
width minus width of parking lane or lanes), which

ranged from 38 to 62 ft,

Parameter Identification and Data Collection

The basic premise of the study was that effective
traffic control at the MBC promotes higher user com-
pliance and 1lower conflict opportunities between
pedestrians and vehicles. The following variables
were measured at each site:

1. The number of pedestrian violations at sig-
nalized crosswalks was recorded for crossings out-
side the MBC (halfway between the MBC and adjacent
crosswalks on either side) or against the pedestrian
signal indication. At the unsignalized MBC, pedes-
trian violations included crossings outside the
crosswalk area and crossings initiated when no ade-
quate vehicular gaps (in the observer's judgment)

existed. ]
2. Number of motorist violations included vehi-

cles illegally parked in the vicinity of the cross-
walks or those stopped on the marked crosswalk. Mov-
ing violations included motorists crossing against
signal indication at signalized MBCs or those fail-
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ing to stop or slow for pedestrians already crossing
at an unsignalized MBC.

3. For number of pedestrian-vehicle conflicts,
because no turning conflicts occur at the MBC, only
sudden braking or swerving to avoid collision with a
pedestrian was considered in this study.

4. The number of vehicle-vehicle conflicts was
similar to the previous category; these included
rear-end conflicts when the lead vehicle is stopped
for a pedestrian on the MBC or sudden swerves when
the following vehicle passes a stopped vehicle on
the crosswalk (multiple threat).

In addition, control variables such as pedestrian
and vehicle volumes were recorded at each site. A
total data-collection effort of 20 hr yielded more
than 3,000 pedestrian and 17,000 vehicle observa-
tions in the course of the study. Manual counting
techniques with three observers were used to gather
the data at all sites.

Results

Table 1 gives a summary of site characteristics for
the user compliance study. Pedestrian volumes ranged
from 153 to 261 pedestrians per hour per site and
vehicle volumes from 880 to 1,325 vehicles per hour
per site. Following is a summary of the results ob-
tained.

TABLE 1 Relevant Site Characteristics for User Compliance
Study

Unsignalized MBC

Signalized Signs

Parameter MBC Present No Signs
No. of sites® 3 4 3
Avg approach width (ft) 45 5.l 43
Total pedestrian® flow observed 1,306 1,153 761
Total vehicle® flow observed 6,623 5,941 4,401
Avg pedestrian volume per hour

per site 261 173 153
Avg vehicle volume per hour

per site 1,325 1,188 880

30nly one-way streets are included in this analysis.
#ased on ten 10-min observations at each site.

Pedestrian Violations

A chi-square test for independence at the 5 percent
significance level indicated that for the given sam-
ple of MBCs, there were no significant differences
in pedestrian violation percentages among the three
categories of MBCs shown in Table 2. The results did
not change when unsignalized MBCs were grouped into
one category.

TABLE 2 Pedestrian Violations Versus MBC Control

No, of No. of Total
Pedestrian Pedestrian Pedestrian
MBC Control Violations Compliances Flow
Signalized 191 (190)* 1,115 (1,116) 1,306
Unsignalized
WS 157 (167) 996 (985) 1,153
wOS 120 (111) 641 (650) 761
All sites 468° 2,752 3,220

Note: WS = with signs present; WOS = without signs,

aValues in parentheses are the expected frequencies (rounded) under the
null hypothesis.

bBreakdown of total violations (468): crossing against signal, 129; cross-
ing in inadequate gap, 26; crossing outside MBC, 313,
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Motorist Violations

Table 3 summarizes the results for this variable.
Two observations were made. First, the magnitude of
motorist violations appears to be minimal when com-
pared with those of pedestrians (0.52 percent versus
15 percent overall). The chi-square analysis at 5
percent also revealed that motorist violations were
indeed reflective of type of MBC crosswalk. Signal-
ized crosswalks exhibited the lowest percentage of
violations, 0.4 percent.

TABLE 3 Motorist Violations Versus MBC Control

No. of No. of Total

Motorist Motorist Vehicle
MBC Control Violations Compliances Flow
Signalized 27 (35)* 6,596 (6,588) 6,623
Unsignalized
WS 45 (31) 5,896 (5,910) 5,941
WOS 17 (23) 4,341 (4,378) 4,401
All sites 8ob 16,876 16,965

Note: WS = with signs present; WOS = without signs.

aValues in parentheses are the expected frequencies (rounded) under the
null hypothesls.

bBreakdown of total violations (89): moving against signal, 15; blocking
part or all of MBC, 17; illegally parked in vicinity of MBC, 20; did not
slow or stop for pedestrians, 37,

Pedestrian-vehicle Conflicts

The results summarized in Table 4 indicate that the
magnitude of pedestrian-vehicle conflicts is reflec-
tive of crosswalk control. Significant differences
were found between signalized and unsignalized
(pooled in one category) MBCs. Again, signalized lo-
cations exhibited lower conflict rates than other
types of control.

TABLE 4 Pedestrian-Vehicle Conflicts Versus MBC Control

No. of No. of
Pedestrians Pedestrians Total
Involved in Not Involved Pedestrian
MBC Control Conflicts in Conflicts Flow
Signatized 10 (18)* 1,296 (1,288) 1,306
Unsignalized
WS 20 (16) 1,122 (1,137) 1,153
WwOS 14 (10) 747 (751) _761
All sites 44 3,176 3,220

Note: WS = with signs present; WOS = without signs.

AValues in parentheses are the expected frequencies (rounded) under the null
hypothesis,

Vehicle-Vehicle Conflicts

Only 14 vehicles out of the 17,000 observed were in-
volved in vehicle-vehicle conflicts. Hence no rigor-
ous statistical test was conducted on this sample.
simple conflict ratios were estimated at 0.075 and
0.087 for signalized and unsignalized MBCs, respec-
tively.

Summary

The preceding results have indicated that pedestrian
behavior is wvirtually unaffected by the type of
control prevalent at the MBCs at the study sites.
However, because of the continuous exposure of pe-
destrians to moving traffic at the unsignalized lo-
cations, the potential for accidents {conflicts in
this study) is greater there. There were no observed
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differences between sites eguipped with side-mounted
signs and those with pavement marking alone. Mid-
block signals, albeit imperfect in affecting pedes-
trian behavior, could be valuable in providing an
improved target value for the crossing facility and
consequently adequate response time for approaching
motorists. This was demonstrated in this study by
observing lower motorist violations and pedestrian-
vehicle conflicts at the signalized locations.

USER PREFERENCE SURVEY

Eliciting user understanding of and preference for
traffic control devices can be a useful tool in
planning safer pedestrian facilities. Reiss (20),
for example, has used such data to correlate knowl-
edge of traffic control with accident involvement
rates. Robertson (14) conducted a pedestrian under-
standing study of various pedestrian signal indica-
tions in an effort to assess the effectiveness of
such devices, whereas Crompton (7) aimed at identi-
fying threshold delays that were noticed by pedes-
trians in a survey.

Survey Design

The scope of the survey was limited to downtown
Columbus. Two types of interviews were conducted: a
pedestrian survey that was administered at the same
sites as the user compliance study and a driver sur-~
vey that was conducted at major parking generators
in the downtown area. A total of approximately 600
complete interviews (more than 90 percent response
rate) from both surveys were analyzed in the course
of this study.

Pedestrian Survev

There were three objectives in this survey, to iden-
tify

1. Users' opinions regarding safety problems as-
sociated with the MBC,

2, Users' interpretations of their legal rights
and duties at the unsignalized MBC, and

3. Users' preference regarding the
traffic control to be adopted at the MBC.

level of

Responses from the pedestrian survey were first
categorized as those from drivers and those from
nondrivers, as shown in Table 5, in order to test
whether each group perceived the role of traffic
control differently. Statistical tests conducted at
the 5 percent level indicated that nondrivers were
more likely to respond that the unsignalized MBC is
unsafe (77 percent versus 49.8 percent). Responses
regarding legal responsibllity and crossing prefer-
ence did not differ significantly between the two
groups. Yet one in five respondents indicated that
drivers have the right-of-way at the unsignalized
MBC. It should be noted, however, that because of
the small sample size of nondrivers in the survey
(26) these findings should not be extrapolated be-
yond the population represented in the survey.

A classification of responses by survey location
was also undertaken to test whether the crossing
problems at the unsignalized MBC perceived by some
users reflect on the selection of crossing location.
This was not found to be the case, as shown in Table
6. A chi-square test on the data showed that cross-
ing location and pedestrian opinion regarding the
safety of the unsignalized MBC were independent.
Preference of crossing type, however, was found to
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TABLE 5 Pedestrian Survey: Drivers Versus Nondrivers

Percentage of Response

All Drivers Nondrivers
Question Response (N =298) (N=271) (N =26)
Safe when crossing Very safe 9.9 10.8 0
unsignalized MBC? Fairly safe 38.3 394 23.0
(objective 1) Not so safe 317 31.0 38.5
Unsafe 20.1 18.8 38.5
Who has the right-of- Pedestrian 78.9 82.2 76.0
way at unsignalized Driver 2Ll 17.8 24.0
MBC? (objective 2)
Which crossing is Corner traffic signal 37.4 313 38.5
more convenient? Signalized MBC 17.2 16.3 26.9
(objective 3) Unsignalized MBC 45.4 46.4 34.6

TABLE 6 Pedestrian Survey: Signalized Versus Unsignalized Location

Percentage of Response

All Signalized Unsignalized
Question Response (N=1298) (N = 88) (N=210)
Safe when crossing Very safe 9.9 14.1 18.1
unsignalized MBC? Fairly safe 38.3 371 38.9
(objective 1) Not so safe 31.7 33.7 30.8
Unsafe 20.1 5.1 22:2
Who has the right-of- Pedestrian 78.9 81.2 78.6
way at unsignalized Driver 21.1 18.8 21.4
MBC? (objective 2)
Which crossing is more Corner traffic signal 37.4 37.0 37.6
convenient? (ob- Signatized MBC 1732 21,7 15:3
jective 3) Unsignalized MBC 454 41.3 47.1

be significantly related to crossing location;
of the unsignalized MBC were more likely to
this type of crossing.

users
favor

Driver Survey

The objectives of the driver survey were threefold:

1. To detect whether conflicting interpretations
exist between pedestrians and motorists regarding
the right-of-way at the unsignalized MBC,

2. To assess the degree of inconvenience per-
celved by the motorists for stopping at the MBC, and

3. To elicit motorists' preference of traffic
control devices to be adopted at the MBC.

A summary of the survey results is given in Table 7.
The problem of conflicting interpretations is not

overwhelmingly evident from the survey data. 1In

fact, the proportions of pedestrians and drivers who

TABLE 7 Driver Survey Results

indicated that pedestrians have the right-of-way are
within 5 percent of one another (79 versus 84 per-
cent for pedestrians and drivers, respectively). It
should be pointed out, however, that the potential
consequences of some pedestrian violations (for
example, relinquishing their right-of-way to motor-
ists) are often less hazardous than motorist viola-
tions (not stopping or slowing for a pedestrian
legally crossing at MBC). Thus because about 20 per-
cent of the drivers surveyed indicated that drivers
have the right-of-way at unsignalized MBCs, this
must be a source of concern for the traffic engineer
and ought to be addressed through some engineering
as well as nonenglneering means (enforcement, educa-
tion, etc.).

Approximately one in threé drivers surveyed be-
lieved that stopping at the MBC was inconvenient.
This is quite close to the percentage of pedestrians
(who also drove) who preferred to cross at corner
traffic signals (37 percent).

When given a choice of warning devices at the

Percentage of Response

All Group 12 Group 2
Question Response (N=1291) (N=100) (N=191)
Who has the right-of- Pedestrian 84.1 81.6 85.5
way at unsignalized Driver 1559 18.4 14.5
MBC? (objective 1)
Are unsignalized MBCs Very convenient 11.0 -
inconvenient? Somewhat incon- 100
(objective 2) venient 24.5 =
Not inconvenient 64.5 100
Preference for advance Traffic signal 18.1 23.8 15.0
warning? (objective Warning light 26.4 31.1 23.8
3) Overhead sign or
flashing light 424 43.2 42.0
Crosswalk markings
only 13,1 1.9 19.2

aGroup 1 = respondents finding unsignalized MBC very or somewhat inconvenient.
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MBC, overhead signs or flashing lights were more
likely to be stated as the preferred type by the
survey respondents (42 percent). The least-liked op-
tions were traffic signals (18 percent) and cross-
walk markings (13 percent).

Finally, responses were classified into two
groups. The first group consisted of respondents who
indicated that they were inconvenienced by the pres-
ence of an MBC. The remaining responses were allo-
cated to the second group. The objective was to
depict whether inconvenience on the part of some
respondents was associated with any of the factors
included in the survey. A chi-square test on the two
groups showed that drivers who did perceive a prob-
lem in stopplng for pedestrians at the MBC over-
whelmingly favored traffic signals over crosswalk
markings as a means for advance warning (23.8 versus
1.9 percent). On the other hand, other motorists
ranked both alternatives almost equally (15 versus
19 percent). Both groups, however, indicated their
first preference to be some type of overhead device.

Summary

The results of the user preference survey provided
some insight into the perceived safety of the MBC in
Columbus. It was found that neither motorists nor
pedestrians appeared to favor the signalized MBC,
presumably because of the added travel delays to
both types of users. Drivers rated the signalized
MBC at the lower end of the preference scale, where-
as pedestrians favored the unsignalized MBC by a
ratio of 2.6 to 1.0 over the signalized MBC.

However, the survey respondents expressed a genu-
ine concern about the safety of the unsignalized
MBC. One in two pedestrians surveyed believed that
they were unsafe. Nondrivers were even more skepti-
cal (77 percent), perhaps because of their inability
to predict driver actions. Drivers were generally
tolerant of the MBC but indicated a strong need for
effective warning ahead of the crossings. Overhead
signs and flashing lights were preferred because
side-mounted devices tend to lose their target value
in the viswal clutter of high-density areas. Final-
ly, a clear majority of the surveyed pedestrians (79
percent) and drivers (84 percent) agree that pedes-
trians have the right-of-way at the unsignalized
MBC. However, because of the general nature of the
response, little can be inferred regarding motorist
and pedestrian actions in situations where right-of-
way priority is not clear—cut. Additional findings
of the user compliance and preference studies can be
found in the original study report (21).

CONCLUSIONS AND RECOMMENDATIONS

This study has focused on pedestrian and motorist
behavior at MBCs in an urban area. Although the
scope of the findings is limited to the population
under study, many issues were raised pertaining to
the safety, operational, and legal aspects of MBCs.

The behavior study indicated that pedestrians are
less influenced by type of control than motorists.
On the other hand, both groups indicated a prefer-
ence for the unsignalized MBC, because delays are
minimized to all users. Yet concern was expressed
over the safety of unsignalized crossings, partly
because of inadequate advance warning and uncertain-
ty over right-of-way priority.

Further research is needed to secure a comprehen-
sive view on the operation of marked MBCs., This in-
cludes research as follows:

l. To compile nationwide data on existing engi-
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neering and nonengineering guidelines for establish-
ing marked MBCs (excluding school crossings) in ur-
ban areas. This information is needed to assess the
feasibility of a uniform warrant for such installa-
tions.

2. To generate a comprehensive MBC accident data
base and test for correlations between accident fre-
quency and level of traffic control, including sup-
plemental devices.

3. To 1link short-term behavioral observations
(e.g., compliance, conflicts, attitudes) with long-
term accident experience at MBCs. The hypothesis
assumed in the study presented in this paper and
other referenced work can be tested as a result of
this effort.

4. To review existing 1legislation regarding
right-of-way at unsignalized MBCs and to explore
means of clarifying and delineating users' responsi-
bilities.

ACKNOWLEDGMENT

This study was sponsored by the Ohio Department of
Transportation with funding from NHTSA. The research
effort was directed by Zoltan A. Nemeth, Professor
of Civil Engineering at the Ohio State University,

REFERENCES

1. Manual on Uniform Traffic Control Devices for
Streets and Highways. U.S. Department of Trans-
portation, 1978.

2, C.V. Zegeer, S. Khasnabis, and J.C. Fegan.
Development of Improved Pedestrian Warrant for
Traffic Signals. In Transportation Research
Record 904, TRB, National Research Council,
Washington, D.C., 1983, pp. 58<-65.

3. Accident Facts. National Safety Council, Wash-

ington, D.C., 1982.

4. R. Knoblauch. Accident Data Base for Urban Pe-
destrians. In Transportation Research Record
629, TRB, National Research Council, Washing-
ton, D.C., 1977, pp. 26-30.

5. Model Pedestrian Safety Program.
IP-78-6. FHWA, U.S.
tion, June 1978.

6. J. Inwood and G.B. Grayson. The Comparative
Safety of Pedestrian Crossings. TRRL Report
895, U.K. Transport and Road Research Labora-
tory, Crowthorne, Berkshire, England, 1979.

7. D.H. Crompton. Pedestrian Delay, Annoyance, and
Risk: Preliminary Results from a Two-Year
Study. Proc., Seminar in Traffic and Environ-
mental Management, PTRC Education and Research
Services, Ltd., Warwick, England, 1979,

8. D.S. Rayner. Some Safety Considerations in the
Conversion of Zebra Crossings to Pelican Cross-
ings. Traffic Engineering and Control, Vol. 16,
No. 3, March 1975.

9. Accident Prevention Effects of Road Safety
Devices. Annual Report. Japan Road Association,
Tokyo, 1969.

10. B.V. Pegrum. The Application of Certain Traffic
Management Techniques and Their Effect on Road
Safety. Presented at National Road Safety Sym-
posium, March 1972.

11. A. Polus and A. Katz. Analysis of Nighttime
Pedestrian Accidents at Specially Illuminated

Crosswalks. Accident Analysis and Prevention,
Vol. 10, No. 3, 1978.

12. M., Rotman. The Toronto Pedestrian Crossover
Program. Traffic Engineering, Feb. 1961.

13. M.J. Cynecki. Development of a Conflict Analy-
sis Technique for Pedestrian Crossings. In

FHWA Report
Department of Transporta-



Transportation Research Record 743,
tional Research Council,
1980, pp. 12-20.

14. H.D. Robertson. Pedestrian Signal Displays: An
Evaluation of Word Message and Operation. In
Transportation Research Record 629, TRB, Na-
tional Research Council, Washington, bD.C.,
1977, pp. 19-22.

15. R.R. Miller, F.A. Street, and J.C. Holmstrom.
Evaluating Pedestrian Safety Facilities Using
Videotape Observation. Presented at the 62nd
Annual Meeting of the Transportation Research
Board, Washington, D.C., 1983,

16. J. Hauck and B. Leland. Well-Marked Crosswalks
Are a Pedestrian's Best Friend. Rural and Urban
Roads, Vol. 17, No. 3, March 1979.

17. A.S. McLean and D.J. Howie. Survey of the Per-
formance of Pedestrian Crossing Facilities.
Australian Road Research, Vol. 10, No. 3, Sept.
1980.

18. W.C. Berger and H.D. Robertson. Measures of Pe-

TRB, Na-
Washington, D.C.,

destrian Behavior at Intersections. In Trans-
portation Research Record 615, TRB, National
Research Council, Washington, D.C., 1976, pp.

54-59.

47

19. S. Khasnabis, C.V. Zegeer, and M.J. Cynecki.
Effects of Pedestrian Signals on Safety, Opera-
tions, and Pedestrian Behavior--Literature Re-
view. In Transportation Research Record 847,
TRB, National Research Council, Washington,
D.C., 1982, pp. 78-86.

20. M.L. Reiss. Knowledge and Perceptions of Young
Pedestrians. In Transportation Research Record
629, TRB, National Research Council, Washing-
ton, D.C., 1977, pp. 13-19.

21, Safety Aspects of Mid-Block Crosswalks, Vol. 2.
Final Report EES 572X. Engineering Experiment
Station, Ohio State University, Columbus, Oct.
1978.

The opinions expressed in this paper do not neces-
sarily reflect those of the U.S. Department of
Transportation or the Ohio Department of Transporta-
tion.

Publication of this paper sponsored by Committee on
Pedestrians.

Pedestrian Crossing-Time Requirements at Intersections

MARK R. VIRKLER and DAVID L. GUELL

ABSTRACT

Existing procedures for determining pedes-
trian crosswalk-time requirements are in-
adequate because they ignore the number of
people crossing. A study of six crossing
locations showed that those in large cross-
ing groups walk at fairly uniform headways
and uniform speeds. Pedestrian headways are
close to 6.7 sec per pedestrian per foot
width of walkway and speeds are close to
4.5 ft/sec. A model of crossing time is
developed. The inputs are the number cross-
ing, crosswalk length, and crosswalk width.

The time required by pedestrians to cross streets at
signalized intersections must be determined to en-
sure safe and efficient operation of the intersec-
tion. Most procedures used today (1-3) treat cross-
ing time as a function of crosswalk length divided
by a walking speed. However, crossing time is also a
function of the number crossing (4).

Figure 1 shows the times required by groups
(herds) of four or more to cross a street in down-
town Richmond, Virginia. The ordinate is the time
between when the first person in the herd leaves the
curb and when the last person reaches the opposite
curb. The horizontal 1lines are the crossing times
predicted by dividing the crosswalk length (32 ft)

by walking speeds of 3.5 and 4.0 ft/sec (the values
usually recommended). The diagonal line is the re-
gression line of best fit. The slope of this 1line
was significantly different from zero at the 1 per-
cent level.

The purpose of this study was to develop an im-
proved design procedure for considering pedestrians
in traffic signal timing. Data on crossing times are
examined in the next section. A basis for modeling
pedestrian crossing times is then developed., This is
followed by a recommended design procedure.

METHODOLOGY AND DATA ANALYSIS

Data were collected for 85 herd crossings at 6
crossing locations. Four crossings were in downtown
Richmond, Virginia. These crossings were controlled
by pedestrian signals, and crosswalk lines were
marked on the pavement. A majority of pedestrians
were shoppers. The other crossings were near the
University of Missouri~Columbia football stadium.
These had no crosswalk lines and traffic was con-
trolled by a police officer. The pedestrians were
football patrons going to the stadium.,

Data Collected

For all the crossings, curb-to-curb distance (L) was
measured. For the downtown shoppers, crosswalk width
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FIGURE 1 Herd crossing time versus number in herd (downtown shoppers).

(W) was measured and used in the calculation of pe-
destrians per foot width of walkway. For the foot-
ball patrons, the width selected by each herd was
used for the crosswalk width.

Two time measurements were made for each observa-
tion. The [lrst (t1) was the time between when the
first person stepped off the curb and when the first
person stepped on the opposite curb (not necessarily
the same person). The second (t,) was the time
between when the first person stepped off the curb
and when the last person stepped on the op- posite
curb. In all cases the number (N) in each herd was
limited by the requirement that a person be a part
of the herd before it left the curb.

With the downtown shoppers, herd sizes ranged
from 4 to 24 persons. Although many violated the
signal indication, data were taken only from herds
abiding by the signal indications. In general, these
pedestrians stayed within the crosswalk 1lines and
experienced 1little interference from turning vehi-
cles.

The herd sizes of football patrons ranged from 9
to 125, and widths selected ranged from 6 to 30 ft.
These pedestrians were highly obedient to the police
officer's indications and received almost no inter-
ference from vehicles.

The ranges and means of the data are shown in
Table 1. In most cases time measurements were taken
at the site with a stopwatch., In one case (f) mea-

Data Analysis

The flow rate (g) for each herd when it reached the
opposite curb was determined by using the following
equation:

q=[(N~1)/W]/(tn - 1) ®

No significant relationship between flow rate and
size of herd (N/W) was found. The flow rate for
herds with large numbers of people was almost alwayvs
within Fruin's level of service B [6 to 10 pedes-
trians/(ft*min)] (5). For instance, crossing f had
a mean flow rate of 8.10 pedestrians/(ftemin) with
a standard deviation of 1.65. The 95 percent confi-
dence interval for mean flow rate was from 7.4 to
8.8 pedestrians/(ftemin).

Flow rates fluctuated widely [from 3.9 to 34.5
pedestrians/(ftemin)] for the data from downtown

shoppers. The large flow rates were attributed to
fairly small groups walking nearly abreast. When
these herds were effectively combined (front to

back) by using the following equation,
flow rate was 8.16 pedestrians/(ftemin):

q=[Z(N - 1)/W]/Z(t, - t1) @

the overall

It was also observed that pedestrians seldom passed
each other and tended to maintain fairly uniform

surements were taken from a videotape. spacings. These characteristic led to the possibil-

TABLE 1 Data Characteristics

Crossing

Downtown Shoppers Football Patrons

a b ¢ d e f
No., of observations 12 6 8 28 9 22
Crosswalk length (ft) 40 40 22 32 64 72
Crosswalk width (ft) 11 11 12 12 6-12 15-30
Pedestrians per foot width

of walkway 0.4-1.8 0.40.8 0.3-1.3 0.3-2.0 1.1-2.9 1.6-6.4

Avg pedestrians per foot 0.79 0.61 0.66 0.73 1,57 3.23
Avg ty (sec) 9.0 9.8 5.9 6.9 15.6 }5.3
Avg t, (sec) 13.7 13.1 10.5 11.8 212 394
Maximum t,, (sec) 16.9 144 4.8 18.9 25.0 55.1




Virkler and Guell

ity that a linear relationship between crossing time
(t.) and pedestrians per fuot of crosswalk width
(N?W) could provide an appropriate model. The linear
regression equations found for the crossings are
given in Table 2., All of the slopes were found to be
different from zero at a 1 percent significance
level.

TABLE 2 Regression: Crossing Time Versus Pedestrians per
Foot of Crosswalk Width

Crossing
Football

Downtown Shoppers Patrons

aandb® ¢ d € f
Crosswalk length (ft) 40 22 32 64 72
Avg N/W (pedestrians/ft) 0.73 0.66 0.73 L.57 3.23
No. of observations 18 8 28 10 22
Ap (sec) 10.55 5.97 7.48 1075 22.90
A, [sec/(pedestrian - ft)] 4.08 6.83 6.02 6.47 5.11
Correlation coefficient 0.66 0.90 0.75 0.90 0.80
Sample standard deviation

from regression 1.64 1.18 1.92 1.7§ 5.17

Note: ty = Ag + Aj (N/W); ty is in seconds.
dCrossings a and b were combined because of their identical lengths and widths,
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Two shortcomings of these particular models were
apparent. First, a given equation would apply only
for a particular crosswalk length. Second, the vari-
ance of the data from the fitted 1lines did not
appear to be constant., Rather, the variance in-
creased with N/W. To deal with these problems a more
general model was developed:

tn = (L/V) + H(N/W) ®

where
I, = crosswalk length (ft),
V = speed of front of herd (ft/sec), and
H time headway (reciprocal of flow rate)
[sec/(pedestriancft)].

To find H, t; = t, - & was calculated for
each observation and plotted as a function of N/W
(t; was the average t; for the given crossing).
H was then calculated as the slope of the line of
best fit. In determining the slopes it was assumed
that the varlance of the error from the fitted line
was proportional to N/W and that all 1lines would
pass through the origin.

The slopes and implied flow rates for each cross-
ing are given in Table 3. The data and line of best
fit are shown in Figure 2. Combining all of the data

TABLE 3 Best Fit: Flow Time Versus Pedestrians per Foot of Crosswalk Width

Avg
Speed of Weighted
No. of Front of Standard Standard
Observa- Herd (V,) Slope (H) Error from Error of
Crossing  tions (ft/sec) [sec/(pedestrian « ft)]  Fitted Line? Slope
ab 18 4.33 5.80 1.87 0.52
& 8 4.42 6.94 1.40 0.61
d 28 4.61 6.76 2.24 0.50
€ 9 4.10 3.59 1.98 0.53
f 22 4.74 7.47 3.09 0.37
abed 54 4.42 6.46 2.04 0.33
ef 31 4.54 6.82 3.69 0.40
All 85 4.47 6.71 2.74 0.25

Note: tq = H(N/W). It is assumed that lines pass through origin and that the variance of residuals is pro-

portional to N/W,

aThe square root of the weighted mean square of the residuals from the fitted line,
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FIGURE 2 Flow time versus pedestrians per foot of crosswalk width.
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led to a slope (H) of 6.7 sec/(pedestriancft) [a
flow rate of 8.94 pedestrians/(ftemin)]. The
welghted mean square of the residuals was 7.53, im-
plying a standard error of the estimate of [7.53 x
(N/W)]l/z. The 95 percent confidence interval for
the slope was from 6.23 to 7.19 sec/(pedestriancft)
[flow rates from 9.6 to 8.3 pedestrians/(ftemin),
well within the limits for level of service B]. Ex-
cept for crossing e, the slopes for each crossing
fell within a relatively narrow range.

DESIGN PROCEDURE
The following equation is recommended for determin-

ing crossing time for a herd (this time is a reason-
able lower limit for green plus amber time):

T=t+(L/V)+HN/W) “)
where

T = crossing time (sec),

t = pedestrian starting time = 3 sec,

L. = length of crosswalk (ft),

V = walking speed = 4.5 ft/sec, and

H = time headway between persons = 6.7

sec/(pedestriancft).

The pedestrian starting time is the value recom-
mended in the TRB Interim Materials on Highway Ca-
pacity (6). The walking speed was the average (for
the front of the herd) found in this study. The
value of H was the slope of best fit for all of the
data collected.

If the number crossing was small and W and L were
large, the crossing time given by this equation
would be less than that given by most earlier tech-
niques and therefore inadequate for slower pedestri-
ans. However, a herd of modest size (e.g., four to
eight people) would yield higher crossing times
through this technique than through the earlier
techniques.

Using the Equation

Some judgement is required in determining an appro-
priate N/W. For N the largest herd expected during
the pedestrian peak hour appears reasonable. At
times this number would be exceeded or a herd of a
slightly smaller size could have a higher crossing
time than expected. However, the crossing time
allowed would be exceeded only during a small per-
centage of the signal phases within the peak hour.
When the time expired, the end of the herd would be
close to the opposite curb.

In this study, the crosswalk width was either
that selected by the herd or that palnted on the
pavement. In both cases this width was almost always
available to the herd. At many locations the behav-
ior of motorists could constrain the available
width, Similarly, large herds might select a width
greater than that provided by pavement markings.

The largest N/W value in the data was 6.4 pedes-
trians/ft. For values larger than this (e.g., 80
people using a width of 10 ft) the model of crossing
time may not be reliable.

Additional Considerations

The pedestrian space for level of service B ranges
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from 24 to 40 ft?/pedestrian. Oeding (7) described
this as being in the upper range of "tolerable."
Pushkarev and Zupan (8) described this range as
"constrained” (between "crowded® and "impeded").
Fruin stated that in this range pedestrians can
select a normal speed and when in primarily one-di-
rectional flows can pass other pedestrians. Minor
conflicts would occur if reverse-direction or cross-
ing flows existed, thereby lowering average speeds
(5). These considerations would imply that if two
large herds of roughly equal size met while travel-
ing in opposite directions, the equation for cross-
ing time would underestimate the time needed for
crossing.

Crossing time could also be affected by con-
straints before or after the crossing. For instance,
sidewalk furniture, parked vehicles, or the presence
of other pedestrians might reduce the rate at which
people could leave the curb. The same factors could
cause a bottleneck when the herd reaches the oppo-
site curb. In the interest of consistency, one might
seek to ensure that a pedestrian level of service
near B was provided at those two locations. A mini-
mum requirement might be that the available walkway
capacity would not be exceeded by the herd plus any
other pedestrians near the crosswalk.

Finally, it should be recognized that turning
vehicles could have a large effect on the time re-
quired for crossing. Equation 5 is based on 1little
interference with pedestrians by vehicles.

SUMMARY

Earlier techniques for determining pedestrian cross-
ing-time requirements are adequate for small numbers
of pedestrians but do not provide enough time for
larger numbers. Those who are irst tc cross in
large herds travel at about 4.5 ft/sec. Those behind
the first ones maintain fairly constant spacings and
require about 6.7 sec/(pedestriancft) to reach the
opposite curb.

If an appropriate starting time (to perceive and
react to a signal indication) is included, adequate
time can be provided for the herd to cross. Particu-
lar care is needed for determining the effective
crosswalk width and to ensure that flows will not be
limited by conditions at the curb that the pedestri-
ans leave or the curb that they reach.
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Walking Straight Home from School: Pedestrian Route

Choice by Young Children

MICHAEL R. HILL

ABSTRACT
Unobtrusive observations of 50 randomly
selected pedestrian youngsters were made

after the children had been dismissed from
elementary schools in Lincoln, Nebraska.
The results demonstrate that (a) 88 percent
of the students walked directly to a resi-
dential dwelling; (b) 98 percent chose a
least-distance path from their school to
their residence or other destination; (c)
the majority of students (62 percent), by
choosing to minimize distance, found their
route choices reduced to a single route op-
tion; and (d) when faced with the choice
between two or more distance-minimizing
routes, the children in this study selected
structurally more complex routes than did
adults, All the children in this study were
among the first students to leave school
after class and walked home unaccompanied.
The children appear to follow the admoni-
tion to come straight home from school, but
in so doing they are generally limited to a
single shortest-distance option. Such
children thus have a much constrained op-
portunity for environmental exploration.
When faced with the chance to choose a more
interesting and spatially complex route
while still adhering to the norm to come
straight home, the complex route was gener-
ally selected. Because of the small sample
size in this study, these findings are best
considered suggestive rather than defini-
tive.

Young children in the United States are frequently
directed by their parents to come straight home from
school. Whether this admonition is generally heeded
as well as questions about ¢trip length, walking
velocity, and route complexity form the central fo-
cus of this study. An empirical investigation of the
pedestrian routes selected by youngsters after they

are dismissed from elementary school 1is reported
here. A random sample of grade-school students from
public schools was unobtrusively tracked and their
routes were mapped in order to gather the data re-
quired for this study. The sections below provide a
description of the methodology employed and a dis-
cussion of the results obtained. First, however, it
is noted that choosing a route involves somewhat
more than just the ability to place one foot in
front of the other.

PEDESTRIAN SKILLS IN CHILDREN

Selecting a route that leads from school to home
represents a high degree of pedestrian skill. This
skill builds on the ability to walk per se as well
as on development of sufficient risk-assessment cap-
abllity to cross streets without being struck by
motor vehicles. In addition, each youngster learns a
subtle set of social norms (for example, which side
to step to in order to avoid collision with another
pedestrian, how to look at other pedestrians without
appearing to stare at them, what minimum distance to
maintain when following another pedestrian, and so
on) that facilitate walking in its social context.
Finally, the pedestrian navigator also reguires
knowledge of his or her spatial environment and the
ability to utilize this information to choose and
follow a route (l).

The age at which these interrelated skills are
adequately developed and integrated is not known at
this time with certainty. It is likely that develop-
ment is influenced by culture, social class, and the
texture of the physical environment. Routledge et
al. (2) found that school children can provide reli-
able estimates of their exposure to risk during the
journey to and from school. Reiss (3) suggests that
school children can be quite verbal about their
reasons for following a particular route, for exam-
ple, that it is the shortest or safest way. He con-
cludes his paper with the following observation (3,
p.43): "The pattern of responses shows a progres-
sion of pedestrian capability from kindergarteners
to the eigth graders."
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A decade ago, Wolff (4) found that adult pedes-
trians often treat children under 7 years old as
baggage. He suggested that we might profitably ask
(4, p.45):

At what age or stage of development have
children learned to negotiate right-of-
way, territorial possession, and so
forth, in public places? At what age or
under what conditions is their attempted
use of such knowledge "respected"?

Routledge, Reiss, Wolff, and
starting points for further investigation related
not only to pedestrian safety and transportation
research but also to our increasing understanding of
human perception and cognition, environmental utili-
zation, and spatial experience. In any event, it
appears that the required pedestrian skills are
developed early in most youngsters to the extent
that many parents permit their children to walk home
from school unaccompanied.

The young, capable pedestrian now stands in front
of his or her school building, choosing a route
homeward that fulfills his or her parents' mandate
to come straight home from school. In some in-
stances, if the chosen route is the shortest pos-
sible one, there will be only one possible route to
follow. There will be, statistically speaking, no
degrees of freedom given the geometry of the street
network and the constraint to minimize distance. In
many other cases, however, depending on the geometry
of the street network, there may be several routes,
which all minimize distance. This latter situation
occurs frequently when one must move diagonally
across a rectangular or Manhattan street grid. In
graph theoretic terms, the route selection problem
involves choosing a set of connected edges from
those available in a given graph to form a path from
an origin to a destination. Further discussion and
illustration of this terminology and descriptive
framework is found in the work of Garbrecht (5,6)
and Hill (7-9). The character of the®route networks
faced by school children in particular is discussed
more fully below. First, however, the following sec-
tion describes the sampling and observational meth-
odology employed to empirically study the paths
selected by school-age children on their way home
after classes,

others provide

METHODOLOGY

Lincoln, Nebraska, was selected for the study. This
city provides a diverse urban environment of moder-
ate size (approximately 180,000 population). There
are 27 public elementary schools within the study
region and 10 were randomly selected as observation
sites, All schools selected conducted afternoon
classes in kindergarten through sixth grade. Enroll-
ments ranged from a high of 700 students to a low of
168 students. The mean number of students was 418
per school.

Fifty observations (five at each school) were
made of the routes selected by grade-school children
as they walked home from school during the spring
months (March-May). Observation began at afternoon
class dismissal time when the first student crossed
through the street intersection nearest the main en-
trance to the school. This student was unobtrusively
tracked on foot and his or her path was recorded on
a prepared data-collection form., Route data were
recorded only for children who walked home unaccom-
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panied. Research on the paths selected by groups of
children remains to be done in the future as does
research on children other than the first ones to
leave the school building each day.

When a student entered a building and
there for a period of 10 min, the observation was
terminated and the child was recorded as having
reached a destination. No student was included more
than once in the sample. Following data collection,
each observation was mapped on a standardized record
sheet at the scale of 1:8,000. All data were then
summarized for each case and entered for machine
storage and processing. After each observation, the
school for the next day's observation was determined
by random choice.

Only one observation could be completed per day.
Thus, this technique required more than 50 trips to
the selected schools and approximately 3 months to
complete. The data are therefore time-consuming to
collect, so methodologically speaking, they are
fairly expensive.

Reactivity of the method was judged to be mini-
mal. Two observations were discontinued (and the
data thrown out) when the researcher felt that he
may have been spotted by the children under observa-
tion, With practice, it is possible to make observa-
tions from as much as two blocks away and from the
side of the street opposite that on which the sub-
ject is walking. It is recommended that the observer
wear comfortable shoes and be in relatively good
physical condition so that he or she can catch up
quickly when the subject rounds a street corner and
thereby escapes the observer's direct 1line of
vision. To further reduce reactivity, an observation
should, as a rule, be discarded if the subject turns
and looks in the direction of the observer more than
one time during the course of the observation. Al-
though used in other studies (9), this rule never
received an opportunity for application in this
study. Finally, a surprisingly 1large number of
adults (many in automobiles) waited near the schools
each day to pick up their children. As a result, the
presence of the researcher at class dismissal time
was not particularly conspicuous or unusual.

remained

RESULTS

The basic characteristics of the sample are
straightforward. Nineteen subjects (38 percent) were
boys and 31 (62 percent) were girls. The shortest
trip observed was 0.10 km and the longest was 1.34
km. Mean length of observed trips was 0.58 km. Mean
trip 1length was essentially identical for both
sexes., This result should occur in a random sample,
especially if it is assumed that all students, re-
gardless of sex, generally go straight home and it
is further assumed that the homes of both male and
female students are randomly located around the
elementary school. Insofar as the majority of trips
(88 percent) terminated at residential dwellings, it
seems reasonable to assume that most unaccompanied
youngsters, at least those who are among the first
to leave the school building each day, go directly
home after school.

Boys were observed traveling at slightly higher
velocities, on average, than girls, but the differ-
ence is not statistically significant. As a group,
the observed school children traveled faster (102
m/min) than a random sample of 21 subjects from the
general population aged 5 to 21 years observed in a
companion study (9), who on average logged only 87
m/min. This difference is statistically significant
at the 0.01 level. It appears that some children in
fact run rather than walk home from school,
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Distance Minimization in Route Choice

With only one exception, every trip observed fol-
lowed a shortest-distance path from start to finish,
This finding demonstrates the overwhelming impor-
tance of distance minimization in path selection.
This finding is expected given the frequently ob-
served human tendency to minimize effort (10,11).
Hill (9) has shown that the same behavior occurs in
adults as well. Because no students became lost, a
condition that would be indicated by longer-than-
necessary routes, this finding further suggests that
the subjects knew their routes and destinations
well. Because subjects were not interviewed, how-
ever, it is not known if the observed route choices
were prescribed by parents or teachers or were
learned through experience or by watching other
children or siblings. Nonetheless, in the sense that
the observed students almost universally took the
shortest paths to their destinations, it is clear
that these students d4id come straight home when, in
fact, home (as indicated by a residential dwelling)
was their intended destination.

When distance minimization is employed as a pri-
mary route-selection strategy, however, the number
of available routes is often reduced dramatically.
In other words, if one is not willing to walk
further than necessary, one cannot then select from
many other, but more roundabout, routes. In the case
of the school children observed in this study, 31
students (62 percent) had no choice but to take the
route they did if they wished to minimize distance.
The remaining 19 students (38 percent) had the op-
tion of choosing from two or more different routes
that minimized the distance to their destinations.

It should be noted further that students who tend
to live closer to school (0.5 km on average) have no
option in route choice except for a single, dis-
tance-minimizing route, whereas those who live far-
ther away (0.8 km on average) get to choose from
more than one distance-minimizing option. This
result stems in part from the interacting dimensions
of trip length and street geometry. Generally, the
greater the distance a student lives from an elemen-
tary school, the higher the probability that more
route options will be available (9). The important
point is that the street geometry faced by the
majority of students who actually do walk home from
school is exceedingly simple, if not boring: There
is frequently only one least-distance route from
which to choose. Day after day, if students follow
the maxim to minimize distance (and 98 percent of
the students observed did so), they are often con-
strained by street geometry to repeat the same route
choice again and again without variation.

Choosing Between Paths of Equal Length

Not all students, however, are constrained by rigid
geometry and they have some degree of real choice in
selecting from a variety of distance-minimizing
routes. Based on the observations in this study, it
is estimated that approximately 38 percent of the
students have the opportunity for more varied route
selection. The next stage of inquiry, therefore, is
to ask how children behave when they experience the
problem of choosing between two or more distance-
minimizing routes of equal length. Such routes can
be compared on the dimension of structural complex-
ity.

An important aspect of route structure is the
complexity of the route. Conceptually, environmental
complexity is best approached with the subtlety and
keen theoretical edge demonstrated by Rapoport and
Hawkes (12) and Rapoport (13,14). In this study,
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however, a simple but readily quantifiable measure
of structural complexity is employed as a rough sub-
stitute. Here the complexity of a route depends on
the number of turns (or changes of direction) that a
subject is free to incorporate into his or her path
from one point to another. The spatial structure
index (SSI) is a measure that allows objective com-
parison of route complexity for paths followed in
street networks of radically different size and con-
figuration. Further, the parametric properties of
the SSI ultimately permit the analysis oOf route
complexity as a function of other variables. 1In
brief, the index is a standardized measure of the
number of turns incorporated in a glven distance-
minimizing trip relative to the maximum and minimum
number of turns that could have been taken by the
pedestrian. The index is based on an adaptation of
the formula for computing standardized scores
(z-scores). The computation and limitations of the
index, together with examples, have been illustrated
by Hill (9).

Computational limitations are such that the SSI
could be computed meaningfully for only 12 children
in the sample. Given this small sample size, the SSI
results reported here must be seen as indicative
rather than definitive. Although larger samples are
undoubtedly desirable, they are time-consuming and
difficult to obtain. Hill (9) has demonstrated that
route selection by adults can be studied adequately
through survey questionnaire techniques, but it is
not known whether grade school children can be de-
pended on to adequately and reliably describe their
exact walking routes on a questionnaire. If such
techniques (or alternatives such as video simula-
tions) could be perfected, much larger samples would
be obtained with considerably greater ease.

The SSI has a maximum value of 0.7071, a mean of
0.0, and a minimum value of -0.7071 regardless of
the size or shape of the street network involved. A
value of =0.7071 results when a trip with the least
number of turns possible has been chosen. Converse-
ly, a positive value of 0.7071 is found when a trip
with the maximum number of turns has been selected.
Following the lead of Rapoport and Hawkes (12), a
route with the most possible turns is operationally
defined as the structurally most complex route. It
is in this sense that the SSI is said to reflect the
structural complexity of a given trip.

Using the SSI, it was found that children walking
home from school tend to exhibit more complex path
structures than do adults generally. Recalling that
a positive SSI value reflects relatively complex
route choice, it is noted that the mean SSI for 12
school children (-0.059) is more positive than the
SSI for a random sample of 24 distance-minimizing
adults (-0.275) who were unobtrusively tracked with-
in the same study area in a companion investigation
(9) . This difference is statistically significant at
the 0.01 level.

This result is expected, based on Perin's discus-
sion (15) of White's thesis of effectance, in which
it is maintained that increased exploration of the
environment is integral to human maturation. In cap-
sule form, this thesis asserts that environmental
manipulation (in this case choosing more complex
route structures) is important during an individ-
ual's development if that person is going to develop
an adequate sense of personal competence. The devel-
oped adult, therefore, would no longer need to en-
gage in environmental manipulation to the extent re-
quired for developing youngsters. In addition to the
development of a sense of personal competence,
Piaget and Inhelder (16) maintain that environmental
exploration is required in order for youngsters to
develop a sense of space. Finally, Merleau-Ponty
(17) observes that physical movement and use of the
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environment are required for children to establish a
stable orientation in the physical world. Thus, it
is expected that young school children will, given
the opportunity for more complex choices, be explor-
atory in their route selection because they are
still learning how to navigate and master the built
environment in which they live.

Although the data collected in this study are the
result of relatively expensive methodological tech-
niques, it is hoped that additional work will pursue
the questions that this project only began to ad-
dress. Such studles, if taken in small steps, are
fully within the capabilities and thesis expecta-
tions of graduate students in planning, engineering,
and the social sciences. Like the many small-scale
studies on the spatial aspects of human crowding
(18), such investigations not only provide insights
for more robust theoretical explanations of environ-
mentally situated behavior (19) of which pedestrian
behavior is a paradigm example, they also add to our
growing stock of research and insight on the nature
of the pedestrian experience (1,20-24).

SUMMARY

The results and methodology in this study are more
fully reported elsewhere (9), but the basic findings
are straightforward. In regions similar to the study
site, it 1is expected that unaccompanied school
chlldren (at least those who are among the first to
leave their school building each day) are almost
universally likely to take the shortest route home
from school and, when confronted with the opportu-
nity to choose between two or more shortest-distance
routes, to frequently select a structurally more
complex route. By and large, however, the majority
of children are presented with only a single short-
est-distance option as the route to their home. On
the way home from school, at least, these children
have a much constrained opportunity for environmen-
tal exploration in a spatial structural sense.
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Role of Bicycles in Public Transportation Access

MICHAEL A. REPLOGLE

ABSTRACT

Bicycles play a vital role in access and
egress for rail and express bus services in
Japan and northwestern Europe as well as in
a growing number of communities in the
United States. Suburbanization has been a
driving force for the growth of bicycle-
transit linkage. In many suburban towns in
Japan, West Germany, Denmark, and the
Netherlands, 25 to 50 percent of rail sta-
tion access trips and up to 20 percent of
station eqress trips are made by bicycle.
The number of trips involving a combination
of bicycles and public transportation has
quadrupled in Japan and doubled in Denmark
since the early 1970s. In the United
States, high bicycle theft rates have re-
strained similar growth except for transit
systems that have made special provisions
for bicycle access. Significant use of bi-
cycles for transit access is found only
where bicycle theft rates are relatively
low or where secure bicycle parking has
been provided at transit stops. The evolu-
tion of transit access systems is discussed
and park-and-ride versus bike-and-ride
transit access are compared with regard to
capital and operating costs, air pollution
and energy use, impacts on transit rider-
ship, implications for transit stop siting,
and other factors. It is concluded that
American transit agencies could substan-
tially increase suburban transit use with-
out increased operating costs by improving
bicycle-transit integration. Bike-and-ride
development is far more cost-effective than
park-and-ride development.

This study arose out of research bequn at Public
Technology, Inc., the technical arm of the National
League of Cities. A search for information about bi-
cycle-transit linkage revealed that little informa-
tion has been available on the experiences of Ameri-
can transit agencies. Even less information has been
available in English regarding the role of bicycles
as an access and egress mode to public transporta-

tion in other mature industrialized societies.
Although the number of U.S. transit operators ini-
tiating bicycle-transit 1linkage programs has been
growing, no body of information has existed to quide
these efforts.

The collection of both descriptive and analytical
data on bicycle~transit 1linkage was carried out
through the course of 8 months of research, site
visits, and meetings with transit agency and govern-
ment officials, businessmen, and citizen activist
leaders in Japan, the Netherlands, West Germany, and
Denmark. Additional research was conducted over a
2-year period in the United States.

A more extensive presentation of the research
findings is contained in a recently released book,
Bicycles and Public Transportation: New Links to
Suburban Transit Markets, published by the Bicycle
Federation, Washington, D.C. (1).

BACKGROUND

The traditional market base for public transporta-
tion has been eroded by the shift of population and
employment growth from dense urban centers to sub-
urbs and small cities. Although transit agencies
have expanded their routes and services into these
new areas of growth, it has become ever more diffi-
cult to provide cost-effective public transportation
within walking distance of the places to which
people want to go. Suburban growth has far outpaced
the development of suburban transit services.

Suburbanization and deurbanization have not been
confined to the United States but are common trends
in Japan and Europe as well. By 1980 one-third of
all Western European cities with more than 200,000
residents were losing population (2). Between 1960
and 1971, all major Dutch metropolitan areas showed
significantly faster rates of employment growth in
suburban areas than in their urban cores, with a de-
crease in absolute employment in two out of seven
metropolitan regions (2). Similarly, the fastest
rates of population and employment growth in Japan
are in the areas at the fringe of metropolitan re-
gions, whereas the population of major urban cores
has been declining since the mid-1960s (3).

With more people living at greater distances from
transit routes than at any time in the past century,
the mainstay of transit access and egress, walking,
is being replaced increasingly by other access and
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egress modes in Japanese, European, and American
suburban areas, particularly for express bus and
rail services. Both automoblles and bicycles are be-
ing used to expand the access service areas of bus
and rail 1lines where closely spaced routes are
uneconomical, often supplementing or substituting
for feeder bus services. In a growing number of com-
munities, bicycles are also assuming a significant
role in transit egress, allowing people to travel by
public transportation to locations several kilome-
ters from the nearest transit route.

Throughout the United States, northwestern
Europe, and Japan, suburbanization has brought with
it the diversification of transit access and egress
systems. However, differences in transportation pol-
icies and infrastructure, travel habits, crime
rates, and cultural attitudes have led to local dif-
ferences in the way travelers get to and from subur-
ban public transportation. Park-and-ride, kiss-and-
ride, and bike-and-ride travel--involving access to
transit as an automobile driver, passenger, or
cyclist--can each be found in varying proportions in
suburbs throughout mature industrialized societies.
In many places one can also observe dual-mode tran-
sit egress systems--bicycles accommodated on transit
buses, bicycle rental services at rail stations, and
recently revived programs permitting bicycles aboard
trams and rail vehicles, a concept that originated
in the late 19th century (4, p.222; 5).

In suburban areas of northwestern Europe and
Japan, bicycles have come to play a major role in
transit access and egress. Although automobile ac-
cess to transit has also grown in these areas in
recent years, park-and-ride and kiss-and-ride tran-
sit access remain clearly subordinate to bike-and-
ride travel in most Japanese and European communi-
ties, In the United States, however, the automobile
accounts for the majority of access trips to subur-
ban rail and express bus services in many communi-
ties. Except for a few communities, bicycles play an
insignificant role in American transit access.

What accounts for these differences between Amer-—
ica versus Europe and Japan in the evolution of
suburban transit access systems? What are the ef-
fects of basing suburban transit access on one mode
or another or on some balanced mix of modes? Is a
different mix of transit access modes feasible,
practical, and desirable for suburban public trans-
portation in America? These are the central ques-
tions of this research effort.

RESEARCH FINDINGS

Growth of Bicycle Access to Japanese Rail Stations

Rapild suburbanization began in Japan -in the mid-
1960s, accompanied and fostered by rising incomes
and increased automobile ownership. High land costs
near railway stations, even in distant suburbs, led
many new residents to settle in areas beyond walking
distance of rail stations and feeder bus services.
Deficiencies in feeder bus services, for example,
excessive spacing between routes, overcrowding in
peak hours, rising fares, and slow travel speeds due
to congestion in town centers, encouraged many sub-
urban commuters to explore other ways of getting to

rail stations.

With an extremely low crime rate, commuters were
able to park bicycles outside their stations in any
open space without strong locks or supervision. Un-
deterred by the lack of designated bicycle parking,
bike-and-ride commuters swamped hundreds of rail
stations with literally thousands of bicycles. Be-
tween 1975 and 1981, the number of bicycles parked
daily at Japanese railway stations more than qua-
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drupled to 1.25 million, with growth continuing at a
rate of 21 percent a year (6,7).

This phenomenal growth in the number of bicycles
parked at rail stations created strong pressure on
transit agencies and Japanese local and federal
governments to provide increased bicycle parking.
"Bicycle pollution™ became a buzz word to describe
the chaos caused by thousands of bicycles parked in
disorder at rail stations.

The Japanese Ministry of Construction responded
to the bicycle-pollution problem in the mid-1970s by
establishing several programs for construction of
new biecycle parking garages. Further action was
taken by the Japanese Diet, which in 1980 passed a
major law concerning bicycle parking. An ongoing
program was established under this law to encourage
the private sector, local government, and the rail-
ways to build new bicycle parking garages at rail
stations by using federal subsidies (8,p.13).

Between 1978 and 1981, more than 730,000 new bi-
cycle parking spaces were constructed at Japanese
rail stations. By 1981 there were 636 bicycle park-
ing facilities at Japanese rail stations, each with
a capacity of more than 500 bicycles. These were
augmented by 5,456 facilities, each desiqned for
less than 500 hicycles, At 20 Japanese rail sta-
tions, more than 3,000 bicycles were parked each
workday; another 208 stations accommodated 1,000 to
3,000 bicycles daily. Nationwide, nearly 30 percent
of the 1.25 million bicycle parking spaces at Japa-
nese rail stations were controlled by private-sector
firms in 1981, thanks in part to government incen-
tives and grants encouraging such investments (6,7).

Ns suggested in Figure 1, bicycles play a major
role in rail station access outside of central city
areas, typically accounting for one-half to one-
sixth of the access trips in areas at the fringe of
metropolitan regions and for one-sixth to one-tenth
of the access trips in suburban towns. Automobiles
play a smaller role in rail station access, typical-
ly serving 5 to 10 percent of access trips in subur-
ban and fringe areas.

Growth of Bicycle Access to Furopean
Transit Services

As in Japan, the shift of population and employment
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growth to suburban areas and small cities and towns
has brought about major changes in the modal compo-

sition of transit access trips in Europe, particu-
larly for rail services. As suggested in Figure 2
[data from Dutch national railway, Nederlandse

Spoorwegen (NS)] bicycle access to transit has been
most important in suburban areas, satellite cities,
and large towns in the Netherlands. Although only 11
percent of access trips to Dutch rail stations in
cities with more than 200,000 population were made
by bicycle in 1968, more than one-third of station
access trips in cities and towns with less than
200,000 population were by bicycle in this same year.
As more people have moved from dense urban cen-
ters to lower-density areas where feeder bus and
tram services are less widely available and offer
lower quality of service, the share of rail station
access of bus, tram, and walking has declined. Bi-
cycle and automobile access have increased in impor-
tance. As shown in Figure 3, the share of rail sta-
tion access trips made by bicycle in the Netherlands
has doubled since 1960 (9,10); 36 percent of Dutch
railway passengers, as well as 10 to 20 percent of
regional bus passengers, bicycled to their transit
boarding point in 198l1. In contrast, automobiles
provided rail station access for only 1 out of 10
Dutch rail passengers in this same year (9,10).
similar changes in the composition of rail sta-
tion access trips have been noted in Denmark and
West Germany since the early 1970s (11, p.90; 12, p.
48) . The share of all travel involving a combination
of bicycles and transit more than doubled in Denmark
in the 1970s (12, p.48). By 1981, one out of seven
rail passengers in the Copenhagen region arrived at
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FIGURE 3 Change in distribution of rail station access
modes in the Netherlands, 1960-1978 (9, 10).

the station by bicycle. In some West German and
Dutch suburban towns bicycles account for roughly
half of all railway access trips (9,13), as shown in
Table 1. The increased use of bicycles for suburban
transit access has led transit agencies, railroads,
and local and federal governments to develop exten-
sive bicycle parking at transit stations in north-
western Europe.

In the Netherlands more than 160,000 bicycle
parking spaces are available at rail stations na-
tionwide, including 90,000 covered and guarded
spaces at 80 of the principal railway stations (9).
The Dutch national railway, NS, recently installed
10,000 secure bicycle lockers at low-volume stations
to stem the growing problem of bicycle theft from
unguarded bicycle racks. At least 10 bicycle parking
racks are provided at each of more than 200 bus
stops served by companies affiliated with the Ex-
ploitatieve Samenwerking Openbaar (ESO), the coor-
dinating body for interurban and nonmetropolitan bus
operators in Holland. According to ESO planners, 10
to 20 percent of ESO bus patrons use bicycles to
reach the bus stop.

In both West Germany and Denmark, more than
50,000 bicycle parking spaces are available at rail
and bus stops nationwide. The city of Odense,
Denmark, has provided extensive bicycle parking at
most suburban bus stops in the region. A number of
guarded bicycle parking garages at rail stations,
accommodating from several dozen to more than 1,000
bicycles each, can be found throughout Denmark and
West Germany.

Bicycle use for transit egress has also expanded
considerably. The growth of employment in suburban
areas poorly served by transit has led an increasing
number of commuters to store a second bicycle over-
night at a transit stop near their workplace in
locations where secure parking is available. The use
of rental bicycles at rail stations in Japan and
Europe by both recreational cyclists and commuters
has grown substantially. In dozens of cities 1t is
now possible for cyclists to carry bicycles on board
buses, trams, or railways, making it possible to
travel almost anywhere throughout certain metropoli-
tan and rural areas without the need for an automo-
bile. In the Netherlands, 1 out of 10 railway trips
is completed by using a bicycle for station egress
at the nonhome trip end (10) . Clearly the bicycle
has become an important element in the continued
vitality of suburban public transportation in Japan
and northwestern Europe.
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TABLE 1 Percentage of Transit Access and Egress by Bicycle and Automobile

Percentage of all Access and Egress Trips by Mode

Access Trips Egress Trips

Location Year Bicycle Automobile Bicycle Automobile
Netherlands
National sample of Dutch rail stations (9)
Home-based trips (all) 1982 36 11 10 5
Work trips 1982 43 17 11 3
School trips 1982 56 4 22 1
Recreational travel 1982 34 10 6 T
Rail stations, six midsized Dutch towns (/0) 1980 47 14 20 3
Denmark
S-Bane, Copenhagen, Denmark 1979 15 7 7 1
Heavy rail line, Helsinger-Copenhagen, Denmark 1979 21 6 8
West Germany
West German railway stations (/1)
Hassloch (Rhein-Neckar region) 1979 43 N.A. N.A. N.A.
Bohl-Iggelheim (Rhein-Neckar region) 1979 31 N.A. N.A. N.A.
Eichenau (Munich region) 1976 25 N.A. N.A. N.A.
Olching (Munich region) 1976 23 N.A. N.A. N.A.

Note: Source for Danish data: DSB (Danish State Railways), Copenhagen, Denmark.

Bicycle-Transit Integration in America

Although the linkage of bicycles with public trans-
portation in the United States has grown substan-
tially since the early 1970s, it remains quite un-
derdeveloped in relation to Europe and Japan. Only a
handful of BAmerican transit agencies and 1local
governments have installed secure bicycle parking at
rail and bus stops. However, in a growing number of
communities scattered from Connecticut and New Jer-
sey to Illinois and California, secure bicycle park-
ing is enabling 5 to 10 percent of suburban railway

and express bus passengers to rely on bicycles for
transit access (14-17).

Thanks to the provision of 2,000 secure bicycle
racks and lockers at 1ts San Francisco area stations
and a bike-on-rail program that permits bicycles
inside passenger coaches except for peak-direction
peak-period travel, the Bay Area Rapid Transit
(BART) carries thousands of passengers daily who
reqgularly use bicycles for station access. At some
suburban BART stations, 5 percent of the passengers
arrive by bicycle, according to planners at BART.
Surveys conducted by the California Department of
Transportation (Caltrans) have shown that 40 percent
of the cyclists renting bicycle lockers at Southern
Pacific Railway stations between San Francisco and
San Jose are storing bicycles overnight in their
lockers, enabling them to cycle from the station to
remote employment centers each workday. 1In Santa
Barbara, California, the introduction of buses tow-
ing bicycle trailers attracted more than 42,000 pas-
sengers with bicycles in 1981, boosting ridership
substantially and diverting thousands of passenger
trips from automobiles to transit (18).

Despite the great promise shown by these efforts
to promote bicycle-transit 1linkage in BAmerica,
transportation planners and managers have given lit-
tle attention to the potential role of bicycles in
expanding suburban transit markets and reducing the
financial, energy, and environmental costs of tran-
sit access systems. In sharp contrast to the multi-
modal approaches pursued in Japan and Europe, the
development of suburban transit access systems in
America has focused almost entirely on the construc-
tion of park-and-ride lots. Indeed, in countless
American suburbs, the majority of passengers on ex-
press buses and railways rely on automobile access
and are offered no other workable transit access al-
ternatives. Yet roughly half of all Americans using

park-and-ride lots travel access diatances of lescc
than 2 miles (19).

Bicycle Theft and Bicycle Parking

Although many factors influence the demand for bi-
cycle access to suburban express bus and rail ser-
vices, it appears that one of the most significant
factors is the availability of secure bicycle park-
ing conditions. Such conditions are found either
where bicycle theft rates are low or where secure
parking facilities have been provided. The availa-
hility of secure bicycle parking conditions does not
guarantee any particular level of bike-and-ride de-
mand. However, secure parking conditions are neces-
sary if latent bike-and-ride demand is to be real-
ized.

Bicycle theft, like most crimes, occurs at a sig-
nificantly higher rate in the United States than in
most other mature industrialized societies. A com-
parative analysis of the frequency of bicycle theft,
shown in Table 2, reveals that the per-capita bi-
cycle theft rate in the United States is roughly an
order of magnitude greater than the rate observed in
Japan in 1970, five times greater than the current

TABLE 2 Bicycle Theft: An International Comparison

Estimated
Bicycles
Stolen per
No. of Reported Total Estimated 100,000
Country Bicycle Thefts Year Bicycle Thefts? Population
Japan 115,000 1970 I'l5 ,000b 100
246,000 1980 246,000b 212
Denmark 21,000 1981 75,000¢ 494
West Germany 323,204 1979 323,2044 527
United States 674,654 1979 2,595,000° 1,153

AAll data on bicycle theft are somewhat unreliable because of underreporting of minor
thefts without personal contact. Because of differences in social values and attitudes, the
rate of underreporting varies widely between different nations. These data have been ad-
justed to account for underreporting where this is significant.

bEstimate given by officials of the Japanese Transport Ministry and the Secretariat of the
Prime Minister. According to several Japanese officials, most crime, including bicycle
theft, is reported to police in Japan.

CReported bicycle thefts are from insurance company reports, Estimated bicycle theft
data are from estimates of the Danish Transport Ministry and officials of DSB.

dFrom report by Schafer (20, p. 254), who reports that the overwhelming majority of
{West German) bicycle thefts are reported to police,

€Reported bicycle theft data from Uniform Crime Reports (2/). According to U.S. Justice
Department surveys, 74 percent of personal larceny crimes without contact were unre-
ported to police. This estimate has been used to derive total estimated thefts.



Replogle

rate in Japan, and more than double the current
theft rate in Denmark and West Germany.

Because people will park their bicycles at a
transit stop only if they are reasonably assured
that it will not be vandalized or stolen, the ab-

sence of secure bicycle parking facilities deters
bike-and-ride travel only in regions with a high in-
cidence of bicycle theft. In circumstances where bi-
cycle theft and the adequacy of the bicycle parking
supply do not constrain the growth of bike-and-ride
travel, the true potential of bicycle access to
transit is revealed. Such conditions have prevailed
in Japan, where theft rates have been low and where
bicycle parking has been installed primarily to re-
store order to rail station squares (22).

The growth of bicycle access to transit in north-
western Furope similarly occurred in an environment
with a low bicycle theft rate relative to the United
States. Although in the past several years, bicycle
theft has become a greater problem, particularly in
urban areas of the Netherlands, transit agencies and
governments have responded by constructing secure
bicycle parking garages and bicycle lockers at nu-
merous rail stations.

The absence of secure bhicycle parking at most
transit stops in America has exposed potential bike-
and~ride travelers to generally unacceptable risks
of bicycle theft. As noted in a recent U.S. Depart-
ment of Transportation study (23), "Fear of theft is
a significant disincentive to bicycle transporta-
tion.... A recent Baltimore Maryland, survey of
cyclists [(24)) discovered that 25 percent of those
polled had had their bicycle stolen. Twenty percent
of those who had been theft victims reported that
they gave up bicycling as a result of the experi-
ence." In a survey conducted by Barton-Aschman
Associates in Pennsylvania, it was found that half
of all bicycle commuters were afraid that their bi-
cycles would be stolen at work (25). Bicycle thefts
are at least three times more common than automobile
thefts in the United States, and although three-
fourths or more of all stolen cars are recovered,
less than one-fifth of stolen bicycles are restored
to their owners (23).

Thanks to relatively low crime rates, the con-
sumer demand for bicycle parking at transit stops in
Europe and Japan was manifested physically for all
to see. In the United States, however, widespread
bicycle theft and vandalism prevents cyclists from
parking at most transit stops unless they are
equipped with secure bicycle storage., Only a supply-
push strateqy--installing and marketing secure bi-
cycle parking at transit stops--can release the
latent demand for bike-and-ride services in America.

Many types of bicycle parking facilities have
been successfully employed to provide secure parking
conditions. Different types of facllities are needed
to meet different local conditions.

Transit stop bicycle lockers, which fully enclose
the bicycle, have been successfully demonstrated by
many U.S. transit agencies and state and 1local
governments to meet the needs of regular bike-and-
ride commuters. Coin-operated bicycle 1lockers and
lockers secured by user-supplied locks, which would
be most useful for occasional bike-and-ride commut-
ers, have proved troublesome in the United States
because of abuse (14), although these have operated
successfully in Europe.

Secure bicycle racks, which offer theft protec-
tion to the bicycle frame and to one or both bicycle
wheels, have been provided at a number of U.S. tran-
sit stops. In many locations, these have provided
adequate security. However, in higher-crime 1loca-
tions many bicycles have been vandalized while
secured in such racks. Whenever possible, bicycle
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racks at transit stops should be sited in locations
with high visibility, preferably where a station at-
tendant or pedestrians will provide informal deter-
rence to vandals and thieves.

Guarded bicycle parking facilities are common in
Europe and Japan but have not yet been employed in
the United States. Such facilities can be more eco-
nomical than bicycle lockers if a current employee,
such as a station attendant, can be assigned the
added role of parking guard or if the number of
parked bicycles is sufficient to generate adequate
daily revenues. Ninety thousand guarded bicycle
parking spaces are provided at Dutch railway sta-
tions for a monthly operating cost of §$5.25 per
space. The smallest of these bicycle parking garages
holds 134 bicycles. The Dutch bicycle parking at-
tendants earn an average of more than $17,000 per
year. The demonstration and evaluation of guarded
bicycle parking at rail stations with substantial
bike-and-ride demand should be undertaken in the
United States, because such facilities can serve
regular, occasional, and first-time bike-and-ride
commuters equally well, unlike leased 1lockers and
racks (1).

Implications of Bicycle-Transit Linkage for
U.S. Transit Agencies

Several surveys have indicated that many more Ameri-
can rail commuters would use bicycles for station
access if secure parking were installed. More than
40 percent of the passengers polled by the New Jer-
sey Department of Transportation at five commuter
rail stations would consider cycling to the station
if such facilities were available (15). In a survey
by the Connecticut Department of Transportation, it
was indicated that 23 percent of the passengers on
the New Haven commuter rail line would use protected
bicycle parking if it were installed at their sta-
tion (14). Moreover, roughly half of the passengers
who expressed an interest in bicycle parking in both
of these surveys currently park their automobiles in
the filled-to-capacity station park-and-ride lots.
Provision of bicycle parking could thus make addi-
tiomal park-and-ride capacity available.

Improved bicycle-transit linkage can also expand
the market penetration for express bus and rail ser-
vices. In a survey by Caltrans of those who use bi-
cycle lockers at park-and-ride lots in the San Fran-
cisco region, it was found that 68 percent of the
bike-and-ride travelers at lots served by buses and
30 percent of the bike-and-ride travelers at 1lots
served by railways formerly drove automobiles to
make their trip.

In Santa Barbara, California, a comprehensive bi-
cycle-transit integration system combining the pro-
vision of bicycle parking at bus stops and a bike-
on-bus service dramatically boosted transit market
penetration in areas beyond walking distance of bus
routes. Ridership on the demonstration project bus
routes rose by 46 percent in 1980, whereas the level
of bus service increased only 19 percent and system-
wide ridership grew by 15 percent. The share of ac-
cess trips made by bicycle to these routes jumped
from 1.5 to 23 percent over 2 years. In the Santa
Barbara region as a whole, 7 percent of employees,
14 percent of households, and 23 percent of the stu-
dent population used a bicycle to reach a bus stop
during the 2 year demonstration project (18).

The potential market for bicycle-transit integra-
tion in the United States is quite large. Approxi-
mately 100 million Americans own bicycles., Although
precise data are unavailable, data from the 1977 Na-
tional Personal Transportation Study suggest that
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approximately 16 to 24 million U.S. workers 1live
more than 0.25 mile (400 m) and less than 2 miles
(3200 m) from the nearest public transportation
route (26).

Few of these workers now use transit to get to
work, in part because of the lack of an inexpensive,
convenient, and fast transit access system suited to
trips of this distance. Although 13 percent of U.S.
workers living within 0.50 mile (800 m) of a transit
route commute by public transportation, this figure
falls to 4 percent for those living 0.5 to 2 miles
away from a rail or bus stop. Indeed, only one-
fourth of all transit commuters in the United States

live beyond a 0.25-mile walking distance from
transit (26, Tables A-16, A-17, and pp. 19-20).
If public transportation is to serve a larger

market in suburban areas without a prohibitively ex-
pensive expansion of collection and distribution
routes, opportunities for transit access and egress
by private modes of transportation must be expanded.

Park-and-Ride Versus Bike-and-Ride

Park-and-ride services have undergone a dramatic ex-
pansion in the United States over the past two de-
cades and are now a vilal element in suburban tran-
sit services. Although park-and-ride transit access
trip lengths can range up to 5 miles (8 km) or more,
average access trip lengths range from less than 2
miles (3.2 km) to about 3.5 miles (5.6 km) for re-
mote park-and-ride lots (19,27). By expanding the
access service area of express transit services,
park-and-ride lots have boosted suburban transit use
in many communities, attracting choice riders. How-
ever, further development of park-and-ride services
to increase suburban transit market penetration will
only be achieved at a substantial cost, with likely
diminishing returns.

Despite the intense promotion of park-and-ride
systems for energy conservation and pollution reduc-
tion, bike-and-ride systems have been found to be a
far more cost-effective strategy to pursue these ob-
jectives. A major BAmerican engineering consulting
firm involved in park-and-ride lot planning and con-
struction estimates the typical construction cost of
park-and-ride lots at $3,640 per automobile space,
excluding land costs. Where drainage structures or
cut-and-fill work are required, the cost may be as
much as twice this amount (1). In contrast, secure
bicycle parking typically costs $50 to $500 per
space for capital construction, excluding land costs
(which are lower because of reduced space require-
ments) .

Operating expenses show similar differentials be-
tween automobile and bicycle parking, ranging from
2:1 to 10:1. Although a typical unattended park-and-
ride lot costs $150 or more per year for operations
and maintenance, this figure ranges from a few dol-
lars to about $70 per year for bicycle parking (1).
In contrast, covered, enclosed, and guarded bicycle
parking in the Netherlands requires $64 a year in
operating and maintenance costs, including a modest
profit for the contract operators. The vast differ-
ence in costs between automobile and bicycle park-
ing has major implications for suburban transit ac-
cess policy and transit cost containment.

From the perspective of transit route planning,
bike-and-ride systems offer far greater flexibility
in siting transit stops that do park-and-ride sys-
tems. Automobile parking typically requires as much
as 330 ft? (30 m?) of land per space, compared with 6
to 12 ft* (0.5 to 1.0 m?) needed for ground-level
bicycle storage spaces (24,27). As a result, park-
and-ride lots are often constrained in size or loca-
tion. Typically either they offer inadequate capac-
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ity relative to the potential demand for private
vehicular access at a transit station or they must
be sited in remote locations unsuited for pedestrian
access. In contrast, bicycle parking may be readily
sited in congested areas around rail stations and in
traffic-sensitive residential areas.

As a strategy to reduce both air pollution and
energy use, bicycle-transit linkage is far more
cost-effective than further park-and-ride lot de-
velopment. In a recent study by the Chicago Area
Transportation Study it was found that the installa-
tion of secure bicycle parking at rail stations
would reduce hydrocarbon emissions at a public cost
of $311/ton ($0.34/kg) compared with $96,415/ton
($106/kg) for an express park-and-ride service,
$214,959/ton ($237/kg) for a feeder bus service, and
$3,937/ton ($4.34/kg) for a commuter rail carpool
matching service. Similar differentials were found
for carbon monoxide reduction costs (28).

Although automobile access trips to transit in-
volve cold-start vehicle operation and the asso-
ciated fuel use rates are several times higher than
the average for all automobile travel, bicycle ac-
cess trips require no petroleum at all. A prelimi-
nary analysis, shown in Table 3, reveals that for
each American park-and-ride commuter diverted to
bike-and-ride travel, gasoline use may be reduced by
an average of roughly 75 gal (285 L) per year. A
similar analysis reveals that by diverting automo-
bile commuters to bike-and-ride travel, average sav-
ings may amount to roughly 400 gal (1500 L) of gaso-
line each year for every new bike-and-ride commuter.
Although these diversions to bike-and-ride travel
would 1likely result in some additional home~-based
use of automobiles by other household members, re-
ducing fuel savings, the net energy savings remain
substantial. If only 0.5 percent of the U.S. workers
who now live 0.25 to 2 miles from a transit route
and commute by automobile could be attracted to
bike-and-ride travel, nationwide gasoline savings cof
roughly 20 to 40 million gal (75 to 150 million L)
per year would likely be achieved. The diversion of
10 percent of existing automobile park-and-ride com-
muters to bike and ride could similarly result in

TABLE 3 Estimated Energy Effects of Bike-and-Ride Service
Development in the United States

Estimation Explanation

Diverting Automobile Commuters to Bike and Ride

22 miles Average two-way daily commuting distance for
noncentral area SMSA automobile commuting
trips (27)

Fuel use rate based on fleet fuel economy of 17
miles/gal with assumed reduction to 0.8 effi-

ciency due to cold-start factor (1)

x 0.074 gal/mile

1.63 gal/day Fuel savings per day for each automobile com-
muter diverted to bike and ride

X 250 workdays/year

407 gal/year Fuel savings per year for each automobile com-

muter diverted to bike and ride

Diverting Existing Park-and-Ride Commuters to Bike and Ride

4.0 miles Average two-way daily automobile access distance
for this group (assumed)

Fuel use rate based on fleet fuel economy of 17
miles/gal with assumed reduction to 0.4 effi-
s ciency due to cold-start factor (1}

0.59 gal/day Fuel savings per day for each park-and-ride com-

muter diverted to bike and ride

x 0.147 gal/mile

X 250 workdays/year

147 gal/year Fuel savings per year for each automobile commuter

diverted to bike and ride

Note: 1 mile=1.6 km;1 gal = 3.8 L.
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gasoline use reductions of more than 1 million gal
(3 million L) per year nationwide.

Despite the importance of the automobile in Amer-
ican transportation, one-third of all citizens do
not possess a driver's 1license. Even in suburbia,
some 12 percent of all households lack an automo-
bile, and many households with two wage earners must
make do with one family automobile. Although not
suitable for everyone in these market segments,
bike-and-ride travel may offer a strong appeal to
many such people.

In the evaluation of a federally sponsored demon-
stration project testing bicycle-transit linkage
strategies 1n Santa Barbara, California, for exam-
ple, it was found that only one-fourth to one-third
of the passengers who parked bilcycles at bus stops
had an automobile available for their trip without
imposing inconvenience on other household members.
However, three-fourths of the bike-and-ride travel-
ers came from households owning one or more automo-
biles compared with 80 percent of general transit
users and 90 percent of all households in the Santa
Barbara region (18).

In other words, although bike-and-ride services
do attract those who use them by choice, they also
attract many people from households where mobility
is restricted by 1limited automobile availability
combined with poor pedestrian access to suburban
transit.

CONCLUSIONS
The experience in Japan, northwestern Europe, and a
handful of American communities clearly suggests

that bicycles can play a vital role in providing ac-
cess to suburban express transit routes, both bus
and rail. Bilke-and-ride services can appeal to many
travelers who have automobiles available for their
journey and can also attract passengers who are not
well served by the existing pedestrian and automo-
bile transit access systems, thereby increasing sub-
urban transit market penetration. Moreover, bicycle
access to transit can be encouraged at a far lower
cost than automobile access.

Although both automobiles and bicycles have a
role in expanding the service areas of transit in
lower-density areas, each provides complementary
functions. An overreliance on automobile access to
transit substantially increases the cost of the
public transportation access system, reduces the
mobility of those without automobiles, and neglects
opportunities for greater fuel conservation and air
pollution reduction.

The 1nvestments required to develop more multi-
modal transit access systems in America are modest
and affordable. With the passage of the 1982 Surface
Transportation Assistance Act, 100 percent funding
for bicycle programs and facilities is now avallable
from federal gasoline tax revenues. Programs de-
signed to increase bicycle access to transit, in-
cluding parking construction and marketing, qualify
under this new law. If transit agencies or 1local
governments apply to their state governments for
such funds, they will be able to establish more bal-
anced transit access systems without straining over-
extended operating budgets or requiring scarce local
matching funds. A number of other federal funding
programs, including transit capital grants, are also
available to finance transit access system improve-
ments.

Bicycle~transit linkage will 1likely contribute
only modestly to the growth or stabilization of U.S.
suburban public transportation. However, as sug-
gested in this paper, the greater integration of bi-
cycles with transit opens up new opportunities for
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transit agencies at low cost in markets that have
until now been neglected or penetrated only by rely-
ing on the more expensive strategy of park-and-ride
services.

The fiscal austerity of the 1980s demands new ap-
proaches to transit development and the application
of numerous small-scale, locally appropriate, low-
cost strategies to promote better coordination be-
tween different transportation modes. Bicycle-tran-
sit integration has an important role to play in
this larger context by helping to adapt transit to
its modern nemesis, the suburb.
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Bicycle-Motor Vehicle Accidents in the

Boston Metropolitan Region

WENDY PLOTKIN and ANTHONY KOMORNICK, JR.

ABSTRACT

The Metropolitan Area Planning Council, the
regional planning agency for the Boston metro-
politan area, studied bicycle-motor vehicle ac-
cidents occurring within Route 128, a major
beltway encircling 35 communities., A sample of
one of every four accidents reported to the Mas-
sachusetts Registry of Motor vehicles in 1979
and 1980 was chosen for review. Data were col-
lected by a paid intern and by six volunteers
who reviewed bicycle accidents occurring within
their individual communities. This sampling
technique resulted in a distribution of acci-
dents by month and location statistically almost
identical with the distribution for all acci-
dents in the study area. The accidents were
classified by using a modified version of the
classification system developed by Kenneth
Cross. The accident class with the highest fre-
quency involved a motorist turning right or left
at an intersection and hitting a bicyclist com-

In 1982,
mental Protection Agency
of reasonably available control measures

reduce air the Boston metropolitan

ing from behind or from the opposite leg of the
intersection. Virtually as frequent was the
accident in which a motorist entered an inter-
section and struck a cyclist emerging from the
orthogonal leq. These accidents occurred primar-
ily among cyclists more than 18 years of age.
Accidents in which the cyclist entered the road
at a midblock location (bicycle ride-out) also
occurred with some frequency, particularly among
children younger than 11, Frequencies of key
variables such as time of accident were also ob-
tained. Recommendations include publicity of the
study results, education of bicyclists and mo-
torists, increased enforcement of traffic laws,
and improved record keeping for ongoing classi-
fication of bicycle-motor vehicle accidents.

(EPA)
(RACMs)
pollution in

in response to the request of the Environ-
for the development
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area, the Metropolitan Area Planning Council (MAPC),
which is the regional planning agency for the Boston
metropolitan area, with 101 member communities, de-
veloped two projects to increase the use of bicycles
for commuting in its area. One of these projects was
a study of accidents between bicycles and motor ve-
hicles in the Boston area patterned after the Cross-
Fisher study completed in 1977 and the Missoula,
Montana, study of 1981 (1,2). The purpose of the
study was to identify the most common types of acci-
dents occurring in the MAPC region and to develop a
set of countermeasures to reduce the frequency of
these accidents. The other project, which is on-
going, 1is an employer-based incentive program for
bicycle commuting.

Several studies and articles had previously sug-
gested the importance of fear for safety as a major
deterrent against bicycle commuting (3, p.18). It
was expected that the study would result in the
implementation of recommendations for education and
increased enforcement and directly reduce the number
of accidents in the region. In addition, publicity
about the study's findings could be used to increase
motorists' and bicyclists' awareness about the most
frequent accident classes and thereby motivate them
to take actions to prevent their occurrence. Ulti-
mately, it was hoped that these measures would re-
sult in the increased use of bicycles for commuting
with a concomitant decrease in automobile—generated
pollution.

In choosing to carry out this study, MAPC was
aware of the limitations of the method used--review
of police and operator accident reports. As has been
pointed out in other studies of this type, only a
fraction of the bicycle-motor vehicle accidents that
occur are formally reported. Cross estimated that
between 1972 and 1977, about 1,000 fatal and 40,000
nonfatal bicycle-motor vehicle accidents across the
country were reported to police, whereas another
40,000 injury-producing accidents went unreported
(1, p.1).

Still, without an extraordinary effort, accident
reports provide the best consistent source of:'infor-
mation about bicycle-motor vehicle accidents. Anoth-
er suggested source of data is hospital records. The
forms used would not be standardized and would in-
clude only the most serious accidents. They would
also lose the advantage of involving the police in
the study. It is beneficial for police to be in-
volved, because any recommendations for improved
enforcement will rely largely on the police for im-
plementation. Another possible benefit is that use
of these forms for research purposes will encourage
police, motorists, and bicyclists to complete them
with greater attention to the quality of descrip-
tion. Currently, the quality of data is mediocre.

METHODOLOGY

The study was carried out between November 1982 and
June 1983, Data from police and operator reports of
bicycle-motor vehicle accidents occurring in 1979
and 1980 were obtained by the following methods:

1. A paid intern reviewed microfilm of accident
reports at the state's Registry of Motor Vehicles and

2. Volunteers reviewed actual reports of acci-
dents at six local police departments.

The area within Route 128, a major beltway in the
region encompassing 35 cities and towns, including
Boston and Cambridge, was chosen for the study (Fig-
ure 1). Because almost 2,000 accidents had been re-
ported for 1979 and 1980, it was decided to study a
sample of the reported accidents.
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= Study Area Boundary
Data collected at local police departments.

Data for all other cities & towns was
obtained from the Massachusetts
Registry of Motor Vehicles.

FIGURE 1 Study area.

The selection of accidents was made by using a
computer printout provided by the Massachusetts De-
partment of Public Works of all bicycle-motor vehi-
cle accidents occurring in the study area during
1979 and 1980. One in four accidents was selected
for review. When accident reports were missing from
the registry of Motor Vehicles or the local police
department, alternate reports were selected from
this printout. This procedure resulted in a sample
of 516 reports. [The similarity of the accidents in
the sample to all reported accidents in the study
area was examined on the variables of month and city
or town of accident. A high correlation was found
(Pearson's chi-square: p < 0.05, 34 df, city or
town; p < 0,02, 34 df, month).] Of these, 87 pro-
vided insufficient information for accident classi-
fication purposes and were included in the results
only for purposes of examining other variables such
as month of year, time of day, and weather condi-
tions. In total, 429 accidents were classified by
using a modification of the Cross scheme (6). (This
sample size allows generalization of the distribu-
tion of accident classes to the study area as a
whole at a confidence level of approximately 90 per-
cent. Any other breakdown of the data, such as into
accident types or age groups, will differ in the ex-
tent to which they can be generalized.)

CLASSIFICATION SCHEME AND MAPC REVISIONS

The Manual Accident Typing (MAT) scheme prepared by
NHTSA in 1982 was used to classify the accidents
(4,p.6). This scheme is based on the classification
system created by Kenneth Cross in his 1977 study,
which classifies accidents according to four varia-
bles:
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1. Precollision direction of travel of each op-
erator,

2. Relative precrash motion of the two vehicles,

3. Operator errors, and

4. Characteristics of accident location.

In his study, Cross created 36 types (types 1-36),
which he grouped into seven classes (classes A-G).
The MAT scheme added eight types to the Cross clas-
sification system and fitted these into classes A-G.

MAPC revised the MAT scheme slightly. Accident
type 27 (Cyclist Overtaking) was removed from class
G, and types 35 (Drive-Out: On-S8treet Parking) and
41 (Cyclist Strikes Parked Vehicle) from the two MAT
miscellaneous classes were used to create a new
class, G [(Revised): Slowed or Parked Car]. It was
believed that the accident types in this class rep-
resented a distinct set that may be addressed by
specific countermeasures. "Other" or "weird" acci-
dent types, which were separate in the MAT system,
were combined into class H [(Revised): Other]. In
all other respects, the MPAC classification scheme
is similar to the MAT system. [Readers are encour-
aged to contact Wendy Plotkin to request a detailed
written description of the methodology. This will
include a discussion of the problems involved in ob-
taining a record of bicycle-motor vehicle accidents,
retrieving the data, using the data, and classifying
the accidents. The MAT administrator's guide (4)
contains a good discussion of potential problems as
well. ]

Below is a list of the eight classes used in the
MAPC system:

1. Class A, Bicycle Ride-Out from Driveway, Al-
ley, or Other Midblock Location: Involves a bicycle
emerging from a driveway, alley, or other midblock
location (such as over a shoulder or curb) and col-

2. Class B, Bicycle Ride-Out at Intersection:
Involves a bicycle emerging at an intersection and
proceeding straight across the intersection (acci-
dents involving bicycles making right or left turns
are included in class E).

3. Class C, Motorist Drive-Out: Involves a
motor vehicle emerging from a midblock location
(driveway, alley) or an intersection, thus parallel-
ing classes A and B. Only motor vehicles proceeding
straight across the intersection or turning right on
red are included in this class (accidents involving
motorists making right or left turns are included in
class F).

4, Class D, Motorist Overtaking and Overtaking
Threat: Involves a motor vehicle approaching from
behind and colliding or almost colliding with a bi-
cycle.

5. Class E, Bicyclist Unexpected Turn or Swerve:
Involves a bicycle making a left or right turn at an
intersection or swerving midblock into the path of
an overtaking or approaching motor vehicle. Excluded
are accidents where the bicyclist swings too sharply
or too widely and collides with a motor vehicle on
the perpendicular leg of the intersection, which are
included in class H).

6. Class F, Motorist Turn: 1Involves a motorist
turning right or left at an intersection and collid-
ing with a motor vehicle approaching from behind or
from the opposite leg of the intersection. Excluded
are accidents where the motorist turns right on red
(included in class C) or where the motorist makes a
left-hand turn (included in class H).

7. Class G (Revised), Slowed or Parked CcCars:
Involves a bicyclist overtaking and colliding with a
motor vehicle that is slowed in traffic, parked, or
entering or exiting parking. As mentioned previous-
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ly, this class was created by MAPC and was not in-
cluded separately in the Cross or Missoula studies
or NHTSA's MAT system.

8. Class H (Revised), Other: Involves unrelated
accidents that do not fall under any of the forego-
ing classes. This class therefore cannot be analyzed
as a class in terms of specific countermeasures;
each of the types must be assessed individually.
This class differs from the Cross or Missoula stud-
ies and from NHTSA's MAT system.

RESULTS OF STUDY

Description of Sample

Year of Accident (N = 516)

Of the 516 accidents, 45 percent occurred in 1979
and 55 percent in 1980. In calculating the percent-
ages for the frequencies, only the cases in which
information was available on the variable being
studied were included. Significance tests for all
comparisons are being computed and will be avallable
in February 1984.

Month of Year (N = 513)

The majority of accidents occurred during the summer
months, from June through August (54 percent). This
is consistent with statistics provided by the Massa-
chusetts Department of Public Works for the MAPC re-
gion as a whole (Figure 2). Although no information
on comparative ridership exists for the study area,
a report by Buckley covering primarily Boston and
its immediate neighbors shows a less steeply peaked
distribution (5,pp.11-12). The difference may be due
to a higher proportion of children in the study area
relative to the area in which the Buckley bicycie
counts were undertaken. In this case, it is assumed
that children are more likely to ride in summer and
to have accidents. Additional work is necessary to
determine the relationship between accident counts
and ridership. The accidents in the MAPC study
showed a greater tendency to cluster during the sum-
mer months than those in the Cross study (1,p.117),
which included two cities with year-long moderate
weather in the sample.

Day of Week (N = 512)

Accidents were more 1likely to occur on weekdays;
Friday was the day with the highest frequency (17
percent) and Sunday had the lowest fregquency (10
percent). Results, shown in Figure 3, are consistent
with those of both the MAPC and the Cross studies
(1,p.112). This variable was not studied in the
Buckley report (5).

Time of Day (N = 479)

Accidents occurred during different time periods on
weekdays and weekends. Weekday accidents were con-
centrated during the afternoon peak hours, between
3:00 and 7:00 p.m. (42 percent). Weekend accidents
were more likely to occur during the midday period,
10:00 a.m. to 3:00 p.m. (46 percent). These and the

percentages for the other periods are shown in Fig-
ure 4,

Light Conditions (N = 488)

More than 82 percent of accidents occurred during
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daylight (Figure 5). In the Cross study a similar
percentage of daylight accidents (85 percent) was
found and it was noted that this was consistent with
several other studies of bicycle-motor vehicle acci-
dents (1,p.116).

Dark/Road Unlighted (1.6%) Dusk (6.6%)

Dark/Road Lighted (9.2%)

Daylight (82.6%)
FIGURE 5 Light conditions.

Weather Conditions (N = 481)

Most accidents occurred on
cent). Cloudy weather (5 percent) and rainy weather
(5 percent) were the next most 1likely conditions
under which accidents occurred. Snow was reported in
less than 2 percent of the cases. These findings are
consistent with those of the Cross study (1,p.118).

clear days (88 per-

Road Surface (N = 472)

Not surprisingly, given the above weather condi-
tions, most of the accidents occurred on dry sur-
faces (91 percent). Wet surfaces accounted for 8
percent of the accidents and snowy surfaces for less
than 1 percent. Cross does not report on this vari-
able separately from weather.

Road Condition (N = 454)

Almost all of the accidents (97 percent) occurred on
roads with no defects. Another 3 percent occurred on
roads with holes, ruts, foreign matter, or other
nonideal conditions. For more than 12 percent of the
accidents there was no report on this wvariable.
These findings are different from those in the Cross
study (1,p-135). They also reflect the judgment of
primarily operators and police, who filed most of
the reports studied. Because so few bicyclists com-
pleted reports, it is not possible to determine
whether their greater sensitivity to the condition
of the road would result in a more critical judgment.

Age of Cyclist (N = 382)

Table 1 shows the distribution of the ages of bicy-
clists involved in accidents using the same catego-
ries as those chosen for the Cross study. Unfortu-
nately, on 26 percent of the accident reports the
cyclist's age was not given. Percentages both in-
cluding and excluding these unreported ages are
shown.

As can be seen from Table 1, cyclists between the
ages of 6 and 19 accounted for more than 65 percent
of the accidents in the MPAC study. Although this is
high, it is still less than that accounted for in
the Cross study (1,p.83). More than 30 percent of
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TABLE 1 Age of Bicyclist

Percentage of Accidents

Including Excluding

No. of Those Not Those Not Cross Study
Age Accidents Reported Reported (Nonfatal)
(years) (N=516) (N=516)* (N =382) (N=753)*
<6 10 2 3 2
6-11 81 16 21 28
12-15 89 17 23 37
16-19 80 16 21 14
20-29 66 13 17 12
3044 37 7, 10 4
45-59 15 3 4 2
60 4 1 1 2
NA 134 26 - -

Note: NA = data from reports on which age was not given,
aActual total exceeds 100 percent because of rounding.

the accidents for which age was given on the report
occurred to cyclists more than 20 years old.

Age was not recorded in the Buckley report (5).
However, the large number of universities in the
area suggests a somewhat higher number of riders in
the 17-25 age group (many of these colleges have
graduate schools) than in other areas with fewer
universities.

Cyclist Wearing Helmet (N = 516)

In more than 97 percent of the cases, the report did
not indicate whether the bicyclist was wearing a
helmet. In 3 percent of the cases, such compliance
was indicated. However, the form of the question (a
box with the instruction "Check if wearing helmet")
and its obscure placement raise the possibility that
many did not see the question.

Cyclist Injury (N = 516)

In almost three-quarters of the accidents, the cy-
clist was reported as beina injured or killed (73
percent). There was one fatality in our sample. How-
ever, eight fatalities occurred in the study area
during the study period, and all were included in
our sample, resulting in an overrepresentation of
fatalities.

Seriousness of Cyclist Injury (N = 382)

The injury categories of the accident report form
and the proportions in each cateqory are shown as
follows; only accidents involving an injury or fa-
tality are included in calculating percentages:

Category Percentage
Killed 2

Visible signs of injury (bleeding

wound, distorted member, or need

to be carried from scene) 31
Other visible injury (bruises,

abrasions, swelling, limping,

etc.) 45
No visible injury but complaints

of pain or momentary unconscious-

ness 22
No injury reported 27

Other Persons Injured (N = 12)

In only 12 cases (2 percent) was a person other than
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the cyclist injured. In 10 ¢ these cases, it was
another cyclist. In one case, it was a cyclist pas-
senger and in another a driver passenger. In three
other cases, the identity of the person injured was
not shown. These results were similar to the find-
ings in the Cross study.

Severity of Other Person's Injuries (N = 12)

The severity of the other person's injuries was re-
ported as follows:

Category Percentage
Killed 0

Visible signs of injury (bleeding

wound, distorted member, or need

to be carried from scene) 33
Other visible injury (bruises,

abrasions, swelling, limping,

etc.) 42
No visible injury but complaints

of pain or momentary unconscious-

ness 25

Accident's Roadway Location (N = 491)

The majority of the accidents occurred at intersec-
tions (52 percent). After intersections, midblock
locations accounted for the largest portion (30 per-
cent), followed by driveways (16 percent). Alleys,
rotaries, off ramps, parking lots, and other loca-
tions accounted for only a negliagible proportion of
accidents (2 percent).

The Cross study (1,p.128) reported a lower pro-
portion of accidents at intersections (44 percent)
and a slightly higher proportion of accidents at
midblock locations (34 percent). This is probably
due to the greater number of rural roads included in
the study.

Traffic Controls Present (N = 241)

For the most part, presence of traffic controls was
only indicated on reports for accidents that oc-
curred at intersections. Traffic control information
on the operators' reports proved to be unreliable
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when checked against the reviewer's knowledge of the
intersection. This was generally true where the
operator reported that there were no traffic con-
trols present. For this reason, for all reports that
indicated no controls the intersections were veri-
fied with the local police department. The following
fiqures are based on the verified information:

percentage
Type of Control Percentage from Cross
Stop sign 27 59
Signal light 35 30
None 36 1L
Other 2 -

Traffic control information was not available for 6
percent of the intersections.

The Cross study thus showed a much higher per-
centage of intersections with stop signs and a much
lower percentage with no controls. The proportion
with signal lights was approximately the same. It is
likely that the differences are due in part to a
higher proportion of uncontrolled intersections in
the MAPC region. However, in the absence of addi-
tional information on this subject, the extent to
which other factors account for the difference
(e.g., failure of cyclists or motorists to yield at
these intersections) is unknown.

Situation for Motorist (Before Accident)
(N = 476)

Motorists proceeding straight ahead accounted for
the highest proportion of accidents (48 percent).
Right turns (16 percent) and left turns (15 percent)
were the next most likely maneuvers before the acci-
dent, Parked cars (6 percent) accounted for a sig-
nificant number of accidents. These results are
shown in Figure 6.

Situation for Cyclist (Before Accident)
(N = 205)

Cyclists proceeding straight ahead accounted for 63
percent of the accidents for which this information
was available; making left turns accounted for 13

Percent of Accidentls

Straight
FIGURE 6 Situation for motorist.

Right

T
Left Parked Other
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FIGURE 7 Situation for cyclist.

percent. Right turns, passing,
accounted for the remainder (24 percent). Unfortu-
nately, the situation for the cyclist was only re-
ported on 40 percent of the accldent reports, making
it difficult to assess the accuracy of these statis-
tics for the overall sample. Fiqure 7 shows these
results.

and other movements

Cyclist Violations

Three types of cyclist violations were reported:
wrong-way riding, riding through a red 1light, and
running a stop sign.

1. Wrong-way cyclists were reported in 24 per-
cent of the accidents (N = 442). Cross reported that
19 percent of the nonfatal sample were traveling
against the flow of traffic. These proportions must
be considered in light of the fact that most cy-
clists observe directional rules.

2. Cyclists entering an intersection on a red
light were involved in 6 percent of the accidents (N
= 465). The Cross study noted no accidents in this
situation. However, the Cross standards were some-
what higher in assigning an accident to this class
(i.e., that the cyclist entered after the light had
turned red).

3. Cyclists entering an intersection without ob-
serving a stop sign accounted for only 2 percent of
the accidents (N = 477). On the other hand, B8 per-
cent of the accidents in the Cross nonfatal sample
were considered to have violated a stop sign. The
difference here may be due to the much higher per-
centage of signed intersections included in the
Cross study and the greater difficulty that our
coder, in the absence of an interview, had in deter-
mining whether the stop sign was obeyed.

Motorist Violations

In fewer than 2 percent of the cases did the motor-
ist run a red light (N = 482) or a stop sign (N =
470). This is consistent with the findings of the
Cross study (1, p.160).

Accident Distribution by City or Town (N = 514)

Figure 8 shows the distribution of accidents. Sta-

Scale in idies

mmms Study Area Boundary

FIGURE 8 Distribution of accidents by community.

tistical tests show this distribution to be similar
to that of all bicycle-motor vehicle accidents re-

ported during the study years (Pearson's chi-square:
34 df, p < 0.05).

Accident Classifications

In Tables 2 and 3, the distribution of accidents by
classes and types is shown. Table 2 presents the
distribution using the original Cross classification
scheme, allowing comparison of the data from this
study with data from both the Cross and the Mis-
soula, Montana, studies. Table 3 presents the dis-
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TABLE 2 Comparison of MAPC Data with Data from Missoula
and Cross-Fisher Studies

Percentage of Accidents

No. of Cross-Fisher Data

Accidents? MAPC Missoula

(N=432) Data Data Injuries Fatalities

Accident Class

A: Bicycle Ride-Out

from Driveway, Al-

ley, and Other

Midblock Locations 71 16.4 8.9b 13.9 15.1
B: Bicycle Ride-Out

at Controlled Inter-

section 41 9.5 10.0 17.0  12.0°
C: Motorist Turn or

Merge or Drive

Through or Drive-

Out 68 157
D: Motorist Over-

taking and Over-

taking Threat 36 8.3 13.3 10.5  37.8°
E: Bicyclist Unex-

pected Turn or

Swerve 38 8.8 8.9 142 16.2¢
Class F: Motorist

Unexpected Turn 76 176 20.0 145 2.4¢
Class G: Other 102 236  15.6° 112 ddsf

23.3% 18.7 2.4

Note: Accident classes are from the original Cross scheme.
AMAPC data.

bp < 0.10,

Cp < 0.01,

dp < 0.05.

tribution using the modified Cross scheme, based on
NHTSA's MAT system, which added seven new types to
the Cross scheme.

In using the MAT system for this study, one prom-
inent accident type, that involving opening doors of
parked cars, was removed from the original Cross
type 17 and included with two other types in a new
class G, Slowed or Parked Cars. "Other" types were
grouped together in class H. It is believed that
these revisions improve the classification system.
This revised classification is used in the cross-
tabulations with other variables in the study.

In the following, the classes are reviewed in the
order of their frequency of occurrence in this
study. After the name of each class there are four
percentages: the MAPC revised MAT classification
frequency (MAPC Rev), the MAPC original Cross system
frequency (MAPC), the Cross nonfatal sample fre-
quency (Cross NF), and the Missoula, Montana, fre-
quency. In addition to the frequency of occurrence,
the relationship of each class to four other vari-
ables in the study is observed: wrong-way riding,
age of cyclist, time of occurrence, and the severity
of injury. Finally, those accident types with high
frequencies within the class are noted.

Class F: Motorist Turn (MAPC Rev, 17.2 percent;
MAPC, 17.6 percent; Cross NF, 14.5 percent;
Missoula, 20.0 percent)

Class F involved accidents in which a motorist who
is turning right or left at an intersection {(exclud-
ing right turns on red) collides with a bicyclist
approaching from the motorist's front or rear. Only
14 percent of these accidents involved a wrong-way
cyclist compared with the 24 percent of all acci-
dents involving wrong-way cyclists (however, five of
the six accidents included in type 22, Motorist Left
Turn; Parallel Paths; Same Direction, involved
wrong-way cyclists).

Cyclists 15 years of age and more accounted for
more than 87 percent of these accidents. Those more
than 18 years of age accounted for more than 55 per-
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cent of the cases. As with the other classes of
accidents, approximately three-~quarters of class F
accidents occurred on weekdays. Most often, these
occurred during the afternoon peak between 3:00 and
7:00 p.m. (40 percent). On weekends, these accidents
were more likely to occur between 10:00 a.m. and
3:00 p.m. (50 percent).

Class F accidents showed a similar distribution
in the incidence and type of injury as did the sam-
ple as a whole.

The most frequent type of accident within this
class is that in which the motorist turns left in
front of a cyclist coming from the opposite direc-
tion (type 23). This was the most frequent accident
type in the study. The next most frequent type with-
in class F is the one in which the motorist turns
right in front of a cyclist coming from the same or
the opposite direction (type 24, 6 percent). Least
frequent in this class was the accident type involv-
ing a motorist turning left in front of a cyclist
coming from the same direction (type 22, 1 percent).
As pointed out previously, however, wrong-way riders
accounted for B3 percent of type 22 accidents.

Class C: Motorist Drive-Out (MAPC Rev, 16.8
percent; MAPC, 15.7 percent; Cross NF, 18.7
percent; Missoula, 23.3 percent)

Class C involves a motorist emerging from an inter-
section, driveway, or alley onto a roadway and col-
liding with a bicyclist on that roadway. Right turns
on red are included as type 10. Although Cross lim-
ited intersection accidents in this class to those
in which the motorist's approach was controlled by a
sign or signal, MAT added type 48, which are acci-
dents that involve a collision at an uncontrolled
intersection where it is established that the mo-
torist failed to yield to the cyclist.

Wrong-way cyclists were overrepresented in this
class relative to the sample as a whole; they were
involved in 49 percent of class C accidents compared
with 24 percent of all accidents. Class C accidents
occurred among a slightly older population than the
other classes. More than 76 percent occurred among
cyclists over 15 years old, and 31 percent involved
cyclists older than 25,

Class C accidents occurred on weekdays in the
same proportion as did all accidents. Midday weekday
accidents are overrepresented in this class; 36 per-
cent occurred during the hours of 10:00 a.m. to 3:00
p.m. compared with 24 percent of all accidents. The
afternoon peak period was the next most likely time
period to experience these accidents (38 percent
compared with 41 percent of all accidents). Weekend
class C accidents were most likely to occur during
the period 10:00 a.m. to 3:00 p.m. (58 percent for
class C versus 47 percent of all weekend accidents).

Class C accidents were somewhat less likely than
other classes to result in fatalities or the most
serious injuries and somewhat more likely to result
in no injury at all. The most common type of acci-
dent within class C was type 9, motorist failure to
yield at stop or yield sign, which accounted for 9
percent of all accidents. This was the second most
common type of accident in the study. Wrong-way
cyclists were involved in 53 percent of type 9 acci-
dents.

Class A: Bicycle Ride-Out at Driveway, Alley, or
Midblock (MAPC Rev, 16.6 percent; MAPC,

16.4 percent; Cross NF, 13.9 percent;

Missoula, 8.9 percent)

Class A involves a cyclist emerging from a residen-
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A: Bicycle Ride-Out at Driveway,
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d3:00 to 7:00 p.m.
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tial or commercial driveway, alley, or sidewalk and
colliding with a motor vehicle approaching on the
roadway. Only 10 percent of these accidents involved
a wrong-way cyclist (compared with the 24 percent of
wrong-way cyclists in the sample). More than 90 per-
cent of class A accidents involved cyclists 14 years
and less. This class was by far the most likely to
include accidents with younger cyclists.

Class A accidents most frequently occurred on
weekdays (75 percent), Fifty-six percent of class A
weekday accidents took place between 3:00 p.m. and
7:00 p.m., the highest proportion of any class to
occur within the afternoon peak. On the weekends
these accidents were more 1likely to occur between
10:00 a.m. and 3:00 p.m. (44 percent, similar to the
47 percent share of all weekend accidents occurring
during this period).

Class A accidents were among the most likely to
result in the most serious category of nonfatal in-
jury (visible signs of injury).

Class H (Revised) : Other (MAPC Rev, 13,8 percent;
MAPC class G, 23.6 percent; Cross NF,
11.2 percent; Missoula, 15.6 percent)

Class H involves accident types that do not fit into
the other classes. It thus differs from classes A
through G by a lack of commonality among the types.
As noted in the introduction to this section, class
H has been revised from the original class G by re-
moving two types,; which have been placed in the new
class G, Slowed or Parked Cars (type 27, Bicyclist
Overtaking, and type 35, Motorist Drive-Out from On-
Street Parking).

Within class H, the most frequent types of acci-
dents are type 25, Accident at Uncontrolled Inter-
section, and type 26, Vehicles Collide Head On,
Wrong-Way Cyclist.

Type 25 accidents include those that occur at un-
controlled intersections and where failure to yield
is not apparent from the accident report. In the
Cross study, all accidents occurring at uncontrolled
intersections were included in this type (even where
fault was assignable), and the MAPC share (7 per-
cent) of accidents of this type using this defini-
tion was much greater than that in the Cross or Mis-
soula studies. Undoubtedly this resulted from the
larger proportion of accidents at uncontrolled in-
tersections in the MAPC study (36 percent of all in-
tersection accidents versus 10 percent in the Cross
study) .

Class B: Bicycle Ride-Out at Intersection (MAPC
Rev, 11.9 percent; MAPC, 9.4 percent; Cross
NF, 17. percent; Missoula, 10 percent)

Class B accidents involve bicyclists emerging from
one leg of an intersection and colliding with a
motorist emerging from the orthogonal leg of the in-
tersection. Wrong-way cyclists were involved in 18
percent of class B accidents compared with their 24
percent share of all accidents.

Unlike class A accidents, which involve bicycle
ride-out from midblock locations, class B accidents
occur among a slightly older population. Over 21
percent of these accidents occurred among bicyclists
more than 25 years of age (approximately the same
proportion in which this age group is represented in
the study sample). None of these accidents occurred
to cyclists between 19 and 25, whereas more than 40
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percent occurred among those between 15 and 18. In
fact, those 19 to 25 years old seemed remarkably
exempt from accidents. Twenty-one percent of class B
accidents occurred among cyclists between 12 and 14
and 16 percent among those less than 11.

Class B weekday accidents occurred with a greater
frequency during both the morning peak hours (24
versus 15 percent) and the afternoon peak hours (51
versus 41 percent) than did other accident classes.
This was also true on weekends (20 percent, morning
peak; 50 percent, afternoon peak). They were less
likely than other accident classes to occur during
midday, particularly on weekdays (8 versus 29 per-

cent). Class B accidents were slightly overrepre-
sented among the accidents involving serious inju-
ries.

The most frequent type among class B accidents
was an unnumbered type, Bicyclist Entering Intersec-
tion on a Red Light. The 6.5 percent of this type of
accident was higher than that in both the Cross and
Missoula studies, which showed 1.2 percent and 0
percent, respectively, of this type of accident.
This discrepancy may in part be due to coding; Cross
indicates in his narrative that he was only likely
to include an accident in this type if the cyclist
entered the intersection well after the light turned
red. The MAPC coder generally placed an accident in
this type whenever the cyclist entered on the red.

Class G: Slowed or Parked Cars (MAPC Rev, 11.3
percent; MAPC, not applicable; Cross NF, 2.07
percent; Missoula, 3.3 percent)

Class G, which was created for the MAPC study, in-
cludes accidents in which a bicycle collides with a
motor vehicle that is slowed or stopped in traffic,
entering or exiting on-street parking, or has a door
opening to let the driver out. Comparison with the
percentages for the Cross and Missoula studies of
the aggregates of these three types of accidents
shows that the MAPC region is much higher in the
relative frequency with which these accidents occur.
This may be due to the greater congestion and nar-
rower widths of the major urban thoroughfares in the
MAPC study area. Only 10 percent of class G acci-
dents involved wrong-way cyclists compared with 24
percent of all accidents in the study.

Class G accidents are more common among older
bicyclists; 87 percent occurred among bicyclists 15
and older. More than 64 percent of these accidents
occur among bicyclists more than 18 years old. Class
G accidents are unusual in that, unlike all other
classes except class B, they occur with a greater
relative frequency during the morning peak hours
(between 6:00 and 10:00 a.m.), both on weekdays and
weekends.

Class G accidents are somewhat less likely to oc-
cur during the afternoon peak hours (29 versus 41
percent of all accidents occurring during the after-
noon peak). Although these accidents involve a
slowed or stopped motor vehicle, they are as likely
to result in serious injury as the other accidents
studied,

The most frequent type represented in this class
is type 41, Cyclist Strikes Open Door on Driver's
side of Parked Car, which includes 5.3 percent of
all accidents. This type accounted for only 0.8 per-
cent of all accidents in the Cross study, and they
were negligible enough in the Missoula study to be
classified as type 36, Weird. Again, further inves-
tigation is needed to explain this higher relative
frequency, but it is reasonable to gquess that the
Boston area's narrow streets and traffic congestion
are significant factors.
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Class E: Bicyclist Unexpected Turn or Swerve
(MAPC Rev, 8.9 percent; MAPC, 8.8 percent; Cross
NF, 14.2 percent; Missoula, 8.9 percent)

Class E accidents involve a bicyclist turning into
the path of a motorist approaching from behind or
ahead. Wrong-way cyclists were involved in 21 per-
cent of these accidents, which is close to the 24
percent of all accidents involving wrong-way cy-
clists.

Like class A accidents, class E accidents oc-
curred among a younger population: 42 percent among
bicyclists age 11 and less., Cyclists between 15 and
18 years were also overrepresented in this aqge
group; they represented 35 percent of the class E
accidents.

Class E accidents occurred more frequently during
the weekday evening hours (7:00 p.m. to 1:00 a.m.)
than did the sample as a whole (29 versus 19 per-
cent). They were most likely to occur during the af-
ternoon peak (39 percent). On weekends they were
twice as 1likely as the average accident to occur
during the afternoon peak (14 compared with 7 per-
cent) .

Class E accidents were distributed among the
various injury levels in approximately the same pro-
portion as were the overall sample. Type 18 acci-
dents, Bicyclist Unexpected Left Turn with Auto Ap-
proaching from Same Direction, accounted for the
greatest proportion of class E accidents.

Class D: Motorist Overtaking or Overtaking Threat
(MAPC Rev, 3.4 percent; MAPC, 8.3 percent; Cross
NF, 10.5 percent; Missoula, 13.3 percent)

Class D accidents involved a motorist striking a
bicycle from behind or beside the bicyclist. As with
the Cross study, this was the class with the lowest
frequency in the study. The difference between the
revised MAPC percentage and the MAPC Cross classifi-
cation scheme percentage is the removal of accidents
with parked car doors from this class and their
placement in class G. Wrong-way riding contributed
to only 7 percent of these accidents.

Class D accidents were most likely to occur among
cyclists 15 years and more (67 percent). These acci-
dents were overrepresented among evening and midday
accidents (both 27 percent compared with 19 and 24
percent for the sample). They occurred with greatest
frequency during the afternoon peak (36 percent).
All of the weekend class D accidents occurred be-
tween 7:00 p.m. and 6:00 a.m.

Class D accidents were the least likely among all
accident classes to result in no reported injuries,
but unlike the Cross study, they were more likely to
cause minor injuries rather than the severe or fatal
injuries. Given the smaller number of cases in this
class, the one fatality that occurred involved a
higher proportion of class D accidents (6.7 percent)
than were involved in any other accident class.

RECOMMENDATIONS

The following recommendations are general in nature
and are based on an initial review of the data.
Their purpose is to help reduce the number of acci-
dents and to prevent the most frequent occurrences.

Publicity

These findings should be made available to the Reg-
istry of Motor Vehicles, local traffic safety of-
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ficers, bicycle advocacy gqroups, and local schools
for inclusion in their own programs. The results of
the study should also be developed into a series of
public service announcements to be aired on radio
and television. These announcements will emphasize
the highest-frequency accident classes (e.g., motor
vehicles turning into a bicyclist's path, motor ve-
hicles colliding with a bicyclist at an intersec-
tion) and types (e.qg., opening of door of a parked
car). The purpose of the publicity is to encourage
further analysis of the findings and identification
of countermeasures and to increase awareness of the
most frequent accidents.

Additional Exposure Information

The foregoing discussion lacks an essential ele-
ment--the measurement of risk as well as frequency.
Other than the Buckley report (5), little informa-
tion exists on bicycle ridership and ridership
habits in the greater Boston area. Additional infor-
mation should be obtained to allow an assessment of
the likelihood that a specific accident type will
happen to an individual as well as the overall fre-
quency.

Education

The study's findings indicate that high-frequency
accidents can be reduced or prevented in part by
education. Education has the dual goal of increasing
awareness of an undesirable situation and providing
the necessary skills to avoid the situation. The
presence of a high proportion of accidents involving
intersection collisions indicates the opportunity
that additional training may offer, particularly
among adults, who had the greatest incidence of
these accidents. Although this type of accident may
be no riskier, or even less risky, than other acci-
dents, the volume of bicyclists entering intersec-
tions on busy downtown streets could itself be
responsible for the high ranking. Eliminating or re-
ducing this type of accident would affect a large
portion of accidents in the study area.

Bicyclists in the Boston area agree with Kenneth
Cross' assessment that wrong-way riding occurs among
bicyclists in a lower proportion than it shows up in
accidents. Awareness of the role of wrong-way riding
in contributing to accidents may also result in a
decrease in that riding behavior and a reduction in
accidents.

The Registry of Motor Vehicles can also provide
motorists with information on improving their search
skills in spotting bicyclists at intersections and
emphasize this in its driver education materials,

Enforcement

Education and awareness are likely to improve the
skills and behavior of only some bicyclists and mo-
torists, whereas others may not be exposed to the
education and publicity or may choose to ignore it.
Law enforcement officials must impress on bicyclists
in particular that wrong-way riding is illegal as
well as dangerous. Currently, bicyclists are rarely
cited or stopped for wrong-way riding in the Boston
area.

Improved Record Keeping

Local police departments for the most part have no
separate file of bicycle-motor vehicle accidents and
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thus are not able to carry on an elementary classi-
fication of bicycle accidents in their own communi-
ties. Police departments should create such files
and review them periodically. Similarly, the Regis-
try of Motor Vehicles should establish a separate
file of bicycle-motor vehicle accidents to allow
easy reference and analysis and develop a campaign
to obtain the cooperation of local police depart-
ments in doing the same.

Improved Reporting

The quality of data on cyclists was markedly poorer
than that on motor vehicle operators. Age of the
cyclist was not reported on 26 percent of the sample
accident reports (compared with less than 1 percent
for motor vehicle operators); the situation for the
cyclist was not reported on 60 percent of the sample
reports (compared with 8 percent for the situation
of the motorist). In many cases, information on the
bicyclist was only reported in the section of the
accident report that deals with persons injured
rather than in the section on vehicles, indicating
that police and operators do not consistently iden-
tify the bicycle as a vehicle. In addition, informa-
tion on traffic controls at the bicyclist's approach
to an intersection was inaccurate in many reports
(for both police and operator). Anecdotal evidence
also'has suggested that road surface and road condi-
tion may not be reported accurately in many reports.
Finally, the question on helmet use is phrased in
such a way as not to allow a distinction between no
use and no response.

In the narrative and diagram sections of the re-
port, little information was provided on whether the
bicyclist observed a stop sign. Because this has
been identified in the Cross report as a key vari-
able in accident causation, it would be useful to
increase reporting of this information in these sec-
tions.

Reporting could be improved in three ways. The
Registry should actively encourage police and opera-
tors to solicit from and record complete information
on both the motor vehicle operator and bicyclist and
to treat the bicycle as a vehicle. The Registry,
MAPC, and the Boston Area Bicycle Coalition should
encourage bicyclists to complete reports on all
motor vehicle collisions in which they are involved
(less than 1 percent of the sample reports were
filed by bicyclists). Finally, the Registry should
consider revising the accident report form to ad-
dress the problems identified earlier (e.g., re-
phrasing the helmet question and adding the phrase
"including bicycles, motorcycles, mopeds"™ after the
word "vehicle").
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Promotion and Planning for Bicycle Transportation:

An International Overview

WERNER BROG, ERHARD ERL, KONRAD OTTO, and GERD SAMMER

ABSTRACT

International bicycle use, promotion, and
planning were studied within the framework
of a model project, a "bicycle-friendly
town," sponsored by the German Federal FEn-
vironmental Agency. The results of these
international reports were presented and
discussed during an international planning
seminar in the associated model city of
Graz. The results of the reports and the
seminar are summarized and an overview of
bicycle promotion and planning in western
and eastern Europe as well as that in Japan
and Australia are given. It has been found
that cycling is becoming increasingly popu-
lar in many countries, and a large number
of measures to encourage cycling are de-
scribed. The international comparison shows
that the types of measures to promote cy-
cling are not limited to simply improving

the bicycle infrastructure. Finally, an at-
tempt is made to summarize those solutions
and facilities that have been characteris-
tic of bicycle-friendly cities to determine
the ideal conditions for such an environ-
ment.,

In 1981 a model project (a "bicycle-friendly town")
commissioned by the Federal Environmental Agency was
begun in the Federal Republic of Germany. The goal
of this project was (1) "to create a model infra-
structure for cyclists and a climate of opinion
which is generally favourable toward cyclists,
during a five year developmental period."

This model project centered in two main model
cities, Detmold and Rosenheim, Eight subsidiary
cities were directly involved in exchanging informa-
tion and experiences. Foreign cities were also asso-
ciated with the project.
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A special planning seminar was held in Graz, Aus-
tria (one of the associated model cities) on inter-
national experiences with bicycle promotion and
planning. A total of 180 participated in this semi-
nar. Twenty-three lectures were held in which 16
different countries were represented, including 5
eastern European countries and 3 countries from
overseas. A three-volume proceedings of the seminar
was prepared; it is available from the Federal En-
vironmental Agency (2).

Because this was the first time that bicycle pro-
motion had been discussed by a committee of experts
from so many different countries, it appeared to be
important to summarize a few of the most important
points of the seminar in this paper.

PROMOTION AND PLANNING OF CYCLING
Western Europe
Austria

In Austria, as in many other European countries, not
only was cycling not promoted until the mid-1970s,
but the little cycling infrastructure that existed
had been systematically eliminated. The growing eco-
logical consciousness and the energy crisis caused
cycling to be viewed as a potential way of dealing
with problems caused by commuter peaks and was in-
corporated in the transport planning goals and mea-
sures by several cities (Graz, Klagenfurt, Sals-
burg). In Graz in particular, which is a university
town with a population of 250,000, special emphasis
was placed on cycling. Based on politically deter-
mined transport goals, a program to promote cycling
was developed. This program, currently in its third
year, is not limited to measures to improve the bi-
cycle infrastructure but also includes a broad spec-
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Political Transport Goals

Within the framework of the transport concept as a
whole (3,4), the share of cyclists (1959, 10 per-
cent; 1973, 7 percent; 1982, 8 percent) in relation
to the 1973 statistics will double and the public
transit share will increase marginally. These
changes will result primarily from a reduction in
car use, Besides intensive and coordinated programs
to promote walking, cycling, and the use of public
transit, car traffic will be greatly restricted.
(The first steps in this direction have already been
completed.) Thus, parking will be restricted
throughout the built-up areas of Graz. In the fu-
ture, public streets will only be used for short-
term parking and as loading zones and permanent
parking zones for residents, for all of which fees
will be charged (5). Traffic tranquilization, a
planning concept found especially in the Netherlands
(for example, the "woonerf" concept), Germany, and
Scandinavia to restrict and reduce car travel to im-
prove urban environment and road safety, will fur-
ther limit car travel in the city of Graz. Different
aspects of the bicycle promotion program in Graz are
discussed in the following.

Bicycle Infrastructure

The bicycle hierarchy consists of main,
feeder routes as well as access to

link, and
residential
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areas, Especially in the old city, unconventional
solutions to problems of bicycle access have been
used; for example, allowing bicycles to use one-way
streets in the contraflow direction, allowing cy-
cling in pedestrian areas and on streetcar lanes,
and painting bicycle paths red at strategic points.
Parking facilities for bicycles are available at
designated sections of the bicycle network. Bicycles
may be borrowed at all of the branch offices of one
bank in Graz. Some businesses have been so encour-
aged by the cyclist-friendly climate that they have
acquired business bicycles.

Traffic Safety Education

In order to encourage the most important target
group, school children, to ride bicycles safely, the
police and schools offer courses that also test the
children after they have completed the instruction,
Furthermore, information leaflets on new bicycle
routes and safe traffic behavior are distributed.

Bicycle Promotion

Public relations is strongly emphasized as a market-
ing strategy to encourage cycling. Citizens are kept
informed on what is being done, pamphlets are dis-
tributed, bicycle maps for the city and surrounding
area are available, and the press covers the activi-
ties aimed at promoting cycling. Politicians use the
bicycle as a means of communication during community
information rides (excursions to study local prob-
lems and to talk with the citizens). The Idea Market
for the Bicycle-Friendly Town was a meeting of ex-
perts and other citizens to discuss bicycle promo-
tion. A comprehensive report lists all measures and
the institutions that were involved (6).

Planning and Feasibility Study

The effectiveness of the promotional program has
been investigated in a feasibility study, which in-
cludes surveys of travel behavior and traffic safety
and conflict studies of possible problems that might
result from the new solutions to bicycle access; the
impact of certain measures on the environment has
also been studied. Within the framework of the plan-
ning and implementation of measures to promote cy-
cling, a method of identifying the priority level of
different bicycle networks and quickly carrying out
the plans was developed (7,pp.183-190;8).

Switzerland

In Zurich, Switzerland, "new elbow room for the old
travel mode"™ (the bicycle) was developed, As in
other Swiss cities, the bicycle (velo) routes are
designed to supply cyclists with comfortable and
safe travel connections., These bicycle routes are
constructed away from the main streets so that the
cyclists are not exposed to the exhaust from auto-
mobiles. The goal of bicycle planning in Zurich is
the construction of an interrelated cycling network
200 km 1long consisting of bicycle paths, bicycle
lanes, residential streets, automobile-restricted
zones, and combined facilities for pedestrians and
cyclists., Within the network, cycling without de-
tours is to be made possible. Short~term feasibility
has been given priority over perfect long-term solu-
tions (9) in the construction of this network.
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France

The city of Chambéry in France is impressive because
of its community policies toward pedestrians and
bicycle traffic. By European standards, Chambéry can
be viewed as a model city for cyclists. Traffic
tranquilization to reduce car travel in specific
areas and the reduction of speed limits within the
city limits have led to a one-third decrease in the
number of accidents over a 3-year period. Along the
main arteries, two-way bicycle paths were con-
structed by limiting the amount of space available
to motor vehicles. Many further improvements for cy-
clists have been made in Chambéry, for example, per-
mitting bicycle travel on a street in the old city
that had been restricted to bus travel, enlarging
bicycle lanes at intersections to allow cyclists to
line up in front of the cars, and instituting spe-
cial traffic lights for cyclists. Transport plans in
Chambéry are based on the theory that those who
travel with the weaker transport mode should have
the right of way. If pedestrian traffic is heavy
enough, bicycle traffic will be slowed down by con-
structing bumpy surfaces or creating artificial bot-
tlenecks for bicycles. The manner in which the plan-
ning goals are to be achieved is also noteworthy.
From the start, the city administration and office
of street construction worked closely with environ-
mentalist groups and cyclist organizations. A Dutch
planner worked in the city for a week as a consul-
tant on questions related to cycling, so Chambéry
could profit by the Dutch experience and avoid plan-
ning errors (10).

Netherlands

In the Netherlands, the bicycle is a traditional,
frequently used mode of transport for daily use.
However, here too, bicycle use decreased in the late
1960s. Thus, in 1975 the government published the
first multiyear plan for passenger transport. This
plan put special emphasis on the bicycle in order to
counteract the negative effects (especially pollu-
tion and accidents) of heavy use of automobiles.
Within the framework of this plan, two test models
were instituted that found worldwide recognition.
These were the bicycle paths in The Hague and Til-
burg (demonstratie fietsroute). In The Hague (the
capital of the Netherlands with a population of
450,000), a bicycle path 4.9 km long crosses the
city from west to east. This was built in 1977 and
has since been extended 8 km. These bicycle paths
are constructed away from the streets, and two-way
bicycle travel is usually possible., Planning and
construction 1ncluded various special details to
make these bicycle paths comfortable and attractive
(11) .

" In the Netherlands, integrating bicycle and train
travel is emphasized. The railway authority in the
Netherlands views the combination of train and bi-
cycle as ideal: They complement each other perfect-
ly. In order to increase ridership, subsidized bicy-
cle parking and rentals are offered, and getting to
and from the train by bicycle is encouraged. The
routes and quality of bicycle paths leading to train
stations are being improved; riders are encouraged
to leave their bicycles at the new, attractive, and
safe parking facilities (which include bicycle park-
ing lots with attendants and bicycle stands that
have locks); and rental facilities at the train sta-
tions make it possible for passengers to continue
their trips by bicycle when they arrive at their
destination (12). However, even if the WNetherlands
is always cited as being the most cyclist-oriented
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country or even the country with the most human-
transport planning, one should not forget that even
in the Netherlands, planning of this sort first has
to overcome considerable resistance before it can be
implemented (13).

A new passenger transport plan includes, among
other things, the Delft demonstration project. This
project favors the concept of a hierarchically
structured network rather than a bicycle path. This
network consists of high-quality bicycle routes for
through traffic, bicycle lanes for specific sections
of the city, and a neighborhood bicycle network
(14) . A feasibility study is investigating the im-
pact of the construction of the bicycle network on
bicycle use with respect to

1. Number of cyclists in relation to the bicycle
network,

2. Willingness to use the bicycle as a means of
transport, and

3. Use of the infrastructure (route choice in
relation to place of origin and destination) (15).

Great Britain

Until the early 1970s, the use of bicycles had dras-
tically decreased in Great Britain. Since then,
however, a new interest in cycling has been observed
and the use of bicycles has steadily increased.
There are a number of reasons for this: the energy
crisis in 1973, the difficulty in finding parking
spaces in built-up areas, the increasing concern
with physical fitness, the desire to return to na-
ture, and the slowing down in the growth of car own-
ership.

The government's main responsibilities concern
the legal status of cyclists, the legislation under
which local authorities provide and maintain facili-
ties and general advice on the design and implemen-
tation of such facilities, vehicle performance, na-
tional road safety aspects, and supportive research.

In England the three new towns of Stevenage, Mil-
ton Keynes, and Peterborough are known as the model
towns for cycling; when these towns were planned,
separate bicycle networks were included. The Minis-
try of Transport supports experimental planning con-
cerned with the solution of problems related to
bicycle paths and junctions and with possible con-
flicts between pedestrians and cyclists (16).

Scandinavia

In Scandinavia also, the bicycle is a frequently
used mode of transportation. Vasteras and Oxeldsund
in Sweden are known to be especially bicycle friend-
ly. Vasteras has four bicycle paths leading through
the inner city. These paths, additional pedestrian
malls, and separate bus lanes are the basic elements
of the accessibility of the inner city. Oxeldsund
(with a population of 14,000) has a network of seg-
regated bicycle paths covering the entire town.
Swedish cities are freguently characterized by plans
to reduce the amount of car travel, and this natu-
rally encourages cycling. A particularly good ex-
ample of this is the city of Uppsala. Bicycle travel
planning in Scandinavia emphasizes the separation of
car and bicycle traffic (segregated bicycle paths
are given preference over bicycle paths built along
the sides of streets) as well as policies to limit
car traffic by keeping through traffic out of cer-
tain streets and the widespread introduction of low
speed limits (17).



76

Italy

In Italy Parma and Lucca are noteworthy as planning
models. In Parma most private cars are excluded from
the o0ld city and the central business district. The
bicycle and public buses serve most of the transpor-
tation needs of the city. On each of the four routes
leading through the inner city, 10,000 bicycle trips
versus 4,000 car trips are made per day. In Lucca in
the center of the densely built-up old city, there
is a large pedestrian mall that can be used by cy-
clists as well. In spite of this mixed traffic, no
major conflicts have resulted (18).

Eastern Europe

First-hand accounts of bicycle travel in eastern
European countries provided some of the highlights
of the seminar in Graz.

Hungary

In Hungary cycling has recently once again become
important. The primary tasks in Hungary are consid-
ered to be increasing the safety of cycling and pro-
moting bicycle use in general. In 1980 empirical
studies showed that there were some 370 bicycles per
1,000 inhabitants. According to representative stud-
ies, the share of cyclists is greatest in small
cities (with populations ranging from 20,000 to
40,000) and the smallest bicycle share is in large
cities. In small cities 50 percent of all commuter
trips are made by bicycle versus 5 to 8 percent in
large cities. The annual sales fiqures for bicycles
doubled within the last 15 years. The renewed impor-
tance of cycling will be reflected 1in planning
guidelines and in national bicycle promotion pro-
grams (19).

Yugoslavia

The importance of cycling is especlally emphasized
in Slovenia. The city of Ljubljana has not only the
longest cycling tradition, but also the most ad-
vanced bicycle transport planning. It 1is the Yugo-
slavian model city for cyclists. In 1976 bicycle
lanes were begun to be marked on the city streets.
In 1980 a study dealing with bicycle travel was con-
cluded. The goal of bicycle planning in Ljubljana is
the development and extension of bicycle lanes and
bicycle paths to make it possible to travel through-
out the entire city by bicycle without being forced
to make detours. However, parking facilities for bi-
cycles, bicycle rentals, and bike-and-ride facili-
ties are also being emphasized (20).

Czechoslovakia

The previously heavy use of bicycles In Czechoslo-
vakia greatly decreased when the public bus network
was extended and the use of cars increased, during
the 1950s and 1960s. However, there are signs that
the use of bicycles is currently on the rise again.
It is estimated that in 1979 there were 364 bicy-
cles per 1,000 inhabitants. Hardly any data on cy-~
cling are available, however. A special traffic
count in Prague showed a bicycle share of less than
1 percent in 1982, but the bicycle share in the east
Bohemian city of Hradec Kralove (with a population
of 100,000) is considerably higher. In this city the
street circling the city and the main streets of the
city have separate bicycle paths and bicycle lanes

Transportation Research Record 959

with traffic lights that have a special sign for cy-
clists (21).

Poland

In Poland the ratio of travel by car versus that by
bicycle is again beginning to shift in favor of the
bicycle. It has been estimated that there are ap-
proximately 194 bicycles per 1,000 inhabitants. Al-
though bicycle production has more than doubled in
the last 20 years, the demand for bicycles is still
greater than the supply. For commuter trips in large
cities, the bicycle is the least frequently used
travel mode, accounting for only 1.6 percent of all
of these trips. In the country, however, it is used
much more frequently, especially for shopping trips.
Three research centers 1in Poland have been doing
studies on cycling over the past 5 years. BAmong
other things, these studies resulted in a planning
concept for a bicycle system for the city of Poznan
(560,000 inhabitants). The plan calls for a step-
by-step completion of the existing bicycle network
until a total length of 200 km has been reached by
the year 1990. The goal of this plan is to increase
the share of trips made by bicyclé to 15 percent of
the entire traffic volume (22).

USSR

In the cities of Lithuania, several steps are being
taken to increase bicycle use (23). Increasing gaso-
line costs, health consciousness, and the desire to
save time have resulted in an increase in the pro-
portion of trips made by bicycle in recent years.
Transport policies support this trend and are aimed
at promoting cycling. Siauliai, the fourth largest
city in Lithuania with a population of 130,000, is
the model city in the USSR. In 1979 the administra-
tion of the city started a comprehensive program to
encourage cycling as a competitive transportation
mode, the first program of this sort in the USSR.
The program includes a bicycle network covering the
entire city and a recreational area not far from the
city, parking facilities for bicycles, areas to
practice riding bicycles, service €facilities and
recreational facilities along the bicycle paths, as
well as public relations work. A bicycle factory
located in the city organizes annual bicycle festi-
vals. The first bicycle museum is soon to be opened
in siauliai. In recent years, the annual increase in
bicycle use has ranged from 15 to 20 percent (24).

Overseas
Japan

Japanese urbanization was accompanied by an improved
urban transportation infrastructure, most notably
subways and commuter railroads. The majority of
daily commuter trips are made with these two transit
modes. However, increasing suburbanization made pub-
lic transit increasingly inaccessible. Therefore,
the use of the bicycle as an access mode to the com-
muter railroads quickly increased, as did the number
of bicycles left at the train stations. The phrase
"bicycle pollution"™ was coined and soon turned into
a kind of slogan. Comprehensive improvements were
made in the space availlable for parking bicycles.
Solutions using new technology have been used.

Until 1978 the majority of the parking facilities
for bicycles were owned by private companies. When
the parking facilities were expanded, more of the
bicycle parking areas were publicly owned but pri-
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vately operated. With the new facilities, user fees
have become more common. The scarcity of land in
Japanese cities has led to the development of high-
density parking facilities for bicycles. Two revolu-
tionary technological developments are described as
follows.

In the satellite city of Kasukabe near Tokyo, the
first fully automated and computerized bicycle park-
ing facility ,in the world was opened in 1980. More
than 1,500 bicycles can be stored in 12 stories;
cranes are used to park the bicycles. S

In Miratsuka, another satellite city of Tokyo, a
new bicycle rental system was introduced in 1980. A
10-story bicycle parking 1lot offers 500 rental
bicycles that can be borrowed by commuters for their
daily trips from their homes to the train station
and by others for their trips from the train station
to suburban workplaces (25).

A systematic city cycle scheme is currently being
tested in Sendai (670,000 inhabitants). Bicycles are
offered free of charge for an unlimited period of
time. These can be borrowed at designated areas and
can be returned at a number of different locations

(Figure 1).
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FIGURE 1 City cycle system in Sendai, Japan.

The Japanese experience in combining bicycle and
public transit use shows that

1. The bicycle can be used as a popular and ef-
fective access and egress mode to the commuter gail
system; -

2. Bicycle use increases the accessibility ra-
dius of the commuter rail system by at least 2 km;
this can be a countermeasure to the decrease in the
use of public transit caused by suburbanization and
the reduction in the population density; and

3. The lack of bicycle paths leading to train
stations probably has little negative impact on bi-
cycle use. Cyclists find it more important that
their bicycles be protected against theft when they
are left at the station.

Australia

With a regionally varying share of 1 to 3 percent,
the bicycle plays a subordinate role as a transport
mode in Australia. Low gasoline prices and low popu-
lation densities favor the use of cars. Nonetheless,
as a result of increasing ecological awareness, the
bicycle has experienced a renaissance 1n recent
years. This has led to an institutionalization of
bicycle planning as well as an increased emphasis on
bicycle plans in Australia.
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Australian bicycle plans are primarily a reaction
to the increase in the use of bicycles rather than
part of a total transport plan (e.g., to reduce
travel with motor vehicles or save energy). This
partly explains the shortcomings of these plans,
which usually aim at increasing the safety of cy-
cling, analyzing accident statistics, identifying
the most commonly used bicycle routes, recommending
construction measures, and preparing bicycle maps.

Thé Geelong bicycle plan, Australia's model bi-
cycle plan, was published in 1977; in 1978 the 5-
year implementation period began, which is to cost a
total of 4 million German marks. The concept intro-
duced was a four-point bicycle plan:

1. Engineering (technical planning),
2. Education (traffic education),
3. Enforcement (implementation of legislation),

4. Encouragement (bicycle promotion).

The technical aspects (in which economical solu-
tions were emphasized) began with the design of a
bicycle network including bicycle paths, bicycle
lanes, speed limits in some residential areas, and
much pro-bicycle traffic 1legislation. In order to
educate people to use bicycles safely, a model bicy-
cle education course was developed and introduced in
70 schools. Bicycle promotion is done by using
posters, information pamphlets, and contests in
order to familiarize people with the improved
facilities, traffic education, and special programs
(27) .

" The Geelong bicycle plan has two characteristics
in common with a number of other bicycle plans:

1. It is mainly concerned with and designed for
existing cyclists; potential cyclists are not em-
phasized; and

2. No precise data on modal split are being col-
lected or evaluated either before or after the im-
plementation of the bicycle plan. Thus, increase of
cycling cannot be precisely measured.

The concept of a bicycle plan as a planning
method poses certain problems, which sometimes cause
planning failures. Often there is no active and fu-
ture-oriented planning but only a reaction to a

changed situation, that in which there are more cy-a

clists on the road. So the bicycle plan sometimes
turns into an end in itself; its implementation
comes to be of secondary concern. The emphasis is
also frequently on construction without preceding
analysis. Thus, some useless bicycle paths are con-
structed and this naturally results in public criti-
cism of the plan. Furthermore, the four-point prin-
ciple (engineering, education, enforcement, and
encouragement) limits bicycle planning to four fac-
tors, which in themselves are not sufficient to
create bicycle-friendly cities. The bicycle is not
seen as an integral part of the transportation sys-
tem: the integration of the bicycle and public
transport and its interdependence with car traffic
are neglected. Bicycle planning 1s not part of an
integrated strategy to reduce the environmental im-
pacts of car traffic. The emphasis is too much on
existing cyclists rather than on the population as a
whole., Little is done to encourage potential cy-
clists or to emphasize the social value of cycling.

~n
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IMPORTANT INSIGHTS FOR BICYCLE PROMOTION

Current bicycle planning is characterized by three
interrelated developments:

1. An increase in the bicycle share during re-
cent years (28);

2. A substantial reserve of potential cyclists,
which makes it possible that bicycle use will
continue to increase while some use of individual
motor vehicles will be diverted (29); and

3. An increasing interest in cycling by trans-
port specialists as well as by ordinary citizens
(30) .

The planning seminar showed that developments in
the field of bicycle planning are international.
This supports the thesis that revived interest in
the bicycle as a transport mode is not a passing fad
but rather part of an international reevaluation of
mode choice,

This trend toward increased bicycle use should be
supported by transport planners and politicians.
Local efforts to promote cycling and unconventional
measures seem to have a great impact on increasing
the bicycle share. Thus, there is a broad spectrum
of effective and economic means of encouraging the
use of bicycles. A comparison of international bi-
cycle promotion efforts shows that combining differ-
ent types of measures is more effective than simply
improving the infrastructure for cyclists.

THE BICYCLE-FRIENDLY TOWN

The bicycle-friendly towns show that it should be
the main goal of planners to create cities in which
the bicycle is accepted as an integral part of the
transportation system. To this end, it 1is also
necessary that the transportation infrastructure of
the cities be so designed that cycling is safe and
pleasant, The following aspects of bicycle promotion
are possible and necessary.

Bicycles should be made available to as many as
possible. Only if enough people have access to bicy-
cles can the bicycle become a standard transporta-
tion mode for all travel purposes. Bicycle availa-
bility can be increased by offering rental bicycles
and repair facilities for bicycles and by encourag-
ing city offices and businesses to buy business
bicycles.

A citywide network of bicycle facilities is
needed in order to ensure safe, comfortable, and
direct access to all destinations in the city. In-
tersections should be designed to be safe for cy-
clists. It should be possible to use the bicycle
paths at any hour of the day and night throughout
the entire year. On the main bicycle routes, direc-
tional signs should be posted just as they are on
other streets. The city bicycle network should be
connected to bicycle paths 1leading into outlying
areas. Whenever possible, the bicycle paths should
be designed so that two people can ride abreast.
Adequate parking facilities for bicycles should also
be provided to protect the bicycles against theft;
lockers for baggage should also be made available,

The bicycle can help support and integrate the
use of public transit. Public transportation and the
bicycle supplement each other perfectly (31).

In bicycle-friendly cities, the community climate
is generally favorable for cyclists. Local condi-
tions, citizens, community politics, and city plan-
ning encourage cycling. In these cilties, cyclists
feel that they are respected and that their needs
are taken seriously. In order to achleve a state
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that is bicycle-friendly, special efforts should be
made to motivate the public, for example,

1. Leading figures in the community should be
encouraged to ride bicycles,

2. Private-sector cycle ventures should be sup-
ported,

3. Courses should be offered on traffic safety
and bicycle skills, and

4., A central office should be set up to distrib-
ute information on cycling and act as a consultant
in questions concerning cycling.

Local governments can effectively promote cycling
if there is the political will and the organization-
al framework. Local-government transportation pro-
grams should include

1. A bicycle promotion program that analyzes the
current c¢ycling situation and outlines short-,
medium-, and long-term plans;

2., Separate funding for bicycle-related programs;

3. An administrative work group on the bicycle;

4, Citizen involvement 1in bicycle planning and
input from representatives of bicycle groups when
bicycle plans are being made; and

5. A central offlce for bicycle promotion re-
sponsible for bicycle ventures and bicycle coordi-
nation.

Bicycle planning should also take the general
planning needs into consideration; it should be com-
munity and citizen oriented and flexible. Economical
solutions should be given priority. Such planning
should be ecologically sensitive.

A bicycle-friendly city is not a utopian vision;
it can actually be realized. However, administrative
and financial bhacking is needed if this goal is to

be attained.
REFERENCES

1. K.Otto. Model Project: Towns for Cyclists--An
Initiative to Promote the Bicycle as the Most
Ecologically and Economically Sensible Means of
Local Transport. Garten und Landschaft, Vol.
12, 1980, pp. 1027-1030,

2. Federal Environmental Agency. Werkstdttberichte
5A-C zum Modellvorhaben "Fahrradfreundliche
Stadt." Reihe Texte, Berlin, 1983,

3. Stadtentwicklungskonzept. Gemeinderatsbeschluss
Al7-29/24. Magistrat Graz, BAustria, Nov., 14,
1980.

4, Stadtentwicklungskonzept: Fuss und Radwegenetz.
Gemeinderatsbeschluss, Magistrat Graz, Austria,
July 19, 1980.

5. G. Sammer. Erfahrungen mit dem Probebetrieb der
Dauerparkzonen ("Griine Zone") fiir die Wohn-
bevblkerung. Usterreichische Gemeindezeitung,
vol. 12, 1983,

6. G. Sammer. Ergebnisbericht Ideenmarkt "Fahrrad-
freundliche Stadt." Bliro flir Blirgerinitiativen,
Stadtplanungsamt, Strassen~ und Brlickenbauamt,
Graz, RAustria, 1981.

7. G. Sammer. Strategien zur Umsetzung von Sofort-
massnahmen in der kommunalen Verwaltung. In
Sofortmassnahmen zur FBrderung des Fahrrad-
verkehrs: Werkstdttbericht 3 zum Modellvorhaben
"Fahrradfreundliche Stadt"™ (Federal Environmen-
tal Agency, eds.), Reihe Texte, Berlin, 1982,

8. H. Lackner, G. Sammer, and G. Zekoll. Fuss und
Radwegenetz, Dringlichkeitsreihung. Sachpro-
gramm Verkehr des Stadtplanungsamtes Graz,
Graz, RAustria, 1981.



Brdog et al.

10.

11.

12.

13.

14,

15.

16.

17.

1s.

19.

20.

R. Ott. Neue Ellbogenfreiheit flir ein altes
Verkehrsmittel: Velofahren in Ziirich. In Werk-
stattberichte 5B zum Modellvorhaben "Fahrrad-
freundliche Stadt" (Federal Environmental
Agency, eds.), Reihe Texte, Berlin, 1983.

K. Otto. Fahrradverkehrsférderung in Chambéry,
Frankreich. In Werkstattbericht 5B zum Modell-
vorhaben "Fahrradfreundliche Stadt" (Federal
Environmental Agency, eds.), Reihe Texte,
Berlin, 1983,

H.-J. van Vulpen. Modellversuche mit Fahrrad-
routen in den Niederlanden: Bewertung und
Schlussfolgerungen. In Werkstattbericht 5A zum
Modellvorhaben "Fahrradfreundliche Stadt"
(Federal Environmental Agency, eds.), Reihe
Texte, Berlin, 1983.

J. Hoekwater. Das Fahrrad und die Bahn:
Natiirliche Freunde. In Werkstéttbericht S5A zum
Modellvorhaben "Fahrradfreundliche Stadt"
(FPederal Environmental Agency, eds.), Reihe
Texte, Berlin, 1983,

J. Richard, H. Richter-Richard, B. Adelt, and
M. Krings. Das Fahrrad in den Niederlanden:
Auslandsexpertise 2zum Modellvorhaben "Fahrrad-
freundliche Stadt." In Werkst&ttbericht 5A zum
Modellvorhaben "Fahrradfreundliche Stadt"
(Federal Environmental BAgency, eds.), Reihe
Texte, Berlin, 1983.

G. van der Meer. Die Fdrderung des Radverkehrs
in den Niederlanden. In Werkstdttbericht 5A zum

Modellvorhaben "Fahrradfreundliche Stadt"
(Federal Environmental Agency, eds.), Reihe
Texte, Berlin 1983,

Instituut voor Toegepaste Sociologie and
Sozialforschung Bréqg. Evaluatie: Onderzoek
Inzake De Fietsinfrastruktuur in Delft.
Ministerie wvoor Verkeer en Waterstaat, The

Hague, Netherlands (ongoing).

I.G. Heggie. Measures to Encourage and Cater
for Cycling in England and Wales: Auslandsex-
pertise zum Modellvorhaben "Fahrradfreundliche
Stadt."™ In Werkstattbericht 5B zum Modellvor-
haben "Fahrradfreundliche Stadt”" (Federal
Environmental Agency, eds.), Reihe Texte,
Berlin, 1983,

N. Rosén. Modellhafte Fahrradverkehrsfdrderung
in Schweden und Dénemark. In Werkstdttbericht
5B zum Modellvorhaben "Pahrradfreundliche
Stadt"™ (Federal Environmental Agency, eds.),
Reihe Texte, Berlin, 1983.

R. Kulzer. Strassenraummischnutzung in Parma
und Lucca, Italien. In Werkstattbericht 5B zum
Modellvorhaben "rFahrradfreundliche Stadt"™
(Federal Environmental Agency, eds.), Reihe
Texte, Berlin, 1983.

S. Koller. Fahrradverkehrsentwicklung in

Ungarn. In Werkstédttbericht 5B zum Modellvor-
haben "Fahrradfreundliche Stadt” (Federal
Environmental Agency, eds.), Reihe Texte,

Berlin, 1983,
V. Zemljid. Ein Bberblick Uber Fahrradverkehrs-
probleme in Jugoslawien beziehungsweise

21.

22.

23.

24,

25.

26.

27.

28,

29.

30.

31.

79

Slowenien. In Werkstéttbericht 5B zum Modell-
vorhaben "Fahrradfreundliche Stadt" (Federal
Environmental Agency, eds.), Reihe Texte,
Berlin, 1983.

J. Klofb%. Zur problematik des Radverkehrs in
der Tschechoslowakei. 1In Werkstdttbericht 5B
zum Modellvorhaben "Fahrradfreundliche Stadt"
(Federal Environmental Agency, eds.), Reihe
Texte, Berlin, 1983,

B. Rzeclyﬂski. Fahrradverkehr 1in
Werkstattbericht 5B zZum Modellvorhaben
"Fahrradfreundliche Stadt” (Federal Environ-
mentalvAgency, eds.), Relhe Texte, Berlin, 1983.
V.V. SeStokas. Massnahmen zur ErhShung der
Fahrradnutzung in den Stidten der Litauischen
SS8R. In Werkstdttbericht 5B zum Modellvorhaben
"Fahrradfreundliche Stadt"™ (Federal Environ-
mental Qﬂency, eds.), Reihe Texte, Berlin, 1983,
V.V. Sestokas. Stadt Siauliail: Fine Modellstadt

Polen. In

zur Fdrderung des Fahrradverkehrs. In Werk-
stattbericht 5B zum Modellvorhaben "Fahrrad-
freundliche Stadt" (Federal Environmental

Agency, eds.), Reihe Texte, Berlin, 1983.

M. Replogle, The Bicycle as an Access Mode to
Transit--The Experience of Japan: Auslandsex-
pertise zum Modellvorhaben "Fahrradfreundliche
Stadt."” In Werkstattbericht 5C zum Modellvor-
haben "Fahrradfreundliche Stadt" (Federal FEn-
vironmental Agency, eds.), Reihe Texte, Berlin,
1983,
Bulletin 17.
Tokyo, 1983,
E. Ampt. Fahrradplanung in Australien: Aus-
landsexpertise zum Modellvorhaben "Fahrrad-
freundliche Stadt." In Werkstattbericht 5C zum
Modellvorhaben "Fahrradfreundliche Stadt" (Fed-
eral Environmental Agency, eds.), Reihe Texte,
Berlin, 1983,

W. Brdg and E. Erl. The Development of Bicycle
Transportation in Selected Areas of the Federal
Republic of Germany Between 1975/76 and
1980/81., Presented at PTRC Summer Meeting, War-
wick, England, 1982.

W. Brdg and E. Erl. The Potential of the Bicy-
cle as a Substitute for Other Modes of Trans-
portation. In Transportation Research Record
909, TRB, National Research Council, Washing-
ton, D.C., 1983, pp. 1-6.

Fahrrad und Umwelt: Programm zur Umweltentlas-
tung durch Fdrderung des Fahrradverkehrs.
Umweltbrief 26. Federal Minister of the Interi-
or, Bonn, Federal Republic of Germany, 1983,

M. Replogle. Bicycles and Public Transporta-
tion: New Links to Suburban Transit Markets.
Bicycle Federation, Washington, D.C., 1984.

Japan Bicycle Promotion Institute,

publication of this paper sponsored by Committee on
Bicycling and Bicycle Facilities.



