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Measuring Pedestrian Behavior
Margaret Hubbard Jones

The lack of a criterion measure of pedestrian performance may, ¡n part,
account for the relat¡ve neglect of pedestrian safety. The measure de.
veloped here is based on observation of pedestrian behavior in normal
traffic. Observat¡on is lim¡ted to a small number of behaviors that are
cr¡tical for accident causation in order to reduce the information load
on obse¡vers. Unambiguous coding rules and intensive train¡ng of ob.
servers resulted in achievement of very high ¡ntercoder reliabil¡ties.
The technique was used sucæssfully in an evaluat¡on of a pedestrian
safety curriculum for primary grades, At ¡ntersections, the behaviors
of some 1500 children were coded. and about 750 were coded at mid-
block crossings. The remarkable finding was the prevalence of danger-
ous behavior patterns in the school tr¡p, where tho probability of an
accident is low. Although the measurement technique was developed
while observing child pedestrians, it is equally applicable to adults.

The social costs of pedestrian collisions rvith motor
vehicles are immense, contributing almost 20 percent
of the fatalities attributable to motor vehicles. Yet
pedestrian safety is consistenily underplayed in the
United States in terms of research, program develop-
ment, and interest. Although there are many reasons
for this, the absence of a reliable a¡rd valid criterion
of pedestrian performance is an important contributor.
This paper describes the development of such a criterion
measure. The developmental work uras done on
children, who are greatly overrepresented in pedestrian
fatalities, but the techniques developed are appropriate
for pedestrians of any age.

A performance measure should be reliable, valid,
feasible, and cost effestive if it is to be useful in
evaluating behavioral change. The first decision is
where to test: Behavior on ranges and in other re-
stricted environments has never been shown to be
predictive of behavior in real traffic and, on the face
of it, such situations are both too simple and too ob-
trusive. Even Dueker's technique (!) of eliciting cross-
ing of a real street where there was controlled but real
traffic (one automobile) is too simple to permit gen-
eralization to other kinds and complexities of situations.
The behavior to be measured must therefore (a) be un-
constrained, (b) be recorded unobtrusively, and (c)
occur in many different situations of normal complexity.
That is to say, it must occur in normal walking trips.

Measuring behavior in normal traffic is the best
grrarantee of validity. The validity sought here is con-
struct validity and ii is gained by deriving the be-
havioral events schedule from the in-depth accident
analyses of Snyder and Knoblauch (!) and Knoblauch
(Ð. In a large proportion of cases, the proximal
causes of pedestrian accidents are tlte pedestrian's
failure to search and detect and his or her sudden ap-
pearance, which implies runninginto thepath of ave-
hicle and uneripectedness of location or blocking of
driver's or pedestrian's view.

The second decision concer¡rs measuring techniques:
In theory, these can be instrumented, observational,
or some combination of the two. However, the only
practical approach involving instrumentation is video-
tape, which is ultimately coded by trained observers.
It tras serious disadvantages: It is significantly more
expensive and provides much less inJormation about
the general traffic circumstances, speed, and distance.
It is also more difficult to do unobtrusively in some
situations than observation. Its single supposed advan-
tage-potentiality for coding by two observers-is botl
very expensive and unnecessary, since the observers
must be trained to the same high degree of reliability

whether or not videoüape is used. The method of choice
was on-the-spot coding of þelavior by highly trained
obsen¡ers. This is both feasible in all situations and
most cost effective. The question ttat usually arises
is one of reliability. In three previous studies ob-
seryers have achieved high interobserver reliabilities
(4-6). Standard techniques for increasing reliability
aifsimplification of both the observation itself and the
recording of it, avoiding informational overload, and
providing extensive training. The remainder of this
paper describes the development of the observational
technique for pedestrian behavior, the reliability
achieved, and, briefly, its use as a criterion of
countermeasure effectiveness.

PARAMETERS OF PEDESTRIAN
BEHAVIOR

In order to focus observersrattention and avoid infor-
mation overload, only those aspects of pedestrian be-
havior most likely to be causally related to accidents
were selected for coding:

1. Search at the curb,
2. Stopping at the curb,
3. Position within or outside the crosswalk area,
4. Walking versus running,
5. Playing of any sort while crossing,
6. lValking in the street instead of on the sidewalk,
'î, Crossing two streets withort gaining the curb in

between them, and
8. Crossing midblock.

In addition, several situational variables were coded:
presence or absence of traffic, size and type of group,
and crossing in the presence of an obvious threat to
safety. UsuaIIy, the behavior of a single individual is
coded at any one time. Pedestrians arrive either
singly or in groups of various sizes. In t}e case of
groups, a single individual is selected at random before
the group is within 3 m (10 ft) of the curb and followed
until the far curb is reached. The exception is midblock
crossing, where all those crossing are tallied, but only
according to whether a visual obstruction was present
or not. The reason for identifying group size is that
the size of tlte group is related to its visibility to drivers
and possibly also to the responsibility taken by each
individual for his or her own safety. Group type per-
mitted the identification of groups of similar age (in
this case, children in the primary grades), those tllat
contain an older child, and those that conüain an adult.
Figure 1 shows the coding form. For each group ob-
served, the symbol was circled if the behavior occured
and slashed if it did not.

DEVELOPMENT OF THE INSTRUMENT

This instrument was developed as a criterion measure
for a pedestrian safety education program for children
of the primary grades. To ensure stability of measure-
ment, a large number of observations is necessary.
Since this can be obtained for small children only by
making observations near element¿ry schools at times
of school trips, observers were stationed near un-
signalized intersections a block from the school grounds.
Their positions were as unobtn¡sive as possible-in a
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Figure 1. Coding form.
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Schooì: USC Pedestrian Traffic Coûtroì
Porfomànce Test

C6r€nts:

Turni ng 0n ìy

parkecl car if possible; if not, thetr away from the corner
and as though waiting for someone. The children gave
no evidence of awaretress of the observers.

During the development of the form, several ob-
servers coded together and checked their agreement
after each individual pedestrian. Where frequent dis-
agreement occurred, the instructions were cÞrified
and the obset'vers given more training. In some cases
some less critical behaviors were eliminated because
the observers could not handle the attentional overload.
In other cases, some procedural rules helped, for
example, check for traffic when the child to be ob-
served was 3 m from the curb. This assured that the
action was not submerged in behaviors that required
close attention once the pedestrian reached the curb.

Initial training of observers was done by using
videotapes of clúldren crossing near schools so that
disagreements could be discussed and resolved by re-
viewing the tapes. However, some aspects of the situa-
tion (traffic or danger) were not clear. Training then
progressed to the coding of adult behavior (because of
convenience of location) and, finally, to coding, in
groups of two or more, the behavior of children on

school trips, with discussion after each pedestrian was
coded. The training required two weeks a-fter the final
form was approved, coding for 30 min before school
and 20 min after school. As usual, the most difficult
behavior to code was search. The coding rules re-
quired a definite head movement in the direction of
search. Whereas it can be argued that eye movement
may sometimes be sufficient if scanning occurs early
enough, for children, at least, short-term memory is
probably not sufficiently good to make this strategy
safe; it is doubtful that it is safe eve¡r for adults, except

Orìgrom o1-In æ rec-t i ø : 

-
(lncìudc t of xu¿ìks E 5.[.)

DAIIGTR

t4idblock / (taì ìy)
' - Ic ìirT----To¡s trrctìõnf
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in situations where very few vehicles are in view. Eye
movements of more than about 15o engender head move-
ments reflexly, so proper scanning when in the vicinity
of the curb would normally involve head movements. It
is recognized that search is only part of the process of
search and detect, but only search can be observed
unobtrusively and in normal situations. Detection is
impossible without search; hence, if search is found to
be deficient, \rye can assume that detection is deficient
also, though the reverse carurot be argued.

INTEROBSERVER RELIABILITY

The interobserver reliabilities wet'e based on the coding
of the same pedestrians by two observers. In this case
there was, of course, no communication between them.
Two sets of observations are available: one taken after
initial training and just prior to the pretest in a cur-
riculum evaluation study and the other taken about four
weeks later, after a few days of ref¡esher training,
just prior to the posttest measurements. These data
are given in the table below. The statistic used, Cohen's
Kappa (?), corrects for chance agreements. A Kappa
of 0.60 is satisfactory; hence, these data show high
reliability for this technique.
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EVALUATION OF A PEDESTRIAN
SAFETY CURRICULUM

The performance measures described were used as
the performance criterion in an evaluation study of the
California Pedestrian Safety Curriculum. The observa-
tions were made of a sample of children at several
losations at each of eight schools at two points in time,

Table 1. Number of children observed at ¡nterssctions.

Trained Children Contro¡ Children

School Pretest Posttest School Pretest Posttest

Table 2, Analysis of posttest frequencies of pedestrian
intersection behaviors for trained and untrained children.

Trrìined Group Untrained Group

Correct
ß,)

3

about four weeks apart. Individuals are not identified.
It is assumed that the same children pass a given point
each day, with minor exceptions. The sampling occurs
when children arrive in groups. Then the observer
selects one for coding. The target child is varied from
one group to the next for position in the group, size
(age), and sex.

The design of this study was a pretest-posttest con-
trol group design, stratified by socioeconomic level.
Volunteer schools were stratified into high or low
socioeconomic status and then eight were randomly as-
signed to training or control groups. The group from
which these schools were selected had been identified
as having the most pupils who walk to school. lwo
observers, assigned to different locations, coded at
each school. The observations were made during the
two weeks preceding the month-long pedestrian salety
training program and during the two weeks following it.
Table 1 gives the numbers of pedestrians coded by
school and by group for the pretest and posttest. A
total of 707 children were observed for the pretest and
8?0 for the posttest. The discrepancy is attributed to
a heat wave that occurred during the pretest; there is
no reason to believe that this affected the trained and
c ontrol groups difïerently.

Table 2 presents the posttest frequencies of the more
critical behaviors. The proportion of children who
performed correctly is of greatest interest here. In
search (certainly the most critical behavior) only 40
percent of children searched left before they moved
into the traffic lane. Back search, to detect potential
turning vehicles, was made by a meager 5 percent, and
right search was made only about 25 percent of the
time. These figures are no different from those ob-
tained in the pretest. Also of prime importance is
stopping at the curb before proceeding, since that gives
time for detection by both pedestrian and driver. Only
25-30 percent of the children did so. In addiHon, 20
percent of them stepped into danger. At intersections
30 percent of children ran across the street and 10 per-
cent played as they crossed. Midblock crossings were
very frequent-almost half as many as intersection
crossings-and the majority of these occurred where
vision was obstructed by parked cars. Table 3 shows
this analysis.

The proportion of children crossing incautiously is
thus appallingly large. Srnce the school trip probably
represents the greatest exposure for young children, it
is amazing that more are not hit. Reiss has suggested
that the tendency to walk in groups makes tlrem rnore
visible to drivers Q). Somewhat more than 60 percent
of our pedestrians walked in groups. Our observation
during three studies at elementary school sites during
six months of field work was that drivers behave more
cautiously in the neighborhoods of schools at tl¡e times
when children may be e4pected to be walking there and
when they see several groups of children. The fact
that the largest number of fatalities to child pedestrians
occurs after school hours has led to ttreorization that
children are more distracted then by play and interest-
ing events. However, our data indicate that children's

Coder
Pair

Before posttest

Number of
Observations Sgpee

0.76
o.74
0.89
0.80
o.82
0.82
0.77

2,4 69
1,3 147
2,3 90
1,4 139
f ,5 317
3,5 149
4,5 154

e
f

h

a
b
c
d

Totâl

89 80
t47 143
r5 46

120 102

3?l 3?1

1?6 194
25 80
92 151
43 14

336 499

Belìåvior r
Corrcct
(4, N

Left search
Yes
No

Right search
Yos
No

Bâck search
Yes
No

Stops at curb
Yes
No

Steps into danger
Yes
No

Walks or runs
Walks
Runs

Stays within
crosswalk

Yes
No

Plays in street
Yes
No

148 41 204
223 295

98 29 146
273 353

24525
347 4't4

93 32 159
278 340

72 20 98
299 401

21t 69 346
100 153

0.?9

4.80b

0.01

r.42

3.33

0.23

298 85 424
?3 15

32 r0 48
339 451

'ln all cases df = l.
bp < 0.05.

Table 3. Analysis of midblock
crossings. Obstructed C¡'ossings Clear Crossings Total

Group Pl'etost f'fof'
TIainc(l
Corìtrol

Total

5t
6l

20.17 112

177 208
131 244

1.34 308 452 9.63

44
39

83

126 t64
'10 205

196 369

'dl = l, r)bdl-l,p
'df=l,D

0.005.
0.00r.
o.25.
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traffic behavior is extremely hazardous even under the
best of circumstances. This is true even after training
in a program that is both more intensive and more
focuÀed on critical behaviors than most lsee Jones and
Fleischer ($ for a full reportJ.

CONCLUSIONS

Observations of critical pedestrian behavior have þeen
shown to be highly reliable, provided (a) observations
are limited to a small number of behavioral events at
a time, (b) the behaviors are unambiguously defined,
and (c) the observers are highly trained. Although the
data reported were obtained on children, adult behavior
can be coded as easily. If it is desired to look at otler
special behaviors, they can be carefully defined and
substituted for any of those used here, since adding ob-
servational categories will overload the observers and
destroy reliability. Training of observers must be con-
tinued until the index of agreement (Kappa) reaches a
satisfactory level. With these provisos, this method
of structured observation can provide the behavioral
criterion necessary for the evaluation of pedestrian
countermeasures.
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Use of Pedestrian Conflict Analyses for
Hazard Assessment in School Zones
Charles Y. Zegeer, Dennis A. Randolph, Mark A. FIak, and Rathi K. Bhatacharya

The purpose of th¡s study was to develop and test a traffic conflicts
procedure to assist in the early ident¡fication of hazardous school-zone
locations. Various pedestrian conflict types and severit¡es were used to
collect data and analyze 10 school-zone sites ¡n the Rochester School
District, Mult¡variate linear regression techniques resulted in high cor-
relations between pedestrian conflict levels and site-related traffic and
highway variables. A subjective danger index was developed based

on various pedestr¡an confllcls and events. The 10 school'zone locations
wsre priority ranked based on danger index and other conflict measures.

A systemat¡c flowchart procedure was used to help select s¡te improve'
ments based on conflict types, salety deficiencies. and corresponding
safety improvements. Although pedestr¡an conflicts were found to be

related to known hazardous condit¡ons at the test sites, the relationship
between pedefrian conflicts and pedestrian accidents has not been
quantified. Further testing of accident-conflict relat¡onships is

recommended.

The interaction between pedestrians and motor vehicles
results in a serious and costly toll of young lives each
year. In the United Süates, the pedestrian fatality rate
for young school children (5-14 years of age) is ap-
proximately b fatalities/loo 000 popuÞtion. Only the
fatality rate for pedestrians over 65 years of age
exceeds this rate. In addition, during 19??, there
were approximately 1330 pedestrian fatalities among

school children in the 5 to l4-year-old age group. An
additional 34 000 pedestrians in this age group were
injured (1). The school walking trip represents between
10 and 2frpercent of the young pedestrian accidents, or
10 000-20 000 accidents annually Q).

Developmental factors have been found to affect a
child's safe conduct in traffic. Among the factors are
the following:

1. Misunderstanding by children regarding traffic
rules and the physics of an automobile,

2. Lack of experience and limited judgment in traffic
situations,

3. Restricted visibility due to a childrs small size,
4. Limited powers of concentration, and
5. A child's tendency to be pÞyful and impulsive

(9,Ð.

The vehicle and roadway also contribute considerably
to the safety problem. One West Virginia study found
that the most significant factors of influence on school-
zone speeds were the approach speed limit, the distance
of school buildings from the roadway edge, traffic vol-
umes, and the tength of school zones (S. The control
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of such vehicle speeds in school zones is often quite
difticult. In one study, regulatory school signs with
flashers (SCHOOL-25 MPH WHEN FIASHING) were
evaluated in terms of speed reduction during fÞshing
periods for 48 school zones. Average speed reductions
were only 5.8 km/h (3.6 mph), and motorist compliance
with the 40-km/h (25-mph) limit was only 18 per-
cent Q).

Many safety engineers have found that adequate
pedestrian accident daüa are usually not available for
proper identification of specitic Ìrazardous school
locations. Pedestrian accidents are extremely rare
events and are virtually impossible to predict based
merely on the accident history of a site. An extremely
dangerous school zone may go unnoticed for years by
school and highway officials if no pedestrian accidents
have occurred. In many cases, no improvements will
be made at such school-zone locations until a child is
killed or severely injured by a motor vehicle. A
methodology was needed to assist in the early identifi-
cation of school locations that have a high potential for
pedestrian accidents. Actions can then be made to
reduce the chance of such pedestrian accidents. In
many cases, the early detection of potential accidents
can lead to a simple or low-cost improvement that will
greatly improve pedestrian safety near a school.

At the direction of the school board of the Rochester
School District, a study was undertalren during 1979
that had as its major objective the improvement of the
safety of school trips on highways in the vicinity of local
school areas. In order to attain this objective, a com-
prehensive traffic study was formulated to (a) analyze
the existing and potential factors that cont¡ibute to the
safety of the school trip, (b) identify school-trip safety
needs on a districtwide priority basis, (c) recommend
short- and long-range improvement programs, (d)
develop cost estimates for improvements, and (e)
identify possible funding sources to enable implementa-
tion of the recommendations.

O¡re of the safety analysis techniques developed and
used in the Rochester School study was a pedestrian
conflict methodology. By use of this conflict technique,
the type and severity of pedestrian hazards was deter-
mined by quantitatively recording vehicle and pedes-
trian actions and interactions in school zones. Three
basic assumptions were used for developing a pedes-
trian conflict procedure for school zones. First of
all, an accident that involved a motor vehicle and a
child pedestrian is a catastrophic event and should be
prevented, if possible, by identifying and correcting
locations where such accidents are likely to happen.
Second, in the aþsence of sufficient accident data, the
observation of near accidents þotential accidents) and
unsafe pedestrian actions can provide useful informa-
tion concerning Iocational hazards and the need for
safety improvements. Finally, a careful analysis of
pedestrian conflict data at selected school zones also
requires the use of other appropriate traffic and geo-
metric information to assist in identification of loca-
tions and recommendation of appropriate safety im-
provements.

TRAFFIC CONFLICT PROCEDURES

Traffic conflicts are considered to be possible measures
of accident potential and operational problems at a high-
way location. A con-flict occurs when a driver violates
a rule of the road or males an aggressive movement.
Conllict sh¡dies may be treated in terms of objective
criteria. They allow for the collection of an adequate
data sample in as little as a few hours of observation.
Operational problems found in this way may be resolved
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before accidents occur. Conflicts also may be used
to make quick evaluations of changes in road design,
signing, signalization, and the environment.

In 1967, the first formal procedure was published
for identifying and recording tralfic cor¡flicts at inter-
sections. The technique was developed by Perkins and
Harris of General Motors (GM) Corporation and is
commonly referred to as the GM technique (!). In 1969,
a procedural manual was written by Perkins to give
additional information for the collection of contlict data
(!). The GM technique has gained widespread ac-
ceptance in recent years, with minor modifications,
and is the basis of conflict studies used by several
highway agencies, including those of Washington,
Virginia, and Ohio ($.

The GM technique identifies five major classes of
traffic conflicts: (a) left turn, (b) weave, (c) cross
traffic, (d) red-light violation, and (e) rear end. Within
these broad categories, 23 specific con-tlict types are
recorded on a standard data form. Three conflict types,
defined by GM, are related to pedestrians (!):

1. Single vehicle-pedestrian conflict-A single ve-
hicle slows or ureaves to avoid a pedestrian who is
crossing the roadway.

2. Pedestrian rear-end contlict-O¡re vehicle closely
follows another; the lead vehicle slows or stops to avoid
a pedestrian who is crossing tìe street, and the vehicle
following brakes or r,veaves to avoid the lead vehicle.

3. 'vVeave pedestrian co¡rflict-Two vehicles travel
in adjacent lanes; the lead vehicle weaves to avoid an
illegal pedestrian, thereby encroaching on the path of the
vehicle in the adjacent lane, which causes it to bra"ke
or weave.

A conflicts procedure was developed in Kentucky in
197? that allows for the collection of pedestrian viol,a-
tions and bicycle conflicts (10). AII three t¡pes of
pedestrian conflicts could possibly give an indication of
potential accidents between vehicles and pedestrians.
The later two conflict types may also provide informa-
tion on the potential for vehicle-vehicle accidents. The
three pedestrian contlict types and the other co¡rflict
types described above might be adequate for an overall
conflict study at individual intersections; however, they
were not considered to be sufficient for an analysis of
pedestrian safety in school zones. Greater detail of
pedestrian and vehicle actions are needed to better
assess the level of pedestrian bazard.

DEVELOPMEI{I OF A
METHODOLOGY

A preliminary field investigation was made at several
school-zone locations in the Rochester School District
during peak pedestrian periods. Notes were made as
to the events that could signify a pedestrian safety
problem. A total of 13 such conflicts and events were
defined to be appropriate for further testing:

1. Vehicle slows or stops for pedestrian-A pedes-
trian crosses the street in front of an approaching ve-
hicle, causing it to slow or stop; bralelights are ob-
served to signify the slowing of the vehicle.

2. Vehicle slows or stops for previous pedestrian
conflict-A vehicle following is forced to slow or stop
for a lead vehicle that has slowed for a pedestrian.

3. Vehicle \ryeaves for crossing pedestrian-A
pedestrian crosses the street, causing an approaching
vehicle to weave around him or her.

4. Vehicle brakes or \ryeaves for standing pedes-
trian-A vehicle brakes or weaves around a pedestrian
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who is standing next to tlte roadway waiting to cross the
street.

5. Vehicle þrakes or weaves for pedestrian walking
on shoulder-A pedestrian walking either with or against
tralfic causes a vehicle to brale or uteave.

6. Vehicle disregards crossing guard-A vehicle,
passing through a school zone, disregards a stop indica-
tion by the crossing gpard by swerving around children
or the crossing guard.

7. Turn cor¡flict-A vehicle turns into a driveway
or side street and must slow for a crossing pedestrian.

8. Pedestrian runs across street-A pedestrian
runs across the street as a car approadtes, but the ve-
hicle is not forced to brake or rfleave.

9. Pedestrian stops in street-A pedestrian
maneuvers through traffic and must stop in the median
or in the center of roadway to await an adequate gap
before completing his or her crossing.

10. Traffic signal violation-A pedestrian crosses
againsi tl¡e traffic signal at a signalized intersection.

11. False st¿rt across street-A pedestrian starts
into the street and, realizing an error in judgment,
must retreat to starHng point.

12. Ja¡nualking-A pedestrian crosses the street in
violation of appropriate crosswalk locations.

13. Total pedestrian volume crossing street-The
number of pedestrians crossing t¡e street within the
shcool zone, where they may be erçosed to approaching
vehicles, is counted.

A standard data form was developed for the recording
of these pedestrian conflicts and events, as shown in
Figure 1. The first 11 categories of conflicts and
events can be assigned a subjective rating based on its
nearness to an accident. A routine conflict is a cor¡flict
that is judged to be not very close to an accident. A
moderate conflict involves a quick maneuver by a ve-
hicle or pedestrian, such as an abrupt vehicle decelera-
tion or swe¡rve, as subiectively rated by the observer.
A severe conflict (near-miss accident) is an event where
an accident is barely avoided due to a last-second re-
action by a driver or pedestrian.

These tlree severities of pedestrian cor¡flicts were
defined to closely correspond to the time-to-accident
(TA) or time-to-collision (TC) concept, as developed by
Hayward in 19?2 (Ð a,td Hyden in 19?5 L19. TA or TC

Figure 1. Data collect¡on form for pedestr¡an events.

Iócation
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is the time required for two vehicles (or a vehicle and
a pedestrian) to collide if they continue at tleir current
speeds and dlrection. A high TA (e.9., above 3 s)
represents a small amount of danger since ample time
is available to react and avoid a collision. A low TA
(below I s) indicates tltat extreme evaslon reaction is
necessary to avoid a collision (!Ð. In ttris study, a TA
of appro:dmately 1 s or less was termed a severe
conflict and a TA of about 1-1.5 s was termed a moderate
conflict. Conflicts that have a TA of greater than
abor¡t 1.5 s were termed routine. Slince conllict severi-
ties were classifled subjectively, variafi.on in TA among
observers was estimated to be as high as 0.5 s.

At many school-zone locatlons, safety problems exist
tl¡at are related to tl¡e school buses and vehicles that
load or unload school children. A separate data collec-
tion form was developed to record cor¡Jlicts and events
in such situations as follows:

1. School bus passes-a count of tl¡e number of
school buses tlnt pass tlrough the school zone,

2, School bnrs stops-a count of the number of school
buses that stop in the school zone to load or unload
school children,

3. Slow for bus confllct-the number of times that
one or more vehicles must slow for a school bus in the
school zone,

4. Stop for bus co¡¡flict-the number of times tltat
one or more vehicles must stop for a bus ln the school
zone,

5. ¡llegal bus passes, same direction-the number
of vehicles traveling in the same direction that unlaw-
fully pass a stopped school bus,

6. Illegal bus passes, opposite direction-the num-
ber of veÌ¡icles travellng in the opposing direction that
unl,awfully pass the school bus, I

7, Slow for loading or unloading vehicles-the
number of events where one or more vehicles slows
behind a vel¡icle that is loading or unloading a school
child,

8. Stop for loading or unloading vehlcles-the num-
ber of events where one or more vehicles stops behind a
vehicle that is loading or unloading a school child, and

9. Weave for loading or unloading vel¡lcles-the
number of events where one or more vehicles weaves
around a loading or unloading vehicle.

obsener Date 
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I = Routine' r = Motlerate, O= severe
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DATA COLLECTION PROCEDURE

Data were collected at each approach to the school zone
by trained observers during times of peak pedestrian
activity. For example, if school activity began at
8:00 a.m. and ended at 2:66 p.m., data were col-
lected from about 7:30 to 8:00 a.m. and from 2:50 to
3:30 p.m. Generally, 30-60 min of dala per location
each day was found to be representative of day-to-day
pedestrian volumes and conJlicts.

Data were normally collected in 5-min intervals,
and a single observer was generally able to handle both
forms for one direction of vehicle travel. Two ob-
servers are typically used to observe all necessary data
during a counting period rvithin the school zone. Care
was tal<en to avoid double counting of pedestrian cross-
ings and other events. The school zone vrras generally
divided into two sections for counting purposes in order
to resolve this problem.

Observers were stationed inconspicuously off the
roadway edge to permit observation of the entire school
zorue, For unusually long school zones, where sight
distance was limited, additional observers or extra
counting periods were required and the school zone was
separated into several segments. At least 30-60 min
of useful data about pedestrian activity was considered
necessary for these sites. Both morning a¡d a^fternoon
counting periods were desired, as',vell as any other
activity times (e.9., Iunch and recess) if appropriate.

As a general rule, data collection and analysis efforts
represented a relatively small amount of time, amount-
ing to approximately trvo to four person-hours per loca-
tion. This will differ, dependent primarily on the
pedestrian and vehicle activity, the length of the school
zone, the duration of pedestrian activity, and the travel
time to the site. Daüa analysis averaged only about art
hour per site and varied, depending on data charac-
teristics.

CONFLICT SUMMARIES

The 10 locations selected for collection of conflict data
were thought to be particularly hazardous, as deter-
mined by (a) citizen compÞints, (b) vehicle volumes
and speeds at the locations, (c) volume of pedestrian
street crossings, (d) level of existing pedestrian pro-
tection (crosswalks, crossing guards, and pedestrian
signal phases), and (e) preliminary field inspections of
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all locations for possible locational deficiencies (such
as sight-distance restrictions).

The 10 school zones are listed in Table 1 and include
four elementary school zones, three junior high school
zones, and three senior high school zones. Lengths of
the school zones ranged from 169 m (550 ft) to 406 m
(1320 fÐ. Data were collected during the spring of 19?9
at peal< pedestrian times, and the other pertinent infor-
mation in the table includes the school name, street of
the school zone, cross street, dates of data collection,
and data collection times.

The numþer of routine, moderate, and severe con-
flicts for each event are given in Table 2 for each of the
10 school zones. The data collection times at each site
ranged from 15 to 85 min. At most sites, each of the
pedestrian activity periods lasted only 10-20 min, and
only one to three days of such data were found to be
necessary to represent the level of conJlicts at a site.
For the 10 locations combined, the most common events
were the following:

1. Slow or stop for pedestrians-8O routine, 30
moderate;

2, Pedestrians running across the street-85 routine,
14 moderate;

3. Previous conJlicts-43 routine, 5 moderate, 1

near miss; and
4, Pedestrian stopping in road-4O routine, 1

moderate.

Of the 1113 pedestrian crossings recorded, 255 were
jaywalkers. Five near-miss accidents (severe con-
flicts) rvere observed at Reuther Junior High School in
30 min of data collection.

I¡r order to compare numbers on an equivalent time
basis, events were summarized by total number per
hour per site (Table 3). The greatest numbe¡ of cross-
ings per hour occurred at Ewell Elementary (397) and
at Reuther Junior High (258). Total conflicts per hour
were also computed for each category of event and con-
flict. The most common events þer hour per location)
were jaywalking (46.5), running across street (19.õ),
slow or stop for pedestrian (15.3), and stop ín medían
(8.7). Not all types of conJlicts and events rvere ob-
served during the dat¿ collection periods.

Of the 10 school zones selected for tl¡is study, only
one location (Woodward Elementary) had a problem with
the loading and unloading activities of children near the

Table 1, Characteristics of school-zone test
sites.

Section
Length

Cross Street (rn) Date Time
Section
Number School StÌeet

1 ReutheÌ Junior Aubur¡r
High

2 Rochester Senior Livernois
High

3 Rochester Senior Walton
High

4 west Junior Old Perch
High

5 woodward Pine
Elernertary

6 Disco Ele¡¡en- 23 Mile
tarY

? Ewell Elemen- Shelby
tary

8 Ewell Ele¡nen- 23 Mile
tarY

I Van llooserì Adâms
Junior High

10 Adanìs Senior Tienken
High

Culbertsorì- 229
weavertôrì

walton toward 2'14
Willovgrove

Livernois to- 244
ward Rockdale

Belle Verron- 174
Ansal

Drace-Ferndale 229

E. Robinwood- 168
w. Robinwood

23 Mile-Van 174
Buren

shelby-Mile 287
En<l

Mohawk- 402
Potomac

Adams toward 3l?
Medinah

ã-31-?9 3:50- 4:00 p.m.
6-8-?9 3:50- 4:10 p.m.
6-1-?9 2:30- 2:45 p.m.
6-8-?9 2:25- 2:40 p.m.
6-8-?9 2:26- 2:40 p.m.

5-31-?9 3:00- 3:20 p.m.
6-1-?9 3:00- 3:20 p.m.
6-5-?9 2:5ã- 3:25 p.m.

6-?-?9 8:40- 9:05 a.m,
6-?-?9 3:05- 3:25 p.m.
6-6-?9 8:00- 8:30 a.m.
6-?-?9 3:05- 3:25 p.m.
6-6-?9 8:00- 8:30 a.m.
6-?-?9 8:00- 8:30 a.m.
6-?-?9 3:05- 3:25 p.m.
5-31-?9 2:3ã- 2:45 p.m.
6-5-?9 l2:15- 1:00 p.m.
6-8-?9 12:1ã-12:45p.m.
6-8-?9 12:1ã-12:45p.m.

Note: lm=3.28ft
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Table 2. Summary of pedestrian conflicts and events by site.
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Slow or
Slow or Stop for
Stop tor Pedestrians,
Pedestrians Previous

Weave
Around
Pedestrians

Pedestrians
Pedestrians Stop in Me-
Run Across dian or on
Street Centerline

Crossing Total Pedes-
Against Sig- trian Volume
nal or Jay- Crosslng
wâlking StÌeet

False
Stop
Across
StreetTotal

Time
School (min)

129
85
1l

102
't1
43

331
299

34
2

1113

56
85
11
?3

I

6
2

5

120
_2

401131255

61
29

3
2

292
15 tl
I

20

I

3

85

I
A

30
I

43514

58
10 19

2

51
4

11
41
22

80 30

130
230
3 r5
440
530
645
? 50.
880
985

10 30

Total 435

52
2

I

t

14

Note: R =.out¡ne; M = modetate; N = near m¡s!.

main school entrance. Ten events per hour were ob-
served to involve vehicles unlawfully passing school
buses. At the same site, 12 private vehicles per hour
were noted loading or unloading children, which re-
sulted in two conflicts per hour.

Relationships Between Conflicts
ffi
An ideal analysis would have been a comparison of the
pedestrian con-flict measures with pedestrian accidents
at the school sites. This would have allowed for the
determination of whether pedestrian confücts are
statistically related to pedestrian accidents at the test
sites. However, since virtually no pedestria¡ accident
data were available for analysis purposes, this was not
possible.

Although such a conflict-accident analysis was not
possible, conflict measures were compared with known
hazards. For example, past experience suggests that
the degree of pedestrian hazard may increase for a
combination of variables such as many pedestrian street
crossings, a high traffic volume, a low number of ac-
cepüable vehicle gaps, and high vehicle speeds. If a
pedestrian conflict measure is found to be highly related
to combinations of such known pedestrian hazards, then
pedestrian conflicts can be considered to be a useful
substitute for other subjective measures of pedestrian
danger (under certain conditions). However, not all
hazardous locations are also high-accident locations;
the relationship between pedestrian eonfticts and acci-
dents is still unknown and should be tested.

To test the relationship between pedestrian confticts

Table 3. Pedestrian conflicts and events per hour,

and various traffic and pedestrian variables, stepwise
multiple-regression analyses were used. The dependent
variables tested included the following:

1. Total pedestrian conflicts per hour (C),
2. Routine pedestrian conflicts per hour (C,),
3. Moderate pedestrian conflicts per hour (Cn,), and
4, Severe pedestrian conilicts per hour (C.).

The independent variables tested included the following:

1. Pedestrian crossing per hour (P),
2. Level of school (elementary, junior high school,

and senior high school, using assigned numerical values
for the three levels) (S),

3. Traffic volume per hour (V),
4. Number of acceptable vehicle gaps per hour (G),
5. Log (S),
6. Log (P),
7, Log (G),
8. Log (V),
9. Reciprocal of S,

10. Reciprocal of P,
11. Reciprocal of G, and
12. Reciprocal of V.

The analysis consisted of linear plots using the
Statistical Package for the Social Sciences (SPSS) com-
puter package. By use of a bivariate analysis technique,
total conflicts, routine conflicts, and moderate conflicts
were plotted separately against each of tlre other vari-
ables listed above. For total conflicts, the 12 values
ranged from0.03 þlottedagainst logof V) to 0.52 þlotted

Slow or
Stop for

Section Pedes-
Number trians

Slow or
Stop for
Pedes-
trians,
Previous

Weave
for Pedestrians
Pedes- Run Across
triâns Sireet

Pedestrlans
Stop in Me-
dian or on
Centerline

Jaywalking Total Pedes-
False Start Cross Not trian Volume
Across At Cross- Crosslng
Street wâlk Street

465
46.5

258
r?0

44
153
15{

5?
39?
224

24
4

1485
148.5

t2
4

I

I

25
2.5

l4
58
12

3

8',1

8.?

tt2
l?0

44
110

1l

14
4

62
52
36
30

t2

26
58
I
9

13
31

3

I
2
3
4
5
6

I
I

l0
J

*
19.5

;
0.8

16

ö
2

1

22
I

5?
5.7

Total *
Average 15.3
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against 1/G). The r2 values for routine conflicts ranged
from near 0.00 to 0.40. For moderate conflicts, the
best correlation rvas with 1/G, where the r2 value was
0.?9.

The seeond type of analysis was a ¡nultivariate,
stepwise regressiorr. I¡ this analysis, the com¡tuter
program was used to add the independent variables one
at a tirne, in an attempt to e4plain the variance in the
conflict values. Corresponding rp values were calculated
at every level in the process and are shown in the tabte
below.

I

a single numerical value, wNch would include the com-
bined effect of all severities of con-flicts and other
events, was necessary for each location. A priority
ranking of the locations was developed based on an
assessment of the danger level (danger index) of each
type of event.

By use of a Delphi session, the weighting factors for
each type of conilict was subjectively developed and
input into the form of a model to be used to describe the
danger level at a specific site. The events were grouped
into five levels, including the following:

1. Severe conflicts (S),
2. Moderate conflicts (M),
3. Routine conflicts (R),
4. Jaywalkers (J), and
5. Legal street crossings (C).

Weighting factors were developed for the five Ievels of
events based on average weightings assigned by the
Delphi participants. A routine conflict was preestablished
as having a weight of 1.0 in order to develop a basis for
comparison, and weighting factors were individually as-
signed to the other four events.

The danger index (DI) based on pedestrian conflicts
and events was developed as follows:

Dr =7.4(S)+2.8(M)+ 1.0(R)+0.7(J)+0.2(C) (l)

rvhere

DI = subjective danger index for a school-zone loca-
tion based on the weighted conflicts a¡d events
at the location (in terms of weighted conflicts per
hour),

S = hourly number of severe conflicts,
M = Itourly number of moderate conflicts
R = hourly number of routine conflicts,
J = hourly number of jaywalkers, and
C = hourly number of pedestrian crossings.

By using the DI equation, it is evident that a severe con-
flict is weighted as 7.4 times more serious than a routine
conflict. A moderate conflict is 2.8 times more serious
than a routine conflict, and jaywalkers and legal cross-
ings are counted as 0.7 and 0.2 timeS a routine conflict,
respectively. This equation allows for inclusion of
various types of events to compare the suspected hazard
of various locations.

Values of DI were computed for each of the 10 school
zones, as given in Table 4. The top priority location
was Liyernois Avenue at Rochester High School, which
had a DI of 399. The next two locations, in priority
order, were Reuther Junior High School (DI = 356¡ *O
West Junior High School (DI = 141¡.

The use of subjective rating factors as developed for
the DI (in the Delphi session) is not uncomrnon for high-

Stepwise
12 Value

Total conf licts Reciprocal of G O.52
per hour Log of P 0.64

Reciprocalof S 0.82
Log of V 0.83

Routine conflicts Reciprocal of G 0.40
per hour Log of P 0.58

Log of S 0.79
Log of V 0.83

Moderate confl¡cts Reciprocal of G 0.79
per hour

For total conflicts, four variables were included in
order of importance with a combined 12 of 0.83, as
shown above. A best-fit equation was also found for
total conflicts by using the reciprocal of G, log (P),
reciprocal of S, and log (V).

For moderate confücts, from 40 percent (using only
one variable) to 83 percent (using four variables) of the
conflict variation was explained (r' = 0.40-0.83). The
equation for moderate conflicts (C-) was also given as
computer output. Very low interrelationships were
found between independent variables in each analysis,
which supports the valiclity of including several of the
variables in the analysis.

This analysis showed that none of the defined vari-
ables alone c¿u be used to accurately e4plain total or
routine pedestrian conflicts. However, the value of
vehicle gaps 11/G) correlates weII wittr moderate con-
flicts (r' = 0.?9). When several of the variables 'were
combined, up to 83 percent of the variation in conflict
numbers was e4plained for the test sites. However,
care should be used in interpreting these results, due
to the limited number of locatior¡s (only 10 sites) in the
analysis. Different relationslúps might be expected if
the data base is expanded or if a different data base is
used. However, the analysis illustrated that pedestrian
conflict measures are related to known site-related
hazards for the sites tested.

Priority Ranking of Locations

A priority ranking of the 10 school-zone sites was de-
sired based on the pedestrian conflicts and events. Thus,

Table 4. Data summary for computation of Dl
and pr¡or¡ty ranking. Conflicts per Hour

Routine Moderate Severe

Volume of
Pedestrians,

Jaysâlkers Excluding
per llour Jaywalkers

Location
Number

Priority
Ranking

6

I
9

10

t02 26
t12 60
568
502
00

18 '0
200
530
44
00

112
1?0

44
110

0
11

0
0

14
4

10
0
0
0
0
n

0
0
0
0

146
0
0

43
154
46

39?
224

10
0

356.4 2
399.0 I
109.2 4
t41.2 3
30.8 I
34.9 ',l

99.4 5
9?.8 6
2'.t.0 I
2.8 l0
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way priority ranking formulas. For example, virtually
every state highway agency currently uses a method-
ology known as an adequacy rating (or sufliciency rating)
for the priority ranking of highway sections for maior
reconstruction. Nearly all of these adequacy rating
methods include subjective weighting factors for each
highway and traffic variable in the formuþ.

An e:<ample of subjective rating factors for priority
ranking of hazardous highway was developed by Taylor
and Thompson in a research project in 19?7 sponsored
by the Federal Highway Administration (FHWA) (1<Ð.

In that sh¡dy, a hazardousness index method was de-
veloped by using 10 different variables, including acci-
dent numbers, accident rate, accident severity, traffic
conflicts, erratic maneuvers, driver expectancy,
information-system deficiency, sight distance, and
volume,/capacity ratio. For each of the variables, a
weighting factor was used, based on tlte subjective
ratings of their importance by numerous highway safety
e>rperts in a workshop setting. The ranking of locations
was based on the available data variables and their sub-
jective weig:htings (14).

Care should be t*en in the interpretation a¡rd use of
the DI. Due to the limited available data base, the value
of DI car¡not be used as a measure of accident potential.
Further research is necessary to determine whether
there is a significant reÞtionship between pedestrian
accidents and the pedestrian DI. The DI value was used
only as a priority ranking tool based on pedestrian con-
flicts and events. A DI value of 300 is not necessarily
three times as hazardous as a DI of 100.

A pedestrian conJlict study is only one of many
engineering studies that should be made at school zones
to identify safety problems and to select safety improve-
ments. Other important engineering studies should also
þe conducted, such as the following:

1. Vehicle volume a¡¡d gap studies,
2. Sight-distance studies,
3. Vehicle speed studies,
4. Iaventory of traJfic control devices,
5. Availability of pedestrian facilities,
6. Geometrie deficieneies of the roadway, and
7. Other studies.

Figure 2. Flowchart of ¡nterrelat¡onsh¡ps between
conflicts, locational deficiencies, and cand¡date safety
¡mprovements.

( ) = TYPe of confrict or Êvent

n 
= Type of operationaL or Geometric Deficiency
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Improvement Selection by Using
Conflict Dala

By using the data collected from the conflicts and events
as given in Figure 1, the most appropriateimprovements
for implementation can be selected. A chart was de-
veloped for use in this procedure, as shor,vn in Table 5,

which provides a summary list of conflict types, defi-
ciencies, and improvements. The predominant types of
conflicts and events should first be recorded for a site.
Next, the corresponding geometric or operational deti-
ciencies causing the specific cor¡flict (column two) should
be identified. From the list of deficiencies, a list of
appropriate safety improvements can be determined.

To illustrate the interrelationsNps between events,
deficiencies, and improvements, a flowchart was con-
structed, as shown in Figure 2. For example, the four
conflict and event types identified were slow or stop for
pedestrian (item 1), pedestrian run across street (item
4), pedestrian stop in median (item 5), and jayrvalking
(item 8). Those four items are each given in circular
nodes at the top of the flowchart.

The next step is to identify the deficiencies that cor-
respond to eaeh event at the specific school zone, which
requires a knowledge of the study site. Square nodes
represent tJre five deficiency types (items Lr2r3r5, and
8) as listed in Table 5. Conflict type 1 (slow or stop for
pedestrian) was caused by high-speed vehicles (defi-
ciency node 1) and inadequate vehicle gaps (deficiency
node 3). Arrows are drawn from each predominant
conJlict type to corresponding deficiencies (square
nodes).

Finally, the five selected improvements (items 6, ?,
8,10, and 13) are given as triangular nodes on the
t¡ôttom level of the flowchart. Arrows are then drawn
from each deficiency to the coresponding safety im-
provement. For example, deficiency number 2 (high

þedestrian volumes) is taken into account with four dif-
lerent improvements (items 7r 8, 10, and 13). Deficiency
8 (vehicles disregarding crossing guard) was addressed
only with improvement number 6 þolice enforcement).

The example illustrated above represents the location
of Livernois Road near Rochester High School. This
Iocation was the top-priority location in this study based
on the DI. Different interrelationships were also found
for other locations. Such a flowchart will help to ensure
that locational deficiencies are identified for subsequent
selection of appropriate safety improvements.

CONCLUSIONS AND RECOMME NDATIONS

A pedestrian conllict procedure was developed to assist
in the identification of hazardous school zones in the
Rochester School District. The follorving conclusions
were reached based on the analysis results. Specific
conflicts and events that were observed to occur in 10

school zones under study were defined and tested. Nine
other conflicts and events were also defined and tested
as related to school buses and other vehicles used to
transport children. Severities of all conJlicts and
events were recorded with respect to nearness to an
accident.

Pedestrian conflicts tvere found to be related to
krrown tra-tfic and pedestrian variables. This indicated
that pedestrian conflicts can provide useful inJormation
concerning known pedestrian dangers in school zones.
A DI formula rvas developed based on the subjective
weightings of five severities of pedestrian events. This
formula was used to priority rank the 10 school zones
based on suspected degree of hazard. The reÞtionship
between the DI and pedestrian accidents could not be

A = Type of ÀpPropriate safety rnprovenent
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Table 5. Listing of conflicts, locational deficiencies, and candidate safety improvements.

11

Conflict or Event
Operational or Geometric
Deficiencies

Appropriate Safety
I¡nprovements

3.
4.
5.
6,

t.
8.

L
10.
ll.
12,

13.

14.

15.

16.

1. Slow or stop for pedestrian
2. Slow or stop for pedestrian-

previous

l. High vehicle speeds
2. High pedestrian crossing volunre
3. Inadequate vehicle gaps
4. Insutficient pedestrian control
5. Pedestrian crosswalk needed
6. Limited sight distance
?. Pedestrian sig¡ral phase ùeeded
8. Vehicles disregard crossing

guard
9. Vehicles ignore speed limit

10. Random stÌeet crossing
11. Wide street with insufficient

gâps
12. Pedestrian crossirìg from be-

hind parked cars
13, Pedestrian disregard of traffic

control
14. Insufficient Þarent pa¡king area
15. Insufficient bus parking area
16. No s¡dewalk
1?. No shoulder or sidewalk
18. lnoperative pedestrian control
19, Worrì sclìool signs
20, Worn pâvement markings
21. Unwarra¡rted tratfic control

devices
22. Others

1. Install regulatory speed limit
signing

2. Instâll warning signs
3. Pâint pavement markings
4. Prohibit curb parking
5. Construct pedestrian over-

pass
6. Iniiiate police speed en-

forcement
?. Construct sidewalk railiùgs
8. Pâitrt Þedestrian crosswalk
9. Use crossirìg guard

10. Install pedestria!ì midblock
signal

11. Install pedestriaÌì signal
phase

12. Construct wide rnedian for
pedestrian refuge

13. Safety education for
chiklren

14. IDitiâte d¡'iver awareness
training

15. Construct parking drop-off
. areas for buses
Construct parking drop-otf

areas for vehicles
Construct sidewalks
Maintenance control device
nemove unwarranted sigrìs,

markings, and signals
Additional school bus usage
Others

weave for pedestrian
Pedestrian run across street
Pedestrian stop on median
Intersection crossing against

light
False start across street
Jaywalking
Slow for bus
Stop for bus
Weave around bus
Vehicle stop to unload

children
Slow for unloading vehicle-

previous
Weave for unloading

vehicle
Vehicle brakes or weaves

for stânding pedestrian
Vehicle brakes or weâves

for pedestrian wâlking
on shoulder

Vehicle disregards cross-
ing guard

Turn conflict

1?.

18.

16.

t7.
18.
19.

20.
2t.

tested due to the unavailabitity of sufficient accident
data.

A flowchart met¡odology was described to simplify
the task of relating observed pedestrian events to cor-
responding locati onal deficiencies and appropriate safety
improvements. Various other highway and tra-tfic in-
formation is also needed to conduct the total analysis.

The refinement and use of this pedestrian conJlict
methodology deserves further research. In particular,
more data are needed at a large sample of school zones
to define other types of pedestrian events. The com-
parison between pedestrian confücts and pedestrian
accidents should also be made to determine whether such
a relationship exists.
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Development of a Conflicts Analysis
Technique for Pedestrian Crossings
Michael J. Cynecki

The purpose of the study described in this paper was to develop a pedes-

trian conflict techn¡que that will be useful in identifying hazardous loca-
tions and specific operational deficiencies at pedestrian crossings, A ma-
jor concern in the development of this conflict technique was flexibility,
ease of use, and the ability to develop countermeasures from the collected
data. The techn¡que defines 13 principal pedestr¡an conflicts that may
occur and uses different levels of conflict severity. A conflict data form
was constructed to assist in the collection of data. The applicability
and feasibility of th¡s confl¡ct technique was tested at five crossing loca"
tions in which a total of 25 h of data were collected. Although a signifi-
c¿nt amount of further testing ¡s required to provide conclusive results
on the usefulness of this conflict techn¡que, preliminary ¡nvest¡gat¡on
has ind¡cated that this procedure can yield information that is valuable
for the ¡dent¡f¡cat¡on of potent¡al safety hazards at pedestr¡an crossings.
The techn¡que may be used to develop countermeasures to reduce or
eliminate pedestrian accidents.

Traffic conflicts are a measure ofthepotential for traffic
accidents. A traffic conflict occurs when a driver takes
an evasive action to avoid a collision. In the past sev-
eral years there has been considerable work in analyzing
hazardous locations with conflict-analysis techniques,
including some attempts to relate the number of traffic
conflicts to the number of accidents at a location. This
technique has generated much interest in accidents that
involve vehicles with vehicles or vehicles with fixed ob-
jects; however, Iittle work has been conducted toward
the application of traffic conflict techniques to pedes-
trian accidents.

The purpose of a conflict study is to identify hazardous
locations and accident potentials so that these deficien-
cies may be eliminated before an accident occurs. This
is especially important in accidents that involve pedes-
trians, which often result in an injury or fatality. AI-
though less than 1 percent of all motor vehicle accidents
involve pedestrians, approximately l8 percent of all fa-
tality accidents in the United States are pedestrian ac-
cidents (l). This indicates that pedestrian accidents are
more seriere than the average accident. Beeause of this
severity, a conflict technique needs to be developed that
will identify hazardous locations and safety deficiencies
and assist in the development of countermeasures to re-
duce or eliminate pedestrian accidents.

The purpose of this study was to develop a conflicts
technique for measuring pedestrian accident potentials
and to identify operational deficiencies on roadways that
pertain to pedestrian safety. The pedestrian conflict
technique presented in this paper includes a description
of conflict classifications, a data collection procedure,
and a form for data collection.

crrêRAcTERrsTrcs oF A coNFLrcT
STUDY

A conflict procedure should contain certain characteris-
tics to be a useful tool to traffic engineers. These char-
acteristics or attributes include the following (2):

1. Safety-relatedness-Conflicts must be defined in
such a way that they are related to a safety problem or
an operational hazard. Some driver actions of braking
or changing lanes may be unrelated to a collision with
a pedestrian. These actions may be a response to a

traffic control device or to avoid a pothole. The con-
flict definitions must also not be too broad. If many
types of conflicts are combined into one category, it
will be difficult to identify a specific problem at a loca-
tion from the collected data.

2. Site-relatedness-The conflict definitions that are
used must be applicable to the location under investiga-
tion. For example, some types of conflicts may occur
only at intersections or at locations that have on-street
parking. This may call for defining many types of con-
flicts even though only a few conllict types may occur at
a given location.

3. Reliability-A pedestrian conflict procedure should
be valid and have a high statistical correlation with pe-
destrian accidents.

4. Repeatability-The procedure developed must pro-
vide consistent results from day to day and from loca-
tion to location (given similar conditions) or it will be
of little use. Another major concern is observer relia-
bility or the consistency of results between observers.
This is difficult because of differences in personal con-
cepts of a conflict. Therefore, special training may be
required to achieve observer reliability.

5. Practicality-The technique must be easy to use
and provide adequate results with a minimum of person-
power. One pitfall to avoid is the definition of too many
conflicts and assignment of too many sophisticated tasks
which may place unrealistic and unachievable demands
on human observers.

FACTORS INVOLVED IN
CONFLICT STT'DIES

Vehicle-pedestrian confLicts differ from vehicle-vehicle
conflicts in several ways. Pedestrian conflicts involve
various factors, some of which have little bearing in
vehicle conflicts. These differences need to be dis-
cussed and analyzed to develop a better understanding
of the relationships that are involved and to assist in
defining conflict types. Some of these fundamental dif-
ferences follow:

1. Vehicle-pedestrian accidents are not as numer-
ous as vehicle-vehicle (or vehicle-fixed object) accidents.

2. Accidents are considerably more severe when
they involve pedestrians. There is little chance of a
property-damage-only (PDO) accident when a pedestrian
is struck by a vehicle, and there is a very good chance
of a severe injury or fatality, particularly at high-speed
locations.

3. Many of the pedestrians involved in accidents
are school age, preschool, or elderly. Pedestrians in
these age groups may not have adequate knowledge of
highway safety, lack responsibility and maturity, or have
reduced eyesight and reflexes, which are factors in
many pedestrian accidents, Olt the other hand, motor-
ists must be at least 16 years of age and have good eye-
sight and health. Although this is not always the case
(i.e., drunk drivers), on the average, drivers should
have better eyesight and reflexes than children and el-
derly pedestrians.

4. The operation of a motor vehicle is considerably

'.'1 ..t
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more complex and involves many more distractions than
does the action of a pedestrian crossing a roadway.

5. Pedestrians are more maneuverable than auto-
mobiles in the actions of stopping and changing direc-
tions.

6. The speed differential between automobiles and
pedestrians is considerable. Automobiles usually travel
in speeds that range from 24 to 100 km/h.(15 to 60 mph);
pedestrian speeds average at about 5 km/h (3 mph).

7. Most pedestrian confl.icts occur at right angles
when pedestrians are in the action of crossing a road-
way. This is not the case with vehicle conflicts.

8. Pedestrians may access a roadway at almost
any point. Automobiles normally access a roadway at
specified points (i.e., other roadways, driveways, or
curbside parking spaces). Therefore, a motorist must
be cognizant of pedestrians at every point along a road-
way.

9. Sight restrictions may be more prevalent in pe-
destrian conflicts than in vehicle confliets. A pedestrian
is smaller than a vehicle and can access a roadway from
between parked cars and may be shielded from a motor-
ist until he or she is in the roadway (without giving the
motorist advance warning).

10. For nighttime conditions, vehicles have head-
lights, taillights, and running lights that make them
more visible to other motorists. Pedestrians are often
dressed in dark clothing and are more difficult to detect
at night.

11. Pedestrian conflicts and conflict severity can be
measured from the movements and reactions of vehicles
and pedestrians. When only vehicles are involved, con-
flicts and conflict severity can usually be measured by
watching the movements and reactions of only one ve-
hicle. The example of this is a slow-for-right-turn
rear-end conflict. The first vehicle slows for a right
turn while the second vehicle brakes or weaves to avoid
a collision. The conllict can only be viewed and mea-
sured by watching the second vehicle. When pedestrian
conflicts occur, a conflict can be viewed from the ve-
hicle's actions (braking or weaving) to avoid a collision
or from the pedestrianrs actions (stopping, changing di-
rections, or running),

Such items indicate that there is a significant difference
between vehicle conflicts and pedestrian conflicts.

The factors that play a part in the number and sever-
ity of pedestrian conflicts were investigated. Many of
these factors should be noted in the data collection pro-
cedure at the site to assist in the identification of hazard-
ous roadway features that should be eliminated. The
following list was developed to represent some of these
pedestrian conflict factors:

1. Traffic volumes,
2. Percentage of vehicles turning,
3. Right-turn-on-red regulations,
4. Traffic speeds,
5. Vehicle mix (percentage of trucks and buses),
6. Pedestrian volumes,
1. The relationship between pedestrian and vehicle

volumes,
B. Time of day and day of week,
9. Season,

10. Weather conditions,
11. Visibility conditions,
L2. Sight restriction,
13. On-street parking,
14. Road width and number of lanes,
15. Shoulder widths,
16. Pavement markings,
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L'|, Presence of a left-turn center lane,
18. Medians and pedestrian islands,
19. Roadway surface conditions (i.e., potholes or

drainage),
20, Geometrics (grade and horizontal and vertical

curvature),
21. The number of vehicle access points,
22. Roadway lighting,
23. One-way versus two-way operation,
24. Location of sidewalks,
26. Crosswalks,
26. Pedestrian warning signs or flashers,
27. Crossing guards,
28. Pedestrian age,
29. Enforcement of vehicle and pedestrian traffic

regrrlations,
30. Pedestrian barriers,
31. Grade separations,
32, Crossing location (intersection or midblock),
33. Number of legs at intersection and angle of in-

tersection,
34. Traffic control devices,
35. Pedestrian phasing at signalized intersections

(i.e., IVALK-DON'T WALK signs), and
36. School site selection.

Various sources have identified the above factors as
contributing factors in increasing or reducing the chance
of a pedestrian conflict (3-?). For example, at a sig-
nalized intersection whefeîhere is a high percentage
of vehicles turning, pedestrian crossing is impeded and
conllicts involving turning vehicles with crossing pedes-
trians wiII result. If right turns on red are allowed at
that intersection, the number of conflicts and potential
pedestrian hazards will be increased. \trider streets
cause longer crossing times for pedestrians, which may
increase the chance for a conflict. Other factors (such
as roadway geometrics or on-street parking) may cause
sight restrictions for motorists or pedestrians; features
such as warning signs and pavement markings may fore-
warn motorists of a crossing location and may assist in
reducing conflicts.

The types of confLicts used in this technique are de-
fined in the following section. The conflict definitions
are based on the manner in which the pedestrian accesses
the roadway (i.e., walking or running into the roadway,
walking along the side of the roadway, or walking in a
center left-hand turn lane), vehicle turning movements,
and vehicle and pedestrian violations of traffic signals.

Conflict Definitions

Slow or Weave for Walking Pedestrian

This is a conflict that occurs when a pedestrian accesses
a roadway at a normal walking pace (at a right angle to
vehicle traffic) and a vehicle weaves or brakes to avoid
a collision. This conflict does not include vehicles turn-
ing into the path of a pedestrian at intersection locations
or violations of a traffic signal by a motorist or pedes-
trian.

The occurrence of this conflict may, for example, in-
dicate a sight restriction for the motorist or pedestrian.
If this is the case, conflicts may be reduced by removing
sight obstructions or by improving warnings to motor-
ists of pedestrian access points or crosswalks. How-
ever, slow for walking pedestrian is a very general con-
fLict type that may indicate many diverse safety hazards.
Walking pedestrian (PW) conflicts may also be caused
by inadequate gaps in vehicle traffic, excessive street
width, excessive vehicle speeds, or too many pedestrian
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crossing locations. Thus, recording the type of conÍlict
alone may not indicate a specific operational deficiency.
Other data, such as condition diagrams, vehicle a¡d
pedestrian volume counts, and gap studies may also be
needed to determine the actual locational deficiencies.

When data are being recorded, one conflict should be
counted for each pedestrian who conflicts with each ve-
hicte. That is, if two pedestrians are walking across
the street and a vehicle brakes to avoid a collision with
both pedestrians, then two conflicts are recorded. If
a pedestrian causes a conflict with two passing vehicles,
then two conflicts are recorded. If, however, a pedes-
trian causes a vehicle to slow down and this action causes
a vehicle-vehicle conflict that does not involve the pedes-
trian, then only one of these conflict types is counted.
The remaining types of pedestrian conflicts are counted
in the same manner,

Slow or l[eave for Running Pedestrian

This conflict occurs when a pedestrian accesses a road-
way while running (at right angles to vehicle traffic).
This conflict is similar to the P\ry conflict in other re-
spects. A running pedestrian (PR) conflict may indicate
the existence of a similar type of problem situation that
a PW conflict indicates, except the degree of severity is
increased. This type of conflict is also very general in
description and the specific locational deficiency should
be further identified by collecting additional site-related
data.

Because younger children are more apt to run into a
roadway without due caution, PR conflict may occur more
often at a school crossing or near playgrounds. These
conflicts may be reduced by using crossing guards for
elementary-school-age children and by fencing off play
areas and, if possible, locating schools and play areas
away from major roadways. The conflict may also oc-
cur at crossings of very wide roadvtays or may indicate
the lack of gaps in traffic large enough to allow crossing'
Countermeasures may include the implementation of
pedestrian-actuated signals or pedestrian islands.

Pedestrian Walking or Running in the
Roadway with the Flow of Traffic

A conflict of this sort is a result of a vehicle weaving or
braking because of a pedestrian walking or running in the
roadway or on the shoulder in the direction of vehicle
traffic. Such conflicts may indicate the need for side-
walks or wider shoulders to safely accommodate pedes-
trian traffic.

A with-the-flow-of-traffic (WF) conflict may also
occur in areas of on-street parking due to pedestrians
accessing parked vehicles. Countermeasures for this
problem may include the reduction or the elimination
of on-street parking and the widening of parking lanes
and shoulders to safely accommodate pedestrians access-
ing parked vehicles.

Pedestrian lValking or Running in the
Road Against the Flow of Traffic

A pedestrian walking or running in the road against the
flow of tra-ffic (AF,) is similar to the I{F conflict with the
exception that the pedestrian is walking or running in
the road opposing the direction of traffic.

Diagonal Pedestrian Crossing

A diagonal pedestrian crossing (PD) conflict occurs when
a pedéstrian crosses a road ai an angle other than 90o
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to the flow of traffic. This type of crossing can occur
at midblock or an intersection. A PD crossing is a haz-
ardous situation because the pedestrian will be in the
roadway for a longer time interval and, if the road is a two- .

way street, the pedestrian will have his or her back to
traffic during a portion of the crossing.

This conflict may occur due to the offset of sidewalks
accessing a roadway or due to the location of pedestrian
traffic generators that are not directly across the street
from each other. This problem may be corrected by
using better alignment of sidewalks or by implementing
pedestrian barriers.

Pedestrian in Center Lane

This conflict designates the presence of a pedestrian in
the center left-hand turn lane or a roadway during the
commission of a conllict with a vehicle. This conflict
can involve a vehicle in the center lane or the lane adja-
cent to it. Center lane (CL) conflicts will only be re-
corded at wide roadways, usually consisting of five lanes
or more. This type of conflict will indicate the neces-
sity of additional protection for pedestrians from through
and turning traffic. Countermeasures for this problem
may include the restriction of vehicle turning movements
or pedestrian crossings at the specified location.

Outside Crosswalk

At locations where crosswalks are marked out, it may
be desirable to indicate the number of conflicts that oc-
cur outside of the crosswalk. Studying outside cross-
walk (OC) conflicts may be useful in investigating the
effectiveness of crosswalks in reducing the number of
pedestrian access points to a roadway and in identifying 

'{i1ithe effectiveness of the crosswalk as a safety counter- ','.,i:

measure for pedestrians, If a eonsiderable number of
OC confliets are observed, it may be desirable to im-
plement countermeasures to channel the pedestrians to
the crosswalk. This may be achieved by using pedes-
trian baniers, repainting the crosswalk, or relocating
the crosswalk. If, however, a sizable number of con-
flicts occur within the crosswalk, it may indicate that
the crosswalkis not providing adequate safety to the
pedestrians, and additional protective measures may
be required. These measures may include additional
warning to motorists, Iower speeds, additional police
enforcement, pedestrian signals, grade separations, and
others.

Right-Turning Conflicts

Right-turnine (VR) conflicts are the result of a vehicle
turning right at an intersection or making a right turn
into or out of a driveway. For a more involved analysis,
this conflict can be subcategorized into two different
types: (a) vehicles turning right from the roadway being
observed and (b) vehicles turning right onto the roadway
of interest. Countermeasures to reduce this conflict may
include the restriction of turning movements, special
signal phasing to protect pedestrians crossing, or the lo-
cation of pedestrian crossing points at alternative loca-
tions.

Left-Turning Conflicts

Left-turning (VL) conflicts occur from a vehicle turning
left at an intersection or from a vehicle turning left out
of or into a driveway. As in VR conflicts, this conflict
can also be subcategorized into two separate types: (a)
vehicles turning left from the road being observed or (b)
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vehicles turning left onto the road being observed,
Countermeasures for this conflict may include, but not
be limited to, prohibition of left turns, special phasing
to protect crossing pedestrian, and grade erossing sepa-
rations,

Right-Turn-on-Red Conflicts

This conflict occurs when a vehicle initiates a right turn
during a red signal phase that conflicts with a crossing
pedestrian. The recording of right-turn-on-red (RR)
conflicts at signalized intersections is optional, but may
yield useful information regarding the safety implica-
tions when right-turn-on-red movements are allowed.
There may be two types of RR conflicts: (a) right-turn-
on-red off of the road under investigation or (b) right-
turn-on-red onto the road.

Signal Change

A signal change (SC) conflict occurs only at signalized
pedestrian crossings or at signalized intersections. A
conflict of this type occurs when a pedestrian crosses a
street with the signal and, before the pedestrian com-
pletes the crossing, the signal changes to red and a ve-
hicle brakes, weaves, or hesitates to avoid a collision,
This type of conflict may be caused by improper sig-
nal timing and may be comected by using pedestrian
islands, improved signal timing, or by the installation
of TvVALK-DONTT WALK signals.

Pedestrian Violatio¡r

A pedestrian violation (PV) designates a conflict that
occurs as a result of pedestrian violation of a traffic
signal. A pedestrian violation can be either a pedestrian
walking against a traffic signal or a pedestrian starting
to cross when the pedestrian signal is flashing a DON'T
WALK sign. Recording this type of conflict is optional
and may be used to indicate pedestrian compliance with
traffic signals.

Vehicle Violation

A vehicle violation (VV) designates a conflict that occurs
as a result of a vehicle violation of a traffic control de-
vice. The VV can be a failure to stop, failure to yield,
running a red light at a traffic signal, or an illegal right
turn on red (i.e., where signing prohibits a right turn
on red). Recording this type of conflict is optional and
may be more appropriate at intersections or signalized
locations. It may also be desirable to subclassify these
conflicts to identify specific hazardous vehicle actions.
Depending on the site and the type of VV observed, these
confl.icts may be reduced by added enforcement, improv-
ing visibility of traffic signs and signals, upgrading
traffic control devices, and adding a delayed-recl signal
phase.

Summary

Thirteen basic pedestrian conflicts were defined in this
section. This does not mean that other types of conflicts
do not exist. In some situations, additional conllict defi-
nitions may be required to describe specific hazardous
movements. It may also be desirable to subclassify a
conftict type into two or more specific conflicts to prop-
erly understand the problems at a given location.

Since there is a major difference between the activi-
ties at intersection and nonintersection locations, sorne
of the defined conflicts will not be applicable to all situa-
tions. For example, PW, PR, WF, and AF conflicts
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may be recorded only at midblock locations; conflict
types such as VL, VR, SC, RR, and PV can only occur
at intersections.

Confl.ict Severity

An important task in this study was to define conflict
severity and to determine methods of measuring conflict
severity. As previously mentioned, conflict severity
can be measured by observing the actions of the pedes-
trian or vehicle during the occunence of a conflict. The
following is a list of pedestrian actions that can be used
to measure conflict severity. These actions are listed
by increasing severity, and the subscript p corresponds
to the pedestrian action.

7. Hesitation (HD)-Pedestrian hesitates momentarily
in travel across a street in response to vehicular traffic,

2, Backup movement (Bo)-Pedestrian momentarily
reverses direction of travel while in the roadway in re-
sponse to vehicular traffic,

3. Running movement (Ro)-Pedestrian increases
speed to avoid a collision with through traffic while in
the roadway (similar to an erratic maneuver),

4. Near-miss accident (No)-A collision is imminent,
but is avoided just before impact,

5. PDO accident (P),
6. Injury accident (I), and
7. Fatality (F).

Conflict severity can also be evaluated by observing
the action of the vehicle involved in the conflict. Six
vehicle actions given below are measures of conflict
severity, listed in increasing order of severity. The
subscript v indicates a vehicle action.

1. Routine conflict (CJ-When a vehicle brakes or
weaves routinely to avoid a collision with a pedestrian,

2. Complete stop or erratic maneuvers (E")-lVhen
a vehicle comes to a complete stop or swerves euati-
cally to avoid a collision,

3. Near-miss accidents (N,)-A collision is imminent
but is avoided just prior to impact,

4. PDO accident (P)-Property damage only to the
vehicle and the pedestrian does not sustain an injury,

5. Injury accident (I), and
6. Fatality accident (F).

The severity of a conflict was determined by observ-
ing the actions of the vehicle in this study. This deci-
sion was made because it was felt that severity defined
by vehicle actions would provide more consistent results
and would be easier for the observer to view,

Furthermore, an additional measure of conflict se-
verity was defined, a moving-vehicle action (M). This
action occurs when a pedestrian moves across the path
of a through or turning vehicle and is approximately
1 m (25 ft) downstream of that moving vehicle but the
vehicle takes no evasive action to avoid a collision. The
pedestrian is in the moving lanes of traffic when this
action occurs. Although the vehicle does not brake or
weave in this action, this is still considered a hazardous
situation and should be recorded. The hazard is usually
indicated by a pedestrian hesitating, backing up, or run-
ning to avoid a collision.

Three levels of confLict severity were selected in this
conflict procedure to simplify data eollection (see Figure
1). The least severe type of conflict (minor conflict) is
defined as moving-vehicle conflicts (M) where a hazard-
ous situation exists but no actual weaving or braking
takes place. Moderate conflicts are defined as routine
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Figure 1. Conflict data form.
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conflicts (CJ and complete-stop or erratic-maneuver
(E") eonflicts. Therefore, a moderate conflict is when
a braking or weaving action is taken by a vehicle to avoid
a collision with a pedestrian. The third level of conflict
severity is a severe conflict, which is defined as a near-
miss accident (N"). If an observer witnesses a collision
(PDO, injury, or fatality accident), it will be recorded
and described separately on the data form.

DATA COLLECTION PROCEDURE

Conflict studies can be conducted at intersections or at
midblock locations, such as school crossings and mid-
block crossings in the central business district (CBD)
or shopping areas and other sites where a hazardous
pedestrian problem may exist. The selection of the
survey mechanism and sampling procedure for this con-
flict teehnique is described below.

The Survey Team

The survey team consists of two individuals in a single
vehicle or on foot along the roadway, at a spot that is
inconspicuous, offers clear observation of all pedestrian
and vehicle movements, does not disrupt vehicular flow,
and does not endanger the safety of the observers. The
two must observe the same section of roadway or inter-
section approach leg at the same time. One individual
will be responsible for recording conflicts data while
the other is responsible for recording pedestrian and
vehicular volumes. The survey team should observe at
a distance of 45-90 m (150-300 ft) from the intersection,
crosswalk, or point of interest. The observation posi-
tion should be recorded on the layout sketch and included
with the data. Efforts should be made to use the same
observation positions in before and after studies.
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Survey Day and Times

Pedestrian conflicts should be counted on a Tuesday,
Wednesday, or Thursday for locations where pedestrian
and vehicle volumes are constant from day to day. How.-
ever, at locations where pedestrian volumes vary greatþ
from one day to the next (i.e., near stadiums and
churches), the eonflict study should be performed when
the problems are most prevalent. Data should be col-
lected for an interval of 2-4 h. The survey may be ex-
tended to a longer period of time if the conditions war-
rant it, such as where insufficient data are available.
Where sufficient accident data are available, the survey
should be performed when the aecident data indicate high
hazard time interval. At other locations, the study may
be performed when the engineer perceives a problem
will exist or when traffic and pedestrian volumes are
highest. However, to achieve a full understanding of
the potential safety problems at a location, data should
be collected during both the peak and off-peak periods.

Sampling Procedure

The sampling procedure of the General Motors Research
(GMR) Traffic Conflicts Technique (?) is recommended.
This is the procedure whereby 15-mTn samples are taken
by the survey team for each intersection leg of the road-
way under investigation (for intersection locations) or
upstream and downstream of the crosswalk or predomi-
nant pedestrian crossing point (for midblock locations).
At intersection locations, only two intersection approach
legs are assigned to a survey team. For example, if
the north-south leg of an intersection is the survey as-
signment, the data on the northbound leg would be counted
for exactly 15 min. The survey team would then move to
the southbound approach, where an additional 15 min of
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data would be collected. This would continue throughout
the survey period.

Conflicts Data Form

A data form has been prepared to collect pedestrian con-
flicts, as shown in Figure 1. This form is designed to
assist the observer in recording all of the important op-
erational features of the roadway and the vehicle and pe-
destrian movements. The data form is divided into four
major sections. The first section is designed to identify
the conditions that exist at the location under investiga-
tion. This information is recorded prior to the study
and includes the following: (a) names of the observers,
(b) date and location of survey, (c) weather and visibility
conditions, (d) classification oi roadway, and (e) type
of area where the survey is taking place.

In the second section of the data sheet, the observer
is provided a space to draw a sketch of the study loca-
tion, including locations of pedestrian movements,
crosswalks, traffic control devices, on-street parking,
sight obstructions, and location of the observer. A list
of information that may be clesirable to record is noted
on the data sheet. This information is used withrthe
data from the first section to assist in identifying hazard.
ous roadrvay features and developing appropriate counter-
meâsures.

The third section of the data form, located on the
second page, is where the conflict data are recorded.
The starting time of the survey period will be indicated
in the first column. Space is provided to record data
for four survey periods or one hour, If the survey pe-
riod is longer than one hour, additional data forms are
to be cornpleted and attached to the first form. Conflicts
are to be recorded by type and severity. Thirteen types
of con-flicts are listed at the top of this section and space
is provided for two adctitional types of conflicts. The
types of conflicts to be recorded are up to the discretion
of the observer. Conflicts are to be recorded by one
mernber of the survey team during the survey period,

The fourth sectio¡r of the data form is to record pedes-
trian and vehicle volumes, This section is located on
the bottom of the second page of the data form. Pedes-
trian and traffic volumes are recorcled by the second
member of the survey team on a counting board (or a
separate piece of paper) and are tabulated on the data
sheet after each counting period (15 min). The vehicle
and traffic volumes are to be recorded by direction when
practical. Volume data may be usecl to indicate conflict
rates and will assist in fully describing the operational
features of the study location.

Training should be provided to the survey tearn re-
garding the proper methods of filling in the data form
and recording of conflict data. The observers will also
need instruction on distinguishing conflict types atrd iden-
tifying conflict severity. A goal to achieve in the training
process is observer reliability or the consistency of re-
sults between different observers.

Data Collection and Analysis

To investigate the feasibility, applicability, and effective-
ness of this conflict technique, conflict stuclies were
performed at five pedestrian crossing locations iu which
a tolal of2Shof data were collected, Three of the survey
locations were on the campus of Wayne State Utriversity,
one was in the cultural center of Detroit, Michigan, and
the fifth location was in the Detroit CBD.
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Pedestrian Crosswalk at Anthony
Wayne Drive

The pedestrian crosswalk investigated at Anthony Wayne
Drive is a major crossing point between the parking
structure for Wayne State University and the main campus
(Figure 2). The crosswalk is located midblock ancl is
designated by pavement markings, overhead flashing
warning lights, and advance warning signs. Anthony
Wayne Drive is a divided roadway that has four lanes in
each direction and a 13-m (20-ft) median. The posted
speed is 40 km/h (25 mph), but a sizable portion of mo-
torists exceed the posted speed.

Five hours of data, which included both peak and off-
peak periods, was collected at this location. The aver-
age pedestrian crossings during the survey period was
300 persons,/h and the vehicle traffic was 1150 vehicles,/
h. An average of 306 conflicts,/h were recorded, ?? per-
cent of which were minor (not involving braking or weav-
ing by the vehicle); 23 percent were moderate conflicts;
and one near-miss accident occurred. The near-miss
accident involved a pedestrian who, while in the middle
of the street, stopped to talk to another person at the
curb and rvas almost struck by a speeding vehicle. Al-
though the average pedestrian conflict rate was higher
than the average number of crossing pedestrians per
hour, this does not mean that every pedestrian was in-
volved in a conflict. On many occasions a single pedes-
trian was involved in more than one conflict with passing
motorists, Conflicts were classified to indicate whether
or not they occurred within the crosswalk. The results
showed that 59 percent of the conflicts occurred to pedes-
trians while in the crosswalk and 31 percent occurred
outside the crosswalk. Furthermore, 24 percent of the
conflicts that occurred within the crosswalk were mod-
erate, but only 20 percent of the conflicts occurring out-
side of the crosswalk were moderate.

The data collected show that the crosswalk may give
the pedestrian a false sense of security, and further pre-
cautions should be implemented to reduce vehicle speeds
to the posted limit. A reduction in the volume of vehi-
cle traffic on Anthony Wayne Drive is also suggestecl to
improve pedestlian safety. An extensive amount of data
is needed from hundreds of other locations to reach a
firm conclusion on the level of safety. Therefore, a firm
conclusion cannot be made regarding the location until
additional data are collected.

Antoinette Avenue at Cass Avenue

The seconcl crossing investigated was at Antoinette
Avenue at the intersectiorr of Cass Avenue in Detroit.
Antoinette runs east and west and separates the adminis-
tration building and computer service center of Wayne
State University from the main compus and parking
structures (Figure 3). There is a small parking lot orr
the southeast corner of the intersection opposite the
administration building, which is a popular crossing Io-
cation. The intersectio¡r is signalized but does not in-
clude special phasing for pedestrians (i.e,, WALK-
DON'T WALK signs).

Five hours of data rvere collected to investigate the
hazards to pedestrians crossing Antoinette. During this
period, crossing pedestrian traffic averaged 200 persons,/
h. Traffic data also i¡rdicated that a high percentage of
vehicles turn at this location. An average of ?? con-
flicts/h were recorded, of which 35 percent were rnod-
erate and 65 percent rvere minor. No severe co¡rflicts
were recorded. Approximately 34 percent of the con-
flicts involvecl turning vehicles, 10 percent were caused
by signal changes during crossings, and 17 pelcent of
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Figure 2. Pedestrian crosswalk
at Anthony Wayne Drive.

Figure 3. Anto¡nette Avenue at
Cass Avenue.

the conflicts occumed when pedestrians crossed against
the signal. An additional 39 percent of the conflicts oc-
curred east of the intersection from pedestrians crossing
from the small parking lot to the administration building.

Since many of the conflicts occurred during vehicle
turning movements, a countermeasure to reduce some
of the turning movements may lead to increased safety.
One possible measure will be making Antoinette Avenue
a one-way street (westbound) from rffoodward Avenue to
Cass Avenue. Other studies, such as an analysis of
traffic flow patterns in the area, will be needed to ana-
lyze the feasibility of restricting turning movements.
Another problem was caused by the traffic signal chang-
ing during pedestrian crossings. This problem may be
corrected by installing WALK-DON'T WALK pedestrian
signals at the intersection. An additional improvement
at the location may be to prohibit pedestrians from
crossing east of the intersection (from the small parking
lot) and channel all the crossing pedestrian traffic to the
intersection. This may be accomplished by installing a
pedestrian barrier. If a countermeasure is employed,
a careful investigation must be conducted to study what
new problems, if any, will occur. This may be accom-
plished by comparing before-and-after conflict data to
investigate the countermeasure's impact on the number
and severity of conflicts.

Cass Avenue at Antoinette Avenue

To compl'ete the investigation at the intersection of Cass
and Antoinette, conflict data were collected for pedes-
trians crossing Cass Avenue (Figure 3). Approximately
85 pedestrians/h made this crossing, usually on the way
to the administration building.
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An average of ?2 conflicts,/h were recorded, of which
53 percent were minor and the remaining 41 percent were
moderate in severity. Analysis of the data showed that
?4 percent of the conflicts involved turning vehicles, 14
percent occurred during signal changes, and 11 percent
of the conflicts were the result of traffic signal violations
by pedestrians.

The major problem at this location is the high number
of turning vehicles conflicting with crossing pedestrians.
Therefore, a restriction to reduce turning movements may
be required. The installation of pedestrian signals to
reduce signal-change conflicts is also recommended.

Woodward Avenue at Putnam Avenue
and Farnsworth Avenue

The fourth pedestrian crossing investigated was located
on Woodward Avenue in the cultural center of Detroit
(Figure 4). This site is at a signalized intersection that
has pedestrian phasing. The Detroit Public Library and
the School Center Building are located on the west side
of Woodrvard Avenue, and the Detroit Institute of Arts,
Engineering Society of Detroit, and the Detroit Science
Center are located on the east side of Woodward Avenue.
Woodward Avenue has three through lanes in each direc-
tion, one center lane for left turns, and a lane for paral-
lel parking on each side of the street.

Five hours of data were collected during which an
average of 210 pedestrian crossings,/h occurred. An
average of 66 conflicts/h were recorded, of which 5?
percent were minor and the remaining 43 percent were
moderate. Vehicle turning movements accounted for 88
percent of the conflicts and pedestrians crossing against
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Figure 4. Woodward Avenue at Putnam
and Farnsworth Avenues.

Figure 5. Jefferson at Woodward Avenue.
To CBD

Med i an

Jefferson Ave.
( eastbound )

the signal were responsible for an additional 10 percent
of the conflicts. Although Woodward Avenue is approxi-
mately 33 m (110 ft) wide, there were only five conflicts
caused by signal chaDges during crossings.

Analysis of the data indicated that the major problem
encountered at this location involved vehicle turning
movements, especially left turns onto Woodward Avenue
conflicting with crossing pedestrians. However, because
of the nature of the traffic patterns in the area, turning
restrictions are not recommended. A possible safety
improvement may include providing protected left-turning
phases so that left-turning vehicles will not have to
be concerned with through traffic, thus allowing more
attention to be given to crossing pedestrians,

Jefferson Avenue at Woodward Avenue

The fifth pedestrian crossing studied was on Jefferson
Avenue in Detroit (Figure 5). Jefferson Avenue is di-
vided by a 10-m (30-ft) median and has five eastbound
lanes and six westbound lanes. The CBD of Detroit is
located north of Jefferson Avenue, and the Hart Plaza,
a riverfront park, is located south of Jefferson.

The study at this locatiotr was performed on a Wednes-
day, during the morning and noon hours, The average
vehicle traffic on Jefferson was 1?60 vehicles/h and 143?
persons,/h crossed Jefferson Avenue during the study,
Àn average of 3?5 conflicts/h were recorded-60 percent
were minor conflicts, 40 percent were moderate, and
two near-miss acciclents occurred. Both near-miss ac-
cidents involved pedestrians who crossed against the
light a¡id weaved tlrrough the heavy traffic on Jefferson.
Vehicle turning movements from'vVoodward Avenue onto

Cit-v/County Bìdq.
ônd CBD

To Hart Plaza and Riverfront I

Jefferson Avenue accounted for 56 percent of the con-
flicts and left-turning movements accounted for an ad-
ditional 10 percent of the conflicts. Pedestrians caught
crossing when the signal changed accounted for 14 per-
cent of the recorded conflicts.

Because of the high vehicle and pedestrian volumes
at the intersection a¡d the width of Jefferson Avenue, a
grade separation between vehicles and pedestrians may
be desirable. This countermeasure may be undesirable,
however, because of the cost involved. Since 56 percent
of the conflicts involved right-turning movements from
Woodward Avenue onto Jefferson Avenue, another coun-
termeasure 'd/ould be to prohibit crossings on Jefferson
Avenue west of the intersection, thus eliminating many
of the conflicts that occurred.

CONCLUSIONS AND RECOMMENDATIONS

Conflict values can be used to rank priority locations
basecl on hazard. Conflict information, along with other
data from the site, can be used to identify which counter-
measure should be selected. Most importantly, safety
deficiencies can be identified when accident data are not
available.

The result of the five study locations shows that the
conflicts technique presented in this paper can be helpful
in indicating safety deficiencies at the pedestrian cross-
ings. This technique was not difficult to use and was
applicable to each location investigated. However, fur-
ther testing is required at additional and more diverse
types of pedestrian crossings to determine the full ef-
fectiveness of this conflict technique.

This conflict technique may be useful in indicating
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the relative hazardousness of a pedestrian crossing by
a measure such as conflict rate. If this is desired, then
a comparison of data from many other locations is re-
quired to produce a measure of hazardousness to pedes-
trians. Once this is accomplished, a few hours of data
collection at a site may produce important information
on the relative hazardousness of a crossing, as well as
safety deficiencies.

Further investigation is needed to determine the
amount of data collection required at a site to provide
reliable results. Studies are also recommended to in-
vestigate the repeatability of results from one day to the
next, and comparisons of results from similar locations
are desired to further investigate reliability of this
technique.

During this study, it was assumed that pedestrian
confl.icts are a measure of vehicle-pedestrian accident
potential. It was not within the scope of this study to
determine the exact relationship that exists between con-
flicts and accidents. However, this relationship should
be investigated; this can be accomplished by comparing
pedestrian accident histories with conflict data collected
at various locations, Investigations can also be con-
ducted to determine which types of pedestrian conflicts
are more hazardous. The results of these studies will
assist in providing more concise information from this
conflict technique regarding hazards to pedestrians at
roadway crossings.
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Causal Factors of Non-Motor-
Veh icle-Related Bicycle
A cciden ts
Patricia L. Wheatley and Kenneth D. Cross

The Santa Barbara County Bicycle Safety Project was created in Septem-
ber 1977 and funded through September 1979. The primary area of de-
velopment in this project involved research into the causal factors of
non-motor-veh¡cle-related bicycle accidents. Many types of accidents fall
into th¡s category-b¡cycles h¡tt¡ng other bicycles, pedestrians, or fixed
objects. ln addition, bicyclists lose control of their bicycles and fall for
many reasons. Although considerable emphasis has been given to
bicycle-motor vehicle accidents in the last few years, relatively l¡ttle at-
tention has been given to tlìe non-motor-vehicle-related bicycle accident.
The purpose of the pro¡ect research has been to provide comprehensive
mater¡al on the nature and cause of non-motor-vehicle-related bicycle ac-
cidents in Santa Barbara County. ln additíon, the pro¡ect performed a
study on the nature and cause of bicycle-related accidents on separated
off-road b¡cycle facil¡t¡es ¡n the county. To provide proper perspective
on this information, a survey was first taken of the general population
of bicyclists ¡n the county.

The Santa Barbara County Bicycle Safety Project was
created in Se¡rternber 19?7, funded by the California
Office of Traffic Safety to the University of California

at Santa Barbara. The funding for this ¡rroject con-
tinued through September 19?9.

A major emphasis of the Santa Barbara County
Bicycle Safety Project, and the topic of this report, was
research into the causal factors of non-motor-vehicle-
related bicycle accidents. Many accidents fall into this
category. For the purposes of this report, all bicycle-
related accidents that do not involve a motor vehicle
will be referred to as uon-rnotor'-vehicle (NMV) acci-
dents.

Bicycle-motor vehicle accident research has received
considerable attention over the last few years. On the
average, accidents that involve a motor vehicle result
in more severe injuries tha¡r do NMV accidents. In
addition, the study on NMV accidents is difficult because
such accidents are rarely reported to any record-
keeping agency. In spite of this scarcity of information,
it is generally recognized that NMV accide¡rts occur
with far greater frequency than do bicycle-motor ve-
hicle accidents. For this reason, the study of NMV



Transportation Research Record ?43

accidents was chosen for this proiect.
Because of the deartì of data on NMV accidents, we

decided that a comprehensive survey of the general
population of bicyclists might be the only way to obüain
information on the full range of NMV accidents.

The purpose of the project research has been to
provide comprehensive ¡naterial on the nature and
cause of NMV-related bicycle accidents in Santa Barbara
County. In addition, the project performed a study of
the nature and cause of bicycle-related accidents on
separated off-road bicycle facilities in the county. To
provide proper perspective on this information, a survey
was first taken of the general population of bicyclists
in the county.

Throughout the following narrative, reference will
be made to the differences between norther¡¡ and
southern Santa Barbara County. In order to eliminate
possible confusion, the following community descriptions
are included.

The county of Santa Barbara provides an unusual
blend of urba-n and rural populations. Bounded on the
south by the Pacific Ocean, the county lies 148 km
(92 rniles) nortlwest of Los Angeles. One-third of
the county's area is Iocated in the Los Padres National
Forest. A significant portion of the county's 288 000
population resides in tlre southeastern metropolitan
coastal region, including the city of Sutta Barbara.

The moderate clirrate enables continuous outdoor
recreation that has increasingly included bicyclittg.
Surveys conducted during the initial research stage of
the Santa Barbara County Bicycle Project found that
there are 152 528 bicycles and 151 064 bicyclists itl
Sa¡ta Barbara County. Of this ttumber, 96 528 bicy-
clists live i¡r the southeaster¡r part of the county. A
large portion of these bicyclists are adults.

To facilitate the ex¡randed use of bicycles in the
southern section of the courtty, several kilometers of
separated bikeways have bee¡t and are being built. Santa
Barbara County is a pioneer in the area of off-street
bikeways.

The coordinating agency, the University of California
at Salta Barbara, has a shrdent poputation of 14 400.
The bicycle is the major means of transportatio¡r on
the university campus. Curretttly, there are an esti-
mated 10 500 bicycles on caùlpus on any glven day.
Along with the rise in the bicycling populatiotl has bee¡r
an increase in bicycle accidents. I¡r order to avoid a
serious accident problern, a tremendous amount of
effort and staff expertise has gone ittto the development
of one of ttre finest bicycle systems in the uation.

METHOD

The research plan specified four separate surveys: (a)

a ra¡rdom postcard survey of county residents, (b) a
questiomaire survey of a large sample of bicyclists
who reside in Santa Barbara County, (c) an interview
survey of those bicyclists who reside in Sa¡rta Barbara
County, and (d) a¡¡ interview survey of those bicyclists
rvho had recently been ittvolved in accidents.

Postcard Survey

The objective of the postcard survey was to obtain data
on a representative sample of county residents to de-
terrnine the follorving:

1. Number of bicycles per household,
2, Number of riders per household,
3. Ages and sexes of the riders,
4, Number of bicycles stolen per household, and
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5. Type of area (urban or rural) in which the
bicyclists reside.

The prime consideration for the selection of the in-
terview sample was to obtain an unbiased, random
sample of county residents. The self-addressed,
stamped postcard surveys tvere then mailed to I percent
of the persons on the list. A total o1 76'14 postcards
were sent to residences as well as to post office boxes
and rural delivery routes. The return cards were num-
ber coded so that reco¡ds couLd be kept of the return
rates for each zip code area in the county.

A total of 18?4 postcards were returned, reflecting
a 24.4 percent return rate. Results of a subsequent
tally of age distributions and household sizes were com-
pared witl census data to validate the survey results.
The survey returns were consistent with census data
in nearly every case, provided that the ages and number
of persons per household revealed in the survey is con-
sistent with that of the general population.

To further validate the results and to discover any
possible biases in the postcard questionnaire, a tele-
¡rhone survey rvas conducted a-fter all of the postcards
had been retulned. Telephone numbers rvere obtained
for a sample of those residents lvho did not respond
by using the telephone company's Cross Reference
Directory.

The interviewer asked these residents t]le same
questions as those on the postcard survey. Again, no
serious biases were discovered.

A cornputer mask was designed to enter postcard
responses. The follorving inforrnation was cornputed:

1. Number of accidents for males and females by
specific age groups;

2. Number of males, females, and total ¡lopulation
of each geographic area;

3. Number of urban, rural, and total residents in
each geographic area;

4, Number of male and female cyclists and total
number of cyclists;

5. Number of urban, rural, and total number of
residents i¡r each age group;

6. Total number of bicycles in each geographic
area;

7, Average ¡rumber of bicycles per household in
each geographic area;

8. Average number of bicycles per person in each
geographic area; atrd

9. Total nu¡nber of bicycles stolen in each geo-
graphic area.

Bicycle User Srrvey

The objective of the bicycle user survey was to obtain
popuÞtion estimates of the riding habits and e4periences
of Salta Barbara County residents.

A four-page, fold-out survey was designed to include
21 questions, which covered the following areas of in-
terest:

1. Operator characteristics,
2. Rider experience and exposure,
3. Bicycle usage patterns,
4. Bicycle claracteristics, and
5. Accident ex¡leriences.

The bicycle user survey was talen to elementary,
junior high, and senior high schools throughout the
county; the University of California; and a two-year
college in northern Santa Barbara County. To obtain
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the adult bicycle-riding populations, surveys r¡r'ere
given at the department of motor vehicles in northern
a¡d southern Sanla Barbara County.

The following is a breakdown of surveys obtained
through this effort:

North South
County ç9{!y Total

535 841
329 514
266 4Bt
317 385
32,O 376

1767 2603

Telepho¡re Surveys

The objective of the telephone interview was to deter-
mine the function failure, environme¡rtâl, psychological,
and contributing factors of the particular types of ac-
cidents isolated in tlre bicycle user survey. Ultimately,
the similarities and differences between the types of
accidents were determined as a result of this interview
survey.

All of the bicycle user surveys lvere reviewed to
isolate those that included accidents that took place
during the last 24 ¡nonths as well as those that resulted
in either physical injury or property damage. No sur-
veys were included in the telephone interviews unless
prior ¡rermission from the victim had been secured
(this was determined by the victim's signature on the
user survey).

At the same time the telephone surveys were being
conducted, a bicycle-use survey was being develo¡red
by the Santa Barbara County Trans¡rorlation Study,
which rvas funcled by the Federal Highway Administra-
tion and the state of California. The Atascadero Creek
and Cabrillo surveys were conducted on new separated
bike paths in southern Santa Barbara County. At our
request, this research team included on their survey a
question that asked for the name ancl ¡rhone number of
bicyclists who lrad acciderìts on separated bikeways,
Through these surveys we vrere alrle to add to the num-
bers of documented adult accident experiences on
se¡rarated bikeways otler tlan on the university campus.
After all telephone interviews were completed, the
surveys were grouped into accident types. Similarities
and trends were evaluated on the basis of the following:

1. Accident types,
2. Sex of victim,
3. Riding experience,
4. Road type and configuration,
5. Speed of the bicyclist,
6. Type of bicycle used,
7. Condition of the bicycle,
8. Amount of property damage, and
9. Other contributing factors.

A total of 206 accident victims were contacted for tele-
phone interviews; 38 telephone surveys were talen
from the Atascadero and Cabrillo bikeway surveys.

OVERVIEW OF PRO.IECT

Infor¡nation from the postcard survey yielded estimates
of the proportionof residents of Sanüa BarbaraCountywho
ride a bicycle at least once per year. The percentage
of bicyclists who ride was tabulated by age, sex, and
census tract. Information concerning the size and dis-
tribution of the entire resident ¡lopulation of Sant¿

Transportation Research Record 743

Barbara County was obüained from a special ce¡rsus
conducted in 1975. This special census yielded data
on the size of the resident popuÞtion by age, sex, and
census tract. The size of the bicycling distribution
for each subpopulation was obtained by multiplying the
numþer of residents in that subpopulation by the esti-
mate of the percenLage of residents within that sub-
¡ropulation who ride bicycles. This procedure yielded
estimates of the size of the bicycling popuÞtion by age,
sex, and census tract.

The postcard survey also yielded data on the per-
cenlage of bicyclists who have had at least one aecident
during the past 12 months. This percentage of bicy-
clists was tabulated by age, sex, and census tract.
The number of bicyclists in each subpopulation was
multiplied by the estimates of the percentage of tltat
subpopulation who have had an accident during the past
12 months. This task yielded estimates of the size of
the accident population by age, sex, and census tract.

One of the main objectives of this study was to
identify the types of NMV accidents that occur and the
factors that contribute to each tlpe of accident. The
detailed data on accident types and contributing factors
were obtained during telephone interviews of accident
victims whose names and telephone numbers were
identified by the bicycle user survey.

Another product of the bicycle user survey was data
on the bicycle usage patterns of Sa¡ta Barbara County
bicyclists. The primary objective in obtaining in-for-
mation on bicycle usage was to obLain quantitative daüa
to use in comparing the relative exposure of the accident
population ard nonaccident popuÞtion. The final index
of exposure was estimates by bicyclists of the number
of kilometers traveled on a bicycle during an average
week. Such exposure data are needed to fully interpret
the in-formation on accidents.

Wlren attempting to assess tlte cost-effectiveness of
accident countermeasures, it is useful to be able to
compare the estimated cost of countermeasure pÌograms
with the magnitude of societal loss that results frorn
accidents. Accident cost data \¡/ere esti¡nated through
a consideration of tlte accident consequences derived
from the tele¡rhone survey and information on the aver-
age cost of generic types of property damage and in-
juries.

FINDINGS

Postcard Survey Results

A total of 18?4 postcard questioruraires were returned,
which provided inJormation on a total of 46?4 residents.
To assess the representativeness of the sample of residents
who responded to the postcard survey, the age distribu-
tion of the respondents to the postcard survey was com-
pared with the age distriþution of county residents as
measured by a special county\Ã¡ide census taken in 1975.
Residents younger than 5 and residents older than 65
years of age were underrepresented in the postcard
survey, whereas residents whose ages fall between
these two extremes lvere overrepresented slightly.
Although these biases are statistically significant, they
are exceedingly small for any mailback survey. Dis-
courting the two extreme age groups, a difference be-
tween percentage values for the various age groups never
exceeds 1.4 percent a:rd, for most age groups, the dif-
ference is less than 1 percent.

The representativeness of the postcard data was
also assessed by comparing the postcard daüa ar¡d
census data in terms of the average number of residents
per household. It was found ttøt these two percentåge
values differed by less than 0.3 percent. Based on

306
185
221
6B

_9q
836

': i
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these findings, the biases iu tlre postcard survey are so
small that they have little effect on the population esti-
mates of the size a¡d distributio¡r of the bicyeling
population ar¡d the accident popuÞtion.

Careful study of the census data a-nd the data obtained
by the postcard survey indicates that tlte county could
be geographically subdivided into two subpopulations,
hereafter referred to as North County and South County.
The residents who reside within each of these sub-
populations are homogeneousr but the residents residing
in North County differ in several important respects
from the residents who reside in South County. It was
also found that bicycle usage by males differed from
bicycle usage by females. For these reasons, the size
and distribution of the Sa¡rta Barbara bicycling popula-
tion was derived for four subpopulations: North County
males, North County females, South County males,
ar¡d South County females. The number of bicyclists
in each age group was derived by multiplying the num-
ber of residents in that age group (as indicated by the
19?5 census) by the percentage of residents in that age
group who identified themselves as bicyclists on t¡e
postcard survey. The results of this analytical proce-
dure are presented in Table 1.

Estimates of the size of the bicycling population in
Santa Barbara County are shorvn in Table 1 by geo-
gra¡lhical area, sex, and age. The bottom row of
Taþle 1 provides estimates of the size of the bicycling
population for all ages comlrined; the three columns on

the right-hand extreme of Tabte 1 show estimates of
the size of the entire bicycling ¡ropulation. The reader's
attention is directed to tle following findings:

1. It is estimated that there are about 179 000 bicy-
clists in all of Santa Barbara County.

2. Abotrt 59 percent of the lricycling po¡luÞtion
reside in South County and 41 percent reside in North
County. For the entire county, about 53 percent of the
bicycling population are males and 4? percent are
females. The ratio of male to female bicyclists is
higher in North County (55 percent males-45 percent
females).

3. For females, the 15 - to 19-year-old group con-
tains the most bicyclists, but tlre 20- to Z4-year-old
group is only sliglttly smaller.

The age distribution was found to be typical of the age
distributio¡rs reported for many other U.S. communities.
That is, the relative number of bicyclists increases
rapidly after age 5, reaches a peak between ages 10 and
14, and declines steadily thereafter. The age distribu-
tion of bicyclists rvho reside in South County is cotl-
siderably different from the age distributio¡r of North
County bicyclists. In South County, the relative nu¡n-
ber of bicyclists is greatest for the group aged 20-24;
and the group aged 10-14, which was larger than
any other in North County, is the fourth largest
age group in South County. The large llurnber of young
aãult bicyclists i¡r South County is partly the result of
the large number of college and uuiversity students
who reside in the Santa Barbara area and partly the
result of clifferent bicycle usage patterns by young
adults who are not students. Combining North alrd
South County lricyclists results in an age distribution
that indicates that the relative size is trearly the same
for the groups aged 10-14, 15-19, and 20-24; it also
indicates that the groups aged 5-9 and 25-29 are about
the sarne size.

The relative size of the male and fe¡nale bicycling
¡ropulation is nearly the same for every age grou¡r. The
only notable differe¡rce is that, in North County, a
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targer proportion of females between the ages of 25
and 40 are bicyclists.

Examination of the differences between the age dis-
tributions of North County and South County bicyclists
shows that the trends are tlre same for male and female
bicycüsts but are more pronounced for female than
male bicyclists. The trend, as discussed above, is that
the largest age group in North County is the group aged
10-14, whereas the Þrgest age group in South County
is the group aged20-24. Note that about 18 percent
of the male bicyclists and more than 23 percent of the
female bicyclists in South County are between the ages
of 20 and 24. Figure 1 shows in graphic form the age
distribution of North and South County bicyclists witlt
male and female combined.

The respondents to the postcard questionnaire were
asked to identify for each bicyclist in the household the
number of bicycle accidents experienced in the þst 12

months. Bicyclists who had e¡perienced a bicycle
accident in the past 12 months wele grcuped together
a¡rd will be identified herea-tter as the accident group.
Bicyclists who had had no accidents in the past 12

months were grouped together and will be referred to
herea-fter as the nonaccident group.

Table 2 shows the age distributions of the accident
group and the nonaccident group for North County and
South County se¡rarately and combined. Age distribu-
tions are not shown by sex because the number of in-
dividuals in the North County accident group is too
small to enable a comparison to be made between the
age distribution of male and female accident victims
in North County. Moreover, an examination of the age
distributions for the r¡¡ale and female accident victims
in South County revealed no tnajor differences. Table 2

shows that the age dist¡ibution of the Nortl County
accident group is bimodal. That is, a secondary peak
is reached for the group aged 5-9 a¡rd the primary peak
is reached at the group aged 15-19. TIte age distribu-
tion of the South County accident group is quite different.
It can be seen that nearly 48 percent of bicyclists in tlte
South County accident group are between the ages of 20

and 24. The group aged 15-19 is the next tnost frequent,
accounting for nearly tb percent of all bicyclists in the
accident group. The group aged 10-14 is the third most
frequent, accountiug fo¡ about 14 percent of the bicy-
clists in the accident grouP.

Figures 2 and 3 enable an easy comparison of tìe age
distributions for the accident and nonaccident groups;
Figure 2 shows the data for North County and Figure 3

shows the data for South County. Figure 2 shows that
bicyclists between the ages of 15 a¡rd 24 arc grossly
overrepresented in the accident group; the overrepre-
sentation is greatest for the group aged 20-24. \¡fith
only three minor exceptions, aII other age groups are
underrepreseltted in the accident group. Figure 3 shows
that South County bicyclists between the ages of 10 and
24 are overrepresented in tlre accident group, and that
all other age groups are underrepresented in the accident
group. The over-representation is only slight for bicy-
clists in the groups aged 10-14 and 15-19. However,
the over-representation of 20- to 24-year-olds in the
accident group is extremely large; bicyclists between
the ages of 20 and 24 account for only 17 percent of the
bicycists in the nonaccident group, but they account for
nearly 48 percent of the bicyclists in the accident group.
It is clear from the above findings that accident counter-
measures aimed at 20- to Z|-year-old bicyclists have
the potential for reducing total accidents by a sub-
stantial margin. However, as is true itr most other
communities, substantial accident-reduction benefits
can be ex¡rected from effective countermeasules aimed
at younger bicyclists.



24

Table 1 . Estimated number of bicyclists in north and south Santa Barbara County.
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North Countv South Countv

Mâle Fcnì alc Mâle Fernâle Total Bicyclists

Agc Mâle Female Combined

\5 43?3 30.2
5-9 5 230 92.8
10-14 6 665 98.1
15-19 0 565 86.3
20-24 0 985 71.7
2t-29 4 8?5 68.5
30-34 3 ?83 61.9
35-39 3 88? 55.r
40-44 3 ?15 60.?
45-49 3 269 63.6
50-54 3 0?4 56.4
55-59 2 476 36.4
60-64 I 8?6 36.4
65-69 1 641 27.3
70-'t4 t 0?5 55.6¿'t5 1 213 50.0

Total 60 ?04 66.?

t ?.1 0?8
92.9 4 565
91.8 5 52 I
8l.l 4 558't2.2 3 r35
't3.'t 2 991
56.9 2 3t2
?3.0 2 794
54.5 I 898
49. l 1 549
33.3 1 032
20.0 459
21.6 544
0.1 2

75.0 ?99
11.1 t86

s9.9 33 023

3 ?35 19.1 ?r3
5 045 92.0 4 641
6 102 99.2 6 053
8 4?6 8?.9 ? 450

10 589 8?.3 I 244
8 15? I't .7 ? 154
5 46? 70.',t 3 865
4 l?0 6?.8 2 827
4 001 ?1.6 2 865
3 91? 6r.8 2 42t
4 r12 40.3 r 65?
3 442 52.9 I 821
3 006 3?.9 1 139
2 818 30.4 85?
2 !'t 4 2't .9 60?
2 942 3.0 88

3 866 24.5
5 154 85.4
6 348 98.3
I 224 91.2

r0 605 89.8
? 465 85.?
5 3?5 69.?
4 366 6't.,t
4 055 49.4
4 170 5?.6
4 624 47.1
3 831 30.9
3 ?91 l?.8
4 0't1 14.6
3 0?3 4.0
5 389 0.r

I 321
4 853
6 538
5 666
5 008
3 339
2 342
2 r42
2 255
2 0?9
1 734

901
684
448
598
60?

94'.1

4 402
6 240
I 412
I ã23
6 398

2 034
I 494

12 591
13 116
14 2ö2
10 493
6 207
4 969
5 120
4 500
3 391
2 722
I 823
I 305
I 205

695

1 625
I 96?

lr ?61
12 9',t0
12 658
9 389
6 058

?50
901
951
210
643
219
596
922
191

3 6t9
18 461
24 352
26 086
26 910
19 882
12 265
l0 ?19
9 021
I 451
6 601
4 365
3 042
I 901
2 121

886

3 963
4 914
0 014
5 620
4 342
4 058
4 064
3 827
3 483
3 154
3 098
2 296
I I'tz
1 580
1 065
1 6?6

746
956
003
402
1?8
184
6?5
594
123

5

40 5r5 55 126 ?8 153 68.3 53 402 85 40? 60.6 5? ?88 93 91? 84 811 t?8 ?28

Figure 1, Agedistr¡bution of Santa Barbara
County bicycl¡sts.

mated number of bicycüsts in North County is 74 000
whereas the estimated number of bicyclists in South
County is approximately 105 000. Thus, if the accident
rate were the same in North and South County, the
number of accidents in Soutl County would be only about
25 percent greater than the number of accidents in
North County. It is clear from tl¡ese results that the
accident rate in South County is considerably greater
than tltat in North County. The extent of this difference
is made clear by comparing columns 3 a¡d 6 in Tal¡le 3.
These proportions can be interpreted as accident
rates for the corresponding age group. For instance,
the ¡rumber associated with the 10-14 year age group
in North County indicates that about 1.46 NMV acci-
dents/100 bícyclists can be e{pected to occur each year.
The largest accident rate for both North County and
South County is associated with the group aged 20-24.
However, it can be seen that South County bicyclists in
this age group e:<perience more ttran 18 accidents,/lOO
bicyclists, whereas North County bicyclists in this age
group experience about 6 accidents/l0o bicyclists. The
accident rate is higher in South County for 10 of the 16
age groups, a:rd the rate is essentially the same for the
remaining six age groups.

Items were included on the postcard questioûraire to
obtain information about the number of bicycles in use
in Santa Barbara County and the number of bicycles
that are stolen each year. The findings are summarized
in the table belorv. The data are shown for urban areas,
rural areas, and for urba¡ and rural areas combined.

ligr-
-utþ_ql -nyt.l .c,Sjnb!!q4

Table 3 gives estimates of t}e total number of per- Total bicvcles 2954.00 397.00 3351.00

sons in North county and south county rvho have rräã at l||i: li:ut'* 
per household 1 'e0 2'16 1'93

reast one accident during rhe rasr 12-mo¡rrh Ë;;Ã- -" il::l 8::i:i::i::;i:J.:i,l ?:åå ?.i2 i.l)
Estimates were derived for each age group by multiply- Totat bicyctesitoten, past 12
ing the total nu¡nber of bicyclists in that age group rvho months 221.00 18.00 239.00
have reported having an accident during the last 12- Bicycles stolen per 1000 in
month ¡reriod by census group. Again, the data used _Yse . 74.8 45.3 71.3

to deriie these estimateÀ weie oufainéd f¡om the post- Bicvcles stolen per 1000

card survey and from a special census taxen in idzs. households 142'2 97'3 137'5

The data in Table 3 reveal several important findings.
First, the incidence of NMV accidents in-South County- DESCRIPTIoN oF TYPES oF
is abóut four times as great as that in North County. 

'A 
lççISEllT AND CONTRIBUTING

relatively small amount of ttris difference is attribút- FACTORS

able to the larger bicycling popuÞtion in South County
than that in North County. 

- 
ñoie in Table B that the eåti- The accident types and the factors that contribute to
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Table 2. Age d¡str¡but¡ons of the acc¡dent and nonaccident groups.
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Accideìt C rouÞ Nonaccident C;roup

North County South County Total North Countv South County Total

Age No. Pe rce Dt No. Percent No P¿¡'cerrl No. Percent No. Pe¡cent Pcrccnl

5-9
10- r4
15- r9
20-24
25-29
30- 34
35-39
40-44
45- 49
50- 54
55- 59
60- 64
65- 09
70-74
>75

Totat

3.3
16.?
10.0
23.4
20.0

3.3
3.3
6.?
3.3
6.?

8.1
13.8
14.9
4?.9

6.2
3.7
1.2
1.2
1.2
0.6
0.6
0.6

0.5
9.4

13.1
16.2
43.5
5.8
3.?
2.1
1.6
2.1
0.5
0.5
0.5

0.5

0
t3
22
24

l0
6

I
18
25
31
83
t1
,|

4

4

t
t
I
0
0

I
l9¡

11 0.9
226 19.4
202 l?.3
169 14.6
88 ?.5

1 10 9.4
83 1.1
't2 6.2
57 4.9
53 4.5
34 2.9
23 2.0
21 1.8
I 0.?
5 0.4
5 0.4

I 16?

t? 0.9
105 8.7
22t 11.?
242 r2.8
342 18.0
257 13.5
168 8.8
t24 6.5
93 4.9
?6 4.0
61 3.2
60 3.2
37 1.9
20 t.l
14 0.?

_2 0.1

I 899

28 0.9
391 12.8
423 13.8
411 13.4
430 14.0
30? 12.0
251 8.2
196 6.4
150 4.9
129 4.2
95 3.1
83 z.'.t
58 1.9
28 0.9
t9 0.6
't 0.2

3066

0
0

3.3 0

161

2

0
0
0
0
0
t

30
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i0-11

15.lC

50.5',1

55'51
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Figure 2. Comparison of age d¡str¡bution of North
County accident and nonaccident groups.

acciclents were defined from a sh¡dy of the data com-
piled from the telephone interviews with the accident
victims. Eight of the 206 accident cases investigated
proved to be bicycle-motor vehicle accidents, so the
following results are based on interviews with 198
bicyclists who recently were involved in NMV accidents.
The information obtained for each case was studied by
three members of the project ståff. Each staff rnembet
made indepenclent judgrnents about the factor that pre-
cipilated the acciclent and the one or more factors that
contributed to the accident. Differences in judgments
about precipitating factors and contributing factors were
resolvecl through cliscussion.

An attern¡lt was made to contact virtually every

Figure 3. Comparison of age d¡str¡bution of South
County acc¡dent and nonaccident groups.

bicyclist in the user survey who reported having had a
recent NMV accident. Many bicyclists, especially
young adults, could not be locatecl because of ar address
change. For this reason and others, the sample of
bicyclists interviewed cannot be considered representa-
tive of the total accident popuÞtion in Santa Barbara
County. To correct for ilre biases in the telephone sur-
vey daüa, the age distribution of the sample of bicyclists
in the telephone survey was multipliecl by weighting fac-
tors such that the age distribution for the telephone
survey matched the age distribution of the accident
population in Santa Barbara County, as revealed by the
postcard survey. This age distribution is shown in
Tabte 2 and discussed above. The weighting factors
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Table 3. Est¡mates of the total number of persons in North
County and South County who have had at least one accident
during the last 12-month per¡od.

used for each of the age groups
table:

Bicyclist'sAge- Weightin_gFactor
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North County Bicyclists South County Bicyclists

Had EstiDìated
Acciderìt Nurnber of
(1'l Accidents

llad Estimated
Accident Number o[
(1) AccidentsNumber

<5
ã-9
10- l4
15- 19
20-24
25-29
30- 34
36- 39
40-44
45- 49
50- 54
55- 59
60-64
05- 69
't0-74
¿?5

Total

1 999
I 418

12 059
r0 224
8 r43
6 330

8.33
2.16
1.46
3.98
6.3I
0.90
1. t9
2.10
1.72
3.64

167
203
l?6
407
520

57
55

133
't1

132
0
0
0
0
0

132

2053

1 660
I 043

t2 293
15 862
18 761
r3 552
? 611
5 ?83
4 8ô8
4 823
3 835
3 005
I 814
I 451

?30
93

105 190

654
933
153
628
?66
360

0.00 0
?.30 818
9.05 t112
9.02 1431
18.38 3449
3.?5 468
3.4ã 263
1.59 92
2.11 103
2.ã6 t23
1.61 62
1.64 49
2.63 48

0
0
0

801 I

1 228
450

I 39?
?93

?3 535

As the accident types are discussed in the following
pages, two percentage values are given for each type of
accident. One percenüage value indicates the proportion
of accidents in the unweighted sample that is accounted
for by that accident type. The other percenlage value
indicates the percentage of accidents in the weighted
sample that is accounted for by that accident, When
percentage values for the weighted and uilveighted
sample are approximately the same, it can be concluded
that that accident type is reÞtively independent of
bicyclists'age; or, stated differently, accidents of that
type are experienced by bicyclists of different ages.

Class A Accidents-Collision or Near

AII of the accidents included in class A involved the
colüsion of a bicyclist rvith another moving object or a
bicyclist falling or colliding rvith a fixed object while
attempting to avoid a collision with a moving object.
CÞss A accidents were subdivided into the four accident
types listed in the table below. Class A accidents ac-
counted for slightly more than 28 percent of the NMV
accidents in tåe weighted sample.

Type 1: Collison with Another
Bicycle

The table above shows that accident type 1 accounts for
slightly more tìan 21 percent of the NMV accidents in
tJre weighte{ sample. (Hereafter all percenüage values
cited in the text refer to the weighted sample.) Type 1

accidents can be divided into five distinctly different
subtypes, based on the factor t.hat precipitated the acci-
dents. The subtypes are listed below along with the
percentage of all type 1 accidents that were accounted
for by that subtype.

S\rbtype l-misjudged the intentions of tJle other
bicyclist-63 percent;

Subtype 2-obstructed view of another bicyclist-l3
percent;

Subtype 3-distracted, not Iooking in direction of
other bicyclist-8 percenti

Subtype 4-misjudged the space required to overtale
and pass-8 percent; and

Subtype 5-game plåyrng or stunting-8 percent.

All of the accidents classified into subtype 1 involved
a bicyclist who observed the other bicycle soon e¡rough
to avoid the accident, but failed to do so because he or
she misjudged the intentions of the other bicyclist.
Subtype 1 accidents most commonly involved two or
more bicyclists who were riding together, either
abreast or in tandem. The accidents occurred when
one of the bicyclists unexpectedly turned, slowed speed,
failed to turn, or failed to slow. An une4pected turn
was the most common type of misjudgment.

A smaller, but nevertheless important, number of
subtype 1 accidents involved bicyclists who were not
riding together but were approaching one another on
either an orthogonal path or a parallel path. In most
of these cases, both bicyclists misjudged the intentions
of tlte other.

All subtype 2 accidents occurred when one bicyclist's
view of the otler was obstructed until the bicycles were
in such close proximity that the accident could not be
avoided. In all cases, tlre bicycles approached one
another on orthogonal paths. The objects tllat ob-
structed the bicyclist's view were vegetation or parked
motor vehicles.

All the bicyclists in subtype 3 were distracted and,
therefore, were not searching in the direction of the
otler bicyclist. All subtype 4 accidents resulted from
a bicyclist's misjudgment about tìe space required to

is shown in tìe following

<5
5-9
10-14
15.19
20-24
25-29
30-34
>35

1.00
4.60
2.30
1.18
7.13
2.32
7.40
1.00

Sample

Ø)_
Weighted
Sample
P/"1Accident Description

Type 1-Collision or near collision with another
bicycle 19.1

Type 2-Collision or near collision with animal 1.5
Type 3-Collision or near collision with
pedestrian 1.0

Type 4-Fell or struck fixed object when evad.
ing collision w¡th motor vehicle 2.0

Total class A (N = 47) 23.6

21.2
1.5

4.6

_ 
1.0

28.3
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overtale and pass another bicyclist' That is, one
bicyclist attempted to overtake and pass another
bicyclist at a point where there was insufficient space
to do so safely. All subtype 5 accidents occurred when
two or more bicyclists were game pÞying or sh¡nting.

Type 2: Collision or Near Collision
with Animal

Nearly every book on bicycle riding warns of the hazards
associated with animals chasing bicyclists or unex-
pectedly dashing into the bicyclist's path. The table
shorvs that collisions or near collisions with animals
accounted for only 1.5 percent of the NMV accidents
in the weighted sample. The low incidence of this type
of accident may be due to the fact that mostr and per-
haps all, communities in Santa Barbara have leash
Þws for dogs. It would be interesting to compare the
incidence of this accident type in Sa¡ta Barbara County
with the incidence in one or more communities that do
not have a leash Law.

Type 3: Collision or Near Collision
with Pedestrian

A collision or near collision with a pedestrian accounted
for only 1 percent of the accidents in the unweighted
sample but accounted for nearly 5 percent of the acci-
dents in the weighted sample. This difference is due to
the fact that this accident type more often involves
older riders than younger riders. The incidence of
bicycle-pedestrian accidents in the telephone survey
was too small to make a definitive statement about how
and why they occur. Holvever, information obtained
from bicyclists who were riding on one of the two main
separated bicycle paths in Santa Barbara indicates tlat
the incidence of bicycle-pedestrian accidents increases
dramatically when separated bike paths are used by
pedestrians ancl bicycfsts. It was found that 3.8 per-
cent of the bicyclists interviewed on the bike paths had
recently been involved in an accident with a ¡ledestrian
on one of the two main ¡raths in the city of Sa¡rt¿ Barbara.
The data indicate that bicycle-pedestrian accidents
most frequently occur when the pedestriatr turns unex-
pectedly as he or she is being overtaken from the rear
by a bicyclist. This type accident is particularly com-
mon when the pedestrian is roller skating or riding on
a skateboa¡d.

In summary, the tetephone survey indicated that
bicycle-pedestrian accidents are uot as frequetlt as
other types of accidents on the public stleets. However,
the evidence from the bike path surveys inclicates that
bicycle -pedestrian accidents may increase dramatically
when bicyclists and pedestrians are permitted to use
the same separated bike path. Other support for this
contention comes from data on the incidence of bicycle-
pedestrian accidents on college and university campuses.

Type 4: Fell or Struck Fixed Object When
Evading Collision with Motor Vehicle

Many bicycle e¡rthusiasts claim that numerous accidents
occur when bicyctists fall or strike fixed obiects as a
result of their attem¡rt to avoid a collision with a motor
vehicle. This claim is not supported by the data com-
piled duúng this stucty. As is shown in the table, type 4

áccidents accounted for only 1 ¡rercent of the NMV
accide¡rts in the weighted sample. It is possibly that
the incidence of type 4 accidents may be far greater in
other communities within Sanla Barbara County. How-
eve!, we hgrothesized that the bicycle enthusiasts'
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claim that this type of accident occurs frequently is
based on the incidence of near accidents rather than
the incidence of actual accidents.

Class B Accidents: Fell or Collided with

As its title implies, all ctass B accidents occurred when
the bicyclist lost control of the bicycle and fell or col-
lided with a fixed object. The accident t¡rpes and sub-
types within class B are differentiated in terms of the
factors that led to the loss of control. As is shown in
the table below, class B accidents accounted for 61 per-
cent of the accidents in the weighted sample.

Accident Description

Type 5-Lost control because of irregular road
surface

Type 6-Lost control when performing stunts
Type 7-Lost control due to vehicle handling

deficiency
Type B-Lost control when carrying object in

hands
Type 9-Lost control because ob¡ect caught in

moving part of vehicle
Type 10-Lost control because of other bicycle

failure or defect

Sample
e/"1

22.6 22.6
6.5 3.6

13.6 12.6

3.0 1.4

Weighted
Sample
P/"1

13.8

7.1

61.1

11.1

8.0
Jr,

Torat ctass B (N = i29) 64.8

Type 5: Lost Control Because of IrreguÞr
Road Surface

The daLa indicate that nearly 23 percent of all NMV
accidents involve a bicyclist who lost control of the
bicycle because of an irregularity in the road surface
on which he or she was riding. Type 5 accidents ca¡l
be further divided into subtypes based on the type of
road surface inegularity that Ied to the loss of control.
The type 5 subtypes a¡e listecl belorv along with an in-
dication of the proportion of all type 5 accidents ac-
counted for by each subtype.

Subtype 1-wet pavement-l2 percent;
Subtype Z-sand, gravel, or dirt on paved surface-

30 percent;
Subtype 3-tire hit large rock or other debris-20

percent;
Subtype 4-crack, bump, or hole in paved surface-

30 percent;
Subtnle ã-sewer grate-2 Percent;
Subtype 6-rut or bump in unpaved surface-5 per-

cent; and
Subtype ?-railroad track-2 percent.

Speed was judged to be a contributing factor in 49
percent of all type 5 accidents. In about one-half of
the cases in which speed was judged to be a contributing
factor, the bicyclist was riding down a hill. The effect
of speed manifested itself by reducing the amount of
time the bicyclist had available to respond to the
irregularity of the road surfacer. increased the bicycle's
sensitivity to road surface irregularities, or both. In
3? percent of the type 5 accidents, the bicyclist ob-
served the irregularity of tlre road surface soon enough
to have slowed speed or steered arqrnd the irregularity.
In these cases, the bicyclist's failure to cha-nge speed
or path was due to misjudgment of the effect of the
iuegularity on the bicycle's performance. In short,
the bicyclist failed to perceive the irregularity as an
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accident hazard. In the remaining cases, the bicyclist
failed to observe the road surface irreguÞrity until it
was too late to initiate effective evasive action. As
indicated above, the bicyclist's failure to observe the
irregularity soon enough to respond was often due, in
part, to the bicycle's high speed.

Type 6: Lost Control When Performing
Stunts

Three-quarters of type 6 accidents occurred when a
young bicyclist was riding over a jump. It is interesting
to note that in every one of these cases, the bicyclist
was riding a Motocross bicycle. I¡ tlte remaining cases,
the bicyclist was attempting a wheelie, riding a serpen-
tine course, or riding over a curb. These three accident
sulrtypes accounted for about 25 percent of type 6 acci-
de¡rts and occurred rvith about equal frequency.

Type ?: Lost Control Due to Bicycle-
Ilandling Defieiency

The ¡rreceding table shows that more than 12 percent of
the NMV accidents in the weighted sample resulted
directly from a deficiency in the bicyclist's vehicle-
handling skill. As the term is used here, vehicle-
handling skill deficiency refers to an inadequate level
of skill to sa-fely perform tlre maneuver that the
bicyclist was attempting just prior to the accident. That
is, a bicyclist may lave a bicycle-handling skill defi-
ciency even though his or her bicycle-handling skills
are far l¡etter than those of the average bicyclist. Type
? accidents can be divided into subtypes based on the
maneuver that the bicyclist was attempting when the
accident occurred. The accident subtypes are listed
below along with an indication of the percentage of type ?
accidents accounted tor by each subtype.

Subtype 1-high-speed braking-24 percent;
Subtype 2-lúgh-speed turning-16 percent;
Subtype 3-lúgh-speed steering-28 percent;
Subtype 4-¡ror¡nal-s¡reed braking-8 ¡rercent;
Subty¡le 5-normal-speed turning-8 percent; and
Subty¡le 6 -normal-speed steering- 1 6 pe rcent.

Bicyclists involved in subtypes 1 through 3 were at
least as skilled as the average bicyclist in the age
group. Conversely, bicyclists involved in subtypes 4
through 6 were judged to have far less bicycle-handling
skills than the average bicyclist of the same age. Some
of the type ? accidents involved an irregularity in tle
roadway surface, such as wet ¡ravement or gravel.
However, it was judged that the accident was preci¡ri-
tated by the skill deficiency rather than by the roadway
surface irregularity.

Ty¡re B: Lost Control When Carrying Object
in Hands

Ty¡re B accidents occurred relatively intrequently, ac-
counting for only 1.4 percent of the accidents in the
weighted sam¡:Ie. One-half of these accidents resulted
from the bicyclist's inability to slow or stop by manip-
ulating caliper brakes with only one hancl. The other
type 8 accidents resulted from a bicyclist's inability
to steer and ¡naintain bala:rce when carrying an object
i¡r one ha.nd. The incidence of type B accidents is sur-
prisingly low in light of the number of bicyclists who
are seen riding lO-speed bicycles a¡d have only one
hand available for steering and braking.
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Type 9: Lost Control Because Object Caught in
Moving Part of Bicycle

Type 9 accidents accounted for nearly 14 percent of the
accidents in the weighted sample. Type 9 accidents ca¡t
be divided into subtypes based on the object that be-
came lodged in a moving part of the bicycle. The sub-
types of accident type 9 are as follows:

Subtype l-pant leg caught between chain a¡¡d
sprocket-32 percent;

Subtype 2-passengerrs hand or foot caught in spokes-
23 percent;

Subtype 3-object hanging from handlebars lodged in
front wheel or spokes-2? percent;

Subtype 4-chain lodged þetween spokes and frame-
5 percent; and

Subtype 5-misceltaneous-13 percent.

Type 10: Loss of Control Because of Bicycle
Defect or Failure

Subtypes 4 and 5 of accident type 9 involved a bicycle
failure. They were classified in accident type 9 because
the failure resulted in an object being lodged in a moving
part of the bicycle. It can be argued that these accidents
should be classified in type 10 rather than type 9. Type
10 accidents can be divided into subtypes based on the
part of the bicycle that'üas defective or that failed.
This classification resulted in the identification of seven
subtypes, each of which occurred rvith about equal fre-
quency.

Subtype 1-defective brakes,
Subtype 2-loose handlebars,
Subtype 3-wet brakes,
Subtype 4-bicycle frame broke,
S\btype 5-gears slip¡red,
Subtype 6-chain broke, and
Subtype ?-front wheel was loose.

High speed was a factor in 41 percent of all type 10

accidents. That is, it was judged that the bicycle failure
would not have resulted in a loss of control if the bicy-
clist had been riding at a reasonable speed.

Cþss C: Bicyclist Collided with
@
Loss of Control

The tabte below shows that class C accidents accounted
for only 10.4 percent of those in the weighted sample.

Sample
l'/:L--

Weighted
Sample
f/"1Agc rll e 11 _Drlc rj p_t|o n

Type 1 1-Bicycl¡st's view of object was ob-
structed

Type 1 2-Degraded visibility
Type 13-Bicycl¡st not seârching ahead

Total class C (N = 22)

1.0 1.3
1.5 0.4

i,l- B'7-

1 1.6 10.4

Type 11 and type 12 accidents resulted from the bicy-
clist's view of the object being obstructed (1.3 percent)
or obscured (0.4 percent) by degraded visibility con-
ditions. These results indicate that few NMV accidents
result from a bicyclist's inability to observe a fixed
object until an accident is imr¡inent. The distinguishing
characteristic of ty¡le 13 accidents is that the bicyclist
failed to observe the object struck because he or she
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uras not searching in the direction he or she was travel-
ing. Eighty percent of type 13 accidents involved the
collision of a bicyclÍst with the rear of a parked motor
vehicle. In over one-half of these accidents, the bicy-
elist was interacting with a riding companion who was
riding abreast or behind the bicyclist. In the remaining
cases, the bicyclist was communicating with a pas-
senger, searching to the rear for overtal<ing traffic, or
throwing a newspaper. These three accident subtypes
occur with about equal frequencY.

RELATIONSHIP BETWEEN ACCIDENT
LIKELIHOOD AND EXPOSURE

The bicyclists who cornpleted the questiorxraire in the
user survey were asked to indicate the number of
kilometers per week they travel on school trips, trips
to and from work, trips to visit friends and relatives,
shopping and errand trips, trips traveling to a specific
place of recreation, and recreational trips that have no
specific destination. There was no expectation that
these items would yield precise information on the
absolute number of kilometers per week ridden for
each of these purposes. However, it was reasoned
that such items would yield data in which the bias is
constarit for bicyctists in the same age group and,
therefore, would enable a comparison to be made of
the relative exposure of bicyclists in the accident group
and those in the nonaccident group.

A computer program was writte¡r to compute for
each bicyclist in the user sutvey the estimated dis-
tance traveled for all trip purposes combined. The
cornputer program then divided the bicyclists into age
groups and, for each age group, divicled the bicyclists
into an accident group and a nonacciclent group. The
distribution of kilometers traveled per week was
studiecl in the median and interquartile range for each
popuÞtion; the subpopulation was computed.

Our findings indicate that the 25th centile bicyclist
rides about ã.6 km per week (3.5 miles per week), the
S0th centile bicyctist rides about 14.3 km (8.9 miles) per
week, and the ?5th centile bicyclist ricles slightly more
than 25 km (16 miles) in an average rveek. The trends
are completely consistent with the hypothesis that ac-
cident likelihood increases rvith erçosure, as measured
by the number of kilometers traveled per week. For
every age group, the accident group reported traveling
rnore kilometers per week tÌ¡an the bicyclists of the
same age in the nonaccident group. Similarly, the
kilometers traveled per week, lile the incidence of
NMV accidents, increases consistently to the 20- to 24-
year-old group. Unfortunately, there was an insufficient
number of older bicyclists to determine whether ex-
posure, like accident frequency, decreases with age
beyond age 24,

CONSEQUENCES OF NMV
ACCIDE}ITS

In order to estimate the cost of the toLal societal losses
from NMV accidents, the following procedure was used.
Cost were divided into four major areas:

1. Doctor, dentist, and hospital costs;
2, Cost of bicycle damage;
3. Cost of other property damage, such as clamaged

clothing and books; and
4. Cost of days lost from school or work as a result

of the NMV accident.

Although the bicyclists were questioned about the
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number of days in which they were partially disabled or
suffered pain and discomfort, no attempt was made to
estimate the cost of partial disability or pain and
suffering. The method used to estimate the dollar loss
associated with each of the four categories is as follows.

Medical Costs

Most of the estimates of medical costs were derived
from cost data contained in a recent report on the cost
of motor vehicle accidents (1). Note that the cost esti-
mates quoted in Faigin's refrrt are consistently tow
because of the inflated cost of medical care that has
occurred since the report was published; however, no
more accurate cost estimates could be located. Thus,
the following costs lvere assumed for medical care;

1. Emergency-room treatment-$85,
2. Hospitat care-$100 per day, and
3. Doctor's care-$20 per visit.

When surgery or dental work was needed, the cost
estimates used were those reported by the accident
victim.

Bicycle and Other Property
Damage

At the time of the telephone surveys, few persons were
aware of the dollar cost of damage to tleir bicycle. In
numerous cases, the person simply failed to repair the
damage, or the bicyclist or a parent repaired the dam-
age as well as possible. In order to obtain information
rvitl which to estimate the cost of bicycle damage, local
e:ipert bicycle repairpersons were surveyed to obtain
their estimates of the cost of parts and labor to repair
various types of damage.

For property damage other than that sustained by
the bicycle, the cost estimates used in the analyses
were those provided by the bicyclist.

Cost of Days Lost from Work
or School

The cost of a day missed from work was assumed to be
$65. This value was computed by Faigin in 19?6 Q and
is undoubtedly higher today. The cost of a day lost
from school was assumed to be $5. This value r,vas

suggested by Cross in 1978 @ in a discussion of the
cost of bicycle-motor-vehicle accidents.

Average Costs and Total Losses

By using the cost estimates described above, it was
determined that the average cost of a NMV accident was
$106. In an earlier part of this section, it was esti-
mated that 2053 North County bicyclists and 8018 South
County bicyctists had at least one NMV accident during
the past 12 months. Thus, the amual cost of NMV
accidents is estimated to be about $218 000 Ín North
County and about $850 000 in South County or about
$1 070 000 for the county as a whole.

These cost estimates must be considered highly con-
servative in that they make no allowance for pain and
suffering. Although emotional traurna represents a real
and important societal loss, no satisfactory teehnique
has been established for placing a monetary value on
sush a loss. In addition, no consideration has been
given for the time lost by friends or relatives who care
for an injured bicyclist. Moreover, the cost estimates
cited above were based on the number of bicyclists who
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had one or more accidents during tìe past 12 months.
Since some bicyclists have more than one bicycle acci-
dent during any 12-month period, the cost estimates
cited above should be multiplied by the ratio of total
accidents divided by total accident victims. Finally,
the cost estimates must be considered conservative
because the assumed costs of medical care and days
lost from work or school are based on 19?5 dollars
ratler than 19?9 dollars.

CONCLUSION

The annual societal cost of NMV accidents has been
conservatively estimated at $1 070 000 for Sa¡ta Barbara
County. This is the first time a documented estimate
of cost has been made to confirm the magnitude of tltis
problem. With this documentation of cost, the need
has been established for a remedy.

l{henever a decision is being made concerning the
development of safety education programs, a balance
between societal cost and societal benefit must be made.
The cost of education ean only be justified if the potential
societal benefits outweigh the costs. We think that a
societal loss of this magnitude justifies extensive educa-
tional development.

Never before have Americans been as energy con-
scious as they have in recent times. Bicycle use has
become a logical alternative to fuel-consumptive ve-
hicles. Consequently, more bicycles are now on the
road than ever before. With this increased bicycle use
has come a desperate need for bicycle safety education.
In t}re current political climate, individual states as
well as the federal government are placing high priority
on the development of facilities that will encourage
bicycle use for transportation. \ilitlout balancing
education with this acceleration, we could be creating
a tremendous safety problem while striving to save
energy.
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By using research projects that Ìrave defined major
accident causes, it will be possible to direct meaning-
ful safety education to adults as well as children.
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Determination of the Characteristics
of Bicycle Traffic at Urban
I ntersections
Kenneth S. Opiela, Snehamay Khasnabis, and Tapan K' Datta

A study of bicycle traffic at urban intersections was conducted to deter-
mine the character¡st¡cs representative of this mode, The study was un-
dertaken to address information deficiencies recognized during efforts
to develop a mult¡modal-intersect¡on-simulation model. The study fo-
cused on the arr¡val patterns, approach speeds, and crossing gap-

acceptance characteristics of bicycle traffic. Traffic data were collected
from a number of intersection locations operating under mult¡modal de-
mand, which included motor vehicle. pedestrian, and bicycle modes. A
video recording procedure was used to record and subsequently retr¡eve
information relative to the various events of ¡nterest. Statistical analysis
of the data was conducted to establ¡sh the character¡stics of bicycle traf-
fic arrivals, approach speeds, and crossing gap acceptance. The analysis
of arrival data revealed that a negat¡ve exponential d¡stribution repre-
sented a reasonable model for low-to-medium volumes of bicycles. Other
arrival models were noted to be appl¡cable ¡n some cases, but the nega-
t¡ve expontent¡al l'vas preferred because of ¡ts universality and simplicity.
Approach speeds were noted to range from 3.4 to 39.6km/h l2.1to 24.6
mph), w¡th the distribut¡on of speeds corresponding to a normal curve.

Analyses of bicycle speeds on different fac¡lit¡es and the impact of bicycle
lane traffic on automobile speeds were performed. Last, an analysis of
crossing gap acceptance revealed that the d¡str¡bution of accepted gaps

corresponds to a log normal function. The results of the study are pro'

sented and the appl¡cabil¡ty of the f¡ndings discussed. Recommendations
are made for improving the procedures used and conducting further in'
vestigations.

The sale and use of bicycles for both utilitarian and
recreational travel has grown since the mid 1960s (1-3).
Transportation professiónals, in recognition of this- -
trend, had begun to give serious attention to the bicycle
mode by the mid 1970s. Many programs were initiated
to plan, design, and implement facilities for bicycle
travel (4-?).
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The task of integrating bicycle facilities into the urban
transportation system is not an easy one. Difficulties
arise from the competing needs of other modes; the
lack of agreement relative to the type, placement, and
control of such facilities; and the limited understanding
of the characteristics of bicycle traffic. The latter as-
pect, in particular, has prevented transportation pro-
fessionals from applying various analytic or simulation
techniques to determine the impacts of alternative inter-
section designs and control strategies. Consequently,
few quantitative data exist for evaluation of the im-
pacts of bicycle facility implementation. It is quite clear
that an impending need exists for more information and
a better understanding of the châracteristics of bicycle
traffic and its impact on intersectionperformance.

Some analysis has been undertaken by Jilla to mea-
sure the effect of shared use of roadways (8). He found
that automobile traffic speeds are reducedãnd that ve-
hicles are laterally displaced in the presence of bicycles.
Ioop and Layton conducted similar studies to determine
the effects on speeds and lateral displacement (e). ttrey
noted only small decreases in automobile speedã but
observed that the reductions were influenced by the
width of the roadway and the volume of traffic. In each
case, observations were made at nonintersection loca-
tions. Chao, Matthias, and Anderson have conducted
studies of the behavior of bicyclists at signalized inter-
sections (tO). ttreir study focused primarily on signal-
observancõ-behavior for different types of controls and
did not attempt to define the characteristics of bicycle
traffic. Ferrara's work represents the only effort aimed
at quantitatively evaluating intersection performance
where both motor vehicles and bicycles compete for the
use of the roaO (tt). A limited amount of field data was
collected and a sj-mulation analysis of alternate options
for intersection control was conducted. His analysis,
however, fails to consider the effects of pedestrians,
delay of one cyclist on another, and unbalanced inter-
section flow. Further, his study was based on data col-
lected in California, an environment largely conducive
to the use of the bicycle. Other studies of bicycle traffic
have been undertaken irr Europe but, for the most part,
the results of these studies have not been available to
engineers in this country. Iìrrther, the European ex-
perience may not be relevant in this country since the
role of the bicycle as a means of urban transportation
is significantly different, implying that bicycle traffic
characteristics may not be similar. The need exists for
further investigations into the nature of bicycle traffic
characteristics .

The need for additional information relative to the
characteristics of bicycle traffic was recognized during
efforts to develop an intersection simulation model capa-
ble of representing multimodal demand situations. Mul-
timodal demand occurs when significant volumes of bi-
cycle, motor vehicle, and pedestrian traffic use common
intersection space. The inherent differences in the per-
formance characteristics of these modes influence the
operation of an intersection. Simulation techniques were
determined to offer the best means to assess the impacts
of multimodal demand on intersection operation. The
existing information relative to the characteristics of
bicycle traffic was, however, found to be inadequate for
simulation purposes. The collection, reduction, and
analysis of field data became a necessary prerequisite
for this study. The objective of this paper is (a) to de-
scribe the methodology employed to obtain and analyze
bicycle characteristics data, (b) to present the conclu-
sions drawn from the data analysis, and (c) to discuss
the applicability of the information.
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DATA COLLECTION

The data collection effort for this study involved the
identification of data needs, the selection of candidate
locations, and the development of a data collection pro-
cedure.

Data Requirements

The initial step in this study involved the establishment
of data requirements. The primary focus of the effort
was oriented to obtaining operations data pertaining to
bicycle arrivals, speeds, and gap acceptance. It was
necessary to determine data requirements to ensure
that all relevant information would be collected and that
it be done in an efficient and accurate manner.

The lack of sufficient information that defined the
characteristics of bicycle traffic at intersections neces-
sitated efforts to obtain bicycle operations data. The
operations data determined to be necessary for this
study included the following:

1. Traffic arrivals-Traffic arrivals data indicate
both the volume and the time distribution of the traffic
demand. Changes in volumes or the pattern of arrivals
influence the operation of urban intersections.

2. Approach speeds-The approach speed of traffic
influences stopping distances, clearance intervals, and
turning radii at intersections. It is necessary to de-
termine approach speeds for each mode for accurate
replication of intersection operation.

3. Gap acceptance-Gap-acceptance events describe
the behavior of individual traffic entities in accepting or
rejecting gaps in the traffic stream. The length of gap
accepted by an individual traffic entity will reflect the
aggressiveness of the driver, the capabilities of the ve-
hicle, and the length of wait.

Selection of Candidate Sites

Data collection \ryas made difficult by the fact that rela-
tivelv few locations exist where sufficient volumes of
multímodal traffic (specifically bicycle traffic) can be
found. Help was sought from local officials' bicycle
advocates, police departments, and others to generate
a list of potential candidate locations. Most of the can-
didate locations \¡/ere visited for a field evaluation of
traffic and environmental conditions. Candidate loca-
tions for data coltection \4¡ere selected from this list on
the basis of the following criteria:

1. Sufficient volumes of motor vehicle, pedestrian,
and bicycle traffic must exist;

2, Bicycle traffic must be largely utilitarian travel
(it has been suggested that trip purpose significantly in-
fluences characteristics such as speed, risk taking, and
route selection);

3. A¡r acceptable vantage point exists near the inter-
section to allow discrete observation of traffic operations
and thus avoid modification of behavior; and

4. The location must represent a typical urban inter-
section.

Approximately 40 intersection locations 'u¡ere investi-
gated in the preliminary search. Of these, 15 were found
to meet the above criteria and were used for data col-
lection. The locations at which data were collected for
this study are described in Table 1. The table sum-
marizes the envirorirnental features of each location.

Note from the locations of the intersections that in
all cases the data were collected in the proximity of col-
lege campuses. The proximity to campuses introduces
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Table 1. Description of data collection locations.

Figure 1. Schematic of data collection, reduction, and analysis
procedures,

Càmera

__i
I ntersectì on7[
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No. Locatlon Area Control Type'
Volumeù
Level

Campus
Câmpus
Urban
Campus
Urban
Suburban
Urban
Campus
Urban
Campus
Suburban
Urban
CamÞus
Urban
Urban

Slgnal FOL Medium
Priority FOL Medium
Signâl Skew Medium
Priority FOL Medium
Signâl FOL Medium
AU stop FOL Medium
Signal FOL Medium
AU stop FOL Medium
Signal FOL Heavy
Priority FOL Medium
AU stop FOL Light
Priority FOL lleavy
Priority FOL Light
Signal FOL Medium
All stop FOL Light

'FOL = four legg€d, orthogonal ¡nterscrion.
r'Ef im¿tsd rctor vehicle tralfic demand levels.

video
Recorder

The bicycle facilities at the candidate locations in-
cluded bicycle lanes on the roadway and separate bike
paths. In many cases no special bicycle facilities ex-
isted and the cyclists used the sidewalk or the street.
Some of the candidate location provided more than one
type of facility. In such cases, observations of bicycle
traffic were categorized by type of facility.

Data Collection Methodology

A data collection procedure was developed to obtain the
necessary traffic operations data from the candidate in-
tersection locations. Initially, a manual procedure uras
devised, but such a procedure required several ob-
servers in the field to obtain aU the necessary data.
Furthermore, the collected data required recording for
computerized analysis. These limitations re¡rdered
manual techniques impractical and an alternate method
was sought. Time-lapse photography was determined to
provide an effective means to obtain the data needed.
This method required only one observer in the field and
allowed films of intersection operation to be replayed
repeatedly until all pertinent data were obtained. A
monochromatic, time-lapse video recording system was
procured. the system consisted of a video camera and
a portable video recorder with a time-lapse feature that
allowed filming at regular speed (real tinre) or at one-
fifth speed. The elapsed time \¡/as superimposed on the
films during recording by using a video time image gen-
erator. The time image generator was incremented
once each 0.1 s, which allowed precise isolation of event
times from the resulting films. The time-Iapse system
was rounded out by a variety of camera mounting and
power equipment to allow considerable latitude in the
selection of vantage points for data collection. That the
entile system could be readily carried by a single per-
son enhanced this latitude.

The video tapes resulting from filming intersection
operations were reviewed on a video monitor. The speed
at which films could be reviewed was a function of the
filming speed. Many films were shot in the time-lapse
mode to allow up to 2,5 h of actual time to be recorded
on each L2,7-cm (5-in) reel of video tape. The tapes
were replayed at time-lapse speed for real-time obser-
vation of the iutersection or at regular speed for quick
scans of the film. Films recorded at Ìegular speed
were viewed in slow motion by playing the tapes back
at time-lapse speed. The recorder allo'wed the film to
be stopped at any point to isolate an individual video
field for detailed analysis or data recording. The sche-
matic diagram shown in Figure 1 depicts the equipment
and procedures used in data collection, reduction, and
analysis.

' t,..

ComÞuter Terminal
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a bias to the young adult age group; however, they rep-
resented the only locations where significant volumes of
utilitarian bicycle traffic could be found. The locations
included priority (one street given priority over the
other), all-stop, and signalized intersections. In all
cases, with the exception of location 3, the intersections
had four orthogonal legs. Location 3 had four legs, but
was skewed (nonorthogonal). The motor vehicle traffic
volumes were generally estimated to be light to medium.
Location t had heavy motor vehicle volumes, but very
low no¡rmotorized volumes. Location 12 was noted to
have high motor vehicle and nonmotorized traffic moving
in parallel directions but only limited conflicting move-
ments. The area type desig¡Btion indicates whether the
location was characterized by high-density land use (u¡-
ban), medium density (suburban), or an institutional
density (campus).

1 Shaw Lane and Farm Lane, East Lansing
2 Shâw Lane and Case Road, East Lanstng
3 MAC ånd Albert, East lansing
4 Bogue ând Shaw Path, East Lansing
5 State ând Washington, Ann Arbor
6 Eâst University ând Hill, Ann Arbor
? South Unlversity and Forest, Ann Arbor
I Thompson and Madison, Ann Arbor
I Cedar and Michigân, Lânsing

10 Fârm Lane and Wilson, East Lanslng
ll South University and Church, An¡¡ Arbor
l2 Massachusetts and Memorial, Cambridge
l3 Thompson and Jefferson, Ann Arbor
l4 Cass ând Antoninette, Detroit
15 Albert and Chârles, East Lansing

OATA COLL€CÌfON

Video l4oni tor
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DATA REDUCIION

The data reduction phase of the project involved ex-
tracting time information about events from the video
recordings, converting the data into a computer-
readable form, and conducting statistical analysis of
the data. In order to accomplish these tasks, it was
necessary to develop procedures for data reduction and
to design and implement computer software to facilitate
data reduction.

Procedures

The reduction of data from the video tapes required
numerous passes over each tape to obtain data for all
the events of interest. It was found that, for manual
data extraction, the tapes had to be run at their slowest
speed and stopped frequently to record data. This
method allowed accurate recording of event times, but
it was extremely slow. An alternate method was de-
vised in which the internal computer clock was used to
mark the times of certain events. The program de-
veloped for this purpose recorded the current elapsed
time value in milliseconds at each impulse input by the
observer at the computer terminal. The event times
corresponding to those on the video recording were pro-
duced through association of elapsed time to the initial
video timer image input to the program. Subsequent
statistical analysis of the resulting list of event times
allou'ed the development of statistical models for bicycle
traffic characteristics. The use of the eomputer pro-
gram provided two important advantages: (a) it greatly
reduced data reduction time anO (b) data were stored
directly on the computer, which facilitated later analy-
sis of means, variances, and other distribution parame-
ters.

The specific procedures used to reduce the collected
data from the video tapes are described below.

Speeds

The speeds of traffic entities were determined by noting
the time required to traverse a known distance, which is
defined by a set of fixed objects (i.e., the width of road-
way or the distance between lamp posts). The time re-
quired to traverse the section was obtained by noting the
entry and exit clock images superimposed on the video
recordi¡rg. The speed was computed by dividing the
reference distance by the elapsed time for each entity.
Conversion factors were used as necessary to output the
speed values in units of meters per second or kilometers
per hour. A special version of the program allowed
stratified speed analysis. An index value designating
one of two groups was input to categorize the data and
thus allow consideration of external i¡rfluences on speed
(i.e., speed of bicycle traffic when motor vehicles are in
an adjacent lane).

Arrival Times

The arrival distributions for bicycle entities were ob-
tained by noting the time image recorded corresponding
to the occurrence of an entity at some preselected point.
The interarrival times \¡/ere calculated as the difference
between successive times, starting from the beginning
of the sampling period. The distribution of interarrival
times ovei a sþecified period of time (usually 15 min)
was subsequently represented by a probability function.
A special variation of tltis procedure was designed to
consider group arrivals.

33

Gap Acceptance

The simulation of cyclists crossing at intersections re-
quired that a function describing the gap-acceptance be-
havior be determined. An accepted gap was equal to the
diJference in time from when the queuing point was left to
when the crossing was completed. A rejected gap was
measured as to the time headway between mainstream
traffic entities during which a crossing $tas not attempted.
Data were recorded such that the arrival time of an en-
tity wanting to cross was indexed with a value of 1. The
length of the rejected gap was equal to the diJference be-
tween the bicycle arrival at the queuing point and the pas-
sage of a mainstream traffic entity or the time between
successive mainstream entities. Rejected gaps were
indexed with a value of 0. ü the gap was accepted,
an index of 2 was used, and the crossing time was re-
corded. These indices served to identify the various
event times obtained in collecting the gap data and thus
facilitate the reduction of these data.

Program

The reduction of data into quantitative measures was
facilitated by the development of a computer program.
The program was capable of reading the data sets gen-
erated from the procedures described above and con-
ducting statistical analysis of arrival, speed, and gap-
acceptance data. The program was designed to read a
data set and execute one or more data reduction opera-
tions specified by the user. For e:ømple, a set of speed
data may be analyzed to determine traffic speeds in one
analysis, and a second pass may be used to perform an
analysis of the arrival pattern of the traffic observed.
Inputs to this program included program control cqrds,
loeation and sample identification information, convêr-
sion factors, and the raw field data.

The program produces several outputs. These in-
clude the following:

1. Statistical summaries of totals, meansr standard
deviations, maximums, and minimums;

2. Histograms of data distribution; and
3. Measures of the degree of fit of datâ to theoretical

probability functions.

Outputs from this program were used for data analysis.

DATA ANALYSIS

The arrival, speed, and gap-acceptance data collected
for bicycle traffic were subjected to a rigorous statisti-
cal analysis. The results of the analysis for each type
data are presented in the followitrg sections.

Arrival Data

Arrival data collected for bicycle traffic were analyzed
to determine the levels of traffic demand and the
characteristic patterns of this demand. Bicycle ar-
rivals were obJerved (video recording) upstream of in-
tersections. The locations were selected to be several
hundred meters away from intersections to eliminate any
influence on the arrival patterns. Bicycle arrival data
were recorded at six intersection locations for thirty-
eight 15-min sampling periods. The interarrival times
for 5?0 bicyclists were recorded during these observa-
tions. The amival data obtained in these 38 sampling
periods are presented in Tabte 2. Note that volumes
ranged from a high of 160 bicycles /hto a low of 16 bi-
cycles/h. The product of the volume and the mean in-
terarrival time did not always equal t h. This deviation
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Table 2. Summary of bicycle
arrival data.

Table 3. Chi-square comparisons
of observed and theoretical arrival
distributions.
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Count Locâ- Volunìc
Nurnbcr tioD (bicycles/h) SD natio' Mâxi¡ìrunì Mi¡riDìu¡rì

McarÌ lnter-
ârrivrl Ti¡r¡e
(s)

I,
J

4
ã
6
7
B

9
10
11

t2
l3
t4
15
16
t7
r8
l9
20
2l

23
24
25
26
27
28
29
30
31
32
33
34
35
36
3?
38

I
I
I
I

t2
t2
l1
lt
l1
t1
u

5
5
5
5
5

5
5
5

5
5
5
4
4
4
4
4
4
4
4
4
4
4
4
4

56
JO

104
16

100
132
36
40

48
80
16
24
32
24
48

44
48
36
72
52
36
48
40
48
36
t6
48
28
32
24

160
108
96

140
100
132

55.81
99.40
31.58

198.5?
32.88
26.73
99.6?
86.00
3?.5?
?1.16
44.90

193.50
142.83
10?. l0
r 0t.6?

6?.08
52.00
6t.80
68.83
45.00
49.89
56.3 I
99.6?
?4.00
86.20
? t.80
95.40

191.02
?1.95
85.?9
93.48
91.48
21.76
3l.92
41.31
24.tl
35.92
29,41

42.35 0.?6
?6.49 0.7',1
33.08 1.05

165.?8 0.83
32.44 0.99
26.10 0.98

165.86 1.66
t34.25 1.56
3?.90 1.01
?0.59 0.99
?3.81 1.64

t20.71 0.62
190.?6 1.34
88.11 0.82
45.03 0.44
?ô.28 1.14
81,27 1.56
90.13 1.46
74.34 1.08
31,26 0.69
54.63 1.10
45.62 0.81
84.63 0.85
53.20 0.'t2
?0.64 0.83
6?.?1 0.94
91.9? 0.96

l5?.91 0.83
68.92 0.96

134.30 1.5?
94.35 1.01
86.t5 0.94
30.34 1.39
45.35 t.42
4t.78 1.01
30.48 r.26
30.?4 0.86
33.54 l.14

t54.00 2.20
206.10 13.30
111.80 0.50
348.60 15.90
120_00 1.00
106.00 1.00
ã14.00 4.00
459.00 3.00
123.00 1.00
220.98 3.00
309.00 1.00
349.20 66.00
44?.00 15.00
213.00 1.80
148.00 51.00
241.00 6.00
309.00 0.0
292.80 0.0
2?0.00 2.00
104.40 4.80
184.98 2.04
159.00 3.00
240.00 1.00
148.20 1.00
223.OO 3.00
194.90 4.80
284.',t0 2.40
404.80 50.60
201.20 1.00
3?t.10 8.60
286.?0 10.30
248,10 ?.30
128.60 0.20
20t.40 0.60
183.30 0.10
1?r.80 1.20
116.20 2.O0
172.40 0.90 !¡.

'Ratio ¡s computed by d¡viding rhe Standôrd d4¡alion by the meôn inlerarr¡v¿l t¡me.

Locatlon

Shlfted
Negative Negatlve
Exponential ExÞonential camma Erlans' lå1.",' Unlform

1

Computed 2.16'
CÌitical 6.25

12
Computed .4.00"
crtttcâl 6.25

t2
computed 3.01'
Critical '1.'18
4
Computed ?.55'
Critlcât 15,99
4
Computed 9.?1'
crttlcal l'1.21

2.33'
4.60

4.03'
4.60

5.66"
6.25

18.29
14.68

16.49
12.02

2.96"
4.60

4.60'
4.60

3.14'
6.25

9.46'
14.68

1. r0"
4.60

1.69'
4.60

3.86"
4.60

26.95
14.68

1?.?8
10.64

2.65"
4.60

2. t6'
4.60

1.39"
4.60

7,12'
10.64

8.69
6.25

48.48
15.99

9.71
12.02

?3.93
9-24

'Correspond¡n9 k.values = l, 2, 2, 2, 1.
ò Corr6pond¡ng âlÞha values = 0.9, 1.0. 1.2, l.l, 0.8.
'No significant dillerence betwen obseted ånd lheoret¡cal dislribut¡ons.

resulted lrom the use of an asychronous counting pro-
cedure, which allowed the occurrence of long gaps at the
beginning or end of the sampling periods.

The distribution of bicycle arrivals ì/eas analyzed by
using the curve-fitting feature of the data reduction pro-
gram. The program computed the theoretical frequen-
cies corresponding to parameters estimated from the
data for negative exponential, shifted negative exponen-
tial, gamma, Erlang, log normal, and uniform distribu-
tions. The corresponding observed frequencies were
compared to the theoretical distributions by using a chi-
square test for 16 intervals. Comparisons were made
for various interval sizes and the number of intervals
was collapsed as necessary to ensure that a minimum of
five observations existed in each interval.

The results of the chi-square analysis performed for
five of the larger samples are provided in Table 3. The
larger samples provided a sufficient number of degrees
of freedom to permit meaningful interpretation of the

comparisons. In Table 3 the chi-square results are
given for the comparisons to the theoretical curves. The
õritical value of the chi-square (at the 10 percent level)
that corresponds to each comparison is provided below
the computed value. For each comparison, the appro-
priate number of degrees of freedom was determined.

In all cases, the negative er<ponential and gamma dis-
tributions were found to provide an acceptable repre-
sentation of the actual arrival distribution. Other theo-
retical distributions were noted to provide a reasonable
approximation for some of the samples, but these dis-
tributions were not generally applicable for all cases.

It was concluded that the pattern of bicycle anivals
corresponded to a random process that could be repre-
sented by a negative exponential distribution. This con-
clusion was based on the results that indicated an ac-
ceptable fit to real data and the use of this distribution
in previous traffic studies. The gamma distribution was
¡rot chosen for two reasons. First, it represents a
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more complex model, which requires two parameters
instead of one, and second, the low values of alpha es-
timated for generating the function (i.e., 0.60-1.20) im-
ply that the data possess a high degree of randomness.
The use of the negative extrlonential distribution was con-
sistent with Ferrarats approach and superior in that it
is a simpler model. The negative e:ponential distribu-
tion may, however, slightly underpredict the number of
short headways while slightly overpredicting higher
headway values.

Speed Data

Intersection approach speeds for bicycle traffic were
determined from the data collected for 486 bicycle en-
tities. The approach speeds of bicycle traffic were ob-
served upstream of seven intersection locations. the
locations were selected to be sufficiently distant from
the intersections to minimize the effect of traffic con-
trols on approach speeds. Table 4 provides a summary
of the average, maximum, and minimum speeds observed
in the various sampling periods. Note that the average
speed of bicycle traffic was 20.8 km/h (12.9 mph). The
overall speeds ranged from a high of 39.6 km/h to a low
of 3.4 km/h (24.6-2.1 mph). The standard deviation of
bicycle speeds was found tobe 4.2 km/h (2.6 mph).

The effect of facility type on bicycle speeds was
analyzed to determine if a significant influence existed.
The speed data were classified by bicycle lane, bike
path, sidewalk, and no-special-facility categories. The
results of the stratification are shown below (1 km/h =
0.62 mph).

Sampling O-bs-erved Speeds (km/h)

Periods Mean Maximum Minimum

35

present t46.48 km/h (ZS.SS mph)l by an average of 2.6
km/h (1.6 mph), indicating no major influence. The re-
sults tend to support the findings of Loop and Layton (9),
but they must be viewed cautiously, since the sample -
sizes were small. The effect on automobile speeds for
vehicles in the culb lane revealed no significant differ-
ence between the bicycle and no-bicycle conditions. The
speed of traffic in the left lane displayed a more notice-
able, yet small, difference. These differences would
suggest that only a small interaction effect exists be-
tween automobile and bicycle traffic.

Gap-Acceptance Data

A total of 260 bicycle crossings of two lanes of one-way
motor vehicle traffic [?.3 m (Z+ tt) wide]were recorded
to determine the gap-acceptance characteristics of the
bicyclist. The length of each rejected and accepted gap
was recorded and the data were arøLyzed, by using the
data reduction program. It was determined that the av-
erage accepted gap was 3.9 s. The minimum accepted
gap was noted to be 1.1 s. Table 6 provides a summary
of the gap data obtained in 14 sampling periods. The
average rejected gap v¡as 2.6 s in length and the maxi-
mum rejected gap was 8.1 s. Many cyclists accepted
much shorter gaps by not stopping prior to initiating the
crossing maneuver. When traffic conditions required a
stop, the accepted gap tended to be longer in duration.
No effort was made to separate rolling and stopped-start
crossings and quantify the difference.

The frequency of accepted and rejected gaps of given
lengths are plotted in Figure 3. The critical gap, as
represented by the intersection of the gap-acceptance
and gap-rejection curves shown in Figure 3, was noted
to be 3.2 s. The frequency distribution of the gap-
acceptance data is shown in Figure 4. The slightly
skewed shape of the curve depicted in the figure indi-
cates that the data correspond to a log normal distribu-
tion. The same data were plotted on a log-probability
graph, as shown in Figure 5. The straight-line relation-
ship apparent for the data supports the h¡pothesis that
the bicycle gap-acceptance function is log normal. This
finding differs from the linear gap-acceptance function
postulãted by Ferrara (11).

CONCLUSIONS AND RE COMME NDATIONS

lhe analysis of field data collected at urban intersections
operating under multimodal traffic demand resulted in
useful information relative to the characteristics of bi-
cycle traffic. The specific conclusions drawn from the
study included the following.

Insufficient information exists relative to the charac-
teristics of bicycle traffic at urban intersections. Past
studies, with the exception of Ferrarars work (1il, have
not quantitatively addressed the intersection problem.
Video recording techniques can be used to obtain opera-
tions data for bicycle traffic analysis. The use of a
time image generator to superimpose an elapsed time
value on the recordings alloured accurate isolation of
event times. the development of computer software for
data reduction and analysis facilitates the use of such a
system.

An analysis of bicycle interarrival times indicated
that a random arrival pattern characterized the situa-
tions observed. A negative e>içonential distribution was
determined to best represent the arrival pattern for low
to medium traffic volumes. Other distributions, such
as the garnma, log normal, Erlang, shifted negative ex-
ponential, and uniform, ì,vere compared to the field data,
but they did not provide an adequate fit for all of the
cases compared.

FagLlilv

Bike path
Bicycle lane
Sidewalk
No facility
Overall

14 20.26 39.18
4 24.99 40.88
5 18.51 30.15
5 19.07 36.91

28 20.71

4.38
4.07
3.39
8.06

The mean speeds on bicycle lanes were the highest at
24.9 km/h (f S.S mptr) fo[owed by an average of 20.3
km/h (12.6 mph) for bike paths. The higher speeds may
be attributed to the sepalation of bicycle traffic from
other modes. The bicycle lane was believed to have the
highest average speeds because it offered the largest
amount of maneuvering space, particularly where auto-
mobile volumes are low. Bicycle speeds averaged 19.0
km/h (11.8 mph) on roadways where no special facilities
were provided. The lowest mean speeds were observed
for bicycles on sidewalks tlS.5 km/h (f t.s mptr)1. The
lower speeds may be the result of greater cautiousness
on the part of the bicyclists in pedestrian traffic. These
findings were not considered to be conclusive since the
data for bicycle lane, sidewalk, and no-facility situations
were limited. F\rrthermore, differences in the condi-
tions of each location may have contributed to variations
in the observed speeds,

The distributions of bicycle speeds were analyzed and
the normal distribution was found to provide a close ap-
proximation to the data collected. The data shown in
Figure 2 indicate normality by displaying the character-
istic bell-shaped curve for the observed frequencies.
The curve was derived from plotting 159 speed observa-
tions for bicycles.

The influence of bicycle traffic in bicycle lanes on
automobile traffic on a two-lane, one-way roadway v/as
reviewed. Table 5 shows the mean automobile speeds
determi¡red from a limited sample ol 262 automo-
biles. The mean automobile speeds with bicycles present
t43.94 km/h (ZZ.eO mptr)l exceeded those without bicycles
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Table 4. Summary of observed bicycle speeds.
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Table 6. Summary ofgap acceptanceand rejection data,

Rerected Gaps Accepted Gaps
Count Loca- facility
Number tior Type

speed (km/h)

Meân Maximum Minimurn
Total
(N) Locâ-

tlon
Averâge Maxi-

Total (s) mum (s) Total
Average Minl-
(s) mum u

I

3
4
5
6
'l
I
I

l0
t1
t2
13
l4
l5
l6
t7
18
19
20
2l
22
23
24
25
26
2',1

28

t
2

2
1

I
1

I
I
4
4
4
I
I
I
I
I
I
1

I
ll
IT
2

5
5

5
3

4
13
l5
32
14

o

26
t2
I
4

t2
't
I
6

.10

2'l

35
25
33
t5
11

30
2l

,l

8
11
22

I

3
4
5

6

I
I

10
11

12
13
t4

t4
5
4

t2
l4
l4
I

14
15
25
l3
I
I
1

32
10
I

16
2t
18
l4
1'l
29
13
15
24
18
24

Path
Path
Path
Path
Lanc
Latre
Lane
Path
Path
Si(le
Si(le
Side
Path
Path
Path
Path
Path
Path
Pâth
I,ath
No¡ìe
None
Si(le
Lane
Side
Norìc
None
Nonc

18.25
21.82
22.20
20. t9
17.22
20.11

5.99
21.95
l',t.23
23.36
20.1 1

18.10
26.82
27.85

9.61
8.?0
6.44

16.81
18.50
I 8.9?
12.23
18.02
2t.'l't
27.58

5.00
25.50
22.86
I t.86

2.42
2.92
3.85
3.13
2.69
2.39
1.66
2.26
2.05
2.65
2.28
2.40
2.69
3.16

8. t0
4.60
6.80
6.90
6.40
4.60
3.50
5.30
3.?0
5.30
5.20
3.80
3.90
5.90

29.57 3?.9?
33.89 43.14
32.82 43.33
31.91 58.08
30.92 4¡. r3
30.27 42.59
27.56 45.25
29.5? 42.59
22.',t' 28.96
27.92 3?.9?
27.28 36.20
26.53 36.20
3t.?0 40.22
3!.90 36.20
28.8ã 46.26
25.44 3?.01
26.?6 38.95
27.56 38.95
28.r3 35.24
28.13 3?.0t
22.21 33. 13

21.50 27.47
29.93 44.34
41.11 48.27
24.46 3ô.06
33.61 40.3t
35.66 54.29
27.13 50.0t

3.60 2.40
4.64 2.30
4.43 2.50
3.81 2.80
3.?4 2.30
3.28 2.00
3.36 1.50
3.16 2.30
3.59 1.10
4.34 2.50
4.1t 2.70
4.09 1.80
4.0't 3.10
3.9? 1.80

Nore: I km/h = 0.62 mph.

Figure 2. Frequency distribution of observed bicycle speeds,

Bicycìe Speeds (km/h)

Table 5. Effects of bicycle-lane traffic on automobile speeds.

Figure 3. Frequency d¡str¡but¡on of accepted and rejected gaps.

468
Length of Gôp, t (seconds)

the influences of the enviroünent in which the data were
collected.

A limited analysis of the effect of the presence of
bicycle traffic (in bicycle lanes) on automobile traffic
revealed that only small reductions in speed occurred.
This finding, although based on a small sample, tends
to support the conclusions of earlier research.

Bicycle crossing gap acceptance was analyzed, and
it was determined that the distribution of accepted gaps
corresponded to a log normal function. It was noted that
accepted gap size was related to whether the crossing
was initiated from a rolling or standing start.

the findings of this study serve to increase the under-
standing of the characteristics of bicycle traffic at urban
intersections. The information presented here provides
some of the inputs necessary to conduct simulation
analysis of urban intersections that service bicycle traf-
fic. The information may also serve as the basis for
the application of other analytical models, such as delay
and queuing models for the analysis of the impacts of
various intersection control strategies. For example,
the arrival and gap-acceptance functions derived in this
study can be used in a queuing model to determine the
erieected waiting time, or the amount of space required
to accommodate bicyclists making left turns. The queuing
model results could be used to measure the effectiveness
of alternative intersection design treatments. The bi-

240

160

o
oç 120
o
!

Ê

30

-20

I

Bicycles Present, No Bicycles,
Location I Locâtion 2 Overall

No. of
Sfreed Automo- Speed
(km/h) bÍles (km/h)

No. of No, o¡
Autonro- Speed Automo-
biles (km/h) biles

Curb 48.31
4't.00
40.53

Left 43.48
38.?9
45.45

Overall 43.92

40
63
40
36
38
45

262

36
61
32
3l
36
35

231

4

2
l0
3l

46.66
45.36
43.'t2
48.99
4?.85
46.23

46.4'l

46.82
45.4 1

43.0?
48.22
4?.35
46.05

A'.t.26

Nore: 1 km/h = 0.62 mph.

Bicycle approach speeds were studied, and a mean
approach speed of 20.8 km/h (tZ.S mptr) was noted. The
frequency distribution of speed data indicated a normal
distribution. A limited study of the average approach
speeds on bicycle lanes, bike paths, streets without spe-
cial bicycle facilities, and sidewalks revealed a differ-
ence in speed levels. Bicyele lanes were noted to have
the highest average speeds; sidewalks had the lowest.
These results were not considered conclusive since the
sample was small and no attempts v/ere made to isolate

llumber of Accepted Gaps < t

Critical Gap = 3.2 Seconds

Nunbe¡ of Rejected 6àps > t



2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

¿1 20

åro

Transportation Research Record 743

Figure 4. Frequency distr¡but¡on of accepted gaps.
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Figure 5. Log probability plot of accspted gaps.
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cycle characteristics data could also serve to define the
intersection crossing time for the design of signal clear-
ance intervals or the design of the curvature for bicycle
facilities at intersections. The use of bicycle traffic
characteristics data derived from the observation of
actual conditio¡rs can improve the design and operation
of urban intersections that serve multimodal traffic.

F\¡rther studies will be necessary to verify the con-
clusions reached here and to extend the information about
bicycle traffic characteristics to other areas and traffic
situations. Several recommendations for future efforts
include the following:

1. Since the data obtained for this study were col-
lected in the proximity of college campuses, it is highly
likely that it is biased to the young adt¡lt age group. It
is therefore necessary to obtain similar information for
situations where the bicycle traffic consists of other age
groups.

2. Data collection can be enhanced through the use
of multiple camera arrangements or the provision of
mobile vantage points to allow better viewing of the in-
tersection under study.

3. F\¡rther studies are necessary to identify the
characteristics of nonutilitarian bicycle traffic, the iu-
fluence of location, and the behavior of bicyclists under
high-volume situations.

4, Studies þossibly before-and-after studies) are
necessary to assess the influence of facility type on the
characteristics of bicycle traffic.
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D isct-ssion
Alex Sorton and Joshua Lehman

The methodologies developed by Opiela, Khasnabis, and
Datta are extremely valuable for urban transportation
planners and researchers who are concerned with and
responsible for intersection design and operation. The
applicability of their work, however, is limited by the
failure to properly develop the groundwork on which it
has been based. Intersections, the focus of their paper,
simply have not been ex¡llored in adequate detail.

A prime criterion for their selection of intersections
is, "The location must represent a typical urban inter-
section." It could be argued at length as to whether such
a tlryical urban intersection exists, and, if so, what its
configuration and characteristics might be,

The authors mention that 15 of an original array of
40 have been selected and describe the characteristics
of these intersections in Table 1. Yet some essential
parameters are missing, so it becomes difficult to gage
how typical these locations may be, and more difficult
still to extrapolate the Michigan examples to locations
elsewhere, For examples, are the roadways two- or
four-lane? What is the roadway width? How are the
intersection legs channelized? Does a bicycle facility
exit the intersection in the same form that it entered?
Could more precise measures of volume level be pro-
vided?

It would be most helpful to include a diagram of each
location, so that the reader might better visualize the
conditions from which the observations are made and
on which the conclusions are drawn. Details of this sort
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are necessary if we are to better understand bicyclist
behavior, in general, and the specifics of gap acceptance,
queuing amangements, and the like.

The impression conveyed in the paper is that gap ac-
ceptance is for varying conditions but, in actuality, only
two locations were examined. According to Table 6,
only locations 1 and 2 were observed, and both are in
East Lansing campus situations. Yet reference to Table
4 indicates that location 1 is a lane and a path, and that
location 2 is a path, a lane, and a sidewalk. It is our
contention that gap acceptance will vary with each con-
dition, and thus values should not be aggregated, as in
Table 6. Values should be established for each type of
bicycle facility.

F\rther, there is mention of "bicycle crossing of two
lanes of motor vehicle traffic [?.3 m (24 ft) \r¡ide]." But
crossing two lanes of one-way traffic is simply not the
same as erossing one lane each of traffic moving in op-
posite directions. The data are useful for specific situ-
ations but can be taken no further.

Other questions that might have been asked are: Do
the bicyclists cross at the same location as pedestrians?
Do they cross from a path to a street or from a lane to
alane? Better sense could be made of the results had
we been provided with more essential details.

These details also color any conclusions that might
be dra\ryn about the effects of bicycles on motor vehicular
speeds. Information as to the widths of the roadway,
motor vehicle lanes, and bicycle lanes is necessary be-
fore better sense can be made as to bicycle speeds. The
paper states that bicycle speeds were h.ighest on the bi-
cycle lanes lmean 24.9 km/h (15.5 mph)], whereas on
streets without bicycle lanes, bicycle speeds were lower,
19.0 km/h (ff .g mph) average. We need to know what
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the lane widths were in each situation. We would hy-
pothesize that bicycle speeds are higher in wider motor
vehicle curb lanes. Information as to vehicular volumes
is also desirable, as the number, and t¡pe, of motor
vehicles have a definite effect on bicycle speeds.

Another behavioral question is raised by the fact that
all the data were collected in the proximity of college
campuses. The authors acknowledge that this "prox-
imity to campuses introduces a bias to the young adult
age group." Oôher biases may also be introduced. The
motor vehicle operators with whom the bicyclists inter-
act may more likely be college students as well, so age
selectivity and personal familiarity with bicycle opera-
tion might be considered as further influential factors.

In sum, the paper has much general value, yet more
needs to be made explicit. The investigative techniques
appear to be useful, and much thought has been given to
how to best compile and analyze data. Yet the heart of
the matter-the urban intersections themselves-are in-
adequately analyzed and categorized.

One observation in the introductory literature review
illustrates the need to be discrete. The authors cite
Ferrarars work on intersection behavior in California,
"an environmenttt, we are told, ttlargely conducive to the
use of the bicycle." But there are a multitude of "Cali-
fornias", northern and southern, coastal and interior,
bicycle oriented and automobile oriented. Similarly,
there are many kinds of intersections. We need stricter
guidelines and fewer generalizations before better sense
is to be made of bicycle traffic at urban intersec-
tions.

Publication of th¡s paper sponsored by Committee on Bicycling and Bi-
cycle Facilities.

Strategies for Increasing Levels of
Walking and Bicycling for
Utilitarian Purposes
Ferrol O. Robinson, Jerry L. Edwards, and CarI E. Ohrn

This paper reports the results of an extensive survey of motor¡zed and
nonmotorized travel. The survey was conducted in connect¡on w¡th a
study to (al identify problems associated with walking and bicycling, (b)

identify a wide range of incentives to promote the use of walking and bi'
cycling for utilitarian tr¡p purposes, and (c) establ¡sh the cost-effect¡veness
of the incentives identified. This paper limits itself to an analysis of the
survey results as they relate to the top¡cs of (a) trip and trip-maker char-
acteristics, (b) mode choice and mode preference, and (c) changes in pref-
erence for alternat¡ve modes of travel in response to the implementation
of selected scena¡ios. The scenarios tested were (a) provision of bicycle
and pedestrian fac¡l¡t¡es. (b) fee on automobile use during peak periods,
(c) compact land-use setting w¡th provision of pedestr¡an and bicycle
fac¡l¡t¡es, and {d) increases in fuel prices. The survey responses ¡ndicate
that a compact land-use arrangement, combined with the provision of
pedestr¡an and bicycle facilities, has the greatest potential for creating a

shift from the automobile to walking and bicycling. Bicycle and pedes-

trian facilit¡es alone follow in ¡mportance. A fee on automobile use dur-
ing peak periods has the elfect of reducing automobile use; however,
one-third to one-half of the tr¡ps diverted go to transit rather than to
nonmotor¡zed modes, Finally, doubling the pr¡ce of fuel appears to be

the least effective of the strategies analyzed for increasing walking and
bicycling.

The importance of walking and bicycling for utilitarian
travel has long been recognized in many countries (År

2\. However, only in the past several years has interest
þ-rown in nonmotorized modes in the United States. This
interest has been generated, to a large extent, by eco-
nomic, social, and environmental concerns related to
the neg:ative effects of widespread use of the automobile.
At present, however, the general public, as well as
public ofTicials, are skeptical about the feasibility of
nonmotorized modes as means of transporlation and the
advisability of investing public dollars to encourage
their use. It is important, therefore, to determine as
clearly as possible the extent to which a mode shift
from the automobile to nonmotorized modes can be
achieved if we invest public money in a variety of
strategies.

This paper explores the potential of various strategies
for increasing the demand for nonmotorized travel.
Estimates of changes in modal share are developed



39
Transportation Research Record 743

Table 1. Summary of survey contacts,

lable 2. Summary of survey placements.

City
Not ât
Home

No Quaufled
Respondent
et Home Refusals Placementg

Austtn 1?39
Columbus 1650
Denver 2142
tlunttngton Beach 947
Phtladelphle 1066

Total 8144

1380
1380
r380
1380
1380

6900

88
195
294
231

99

90?

180
246
609
217
208

1520

3 38?
3 4?1
5 025
2 835
2 7t3

l7 A'.n

City

based on respondentst rar¡king of alternative modes
after the introduction of each scenario or strategy.
Current mode choice and its relation to current modal
preference and to trip and trip-maher characteristics
are analyzed.

SURVEY DESCRIPTION

To accomplish the objectives of the study, a self-
administered attitudinal and market research survey
was designed. A number of guidelines and constraints
were estábüshed at tlre outset to ensure that the survey
effort would focus on the types of trips and population
groups that exhibit the greatest potential for use of
ñonmotorized modes. The following decisions affect
the results of the survey and should be kept in mind
while examining the results presented here:

1. The shrdy examines users of all major trans-
porLation modes (automobile, transitr.bicycle, and -.-
walk); however, special attention is given to automobile
userl because ihey represent the l,argest share of
utilitarian trip making. Thus, strategies aimed at in-
creasing nonmotorized travel must take into account
the needs of automobile users.

2, The surveys focus on utilitarian trips, specifically
work, shopping, personal business, and college-Ievel
school trips rather tlran recreation trips.

3. Given the limited cargo-carrying capacity of
nonmotorized modes, major shopping trips, involving
heavy or large cargo, were excluded.

4. Umptrasis is placed on home-based trips since
the decisiõn to bicycle or to walk rather than to take
the car is made at the home end.

5. The survey was administered to persons 16 years
and older. Younger persons are cumently significant
users of nonmotoiized modes for school and shopping
trips and are not viewed as having significant potential
for a mode shift away from automobile.

6. Given the dominance of short trip length in non-
motorized travel, rating and ranking of modes was con-
strained to work irips that were within 4.8 km (3 miles)
for walking and 9.6 km (6 miles) for bicycling and to
shopping and personal business trips that were within
3.2'k; [Z mites¡ and 6.4 km (4 mites) for walking and

bicycling, resPectivelY.

Survey Methodology

The survey instruments were designed to be self-
administeied. All questionnaires were hand-delivered
by trained field interviewers to households preselected
rändomly within the selected geographic areas. This
method óf delivery, sometimes referred to as tlte drop-
off, pick-up technique, has the advantag€ of giving the
fieid wor¡<er ttre oppoitunity to explain tlre purpose of
the study, to review the survey form, to ¿ulswer ques-

tions, anâ, in general, to engage tlte cooperation of the
potential respondent to the survey- 

When the questionnaire was dropped off, the inter-
viewer agreed with the respondent on a date (usually
within thiee to four days) when the questionnaire would
be ready for pickup. To increase the rate of rehrrn,
a reminder põstcard was mailed to each participating
household oi the day following placement. On returning
to the household on the day specified for pickup, if the
respondent was not at home or had not completed the
queitionnaire, a second attempt was made to- collect
the form. If at this point no contact was made, a pre-
addressed, postage-þrepaid envelope was left with in-
structions-tìat the questionnaire be returned by mail'
Contacts were made during tlre day as well as during
evening hours, and approximately one-half of tlre ques-
tion¡raiies weie placed with male members of the
household and one-half with females 16 years of age

or older.
Tables 1 and 2 summarize the returns. A total of

L7 41L households were contacted in the five geographic
areas, and 6900 questionnaires were placed with
potenúal respondênts. Of the surveys pl'aced, 4368 or
õ3.3 percent were returned, and 3866 were finally
processed.

Given the length of the survey questionnaire (16-18
pages), the retuin rate of 63.3 perc-ent is-quite accept-
ãtiu niñ"n compared with surveys of similar rength (Ð'
Several factors are seetl as contributing to this result'
First, the drop-off, pick-up technique has been found
to eüôit a greater rate of reh¡rn tllan a mail survey'
Second, thõ forms were attractive, printed clearly,
idenüfíed with each city's letterhead, and accompanied
by an introductory letter signed by a city offieial. FinaIIy,
tñe reminder poslcard, second visit, and preaddressed
and stamped rìhrrn envelope are all seen as contributing
factors to the rate of return obtained.

Geographic Areas SurY94$

Five geographic areas that represent various regions
within the United States were surveyed. Within each

area, specific sites t10-15 km'z (4-6-mil9s2¡ in sizeJ
were selected according to the set of criteria described
below for each site.

Austin

TVo residential sites connected with the University of
Texas campus rl¡ere surveyed. O¡re site corresponds

Not Unused
Returned Returns Processed Total

Austln 441
Columbus 't90Denver 418
Huntlngton Beâch 510
Philadelphla 6?3

Total 2632

1380
1380
1380
t380
1380

6900

139
90

162
?0
4l

502

800
800
800
800
666

3866
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to the residential area located north and west of campus,
characterÍzed by renter-occupied apartments and
single-family homes. This site is located within 1.6
km (1 mile) of the central business district (CBD) and
contains bicycle lanes and an extensive sidewalk net-
work. The area contains many shopping opportunities
and the university itself is a major employer. The
second site is composed of university student housing,
and it is located within 10 km (6 miles) of the campus.

Columbus, Indiana

Columbus represents a small city site. The area sur-
veyed included most of tìe contiguous built-up section
of the city. The area is characterized by single-family,
owner-occupied housing, major industrial pÞnts, CBD,
and strip sommercial area. There are sidewalks in
about one-half of the area a¡d very few bicycle paths
and la¡es.

Denver

A central city site vas selected in Denver. The site is
located southeast of tJre CBDand within I km (5 miles) of
it. The area is made up mainly of single-family homes
and small apartments. There are sidewalks throughout
the area as well as an extensive system of bicycle paths
and lanes.

Huntington Beach, California

This area represents a suburban site and is 19 km (12
miles) away from the nearest center, Long Beach. The
7.8-km" (3-mile") site selected in Huntington Beach is
located west of the city and is characterized by single-
family housing, nearby schools, a light-industry district,
and a community shopping center.

Philadelphia

Two neighborhoods, located witlin 1.6 km of the CBD,
were selected to represent fringe sites. Society Hill
and Rittenhouse are characterized by rowhouses and
high-rise apartments, large concentrations of employ-
ment and commercial activity nearby, extensive
pedestrian facilities and walking activity, and limited
bicycle facilities.

The areas surveyed were selected because they
offered specific features that were considered beneficial
to the purposes of tlte study. The most important char-
acteristic included their location near a variety of
walking and bicycling opportunities tor work, school,
shopping, and personal business trips; the socioeconomic
clnracteristics of residents; and the mixture of housing
t¡æes and densities. In general, all areas had sidewalks,
but only three of the sites had extensive systems of
bicycling facilities.

The five sites represent a spectrum of urban environ-
ments, which ranged from a small city to an inner city
neighborhood of a major metropolitan area. This inten-
tional factor allows the potential transfer of data to a
Þrge segment of areas by identifying areas and popuÞ-
tion groups that exhibit similar characteristics.

SURVEY RESULTS

The remainder of this paper urill erømine the results of
the survey as they relate to current mode choices, their
relationship to characteristics of the trip and the trip
maker, and a comparison between mode choice and
modal preference. Finally, cha:rges in modal preference
in response to hypothetical scenarios designed to act
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either as disincentives to automobile use or as incen-
tives to nonmotorized use are analyzed.

Trip-Maker Characteristics

A summary of socioeconomic characteristics of re-
spondents is presented in Table 3. Table 3 reveals an
oveuepresentation of females for shopping and per-
sonal business trips, particularly in Columbus and
Philadelphia. Overall, tl¡e distribution of both auto-
mobile and walk trþs between uromen and men is even
(49 percent of women, 51 percent of men). On the
other hand, two-thirds of the bicycle trips and one-
third of bus trips were made by men.

Table 3 shows that the university area" in Austin
exhibits the Iowest age profile. I¡ terms of mode
choice, tlere is a significant dilference between the
age of bicyclists and the age of users of other modes.
Even excluding school trips, tlle average age for
bicyclists on work and shopping-personål business
trips is 32 and 29 years, respectively, velsus 37 and
40 years for automobile.

The most common occupations encountered were
professional-technical, blue collar, and housewife.
Confirming the above finding about bicycle use by
v¡omen, only 6 percent of bicycle trips are taken by
housewives (versus 19 percent of automobile trips).

There appears to be a relationship between housing
density and choice of mode. Survey responses reveal
that 88 percent of automobile trips originate from lor¡'¡-
density housing (single family, duplex, and townhouse),
and only 12 percent originate from high-density housing
(walk-up, low-rise and high-rise apartments). On the
other hand, 56 percent of walk trips originate from low-
density housing and 44 percent are from high-density
units.

Automobile ownership is lower in the two cities tlut
reported tàe highest use of nonmotorized modes.
Philadelphia reported the lowest number of automobiles
and the lowest use of tlte automobile for both the work
and shopping-personal business trip purposes. This
result is consistent with the relation found nationwide
between automobile ownership and vehicle trips made
(!). The relation between the number of automobiles
ovr¡ned and mode chosen is not significantly different
between Columbus, Denver, and Huntington Beach. At
an aggregate level, bicycle ownership is not an ex-
planatory variable for choice of mode for eit}er work
or shopping-personal business trips. Huntington Beach
reported tlre highest number of bicycles per household
(2.2 bicycles compared to an average 1.5 for all cities);
however, its choice of the bicycle was similar to that
in other cities, excluding Austin. Bicycle ownership is
average in Austin, but it reports the highest share of
bicycle trips.

Trip Characteristics

Survey responses show tl¡at whenever three or more
additional stops are made for the purpose of shopping-
personal business, the choice of automobile is roughly
twice as frequent as the choice of nonmotorized modes.
Exceptions to this pattern are found in Philadelphia and
Austin. In Philadelphia, more than 16 percent of
shopping and personal business trips that include three
or more additional stops were made by nonmotorized
modes compared to 8 percent by automobile. These
findings tend to support the contention tåat multþIe
stops do not exclude use of nonmotorized vehicles.

Altìough there is no significant difference among
cities in the number of persons tìat accompany the
traveler, there is a difference between modes regarding
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tNs characteristic. In fact, 28 percent of the automobile
users in all communities had two or more additional
persons in the vehicle when maling shopping-personal
business trips. O¡rly 20 percent of those persons re-
porting nonmotorized trips for this purpose had two or
more additional persons accompanying them.

People choose the period from 9:00 a.m. to 2:00
p.m. for making shopping-personal business trips re-
gardless of mode. However, the situation in Austin is
ãifferent. In Austin, the most frequent time for making
such trips is between 2:00 and 6:00 p.m. Tlus is true
for both automobile users and those who walk. This
most likely reflects the fact that students shop a-fter
class. By 6:00 p.m., nearly 91 percent of those who
walk trave madelheir trips, whereas 85 percent of
automobile trips have been completed.

Distance is clearly a factor in the choice of mode,
as can be seen from Table 4. In all cities, more than
90 percent of nonautomobile trips were 3.2 km (2 miles)
o" iess in length. CIrly 18.3 percent of automobile trips
are accomplished within a distance of 0.8 km (0.5 mile)
whereas 65 percent are made within a distance of 3.2

km (2 miles) (assumed maximum dista¡ce for walking
trips for shopping). Approximately 80 percent of auto-
móuite trips for shopping-personal business are 6.4 km
(4 miles) õr less (which is the assumed maximum dis-
tance for bicycling). This suggests a significant poten-
tial for future competition behveen automobile modes

Table 3, Sociosconomic profile of respondents.

4t

and nonmotorized modes within these trip distances.

Mode Choiqe and Preferenc-e

To determine how users evaluate the transportation
services available to tlem, respondents were asked to
rank their preferences for'the existing modes. Table 5

shows the percentage of respondents who chose each

mode as wõU as the percentage that ra¡ked each mode

as their most preferred. Examination of this table
shows severafpatterns emerging. Preference is a
good indicator ðf choice, as shown UV tne fa9! tba:t 72

[ercent of respondents would prefer automobile for
ihei" t"ip to wòrk and ?5 percent actually do choose

automobile. By using similar survey techniques,
Koppelman, Hauser, and Tylout have. reached similar
ããñär""iò"å regardiíg the ietation between mode pref-
;;;;;d 

"h"Ïce 
(Ð; however, not everyone chooses

the preferred mode. For example' 9ve-lall 14 percent
of rèspondents identified walk as their first preference,
yet o¡rty 11 percent actually used it. In fact, in areas
ät trigh-auto;nobile use (Columbus, Denverr and Hunt-
ingtoi Beach) a lower number of respondents indicate

auiomobile a3 their preferred mode than actually choose

it. In areas of low áutomobile use or, conversely, of
high transit and walking activity (Austin and Philadel-
plña), a higher number of people sho\¡/ automobile as

iheir'prefeired mode than actua[y choose it. On the

Ocsupation

T rip
Purpose

Male
($)

Female
6)

Age

Averâge Mode

Automo- Bicycles
blleg per per Average
House- House- ¡ncome
hold hold ($)

Most
Frequent

Next
Most

I Frequent í
City

Augtin

Columbus

Denver

Huntington
Beach

Philadelphia

TotaI

School
Shopping or per-

sonal buslnegs
(PB)

Work

Shopping or PB

work

Shopping or PB

work

Shopping or PB

wo¡k

Shopping or PB

School
Work

Shopping or
PB

itoo"nt

19 2?0 Blue collar

l? 400 Housewife

21 276 Professional-
Technical

18 060 Prolessional-
Technical

21 370 Professional-
Technical

25 220 Housewife

31 9?5 Professional-
Technical

29 9?0 Professlonal-
Technical

t4 842
24 120 Professional-

Technical
20 590 Professional-

Technical

irofessional-
Technical

Professional-
Technical

Professional-
Technical

BIue Collar

Housewi[e

Secretarial-
Clerk

Professional-
Technical

Manegerial

Managerial

Blue Collar

Housewife

50.? 49.3 24,0
50.2 49.8 28.',t

1?.6

15.9

44.6

28.6

24,0
37.2

39_?

50.? 49.3
51.? 48.3

2t-26 1.?
16-25 1.6

36-50 1.9

26-35 1.8

26-35 1.9

26-35 1.8

36-50 2.4

36- 50 2.3

26-35 1.0

26-35 0.9

21-26 1.7
26-35 1,8

26-35 1.?

74 842
14 55ã

1.3
1.5 29,3

26

16.ã

1?.8

29.8

65.0 45.0

41.8 58,2

ã0.0 50.0

48.8 50.9

50.0 50.0

48.0 52.0

51.? 48.3

42.7 5?.0

1.6

1.6

1.6

1.3

2.2

2.2

1.0

38.2

44.2

35.3

45. I

37.7

40.4

37.7

40.3

31.3

22

49

?8.5

41.9

z'.t -0

15.5

18.3

26.3

15.?

I 1.?

64.1

46.3

46.5 53.4

1.1

1.3
1.6

1.5

Table 4. Cumulat¡ve percentages for distribut¡on of trips by distance for shopping and personal business trips'

Distance

0-0.40 km 0.41-0.80 km 0'81-1.60 km 1.61-3.20 km 3'21-6'40 km 6'41-9'60 km 9.61-16.00 km 16.00 + km

Austin

Columbus

Denver

Huntirigton
Beach

Philâdelphia

Automobile
Nonautomobile
Automobile
Nonautomobile
Automobile
Nonautomobile
Automobile
Nonautomobile
Automobile
Nonautomoblle

4.',t
16.5
3.4

15.2
1.7

26.',t
5.8

40.0
0.0

32.4

18.?
61.?
19.4
12.8
11.8
?3.3
22.8
?3.3
15.7
?0.1

67.4
93.0
?1.9
9?.0
50.0
93.3
?1.1

100.0
50.9
98.6

82.6
95.6
91.?

100.0
?5.5
96.6
88.9

100.0
62.'.l

100.0

91.4
98.2
9ã.1

100.0
90.6
98.3
92.8

100.0
74.5

100.0

98.0
99.1
95.?

100.0
96.3

100.0
94.?

100.0
84.3

100.0

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

40.0
81.?
46.4
94.0
28.2
80.0
46.5
83.3
35.2
89.4

Note: 1 km = 0.6 m¡le.
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Table 5. Summary percentages of modes chosen and preferred modes,
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City Purpose

Automobile wâlk Blcycle

Chosen Preferred Chosen Preferred Chosen Preferred Chosen preferred
Other' No
Chosen Response

Austin

Columbus

Denver

Huntington
Beach

Phlladelphia

Total

Schoolù
Shopping-PB
work
Shopplng-PB
Work
Shopping-PB
work
Shopping-PB
Work
Shopping-PB
Work
Shopping-PB
school

18
64
9r
8?
80
14
92
90
29
l6
?ã
68
18

26
62
86
86
't4
?3
89
90
34
24
't2
69
26

36
23

4
,ì

4
13

2

6
35
63
11
2l
36

28
19

6
5
6

tl
3
5

44
60
14
18
28

28
6
I
2

10
10
I
I

26
13
9
6

28

t9
õ
2
2
8
I
4
1

10
8
6
5

19

15
6
1

I
4
2
I
2
4
2
3
3

15

25
t4
4
4

10
6
4
4
I
7
,|
,|

25

3
I
3
3
2
I
3
1

6
6
2
2
3

3
I
1

1

2

2

2
3
2
2

'R6pondents were asked to rônk prelerence for the four mod6 ¡ndicated.
òSurvey ol school trips was done in Aut¡n only.

other hand, fewer respondents show walk a^nd transit
as their preferred modes ttan are currently using them.
Of all modes, bicycle is the only one for which pref-
erence is consistently greater than choice. This is
true regardless of the cunent level of bicycle use or
the purpose of the trip.

These above findings indicate that, as a result of
mode availability and individual circumstances, a cer-
tain number of captive users are associated with each
mode. Policymakers could benefit from the knowledge
of the conditions tl¡at would bring people 's use of bicycle
for utiliüarian trips more in tine with their indicated
preference for bicycling. Later phases of the project
will attempt to respond to this need.

TESTING OF SELECTED
STRATEGIES

In keeping with the fu¡rdamental objective of the study,
a set of scenarios was developed tlnt is considered
to contain many of tlre important factors that can ex-
plain potential shifts to nonmotorized modes. Because
of questioruraire length and time constraints, the
strategies tested in the survey were limited to the fol-
lowing:

1. Provision of improved pedestrian facilities (side-
walks, pathways, and ancillary facilities);

2. Provision of improved bicycle facilities (bike-
ways, bicycle lanes, and ancillary bicycle facilities);

3. Implementation of pricing mechanism to dis-
courage vehicular tra^ffic in the downtown areas during
peak periods (congestion fee; avaiÞbility of flexible
work hours was also tested concurrently with the
congestion-fee strategy);

4. Encouragement of self -contained development
where trip generators are in reÞtively close proximity
to eacl¡ other (compact land use; also tested with this
strategy were lowering of speed limits and reduction of
palking-space availability); and

5. Increases in fuel prices (fuel price increases
were tested alone as well as in combination with the
above strategies).

The rnajor strategies tested were presented in the
form of stretcher scenarios. The technique of stretcher
scenarios, describecl by Urban ar¡d Hauser Q), involves
brief descriptions of hypothetical scenarios ùat span
the range of new transportation alternatives. By use of
consumer preference responses to tlre stretcher sce-
narios, it is possible to interpolate consumer prefer-

ences to alternative future conditions t]rat lie between
current conditions and the stretchers, ratler than
me rely extrapolating from current conditions.

After each of the strategies listed above was de-
scribed, respondents were asked to rank their order
of preference for the four modes examined. The
changes in preference can be interpreted as the result
of people's rearr¿ùngement of their perceptions of tlte
attributes of the various modes in response to the in-
novations. Therefore, a common finding in attitudinal
sh¡dies is that stated intentions or preferences do not
ahvays agree with subsequent behavior (!). In fact,
stated preferences have tended to overe5timate ach¡al
mode shifts ($. Therefore, tlre responses should be
interpreted as indicative of tlre relative shifts that
might be accomplished when comparing alternate
strategies. The absolute value of the resulting shift
to nonmotorized modes not only represents extreme
values attainable only under the hypothetical conditio¡rs
described in tl¡e statement, but may al,so include an
overestimate of actual shifts due to the inability of
respondents to predict future behavior accurately. Srb-
sequent development of perception and preference
models are likely to provide a truer measure of the
magritude of modal shifts that can realistically be ex-
pected to occur.

Each scenario will be described next, followed by
an analysis of its effect on modal preference, where
ellects are measured in terms of the degree of change
from current preferences.

Compact Land-Use Scenario

The description of this concept statement read as follows:

Liv¡ng Nearer to Travel Destinations

Many planners maintain that the use of automobiles has greatly increased
the levels of air pollution, energy consumption, traffic congestion, and
costly street and highway expenditures. lt has been suggested that, in
order to reduce these problems, people must live nearer to their places of
employment, shopping, school, and recreation.

Some communities have been designed with this compact land-use ar.
rangement in mind. Their layout is such that most shopping and personal
business trips can be accommodated within a six-block [0.5 mile (0.8
km)ldistance and most work trips are within 2 miles [3.2 km] of home.

Suppose you live or moved to one such community. Suppose further
that special bicycle paths and pedestrian pathways are provided so that
it ¡s possible to walk or bicycle to all shopping and personal business
destinat¡ons w¡thout having to cross streets that carry heavy motor vehi.
cle traffic; bicycle storing and lock-up facilities are provided in large num-
bers, free of charge, throughout the area; convenient bus service is avail-
able; and there are no special restrictions on the use of automobiles.
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Table 6. Effect of strategies on modal preference, expressed as percsntagps of those choosing each mode.
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Current
Performance

Shopplng-
Work PB

Shopping-
work PB

Shopping-
work PB

Shopping-
Work PB

Shopping-
Work PB

Shopping-
PB

wlth Improved With Improved
Pedestrlan Blcicle ïVith Congestion
!'acllltles Factllttes Fee of $2.00

With Compact
Land Use

wlth Increa8e in
Fuel Price of
$0.40,/L

47 3ô
16 26
14 13
t2 19

23 20
34 45
33 29
14

42 32
18 28
16 19
2t tI

56 56
1? l7
18 Zl
54

62 51
30 33
10 10
53

72 69
t4 18
77
65

Automoblle
w¿lk
Blcycle
Translt

80

?0

e

Ës "
H '51 

so
H:IÀEl
iEl{0
8{tES lo

ãfl
261 ,oq

360zq
Éso
îEl noËrlôot
9-l ro
ts
73¿oúa

Not6: 1 L=0.269a1.

Figure 1. Effect ol compact land use plus fuel price increases

and restricted speed and parking.

I Llter:0.26 Stllons
I kn = 0.6 miles

amount of walking activity. In these neighborhoods,
approximately 40 percent of respondents to the work
survey, and 65 percent of the respondents to the

shoppirig-personal business survey, walked to their
Aesiinaiion. The 19?0 census shows ttat 44 percent of
thosewho workin CenterCity livewithing.6 km (6 miles)
of City Hatl, 30 percent live within 6.4 km (4 miles),
and 14 percent live within 3.2 km (2 miles). A survey
conducfed in 19?3 indicated that, assuming bicycle lanes
and bicycle parking were available, 38 percent of
bicycle-ownèrs and 17 percent of nonowners would
commute to work (9). This result is consistent rvith
our survey, whichEhows approximatety a 30 percent
preference'Ievel for bicycle under the compact land-use
ãcenario that includes bicycle paths and lanes as well
as parking facilities. The importance of bicycle facili-
tieÀ for attracting utilitaria¡ trips, when provided in
connection with specific compact land uses, such as
university campuses and CBDs, has been recognized
a¡rd documented [Q-!!).

Whetlrer ctrangã iñÞnd-use distribution can be ac-
complished in areas such as Huntington Beach in order
to increase nonmotorized level of use significantly is
a matter for further analysis. It appears, however,
that residents of the area perceive such arrangements
as conducive to reducing dependence on the automobile.
It is interesting to note that in response to the direction
to indicate their agreement or disagreement with the
statement, "I would like to tive in ttris type of com-
munity, " in reference to the compact land-use concept
statement, approximately 70 percent of all persons
surveyed either agreed or strongly agreed with the
above statement.

The effect on mode shift of combining an increase
in fuel price [$0.40/L ($1.50/gal)] with the compactÞnd-
use scheme is only marginal (see Figure 1). Most of
the shift is accomplished with the land-use concept and
only an additional 5-10 percent of the respondents
indicate that they would shift tleir preference from
automobile to nonmotorized modes with the juxtaposition
of the increase in gasoüne prices. The superposition
of a speed limit of 241<m/h (15 mph) on the compact
tand-úse concept has no detectable elTect on mode shift.
This is probably because, under such a land-use
arrangement, respondents might reason tlnt trips are
quite short and, thus, attaining high speedslecomes
unnecessary. hestricting the availability of parking
in the land-use arrangement concept causes approxi-
mately a 10 percent shift in the number of respondents
that select automobile as their first preference. This
shift is taken up by the remaining modes.

Imþrovement of Bicvcle Facilities
Scenario

The following concept statement reþted to improve-
ments in bicycle facilities was included in the survey
question¡arre:

l0

sùo

70

L,J':><^

This statement contains two main elements tl¡at ex-
pl,ain why such a scenario is responsible for the highest
ãhifts from the automobile to walking and bicycling (see

Table 6). These two elements are (a) acceptable dis-
tances for walking and bicycling and (b) walking and
bicycting facilities separated from motorized traffic.

As can be seen from Figure 1 and Table 6, the num-
ber of respondents who select automobile as their pre-
ferred mode is reduced signifrcantly (although not
shown, the shift is particuÞrly dramatic for Denver,
Columbus, and Huntington Beach; even in Philadelphia,
where automobile usage is relatively low, the shift in
preference from automobile to nonmotorized modes is
appreciable).

Although these results might seem unrealistic at
first glance, it should be noted tlnt, at present, the
neÍghborhoods surveyed in Philadelphia (both of which
exhibit short walk distance to the employment center
a¡d extensive sidewalk networks) show a significant
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Figure 2. Effect of improved bicycle fac¡lities plus increased
fuel prices,
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Figure 3. Effectof improved b¡cycls facilit¡ss plus
increased f uel prices-Austin.
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Bicycle-Related Fac¡lity lmprovements

Suppose the city introduces several improvements to b¡cycle.related
facilities designed to increase the comfort and safety of cycl¡sts. The im.
provements consist of (a) providing bicycle paths, (b) reserving street
lanes for bicycle use. (c) improving road surfaces, (d) installing secure bi-
cycle lock-up fac¡lities in many areas, and (e) providing better lighting.

On most local streets, a yellowstripe ispaintednear the right-hand side
of the road marking a lane reserved strictly for bicycle use. Separate bi-
cycle paths are built adjacent to all major roadways. These bicycle paths
are separated from automobile traffic by a metal guardrail or a grass
median. All these pathsandstreet lanes are smoothly paved for better
riding. ln addition, high-intensity lights are added along rhe b¡keways to
provide excellent visibility at night. A large number of secure bike lock-
up facilities are provided and, in high-activity areas, these cons¡st of en-
closed storage lockers manned by a full.time attendant. Finally, con-
venient locker, shower,and changing facilities are made freely available.

Respondents were t¡en directed to indicate their
ranked preference for the four major modes (automobile,
bicycle, transit, and walk). Results are plotted in
Figure 2. The current mode split (chosen mode) as
well as the preferred modes are also plotted for ref-
erence purposes.

On the basis of the concept statement given above,
15-20 percent of the respondents shifted their preferred
mode from automobile to bicycle. The pattern of
decreased automobile use and increased bicycle use
is consistent, generally, among the areas surveyed.
However, Austin, which currently exhibits a relatively
high level of bicycle use, appears to have the greatest
potential for increased shift to the bicycle (see Figure
3). This is clearly a result of the proximity of the
university for school trips, the availability of shopping-
personâl business opporhnities nearby, and a familiarity

-":\-*

I Liter = 0,26 gallons

of current bicycle use. The element of social accept-
ability appears to pþy an important role in the propen-
sity for increased bicycle use. The rel¿tionship between
high bicycle use for utilitarian purposes a¡d the avail-
ability of bicycle paths and lanes has been documented
previously q,Ð.

To determine the simultaneous effect of bicycle
facility improvement a¡d fuel price increase, survey
participants were asked to repeat the ranking of modes
with bicycle facilities in place, but assuming also that
the price of tuel doubled to $0.40/L a¡rd þ.80/L ($1.50/
gal and $3.00/gal). The additional burden placed on
automobile use by t}te added fuel cost has tl¡e effect of
reducing the number of respondents that select auto-
mobile as their preferred mode. At the $0.40/L price
level, approximately 25 percent of the respondents to
the shopping-personal business survey shifted tìeir
preference from automobile to otler modes (15 percent
shifted their preference to bicycle, and the other 10
percent selected walk and transit). On the work-trip
survey, 20 percent of the respondents shifted their
preference to otler modes (13 percent to bicycle and
? percent to walk and transit). Almost identical results
are obtained when the fuel price increases to $0.80/L
as were obt¿ined above for work trips.

Improvement of Pedestrian Facilities
ùcertarlo

The survey contained the following stretcher scenario
related to the improvement of pedestrian facilities:

Suppose the c¡ty ¡ntroduces several improvements to pedestrian.related
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facil¡t¡es designed 1o increase the comfort and safety of pedestrians. The
improvements consist of (a) providing pedestr¡an pathways, (b) improv-
ing sidewalks, (c) providing better lighting, and (d) making traffic signals
more pedestrian-oriented.

Separate pedestr¡anways or walkways are built adjacent 1o all major
roadways. These pathways are separated from automobile traffic by
trees or grass median. At all busy street crossings, pedestr¡ans will be able
to change traffic lights in their favor. All ex¡sting sidewalks are repaired
to make walking easier. High-intensity lights are added along the path-
ways to provide excellent visibility ât night. Finally, the walkways are
enhanced by the presence of water fountains, shade trees, benches, and
pedestrian-oriented stands with flowers, newspapers, and refreshments.

Respondents were directed to proceed witlt the ques-
tions related to this statement only if tleir most recent
trip destination was r¡¡ithin the disüance limit for valk-
ing-3.2 km (2 miles) for shopping-personal business,
and 4.8 km (3 miles) for work. The respondents were then
asked to rank the four major modes, ¿¿ssuming that the
improved pedestrian facilities were in place. The re-
sults are plotted in Figure 4 a¡d summarized in Table 6.
On the average, 15-20 percent of those now using auto-
mobile indicate that they will switch to walking if tìe
pedestrian facilities are in place.

While differences exist, it is interesting to note the
similarity and consistency of response found among
the different areas and trip purposes surveyed. In the
areas surrounding the University of Texas a¡rd in
Philadelphia, where there is a significant amowrt of
walking at present, the effect of providing the improved
facilities for walking is to shift an additional 15-20
percent of the automobile users to walking (this is
illustrated in Figure 5 for the Philadelphia sites). In

Figure 4. Effect of improved pedestrian facilities plus
increased fuel prices.

\ - ¿\úto
B - Bikc
I - T!ânsit
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contrast, results in Huntington Beach show tlat only
about 5 percent of the automobile trips will shift to
walking. As indicated earlier, there is heavy depen-
dency on the automobile in Huntington Beach because of
the suburban nature of that area, which no doubt ex-
plains in part the low propensity for rvalking found there.
TNs finding is similar to that encountered for the
bicycle facilities scenario: The greater the current
levet of walking, the greater is the potential for in-
creased walking. The corollary is that the greater the
level of automobile use, the greater u¡ill be the tendency
for continued automobile use. A peculiar finding is that
a slight diversion of automobile trips to bicycling is
observed (on the order of 5 percent), although no specific
mention is made of bicycles in the pedestrian-facilities
concept statement. Apparently some respondents are
assuming that the pedestrian paths and ancillary facilities
will be available to bicyclists.

In general, the simultaneous provision of pedestrian
facilities and fuel price increases have the effect of
shifting additional trips from automoþile to all otier
modes, but particularly to nonmotorized modes. Over
all areas surveyed, about 20 percent of tespondents to
the work-trÍp survey shift from automobile when fuel
price is W.40/L, and an additional 20 percent shift at
$0.80/L. The shopping-personal business survey shows
a shift of 25 percent at $0.40/L and 15 percent at
$0.80/L. These reductions in automobile use are
somewhat higher tJran when fuel pricing alone is tested.
The increased fuel price in areas where walking is
currently at a high level has a negligible effect on the
amount of walking that is already taking pÞce. Instead,

Figure 5. Effect of improved pedeÍrian fac¡l¡t¡es plus
increased f uel prices-Philadelphia.
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the reduction in automobile usage is taken up by in-
creased bicycle and transit usage.

Aqllomobile Congestion-Fee Scenario

In order to test the effect of implementing policies tlnt
car¡ act as disincentives to automobile use and tl¡us
cause shifts to nonmotorized use, the following concept
statement was included in the survey questionnaire:

Automobile Congestion Fee

It is decided that, in order to reduce congestion and lower fuel usage, a
fee of $l will be assessed to the owners of automobiles operating during
the morning (7:00-9:00 a.m.) and evening (4:00-6:00 p.m.) rush hours.
This means that you would be charged up to a $2.00/day if you operate
a motor vehicle during these peak travel periods. Billing would be made
on a monthly basis using an automated bill¡ng process.

As with the preceding concept statement, respondents
were directed to ra¡rk the modes in order of preference.
The resulting modal distribution is plotted in Figure 6
and summarized in Table 6.

The congestion-fee strategy has the potential for
effecting significant shifts away from automobile. A
congestion fee of $2.00/day causes a reduction of 35
percent in tlte number of respondents who select auto-
mobile as their preferred alternative. Walk and
bicycle take up most of this shift for the shopping-
personal business trips; for the work trips, transit
takes up half of the shift and the nonmotorized modes
account for the other half. The pattern of decrease in
automobile usage due to the congestion fee of $2.00/day
is fairly predictable from area to area except for work-
trips responses in Huntington Beach. Although about
30 percent of the respondents indicate a shift to another
mode, automobile still remains the number-one pref-
erence for 60 percent of tlrc respondents. When the
congestion fee is increased to $4.00/day, an additional
10 percent shift in the number of respondents occurs in
all areas surveyed.

\[hen, in addition to the congestion fee of $2.00/
day, an increase in tlre price of fuel to $0.40/L is in-
troduced in the concept statement, the eltþct on mode
shift from automobile to other modes is almost negligible.
TNs somewhat unexpected result miglrt be e:plained by
the already fairly low level of automobile use when t¡e
increase in the fuel price is introduced. In order to
give respondents an option to avoid the congestion fee
assessed during peak hours by either arriving early to
work and leaving early or arriving later and leaving
later, they were asked to indicate tleir rar¡ked modal
preferences under a flexible-hot¡rs scheme. The re-
sults (as can be seen in Figure 6) indicate that re-
spondents who had shifted from automobile to otl¡er
modes in response to the congestion fee revert to
using their automobiles for tleir work trips. As a re-
sult, the percentage of respondents to the work-trip
survey who use their automobile increases from 40
percent when the congestion fee of $2.00 is in effect to
60 percent when flexible work hours are introduced. It
is interesting to note that transit, wNch picks up much
of the shift a\r/ay from automobile, becomes less attrac-
tive when flextime is introduced. This points out that,
when developing policies to increase nonmotorized use,
care should be taken to avoid running counter to the
positive aspects of existing policies or practices.

It is imporüant to note that the application of an auto-
mobile fee during peak periods is only one method
among many that can accomplish similar results. Other
measures might involve tt¡e institution of parking
restriction, tolls, even-odd license plates for every-
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other-day access, or license stickers (11Ð. The latter
has been successfully put into operation in Singapore
(!!). Under this scheme, a special sticker tltat costs
approximately $2.00/clay must be displayed during tlte
morning rush hours within a cordoned area of down-
town.

FueI Price Increase

To determine the effect that gasoline price increases
might have on shifts in modal preference, tìe following
directions were included in tlte survey; "Assume tìat
on your next trip to work all travel conditions remained
the same as at present except that the price of gasoline
increased to one of tlte price levels indicated þelow."
Respondents were tlten directed to ra¡¡k the specified
modes (walk, automobile, bicycle or transit) from
most to least preferred for each of the following price
levels: $0.26, $0.40, $0.80, and $1.05 or more per
liter ($1.00, $1.50, $3.00, and $4.00 or more per
gallon). The results are plotted in Figure ?.

Given current income levels, tlte survey indicates
decreased automobile use in response to increases in
fuel price, both for work and shopping-personal business
trips. This is true even in areas where automobile use
is currently low (Austin school trips and Phitadelphia
work and shopping-person¿l business trips), although in
these areas the decrease in automobile use is much
less pronounced. The decrease in automobile use for
work trips is lower than that for shopping-personal
business trips. This was to be expected, and it indicates
that a higher priority is pl,aced on work than on nonwork,
discretionary trip mahing. tr\tel price increases have
practically no effect on the distribution of trips by mode in
the Philadelphia areas surve yed. E ven at tlte very highe st
price level tested [$1.05 or more,/L ($4.00 or more/gal)J i
automobile work trips in the Huntington Beach precincts
still attract more than 35 percent of the trips. For
shopping-personal business trips, the percentage is re-
duced to about 20 percent. Observe that automobile use
decreases fairly rapidly as fuel price increases up to
$0.53/L ($2.00/gal). After that point, the rate of de-
crease slows down considerably. The nonmotorized
modes, on tJle other hand, show fairly rapid gains up
to the $0.53/L price level and then taper offquite rapidly,
which suggests a plateau. F\¡rther increases in the
gasoline price beyond this level translate into dimin-
ishing g:ains for nonmotorized modes.

A great deal of caution must be exercised when ex-
amining the above results. In addition to the uncer-
tainties associated with translating perceptions into
preferences, the additional question of timing is critical
when discussing demand changes in response to fuel
price increases. Whereas respondents generally react
to adoubling intlte price of fueI byassuming that such an
increase ocsurs instantaneously, in reality, price in-
creases take pl;ace over a period of time, thus giving
the consumer time to adjust to the small incremental
increases. For this reason, elasticities of demand
estimated from tlrc above modal preferences are cerüain
to be considerably greater than would occur under actual
conditions.

CONCLUSIONS

A summary of the most important findings is given
below. Table 6 provides a comparative view of the
effect on modal preference of the various strategies
tested. Current preference is a good indicator of cur-
rent mode choice. ln general, however, indicated
preference levels tend to underestimate choice of auto-
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Figure 6. Effect of congostion fee plus increased fuel pricts.
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mobile, transit, and walk, and overestimate actual
bicycling. The following ordering shows the hierarchy
of strategies, based on their potentiat for effecting
shifts from the automobile:

1. Compact land use,
2. Congestion fee,
3. Fuel price increases,
4. Pedestrian facilities, and
5. Bicycle facilities.

The hierarchy of strategies tested for their ability
to increase walking or bicycling is as follows:

1. Compact land use;
2. Pedestrian or bicycle facilities, respectively;
3. Congestion fee;
4. Fuel price increase; and
õ. Bicycle or pedestrian facilities, respectively.

The concept of a compact land-use distribution (which
includes walk and bicycle facilities, with work, shopping,
and other opportunities within walking and bicycling
disüance) produces the greatest shift in preference from
automobile to walking and bicycting. The relative im-
portance of this strategy underscores the realization
that the most effeetive way of promoting use of non-
motorized modes may not always be responsive to
policy actions. This is not to say, for instance, that
new economic forees such as that brought about by a
limited gasoline supply, might not be able to influence
how people choose their pÞces of residence in relation
to their places of employment. In such a case, gasoüne
supply or its cost could be set by policy.

Separate facilities play an important role in people's.
prefeience for nonmotorized modes, second only to that of
compact Þnd use. The significance of fasilities is
further emphasized by the fact ttrat the compact land-use
scenario contains not only the very important element
of short trip distance, but also the element of separate
facilities for nonmotorized travel. Thusr facilities can
play a prominent role in increasing nonmotorized
travel, particularly if they are provided in the context
of compact land-use configruations, such as college
campuses, residential areas near CBDs, and areas
where shopping opportunities are witìin walking or
bicycling distance of medium- to high-density residential
areas.

Pricing, either through congestion fees or increases
in fuel prices, has tl¡e potential for causing significant
shifts from the automobile. However, transit absorbs
a large portion of the shift, thus reducing the poter^tial
nonmãtorized share. An iícrease in tÌ¡e price of fuel
to $0.40/L is somewhat less effective in causing shifts
from the automobile than is the application of a con-
gestion fee of $2.00/day. It does have the effect, how-
õver, of increasing consumerst preference for transit,
espeôially for shopping and personal business trips.

Current level of nonmotorized use appears to be
reÞted to the potential increases in walking and
bicycling. Soit¡ the Austin precincts, withtheir reÞtively
higir current share of bicycle use, and the precincts in
Philadelphia, with their high level of walking, exhibit
the highest shifts toward bicycling and walking, re-
spectively, with the introduction of facilities.- 

With the exception of the compact land-use scenario,
the application of any strategy, by itself, causes a
maximum shift of approximately 20 percent to either
walking or bicycling. Given the hypothetical and some-
what unrealistic nature of the scenarios, this value can
be taken to represent the upper-limit diversion from
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B - Bike
T - 'lìâßit
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automobile to walking and bicycling (for noncompact
land-use settings).

Different strategies affect modat preference dif-
ferently, depending on the purpose of tìe trip. There
is little or no difference in the preference level between
the trip purposes tested under the improved pedestrian
and bicycle facilities strategies. Significant differences
do exist between the levels of preference for work trips
and strategies. For example, work trips, which are
taken usually during rush periods, are less affected by
both strategies than are shopping-personal business
trips. This is to be expected since the Þtter can þe
more easily scheduled for off-peak periods. In the
case of the fuel pricing strategy, shopping-personal
business trips can be consolidated, which thus reduces
the impact of the price increase.

Current preferences are good indicators of cument
mode choice, but no assurances can be made at this
point about the reliability of future preferences for
predicting future choice. The modified preferences
result from changes in tlte perception of the mode
attributes as a result of the scenarios introduced.
Whether this modified perception will lead to changes
in behavior as reflected by actual shifts to other trans-
portation modes is the subject of perception and pref-
erence modeling work just completed. Those results
will be publicized at a later date.
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