
Bicycle-Motor Vehicle Crash Types:
The Early 1990s

Wnr.rntr¿ W. HuNren, WRvNs E. PEIN, nrun JeNr C. Srurrs

Thc pur¡rose of this rcsearch was to a¡rply thc basic NFITS^' bicyclist
typologics to a sanr¡rlc of rcccnt ct'ashcs ancl ttt tcfìnc and trpclatc thc
crash typc distributions with ¡ralticular attention to t'oaclway ancl loca-
tional fìrctols. Thrcc thousancl bicycle-motol vchiclc cascs wctc coclccl

in a populatiorr-based sanrple tlrawn ltom thc states ol Calif'olnia,
Florida, Marylancl, Minncsota, Nolth Calolina, and Utah. The crash

typcs welc distributctl as: (c) ¡ralallcl paths-3(r pcrcent, (ù) clossing
paths-57 pclcent, ancl (c) s¡lecilìc citct¡urstances-6 pcrccnt. Most fl'c-
quent parallcl path clasltcs wcrc ntotot'ist turn/ntclgc into bicyclist's
path (34.4 pelccnt olall parallel path clashes), motorist ovcrtaking(24.2
pclccnt), ancl bicyclist luLu/rnergc into nrotorist's path (20.6 percent).

Most fi'cqucnt crossing ¡rath ctashes occttu'cd whcn the nlotorist lailccl
to yiclcl (37.7 perccnt of crossing path crashes), the bicyclist lailcd to
yickl at an intcrscction (29. I pelccnt), arrtl whcn thc bicyclist lailed to
yiclcl rnidblock (20.5 pelcent). Futurc safbty consiclclations shotrltl be

systcnrwicle and includc an cxanrination of intelscctions and otltcljunc-
tions, wcll-designed facilitics, bicyclist litling ¡rractices, and incrcasccl

awalcness of bicyclists by ntotor vchiclc drivcls.

Apploxinrately 900 bicyclists are killecl eaclt ye at' as a result ol col-

lisions with nrotol velricles ( /). Accoxling to the 199 I General Esti-

rìrates Systerìl clata about 70,000 bicyclists wele injtrred in this type

of clash (2). Many injulies are not reported to recoxl-keeping

authorities. A stucly by Stutts et al. (1990) showed that less than

two-thilds of bicycle-nrotor vehicle ct'ashes serious enough to
require enrergency l'oom tl'eatmetlt were reported otì state motol'
velricle craslr lìles (3).

The developnrent of effective coutlteilneasules to ltelp pl'event

pedestrian and bicyclist crashes is hindeled by insufficient cletail on

computelized state motor vehicle clash fìles. Analysis of existing

crash fìle data can ¡rrovide infolmation on where peclestlian ancl

bicyclist craslì events occur'(city strcet, two-lane lulal highway,

intelsection location, etc.), when they occut' (tirne of day, clay of
week, etc.), and to whorn they occur (age of victim, gendet', level of
impailment, etc.), but can pt'ovicle very little inforrnation about the

actual sequence of events leacling to tlìe crasll.

To address this situation, NHTSA developed a syste¡n of "typ-
ing" both pedestrian and bicyclist ct'ashes. Each iclentifìed crash

type is defìned by a specifìc sequence ofevents, ancl each has ple-

cipitating actions; predisposing factors; and characteristic popula-

tions, locations, or both that calì be talgetecl l'or interverltions. The

oliginal pedestrian accident typology was clevelo¡recl and applied

duling the eally 1970s (4-7). Cross and Fisher latel developecl a

sinrilar typology fol bicycle ct'asl'¡es (8,9). Exarnple bicycle-rnotor
vehicle crash types include:

o Motolist left turn facing the bicyclist;
. Cyclist left tuln in flortt of tlaf fic;
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r Motorist ch'ive out f'r'onr a dliveway ol alley; and

¡ Cyclist lide out fì'orn a stop sign ol flashing rcd signal.

The purpose of this resealch was to apply the current NHTSA
bicyclist typologies to a sample ol recent crashes a¡rcl to telìne and

update tlre crash type distributions with particulal'attention to t'oad-

way and locational factot's. An inrpoltant objective was to <levelop

an updated clata base fol iclentifying engineering-based illterven-

tions ancl perhaps other strategies fol reducing the fl'equency of
bicyclist crashes ancl theiI resulting inju|ies.

MBTHOD

Highway Safety Resealch Center (HSRC) staff becartre falniliar'

with the bicycle-nrotol vehicle claslr typology schenre currerltly

being used in NHTSA's Cenelal Estinrates Systeru (GES) clata base

(10). A Coding Variables List complisirtg the following rtrain

groups of valiables was then developed ancl incltrclecl:

¡ Clash descriptors-crash type, arlcl nrotot'vehicle ancl bicycle
precrash rìlaneuvel'.

r Locatio¡ral chalacteristics-t'oad f'eature, detailecl bicyclist
location, public/private property details, bikelane presence, sidc-

walk plesence, nunlbel of lanes, lane wiclth, etc.

r Bicyclist charactelistics-helmet use, othel sat'ety equipnrent

usecl, bicycle type, dilection of tlavel atllìeal' inlpact, etc.
o Intersection action details-bicyclist ancl nrotorist intended

intersection rnalìeuver, bicyclist entering condition, crossing

apploach, etc.
o Drivel contributing factors-alcohol use, failed to yield, stop

sign violation, improper backing, etc.
o Bicyclist contributing factols-alcohol use, failed to yield,

stop sign violation, riding against traffic, swerved left while being

overtaken, etc.
. Motor vehicle contributing factors-defective blakes, clefec-

tive steelirì9, etc.
o B icycle contributing factors-no/defecti velineffecti ve brakes,

no relevant lights, etc.

o Roaclway/environment contributing tactors-glal'e, vision ob-

structions, loose material on surface, etc.

o Fault-c|'iver, bicyclist, both, neither', or unknown.

The contributing factors were a growittg cornpertclium fol dliver',

bicyclist, and the othel listed categot'ies. Basecl on theil analysis of'

the clash cliagranr, nat't'ative, and other inforuration, project stal'f

compilecl lists of factors pertinent to the clasl,. Fault was assignecl

based on the contributing factors ancl the individual coclet''s intelpre-

tation of pruclent motot'ist and bicyclist behavior'. Fault was assignecl

whethel or not the investigating police officer isstred a citation.
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The crash sanrple was selected frorn the states of California,
Florida, Maryland, Minnesota, North Carolina, ancl Utah. Cases

wele selectecl from snlall, medium, and large cont¡rrunities in each

state. Five hunch'ed cases iuvolving the collisions between bicycles
ancl rnotol vehicles wele codecl f'r'orn each state fol a total of 3,000
cases. Besides coding the crash type and other variables previously
discussecl, thecâses werc also linked to the basic crash lìle foleach
state. This increased the nr¡mbel ol'valiables in the analysis, such

as age and gencler ofbicyclist and driver, otlìer roadway descriptors,
motor vehicle valiables, and othel's. Upon cornpletion of cleanup
and fìle linkage, 2,990 cases were available for analysis.

OVERVIEW OF BICYCLE.MOTOR VIìHICI.E
CRASHES

This section pl'esents an ovelview of the 2,990 bicycle-motol vehi-
cle craslres fionr the six states. The variables repolted include those
coded by the project team during its review of the crash report
folnr and the variablcs lecorded on the cornputerizecl clash fìles
flonr each state. Selected valiables fronl the previously lnentioned
coding list ale leported in the sections that fbllow.

Single-variable fiequencies ale presented in sunrmary tables,
while rclevant cross tabulations are melely discussed in the text.
(More detail is available in the entile project report prepared for the
FHWA (//)).

Bicyclist Characteristics

Variables desclibing the crash-involvecl bicyclist are surnrnalized in
Table I. Neally hall (45.1 percent) of the bicyclists in collisions
with rnotol vehicles werc childlen less than l5 years old, with an

additional l5 percent ages l5 to l9 yeals old. About one-fourth of
the bicyclists were ages 25 to 44, comparecl to about l0 pelcent
in the Cross and Fisher study (8) and perhaps leflecting increased
ridership for this age groups in the last decade or so.

'IABLIìl ßicyclistChâracteristics
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Almost 80 percent of the bicyclists were rnale. This patteln tends
to be constant across age gl'oups except fol bicyclists over age 44,
where the nrale percentage increases to about 88 percent. This ten-
dency seems to have changed little ovel time and ahnost surely
rcnrains rclated to exposul'e.

Less than 2 pelcent ofthe crashes resulted in a bicyclist fatal-
ity and an additional l7 percent resulted in serious (A-level)
injuly. This A * K percentage total is considerably less than for'
pedestrians (typically over' 30 percent A + K). Bicyclists older'
than age 44 were overrepresented for fatal and selious injulies,
where "overrepresented" nreans this gloup had a considerably
greater proportion of fatal and serious injuries than the pfoportion
of fatal and serious injuries fol all age gloups cornbined. The
terrns "moLe tlìan expected" and "rnole than their shale" are also
used to reflect this kind of cornparison. The l5 to l9-year'-old
bicyclists seenrecl to suffer less serious injulies than the other age

Sroups.
About 5 pelcent of the bicyclists were judgecl by the investigat-

ing police officer to have been irnpairecl by alcohol ol dlugs at the
tirne of the crash, and an additional 4 pelcent irnpaired otlìelwise.
Alcohol or dlug/use was also coded for about 4 percent of the cases

as a bicyclist contlibuting factor. It shoulcl be emphasized that lnost
of these outcomes ale based on the officer's opinion at the scene of
the crash, ancl not on the results of any chemical tests administet'ecl.
Alcohol use w¿¡s highest in the 25 to 44 ancl over'65 age groups and

fol nrales. Bicyclists using alcohol ol drugs wel'e tnorc likely to suf-
fer seriotrs and fatal injuries.

Ternporal/Environmental Factors

Ternporal ancl environnrental factols characterizing bicycle crashes

are summarized in Table 2. Bicycle craslres have always been rnole
frequent in sunrmer, and the montlls of June, July, and August each

contained about l3 percent of the crasltes. Exposr¡re would certainly
be a factor. Crash experience was appreciably less duling cold

Age VoNN Vo

t8.2
26.9
14.6
10.5
23.1
4.8
1.9

Iqiury Severity

Fatal (K)
Serious (A)
Moderate (B)
Minor (C)
None (O)
Unknown

Alcohol/Drug Use

Alcohol
Other
None
Unknown

46 1.6
473 16.6
1315 46.r
830 29.1
188 6.6
9t

0-9
10-14
15-19
20-

25-44
45-64
65+
Unknown

l3l
93

2252
467

504
745
406
292
64t
t34
52

169

N

2246
602
95

Gender

Male
Female
Unknown

Vo

78.9
2l.r

Vo

5.3
3.8

90.9
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1'ABLIì 2 Tcnrporal/Envi¡'onrnental Factors

Month

January
February
March
April
May
June

July
August
September
October
November
December
Unknown

Day of Week

Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Unknown

N

r05
130
180
244
342
385

390
366
296
267
t44
91

5

7o

3.6
4.4
6.1
8.3

11.6
13.1
13.3
12.5

l0.l
9.1
4.9
3.1

Weekday/rvVeekend

Weekday
Vy'eekend

Time of Day

6:00 a.m. - 9:59 a.m.
10:00 a.m. - 1:59 p.m.

2:00 p.m. - 5:59 p.m.
6:00 p.m. - 9:59 p.m.
10:00 p.m. - 1:59 a.m.
2:00 a.m. - 5:59 a.m.
Unknown

Light
Condition

Daylight
Dawn/dusk
Dark, street lights
Dark, no lights
lJnknown

2065 70.2
878 29.8

2'14 9.4
547 18.8

Lt92 4r.0
739 25.4
r24 4.3
30 1.0
37

15.0
13.1

15.3
16.2
15.4
t2.7
12.3

weatlìer lnonths. These trencls showed some valiability by age

gloup, with childlen less than l0 yeals old mole heavily re¡resentecl

in crashes in April, May, and Septenrber', but not in sunrnrer. On the

other hand, the l0- to l4-year-olcls were sonrewlt¿tt ovel'reptcsented

in sunrnrer. The 20 to 24 ancJ25 to 44 age groups werc overrepre-

sented in colcl weathel montlrs (Octobel thlough February). The
pattern fol those over age (r4 had lower frequency and was quite var-

ied. For bicyclist injury sevelity, fatal injulies wele ovelreplesented
in cold weather nlonths (Novernber through Malch). Male bicyclists
wcre ovellepreselìted in cold weathel rnonths and fer¡ale bicyclists
underrcplescnted.

Unlike pedestrian clashes, bicyclist crashes were not ovelreprc-
sentecl on weekencls. Pattelns within age gl'oups were not distinc-
tive. The 45 to 64-year-old age group was somewhat ovel'repl'e-

sentecl on weekends, while those ovel' age 64 were somewhat

overrepl€sented on weekdays. Gender of the bicyclist seerned to
have no effect. Serious ancl fatal injuries were nlore prevalent on

weekends. As expectecl, the alcohol-r'elatecl clashes were heavily
over'rcpl'esented, with half of these cl'aslres occun'ing on weeke¡rds.

About two-thirds of the bicyclist crashes occurled during late

afternoon ancl eally evening lrours (41 pelcent florr 2 p.m. to 6 p.m.

ancl 25 percent front 6 p.rn. to l0 p.nt.). Exposure is likely quite high

duling these houls, ancl visibility can be a ploblenr. Tlte pattern

again valiecl by age gloup. Chilch'en less than l0 yeals olcl werc

oven'epresented during late atler¡roon and eally evening, while
bicyclists 20 to24 aud 25 to 44 years old were ovelreplesented late

at night. The 45 to (r4-year'-old and the over' 6-5 age gl'ol.rps wele

2318 79.2
t69 5.8
329 rt.2
111 3.8

16

overinvolvecl frorn 6 a.m. to l0 a.m. and l0 a.rt. to 2 p.nr. These

tendencies ale again likely related to exposul'e.

The selious ancl fìrtal bicyclist injuries were nlorc prevalent late

night ( l0 p.m. to 2 a.m.) and eally rnolning (2 a.rn. to 6 a.m.). Males
wele heavily ovelreprcselìtecl duling these tirne peliocls, as was tlle
prcserlce of alcohol and other clrugs.

Alrnost 80 percent of the bicycle-nrotor vehicle crashes occttt't'ecl

under daylight conclitions. The pattern ltere by age group was prc-

dictable-youngel chilchen overrepl'esented cluring daylight ancl

those ages l5 to 64 oven'epreserìtecl duling conclitions ofdarkness.
Children undel l0 had rnore than thei¡'share of crashes duling dawn

ol dusk. Serious and fatal injuries to the bicyclist wele heavily over'-

lepresented during conditions of darkness with no stleetlights. An(l

as noted eallier', male bicyclists wele rnuch Inore likely than fernales

to be liding uncler conditions ofdalkness.
Vy'eather and roadway surface conditions were also exal¡inecl in

this category. The vast rnajority occt¡rlecl undel either clear or
cloudy weathel conditions. Foul percent occut't'ed under rainy cott-

ditions, and less than I pelcent in snow and other situations. Sinli-
lar rcsults were noted in the roacl condition variable, whete over'92
percent of the crashes occulrecl on dry roads.

Roadway Factors

A wicle range ol data peltaining to tlìe l'oa(lway is sunrmarized in
Table 3. As expectecl, the lalgest portion ofbicycle ct'ashes (34 per-

440
386
450
4'16

452
374
362

3



T^ßLlt 3 Roadrvay Factols

Road Classr

Interstate
U.S. route
State route
County route
Local street
Other
Unknown

'Data missing from CA,

Road Feature

No special feature
Bridge
Public drivcway
Private driveway

Intersectio¡r of roadways
Intersection of roadways related
Non-intersection rnedian
crossing
Endibeginning of divided
highway
Interchange ramp
Interchange service road
Railroad crossing
Bike/multi-use path intersects

with road
Parking lot abuts road
Other
Unknown

Speed Limit

40 km/h or less

48-56 km/lr
65-73 km/h
81+ km/h
Unknown

(l km = 0.62 miles)

Traffic Control Device

No control
Stop sign
Yield sign
Traffic signal
Flashing signal with stop

sign
Flashing signal without

stop sign
Railroad gate and flasher
Hurnan control
Other
lJnknown
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666 27.0
t234 50.1
396 16.l
168 6.8
526

3 0.2
r38 8.0
313 18. I
475 27.5
582 33.7
zt'r 12.6

l2r5

UT

793
8

344
229
't0

t402
108

6

26.5
0.3

I1.5
7.6
2.3

46.8
3.6
0.2

0.1

0.3
0.0
0.1
0.2

0.2
0.1

l7t2 57.7
739 24.9

9 0.3
473 16.0

3 0.1

0.2

I 0.0
4 0.1

20 0.7
3l

8

I
J

7

5

3

8

celrt) occurred on local stl'eets, with cor¡nty t'outes (28 percent) close

behind. United States and state routes cornbined accounted for'

about one-quartel of the total. Young children experiencecl mole
clashes on the local and county loutes, while bicyctists ages 45 to
64 and 6-5 and over wel'e ovel'rþpresented on highel speecl routes.
Interestingly, no gender ol alcohol pl'esence cliffercnces werc
leflected by the load class valiable. Therc was a slight tendency for'

the rrol'e selious (A * K) crashes to occur on U.S. and state l'outes.

The typical loadway connguration was a two-lane undiviclecl
roaclway with a speecl lirnit of 56 km per hour (35 mph) or less.

Roads with higher speed limits hacl more than their slrarc of selious
and fatal i nj ulies. Chi ldren less than l 0 yeals old had ahnost 90 per'-

cent of their claslres on two-larre roads, while oldel bicyclists (ages

20 and up) wele oven'eplesented orì the 4,5, and 6 * lane roacls.

Class A injulies to bicyclists wele overrepresented on three-la¡re
loacls and fhtal injuries we¡c over'rcplesentecl on roads with mol'e

than four lanes.

Whele data were available in regarcl to lane wiclth, the cl'ashes

werc s¡rreacl failly evenly. Intelestingly, about one-lìlurth of the
crashes occun'ed on loacls with lanes over'4.9 nr (16 ft) wide. Thc

(conlinued on nexl page)

older bicyclists (45 to 64 ancl over' 65 yeals of age) were oven'eprc-

sented in the wiclest lane categoly, as well as 3.1 to 3.4-nr (10- to
I l-ft) ancl 3.7-m (12-fi) lanes. (Some of these wicle lanes nray have

contained palallel parking spaces tllat could not be cliscernecl frorn
the police diaglanr. Parking presence is cliscussecl latel in this sec-

tion.) Class A and latal injulies wele over'rcprcsented on ¡he2.7-
meter' (9-ft) ol less ancl 3.1- to 3.4-m (10- to I l-ft) lanes. and, to a

lessel extent, on 3.7-rrr ( l 2-fi) lanes. Selious ancl firtal injulies wele
thus unclerrcplesented as lane wiclths becarre wicler.

In legalcl to roacl feature, almost half of the bicycle-nrotor vehi-

cle clashes took place at loaclway intelsections, and another 3.6 per-

cent werc intelsection-related. Alnrost 20 ¡relcent of the clashes

occurle<l at driveways, with another 2 percent at alley intelsections.
Thus, close to three-fourths of all clashes occun'ecl at junctions of
sonre kind. About one-fourth of the cl'ashes occurled at noninter'-

section locations with no clistinguishing loadway features. At inter-
sectious, bicyclists ages 25 to 44 wele slightly ove n'eprcsentecl and

those less than l0 years old slightly unclelleprcsented. Alnlost half
of the clashes involving chilch'en less than age I0 occurrcd at pli-
vate driveways. Young childlcn we re also over'rcplesentccl at allcy
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intelsections. Locations $,ith no special lèature (e.g., miclblock

locations) werc tlìe sites ol sclious ancl lÌrtal injttlies tìlolc than

cxpcctcd. Bicyclists in ¡rlivatc dt'ivervay locations hacl Irorc than

theil sharc ol'Class A injtu'ics.

No traffic control (levices wel'e plcscnt in about (t0 ¡rcrcent ol'the
cases. Sto¡r signs were the controlling clevice in abottt one-lbul'th of

the cases ancl tralfìc signals l6 pel'cent of the tinle. This relates to

the ¡rrevious palagraph, wherc alnrost half the crashes tlccttrrecl at

roadway intersections. Young childrctì wcrc overlepresentecl at

locations with no control ancl unclerlepresented at locations with
tlal'fic signals. Cyclists l0 to l4 and l5 to l9 years old wele over-

re prescnted at sto¡l sign locations, while bicyclists 20 to 24 ittcl 25

to 44 years olcl were oven'epl'esentecl at tlaffic signal locations. Se¡'i-

ous and fatal injuries wele slightly oven'eplcsctlted at locations with
no tlafïic control device.

No shouldels wele intlicatecl about three-fbttrths ol' the tirrre.

Curbs ancl gutters were noted in l3 ¡relcent and pavecl shoulclels

were inclicatecl in less than 5 percent of the ct'ashes. Actual shorrl-

der width on the bicyclist's sicle of the loacl was rarely available.
Where available, just over 40 pelcent was coclecl as 1.5 to 2.7 nl
(5 to 9 fi) wicle. Unpavecl shouldels and shoulclers where tlte type

was unknow¡l wel'e ovel'lepl'esented fot'set'iotts ancl lätal injuries.

Although sam¡rle sizes wele sr¡all, shoulclers ât least 3.1 m (10 ft)
wide reflectecl selious ancl fìrtal injulies nrote than ex¡rectecl.

Just uncler90 percerìt of the cl'ashes occut'red at sites with no on-

street parking on the bicyclist's side of'tlte toacl. Whele noted, the

vast rnajority ol parking was the ¡rarallel type. Yottng childt'en wcre

overrcpresentecl at sites with palallel or cliagonal ¡rat'king.

Contributing Factors

Nurnerous lÌrctors contlibuting to the occut'rence of thc bicycle-
nrotol vehicle craslr wele iclentifìecl fr'our the infbrtlation ¡rlovidecl
on tlìc cr¿rsh lePort f'orn]. Thcsc cont|ibuting lactors werc coclecl into

Number of Lanes

I lane
2 lanes

3 lanes

4 lanes
5 lanes
ó or more lanes
Unknown

Lane Width

2,7 meters or less

3.1 - 3.4 meters
3.7 meters
4.0 - 4.9 meters
5.2* meters

Unknown
Non-road

(l meter = 3.3 feet)

46 1.8

1656 64.9
69 2.7

6t4 24.1
56 2.2
109 4.3
446

47 9.5
tt7 23.7
116 23.5
88 17.8
126 25.5

2338
164

the categolies of bicyclist, bicycle, nrotot' vehicle driver, motor vehi-

clc, and loadway/envilonnrent. An initial listing of lactols was iden-

tifìed fbr each category, ancl other cocles wct'e aclclecl as iclentifìcd

cluring the course of the coding. Up to three fììctors wele listed in

each category lor each crash coded. The t'esults lepoltecl in Tablc 4

relìect the total numbel of tinles any given factor was coclccl ancl tlle

percentage of'cases involving each f'¿tctor'. (Note: Table 4 Icflects a

cornbined list of contlibuting factols that appealecl with sonre fl'e-

quency.) Fol example, I l4 bicyclists had alcohol ol ch'ug use Iìoted

as one of theil thrce possible contributing fìrctors, so that the per-

cerìtage of bicyclists coded with alcohol/drug tlse w¿ìs I1412,990 or

3.8 percent. Since rnore than otte firctor coulcl be cocled fol each

bicyclist, tlìe pelcentages in Table 4 total ¡not'e than 100 pel'cent.

The ¡¡ost tì'eqrrently coded bicyclist factoLs wele:

o Failed to yield 20.7 pelcent
. Riding against traffic 14.9 pet'cent

e Stop sign violation 7.8 pelcent
¡ Safè rnovernent violation 6. I pelcent

These all involve liding practices. Bicyclists I'iding against tlatïic
are particularly vulnelable ât intersections, especially for right-

turning vehicles f'r'om a ¡rerpendiculat' street.

Lack of conspicuity was coded in 5. I percent of the cases, but

probably coulcl have been coded a uruch highel pelcentage of the

tirne hacl r¡ore cletail been available ott the craslt report fornr. (Over-

all, about 20 percent of the crashes occttt't'ed cluring nondaylight

conditions.) Bicyclists licling into an intel'section from the siclewalk

wele cited in slightly ¡rore than 5 pelcent of'the cases (and another

4 pelcent fbl conring off of a sidewalk at a clriveway/alley location)'

Bicyclists riding in this location al.e not easily seen by dlivels
because tlre natulal dl'ivel scauning pattern is in the loadway.

Inr¡:r'oper tuln/no ha¡rcl signal (4.8 pelcent) ancl traffic signal viola-

tions (4.7 percent) wele also citecl with sortre regulality.

T^tlLIì 3 (continucd)

Shoulder Type

None indicated
Unpaved
Paved

Curb and gutter
Shoulder indicated, type

unknown
Unknown

Bicyclist Side On-Street
Parking

No¡re
Parallel parking
Diagonal parking
Unknown

2t76
89

l3r
384
r42

15

74.5
3.1
4.5

13.2
4.5

87.9
11.9
o:_

2528
34t

12l
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Driver Factors

None
Alcohol/drug use

Yield violation
Stop sigrVtraffic signal

violation
Exceeding speed limit/safe

speed

Improper passing 65 2.2
Improper turn 91 3.0
Safe movement violation 62 2.1
Intproper backing 48 1.6
Right on red 60 2.0
Hit and run 428 14.3
Inattention 60 2.0
Reckless driving 41 1.4
No license 43 1.4
Assault/possible assault with 40 1.3

veh
Failed to look both ways
Didn't see cyclist
Couldn't avoid crash

(driv. claim)
All other

Roadway/Environment
Factors

None
Sun/other glare
Parked veh. vision obstruction
Moving or stopped veh.

vision obstruction
Other vision obstruction
AII other

42

30
75

153

123
52
40

t37
73

82
32't

Vo

23.4
3.8

20."1

7.8
4.7
1.2
1.8

4.8
5.1
6.1

t4.9
2.7
t.4

t.4

1.0
2.5
5.1

4.1
1.7
1.3
4.6
2.4

2.7
10.9

7o
Bicyclist Factors

None
Alcohol/drug use

Failed to yield
Stop sign violation
Traffic signal violation
Exceeding speed limit/safe speed
Improper lane change/use of imp.

lane

Improper turn/no hand signal
Lack of conspicuity
Safe move¡nent violation
Riding against traffic
lnattention
Reckless riding/no hands/stunt

ride/race
Pass veh on rt/ride between stopped

veh
Improper road or lane position
Swerved left
Came off sidewalk at intersection
Came off sidewalk at driveway
Improper passengers
Misjudged intent of other party
Didn't see vehicle (bicyclist claim)
Couldn't avoid crash (bicyclist
clairn)
Lost control
All other

Bicycle Factors

No defects/none
No/defective/ineffective brakes
No relevant lights
Noidefective refl ectors
All other

't0t
114

62r
235
t40
36
53

145

153

t82
446
80
4t

1294 43.1
46 1.5

7r9 24.0
56 t.9

65 2.2

106 3.5
366 12.2
86 2.9

322 10.7

2134
92

131

28
50

9l.l
3.1
4.4
0.9
1.7

2471 82.4
4L t.4
79 2.6
91 3.0

r22 4.t
280 9.4

Alcohol ol clrug use by bicyclisrs was notecl in 3.8 percent of the
cases, ancl the vast rnajority of these citations pertained to alcohol
t¡se. Almost 5 percent of the bicyclists claimed that they did not
see the rìrotol vehicle. About one-fourth of the bicyclists hacl no
contlibuting fàctols.

Patterns of bicyclist contlibuting fììctorovelreprcsentation by age
gloup includecl the following:

¡ 0 to 9 years old-yield violation, stop sign violation, inrpr.oper.
turn, safe movement violation, inattention, dicln't see vehicle,
couldn't avoicl crash, lost control;

. l0 to l4 yeals olcl-yield violarion, stop sign violation, tlafTic
signal violation, exceeding safè speed, implopel lane change/use,
irr¡rropel turn, safè tnove¡nenl violation, inattention, reckless or.

stunt liding, swerved lefi, cante off sidewalk at intersection,
inrplopel passengel's, ol clidn't see vehicle;

o l5 to l9 yeals okl-tralïic signal violation, int¡tr.o¡ter lane

change/use, not conspicuous, riding against tralTc, reckless or stunt
liding, pass vehicle on the right/ride between stoppecl vehicles,
inrploper roacl ol lane position, carrre off sidewalk at intelsection.
ancl at driveway, impropel passengers, or misjudgecl intent;

r 20 to 24 yeals old-alcohol/drug use, trafl'ic signal violation,
exceeding safe speccl, not conspicnous, reckless or stunt riding, pass

vehicle on the right/r'ide between stopped vehicles, carle off sicle-

walk at dliveway, couldn't avoicl clash;
o 25 to 44 yeals old-alcohol/drug use, not conspicuous, pass

velricle on the light/r'icle between stoppecl vehicles, inrploper load
or Iane position;

. 45 to 64 years olcl-alcohol/clrug use, iurploper lane change/
use, not conspicuous, inrploper loacl ol lane position, rnisjudged
intent of other party; an(l

¡ 65* yeals olcl-alcohol/dlug use, impropel lane cltange/use,
inrplopel turn, swelvecl left, canre ofïsiclewalk at intelsection, nris-
judged intent of othcl party.
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Bicyclist contlibuting fhctols that ploduced more than their
sharc of A + K injulies included alcohol/drug use, stop sign

violation, inrproper lane change/use, imp¡þper tuln, not conspicu-
ous, safe ûìove¡nent violation, irnproper road ol lane position, and

swerved left.
It was rarc that any bicycle contlibuting factols wele coded (less

than one-tenth of the cases). When coded, the most frequent fac-
tols werc:

o No rclevant lights (4.4 percent)
¡ No/defective/ineffective blakes (3. I percent)

No ol defective leflectols were cited in just less than I percent of
the cases.

Cyclists ages l5 years and older were oven'epresented in failing
to have lelevant lights, while children ages l0 to l4 were ovenep-
leserìted in failing to have adequate blakes. Cyclists without lele-
vant lights had rnore than their share of A + K injuries.

The most frequently coded dlivel contlibuting factols were:

r Failed to yield (24.0 percent)
o Hit and run (14.3 percent)
o Did not see bicyclist (driver claim or police conclusion) ( 12.2

percent)
o Failed to look both ways (3.5 percent)
. Impropel'turn (3.0 percent)

Hit and lun woulcl typically not be a contributing factor in the sense

oi crash causation but nonetheless was identified in l4 percent of
the cases. Not all cases were blatant hit-and-run events. At ti¡¡es the

driver would stop immediately ancl ask about the conclition of the

bicyclist. If told the bicyclist was "ok," the dliver nright leave the

sce¡re. Sometimes a pa¡ent woulcl then report tlìe craslr a few honls
Iater. In cases like this the investigating police officer would usu-

ally rnark the case as hit and run, and coders would do likewise.
"Failed to yield" was coded as a driver contributing factor in

about one-foulth of the cases but was not always a clear-cut label

when, for exarnple, the bicyclist ernerged flom a sidewalk or was

inconspicuous. Failure to see the bicyclist could have resulted from
a visual obstluction, bicyclist lack of conspicuity, etc. This was not

coded unless clainred by a clriver or concluded by the investigating
officer'.

Alcohol or dlug use by drivers was coded in less than 2 percent

of the cases. Nearly 43 percent of the cases had no driver con-
tlibuting factors.

An exarnination of dliver contributing factors by age of bicyclist
tended to portray pattel'ns of exposurc. Fol example, when a driver
was backing irnproperly, a young child was most likely the crash-

involved bicyclist. Drivers who clair¡ed they could not avoid the

crash tended to strike children 0 to 9 and l0 to l4 yeals of age. Dri-
vers improperly passing were more likely to stlike middle-aged and

older bicyclists. Driver contributing factors that produced mole tha¡l

their share of A + K bicyclist injuries included alcohol/drug use,

exceeding the speed lirnit, irnploper passing, safe rnovement viola-
tions, rcckless driving, and being unable to avoid the crash.

In regard to motor vehicle contributing factors,9l percent of the

cases had none ancl another 8 percent were coded as "unknown."
Thus, thele were only scattercd instances of defective tires, wheels,

brakes, etc.

Roadway/envilon¡nent factor',s were also seldom identified, coded

as "none" in 82 percent of the cases. Vision obstructions were the

7l

nrost fþquently coded items. It was vely diffìcult to cletermine if
weatlìer-relâted valiables were actually contributing factors to the

clash. Tlrus, these kinds of variables were treated more like inventoly
iterns ancl are reported earlier in the ternpolal/envilonnrental f¿rctors

section. The ¡oad condition wâs wet i¡r about 7 percent of the cases.

Two points about these contributing factols should be enrpha-

sized. The percentages ale likely conselvative, because of a lack of
cletail on tlre crash l'epol't forrìì, althouglr California r€ports were a

noteworthy exception. In addition, these should be viewecl as pos-

sible contlibuting factors, based only on the irìfonnation plovided
on the report forrn. A much mole tholough clasl.¡ reconstluction
plocess would be necessary for a defìnitive identification of con-
tributing factors.

SPECIFIC CRASH.TYPE INFORMATION

A total of 45 distinct bicycle-motor vehicle crash types are identi-
fìed in the NHTSA Manual Accident Typing (MAT) fbL Bicyclist
Accidents Coder's Handbook. Each type is characterized by a spe-

cifìc sequence of causal events ol bicyclist/driver actions preceding

the crash occulrence. For example, in a motorist drive-out frorn a
driveway ol alley, the motorist usually enters the street frorn a right
angle and fails to perceive the bicyclist in the tlaffic strea¡n.

Instead ofdealing with all 45 crash types, this stucly concentrates

on the three rnajol categolies flom which the 45 crash types delive,
nanrely, specifìc cilcnrnstances, parallel paths, and crossing paths.

S¡recific cilcurnstances include "weird" or unusual events (e.g., bicy-
clist struck by falling cargo), bicyclist riding a play vehicle (e.g., a

tdcycle), a rnotor vehicle that was backing, and nonroadway situa-

tions sucll as parking lots. For parallel path crashes, the bicycle and

motor vehicle are approaching on parallel paths, eithel lìeacling in the

same ol'opposing direction. For crossing path clashes, the bicycle
and rnotor velricle are on intersecting paths. The bicycle-rnotor vehi-

cle crashes are distributed into the three main categolies as follows:

Categor¡,

Specifìc circurnstances
Palallel paths

Crossing paths
Total

209 7.0
l ,061 35.5
1.720 57.5
2,990 100.0

Within the NHTSA coding sclreme, the three rnajor categories

further subdivide into l5 groups. Table 5 shows the distribution of
the I 5 groups by state, For the parallel path cases, the most frequent
crash types were:

Crash-Type Groups

o/o of Parallel Vo of
Path Crashes All Crashes

Motolist tt¡r¡red or mergecl into 365
thc cyclists path

Motolist overtaking thc cyclist 257
Cyclist turned or rnerged into 219

the nrotorist's path

For the crossing path cases, the rnost fìequent crash types wele:

Crash-T¡,pe Groups

o/o of Crossing o/o of AII
n Path Crashes Cxtshes

Motorist failed to yield to cyclist 648
Cyclist failed to yielcl to motorist 501

at an i¡rtersection
Cyclist fàiled to yicld to nrotolist, 353 2O.5 I 1.8

n¡idblock

Thele was considerable valiability in clash type by state.

34.4

24.2
20.6

12.2

8.6
'7.3

37.7
29.1

21.7
I ó.8
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TABLE 5 Major Crash Type Groups by State

Group
State

MD MN NC UT TotalFLCA

Specific Circumstances

Parallel Paths
Motorist turn/merge into path

of cyclist

Cyclist turn/merge into path of
motorist

Operator on wrong side of
street

Motorist overtaking the cyclist

Cyclist overtaking motor
vehicle

Operator lost control

42 43 209
(8.s) (8.6) (7.0)

50 67 36s
(r0. r) (13.4) (r2.2)

48 32 219
(9.2¡ (6.4) (7.3)

23984
(4.6) (r.8) (2.8)

64 n 257
(t2.e) (s.4) (8.6)

t2482
(2.4) (0.8) (2.7)

15854
(3.0) (1.6) (1.8)

850
(1.6) (10.0)

81 58
(16.2\ (l 1.6)

35 36
(7.0) (7.2)

7t5
(l.4) (3,0)

33 53
(6.6) (10.6)

32 t2
(6.4) (2.4)

t3 'l
(2.6) (1.4)

47 19
(9.4) (3.8)

36 73
(7.2) (14.6)

31 37
(6.2) (7.4)

237
(4.6) (r.4)

53 27
(r0.6) (5.4)

148
(2.8) (1.6)

83
(1.6) (0.ó)

Crossing Paths
Cyclist did not clear

intersection

Motorist failed to yield

Cyclist failed to yield,
midblock

Cyclist failed to yield,
intersection

Motorist turning error

Cyclist turning error

Crash occurred at an
intersection

Unknowr¡/ insuff icient
information

93
( r.8) (0.6)

t37 t25
(27.5) (zs.r)

40 50
(8.0) (10.0)

6s 67
(13.0) (13.4)

45
(0.80) (1.0)

6l
(t.2) (0.2)

259
(5.0) (1.8)

48
(0.8) (r.6)

28
(0.4) (1.ó)

73 n9
(t4.7',) (23.9)

86 72
(17.3) (14.4)

lot 96
(20.3) (te.2)

32
(0.6) (0.4)

23
(0,4) (0.6)

t2 t7
(2.4\ (3.4)

78
(1.4) (1.6)

21842
(0.4) (3.6) (1.4)

62 132 648
(12.5) (26.s) Qr.1)

64 4t 353
(rz.e) (8.2) (11.8)

92 80 501
(18.5) (16.r) (16.8)

t419
(0.2) (0.8) (0.6)

3621
(0.6) (t.2) (0.7)

8rs86
(r.6) (3.0) (2.e)

ll t2 50

Q.2) Q.4) (r.'t)

Figures l-6 desclibe the parallel and ctossing path crash types
listed previously and provide detailed infolmation about the pattel'n

of the crash. The patterns of oveneprcsentation indicate more
involvement than expected fol any particulal'variable when com-
parcd to all clashes. For example, Figure I shows that bicyclists
ages 20 to 24 werc overrcpresented in crashes where the motorist
turned or merged into the path of the bicyclist. Bicyclists ages 20 to
24 were involved in 21.3 pelcent of these motolist tuln/merge
crashes as opposed to making up 10.5 percent of the overall sample

of crash-involved bicyclists.

DISCUSSION OF RESULTS

This paper includes findings from a study ofbicycle-motor vehicle
crash types occurring in l99l and 1992. The following points are

offered as a summary:

L The basic clash patterns are similar to those seen in the late

1970s. Intersections, dliveways, and otherjunctions continue to be

locations where many crashes occur. Emerging facilities should be

designed with this fact in mind.



PAFALLEL PATHS: GTOUP 1

n=219; 7.3% of all ctashes
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CodeS n=30
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Time of DaY.'...6.1oam; l0âm-2Pm
Road Class-.-...-.......'Slate roâds
Number ol Lanes..'.'-'*........4,5,6+
Trallic Control..'-.....'-........'signal

FIGURB I Thc motorist turncd or nrerged into the path of the

bicyclist.

PARALLEL PATHS: GTOUP 4

n=257; 8.6010 ot all crashes 14.6%olA+Kcrashes
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Motorlst overtâklng, counteract¡vs evasivê act¡ons
Code 15 N=59

Motor¡st overtaklng, m¡siudges passlng space
Code 16 N=37

Motor¡st overtak¡ng' cyclist palh obstructed
Code 17 N=5

Molorist overtak¡n9, other (nol shown)
Code 39 N=117

B¡cycllst Age.."'.'25-44; 45-64;65+
Driver A9e......"......."..'......-.'16'19
Dr¡ver gènder-....-.-."--.......'male
Alcohol Use'......."'both operators
Locâtion.-'--."--,..--...."'..-.rurâl
Lighl Cond¡tion.....'..."-..darkness
Road Clâss."-......"...St4te/counly
Numþer of Lanes-.................'..'...2

Ovorreprêsênted var¡ebles

Bicycl¡st Age.'.....'..0-9; 10.14; 65+
Drlver 49e......-............."..'.."20'24
LocatlÒn..............'.... -.....'.....'ruf al
T¡ms of Oay-...'.'.....'-.'.......'2'6pm
L¡qht Cond¡tlon-'-.....'."."davlight

Class-.-Slate/county roads
of Lanes-......'..-.-.....'....2

IIIGURE 3 The bicyclist turnetl or mergetl into the path of the

nrotorist.
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IIGURI.I 2 Thc ¡notorist rvas overtaking the bicyclist. FIGURB 4 The Inotorist failed to yield to the bicyclist.
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CROSSING PATHS: croup 4

n=501; 16,8010 of all crashes

Blcycl¡sl 49o........... ..0-9; 
1 0-14

Dr¡ver 49e........'........ ... ...45-64
Driver Gender................female

¡'IGUIIE 5 The bicyclist failed to yield to the motorist at an
intersection.

CROSSTNG PATHS: Group 3

n=353; ll.8%of all crashes 14.2%of A+Kcrashes
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2. Roads with nallowel'lanes and roads with higher speed linrits
were associated with rnole than theil sharc of serious and fàtal
i rrjuries to bicyclists.

3. Alcohol use was noted in about -5 percent of all clashes, but
was 15 pelcent fbr the 25 to 44-year-old age gloup. This woulcl
appear to be an emerging problem.

4. Much of what is repoltecl in this study seerns str.ongly con-
nectecl to basic ricling and dliving pattelns-in other wor.ds, rclatecl
to exposure. Future studies of bicyclists or bicycle facilities should
be planned with this need in rnincl.

-5. Bicyclist liding practices, such as liding against traffic and
failing to obey traffìc signals, are factors in these crashes. Cyclists
need training about llow to ride in tlaffic.

6. As a rneasurc of accountability, it is recommencled that local
and state pedestrian-bicycle coorclinators contiuually track craslres
in theil juLisdictions. A simplifìecl crash typing procedurc that coor.-
dinators can easily use shotrld be prcpared and disseminatecl.

7. With the cun'ent incrcasecl intercst in both bicycling and walk-
ing, crash investigators at the state and local levels should be ur.gecl

to report completely on any bicyclist and pedestrian clashes.
8. A systemwide apploach will be necessal'y to nrake salety

gains as well as rcach the goals ol'the National Bicycling and Walk-
ing Study (//), namely: (a) to double the nurnber of rrips made by
bicycling and walking, and (ó) to reduce by l0 percent the number
of bicyclists and pedestlians injuled and killed in traffic collisions.
Engineering, education, and enforcenrent approaches are vital to
improvecl safety. There is a continuing neecl to establish the nlind-
set that bicyclists (and pedestrians) are wolthy and viable user.s of
oul' tl'anspoltation system.
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