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INTRODUCTION 

In the 25 year period from 1 950 through 1 974 , motorcycl e regi strati ons 
in the Uni ted States i nereased about 1 , 000 per cent, from 453 , 874 to 4 ,969 ,000 
( 1 -3 ) . Tbi s  i ncrease was most evident i n  Cal i forni a ,  where regi strat ions 
i ncreased 1 , 1 1 1  per cent, from 54 ,948 to 665 , 273 . I n  1 974 more than 1 3  per 
cent of al l motorcyeles i n  use i n  the Uni ted States were regi stered i n  
Cal i forn ia  ( 4 ) . The i ncreasi.ng use of  motorcycl es for transportation and 
recreati onal purposes has pr.oduced great concern over the number of deaths 
and i njuries associ ated with the i r  use . For exampl e ,  i n  1 950 the death rate 
rel ated to motorcycle crashe.s was 6 . 3  per mi l l i on popul ation i n  the United 
States and by 1 974 ,  the rate had more than ßoubl ed to 1 4 . 9  mi l l i on popu l ation . 

There i s  a notabl e absence of rel i abl e data on the i ncidence of motor
cyc l e  crash i njuries . The Nati onal Safety Counc i l  ( 2 )  estimated about 350 ,000 
motorcycl e crash i njuries per year whi l e  the Nati onal Center for Heal th 
Stati stics ( 5 )  i ndicated 1 40 , 000 i nj uri es per year. The di fference i n  
frequencies may be due to nonsimi 'l arity i n  defi nitions of  an i njury and 
methods of i njury ascertai nment .  Al so , the National Center for Heal th 
Statistics estimate i ncl udes persons who were i njured i n  bus and sports car 
crashes .  The paucity of speci fi c i nfonnati on on factors contributing toward 
the incidence of motorcycl e  crash i njuries prompted us to i n i ti ate an 
intens i ve retrospective i nvesti gation of motorcycl e-rel ated i nj uri es and 
deaths . Some fi ndi ngs an our studi es i n  Sacramento County were reported 
earl ier ( 6-8 ) .  

The present study was undertaken to examine time trends i n  motorcycl e  
crash-rel ated deaths i n  Cal i forni a and the Uni ted States and to determi ne , 
using stepwise di scrimi nant analyses , an optimum set of dri ver and vehi c l e  
factors associ ated wi th motorcycle crash i nj uries . 

MATERIALS AND METHODS 

Sources of Data . Data 0n motorcycl e crash-rel ated deaths for the Uni ted 
States from 1950 through 1 959 were obtai ned from a report by the U . S .  Depart
ment of Heal th� Education , and Wel fare ( 1 ) .  Numbers of motorcycl e  deaths from 
1 960 through 1 967 were obtai ned from unpubl i shed fi gures from the U . S .  
National tenter for Heal th Stati stics.  For the pe.riod from 1 968 through 1 974 , 
numbers of motorcycl e deaths were obta i ned from reports by the National 
Safety Counc i l  ( 2 ) .  Fi gures on Cal i forn ia  motorcycl e  crash-rel ated deaths 
from 1 950 through 1 972 were obtai ned from the Stat� of Cal i forn i a  Department 
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.of Heal th , Vi tal Stati stics  Reports . Estimates on numbers of motorcycl e  
crash deaths i n  Cal i forn i a  for 1 973 and 1 974 were obtai ned from the Cal i forn i a  
H ighway Patrol . 

The numbers of reg istered motorcycl es for the United States were 
abstracted from reports p ubl i shed by the U . S .  Department of Hea l th ,  
Educati on ,  and Wel fare ( 1 ) ,  U . S .  Department of Transportati on ( 3 )  and the 
Nat i onal  Safety Counci l ( 2 ) .  Numbers of motorcycl es reg i s tered in Cal i forn i a  
were obtai ned from the State Department o f  Motor Veh i c l es ( 4 ) . Popul ation 
data for Cal i forn i a  from 1 950 through 1 972 and the Uni ted States from 1 950 
through 1 974 were abstracted from U . S .  Bureau of the Census reports . 
Cal i forn i a  popu l ation data for 1 973 and 1 974 were obta i ned from the Cal i forn i a  
Department o f  F i nance . 

Data for Motorcyc l e  Crash-Re l a ted Injuri es i n  Sacramento County, 
Cal i forn i a .  Methods o f  i nvesti gati on and fi ndi ngs relating to the pattern of 
motorcycle crash-rel ated i nj uri es as wel l as dri ver , vehi cul ar,  and envi ron
mental factors assoc iated wi th those crashes whi c h  occurred i n  1 970 i n  
Sacramento County, Ca l i forn i a  have been reported i n  detai'l e l sewhere ( 6-8 ) .  

Data Analys i s .  To control the confoundi ng factors o f  sex and dri ver/ 
passenger s tatus to the factors eval uated , the anal yses were l imi ted to 
compari sons of mal e  dri vers on l y .  Further,  1 9  separate but not necessari l y  
i ndependent dri ver characterist ics  and one vehi c l e  factor ( see Tabl e 1 )  were 
eva l uated u s i ng s tepwise di scrimi nant analyses to i denti fy the best set of 
di scrimi nator(s) between persons in the i nj ured and comparison groups .  

TADLE 1 .  DESCRIPTIVE FACTORS AVAILABLE FOR DISCRIMINAHT flNALYSES. 
SACRAMENTO COUMTY , 1970 

FACTOR 

1. AGE 
2 .  WEIGHT 
3. HEIGHT 
q, 11oTORCYCLE ht/c) DRIVER'S TRAINING 
s. How OFTEN RODE Hie IN 1970 
6, HEUIET USE 

7, EYE PROTECTION 

8, How LONG DROVE CAR BE FORE 1970 
9. SERIOUS Mfc INJURY BEFORE 1970 

10, A HEUIET LAW IN CALIFORNIA 
11. Hie VIOLATIONS 6 MOS, BEFORE CRASH OR 

TARGET DATE0 
12, Mfc VIOLATIONS 18 MOS, AFTER CRASH 

OR TARGET DATE• 
13. Auro VIOLATIONS 6 MOS. BEFORE CRASH 

OR TARGET DATE• 
1q, AUTO VIOLATIONS 18 MOS. AFTER CRASH 

OR TARGET DATE0 
15. Mfc REPORTED ACC IDENTS 6 MOS, BEFORE 

CRASH OR TARGET DATE. 
16. Mfc REPORTED ACCIDENTS 18 MOS, AFTER 

CRASH OR TARGET DATE0 
17. Auro REPORTED ACC 1 DENTS 6 MOS. BEFORE 

CRASH OR TARGET DATE0 
18. Auro REPORTED ACCIDENTS 18 MOS. 

AFTER CRASH OR TARGET DATE. 
19. SUSPENSIONS , PROBATIONS, REVOCATIONS 

18. MOS, AFTER CRASH OR TARGET DATE0 
20, (APAC ITY OF MOTORCYCLE 

YEARS 
POUMDS 
INCHES 

f1EASURE 

YEs • l. llo • 2 
1 • FREQ„ 2 • Ocus„ 
3-ilARELY, 4-AL:MOST NEVER 
1 • ALNAYS • 2 • So!IETlllES 
3-ilARELY, 4-NEVER 
1 • AUIAYS, 2 • SofleTIMES 
3-RAREL Y, 4-llEVER 
IN WEEKS/MONTNS 
YEs • 1. ifo • 2 
YEs • l. No • 2 

Nl#IBER REPORTED 

Al#IBER REPORTED 

llUMBER REPORTED 

NUMBER REPORTED 

llUHBER REPORTED 

NUHBER REPORTED 

HINER REPORTED 

�UMBER REPORTED 

iiUMBER REPORTED 
Cua1c CEHTIHETERS Ccc'sl 

0TARGET DATE lUCLVDES THE DRIVER RECORD DURIHG THE PERIOD JULY l. 1969 
TO UECEKBER .Sl. 1969 FOR HEMBERS OF THE NON- IMJUREQ DRIVER GROUe PosT
s��H��R�ghDATE INCLUDES THE DRI VER RECORD FROH JANUARY l. 19/Ö TO 
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The s tepwi se di scrimi natory procedure first i denti fied the best s ing l e  
discrimi nator o f  motorcycl e  injury among the 2 0  factors . Other factors were 
added sequent ia l l y  to the set of di scrimi nating factors , these sets having 
the property that gi.ven the best previous set of di scriminators , the augmented 
set was better.  The s tepwi se procedure was hal ted when the add i t i on of 
another factor d id  not s i gn i fi cantly {p = . 01 ) i mprove the abi l i ty to discrim
i nate between members of the injured and non- i nj ured groups or when the dis
criminating set of factors exhausted the enti re set  of candidate factors . 

The first di scrimi nant analys i s  i nvol ved a random samp l e  of 1 50 i njured 
and 1 50 non i nj u red motorcycl i sts . Subsequent anal yses were performed on age
l imi ted groups , those l ess than 25 years of age and those 25 years of age and 
ol der. One hundred i nj ured and 1 00 noni nj ured dri vers were eval uated i n  each 
of the two age groups . The val i d i ty of d i scrimi nant function was detennined 
on the remai n ing i nj u red and noni njured dri vers i n  the correspondi ng age groups. 

Prior to the d iscrimi nant analysis  the data fi l e  for each i nj u red dri ver 
and noni njured dri ver was exami ned for m i s s i ng data . Thi rty-seven of 407 non
i njured dri vers and fi fty-f i ve of the 557 records for i njured dri vers were 
found to have i ncompl ete i nformation on the questi onnai re or dri ver record 
and were excl uded from anal yses . 

RESULTS 

Ma ni tude and Trends i n  Motorc c l e  Death s :  Total Uni ted States . The 
motorcycl e  crash unadj usted crude death rate per mi l l i on popul ati on in the 
United States decl i ned sl i ghtly i n  the early 1 950 ' s  as i l 1 ustrated i n  Figure 1 .  
Si nce about 1 963 , however , there has been an upsurge i n  unadj usted death rates 
due to motorcyc1 e  crashes . A sharp increase i n  the rati o  of reg i stered motor
cyc l es per 1 00 , 000 popul ation ( F igure 2 )  of about 28 per cent per year from 
1 963  through 1 966 corresponded to an upsurge i n  the popu1 ation death rate 
during that same peri o d .  From 1 967 through 1 969 , the average i n crease i n  the 
rat i o  of regi stered motorcyc1es per 1 00 , 000 popu l ation was about 1 0  per cent 
per year . During thi s same peri od ,  popul at i on death rates for motorcyc l e  
crashes ( Figure 1 )  dec l i ned .  After this  peri-0d of decl i ne ,  and beg i nn ing in  
1 969 ,  the Uni ted States popu1 ation deatb rate conti n ued to  i ncrease unti l 1 973 
at wh i ch t i me it 1 eve1 ed off and rema i ned unchanged in 1 974 . There was , during 
this period ,  a cont i n u i ng i ncrease in the rati o of regi stered motorcyc1 es per 
1 00 , 000 popul ation for the Uni ted States ( Figure 2 ) .  Of tnterest was the fact 
that i n  the Uni ted States the death rate reached a peak i n  1 973 and 1 974 yet 
the rat i o  of regi stered motorcyc les  conti nued to c l i mb at abou t  the same rate 
per year as during the previ ous decade . 

A compari son of the motorcycl e  crash-re l ated death rates and rati os of 
regi s tered motorcycl es per 1 00 , 000 popul ation for the 25 year peri od of 1 950 
through 1 974 i n  the Uni ted States ( Figure 3 )  i ndi cates that , with the excepti on 
of the early 1 950 ' s  and 1 970 through 1 974 ,  the trend i n  the i ncrease i n  motor
cyc l e  death rates was simi l ar to the trend i n  the i ncrease i n  the ratio  of 
reg i stered motorcycl es per 1 00 , 000 popu l at i on .  
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FIGURE 1 

CRUDE AND AGE-ADJUSTED POPULATION DEATH RATES FOR MOTORCYCLE 
CRASHES-UNITED STATES, CALIFORNIA AND U.S. MINUS CALIFORNIA, 

19!50-1974. (AM.G. EPIDEMIOLOGY 102: 77, 197!!) 
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FIGURE 3 

MOTORCYCLE DEATH RATE 
AND 

RATIO OF REGISTERED MOTORCYCLES 
1950-1974 , UNITED STATES 
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Magn i tude and Trends i n  Motorcyc l e  Death s :  Cal i forn i a .  Al though the 
overa l l trend of unadj usted motorcyc l e  crash death rates per mi l l i on popul a
tion for Cal i forn i a  for 1 950 through 1 974 was s i mi l ar to that of the Uni ted 
States ( Figure 1 ) ,  chi  square tests showed Cal i forn i a  rates were consi stentl y  
and s i gn i fi cantly h i gher ( p  < 0 . 0001 ) .  A s l i ght decrease i n  the rat io  of 
reg i stered motorcycl es per 1 00 , 000 popul at ion of about 2 . 5  per cent per year 
i n  the early 1 950 ' s ( Figure 2 )  was accompani ed by a decl i ne i n  the crude death 
rates per mi l l i on popu l ation ( Figure 1 ) .  H0wever , the sharp i ncreas e  i n  the 
rati o  of reg i s tered motorcycl es per · 1 00 , 000 popul ation of about 25 per cent 
from 1 963 through 1 970 corresponded to an upsurge i n  the motorcycl e crash 
death rate , except for the noti ceabl e i nterruption of 1 969 .  I t  s hou l d  be 
poi nted out that i n  1 969 the i ncrease i n  the ratio of reg i stered motorcycl es 
per 1 00 , 000 popul at i on was somewhat l e ss than the average of 25  per cent per 
year for the s i x  preceedi ng years . Another interrupti on i n  the i ncrease i n  
death rate was . noted i n  Cal i fornta i n  1 973 .  This  i nterrupt ion was associ ated 
wi th a marked decl i ne i n  the annual rate of i ncrease i n  the rat i o  of 
regi s tered motorcycl es per 1 00·, 000 popul  ati o n .  

Many factors cou l d  account for the di fferences i n  popul ation  death rates 
between Cal i forn i a  and the remai nder of the Uni ted States from 1 950 through 
1 974. These factors mi ght i nc l ude : 1 )  a l arger proporti on of Cal i forn i a  popu
l at i on us i ng motorcycl es ;  2 )  a l arger percentage of younger persons res i di ng 
i n  Cal i forn i a ,  thereby i nfl ati ng  the crude death rate proporti onate l y ;  
3 )  greater nonuse o f  head protection by Cal i forn i a  dri vers o r  passengers ; 
4 )  more numerous dri v i n g  hazards i n  Cal i forni a ;  and 5 )  l anger durati on or 
di fferent patterns of motorcycl e  use i n  Cal i forn i a  due to more favorab l e  
weather condi t i ons  a s  opposed t o  some other areas i n  the Uni ted State s .  

A s  s hown i n  Figure 1 ,  the unadj usted popul ation death rate from motor
cyc l e  crashes for the Un i ted States minus  Cal i forn i a  was s l i ghtly l ower but 
s i mi l ar i n  pattern to the rate for the U n i ted States as a whol e .  After 
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.age-adj us tment there was no appreci abl e change i n  the rates from 1 960 
through 1 969 ( the onl y  years for wh i ch the d i s tri bution of Uni ted States 
motorcycl e deaths by age were a va i l abl e ) .  Thus , the death rates i n  Cal i forn i a  
rema i n  s i g n i f i cantly h i gher than those o f  the rest of the nat i o n .  N o  data 
were ava i l ab l e  to eval uate the effect of hel met use on the death rate i n  
Cal i forn i a  or the effects of durat ion or d i fferences i n  motorcycl e  use , road , 
or dri v i ng hazards . I t  shou l d  be noted , however, that recent reports suggest 
that mandatory he lme t  l eg i sl ati on has s i g n i fi cant l y  reduced the mortal i ty rate 
associ ated wi th motorcycl e  col l i s i ons ( 9- 1 0 ) . 

Methodo l ogi e Probl em . An extremel y  i mportant methodol og i c  poi n t  must be 
con s i dered when eva l uati ng  and compari ng  trends i n  motorcycl e  Crash death 
rates i n  Cal i forn i a  and the Uni ted States , vi z . , the bas i s  on whi ch the com
pari sons are made .  I n  the previ ous d i scuss i on ,  deaths rates were presented 
per mi l l i on popu l at ion and motorcycl e  usage was depi cted as a rat i o  of 
reg i stered motorcycl es per 1 00 , 000 popu l at ion . In some earl i e r  reports ( 1 1 )  
mortal i ty occurrence has been dep i c ted as 11 rates 11 per number of regi stered 
motorcyc l e s .  Al though t h i s  expressi on does not g i ve a true rate of occurrence 
for purposes of s tat i s t i ca l  compari son , it does characterize a rel ati onsh i p  
by expre s s i n g  the rat i o  o f  the number o f  motorcycl e  deaths to the numbers of 
reg i stered motorcycl es .  Motor vehi c l e  death rates have been reported per 
number of veh i c l e  mi l es .  A revi ew of the l i terature fai l ed to yi e l d  any 
i nformation  on motorcycl e mi l eage for the Uni ted States or Cal i forn i a  on 
whi ch a rat i o  can be cal cu l ated for purposes of t i me-trend analys i s .  A l though 
death rates are reported per 1 00 ,000 popu l at ion , i t  i s ,  of course , understood 
that not a l l  of the popu l at ion i s  at ri s k  of bei ng k i l 1 ed i n  a motorcycl e  
cras h .  That i s ,  not a l l members of the general popu l at i on dri ve or ri de 
motorcycl es ,  and i f  they d i d , they a l l  wou l d  not have equal exposure to the 
poss i bi l i ty of a crash .  

R isk  of Death . The rates and rat i o s  whi ch have been used i n  the past to 
descri be mortal i ty experi ence from motorcycl e  crashes are sunmari zed i n  Tabl e 
2 .  The data rel ate to Ca l i forn i a  and for 1 973 and 1 974 onl y .  The motorcycl e  
rel ated death rate per mi l l i on general popu l ation  i s  cons tderably l ess than 
that for other motor veh i c l es .  l t  must be note d ,  however,  that the denom i nator 
i s  i dentical  for both rates . 

I n  Cal i forn i a  i n  1 970 ,  l eg i s l at i on was enacted mak i n g  i t  mandatory to 
obtai n  a spec i al c l ass I V  l i cense or an endorsement to an ex ist ing  l i cense to 
operate a motorcycl e .  Hence , an estimate of the number of l i censed motorcycl e  
dri vers i n  the State of Cal i forni a  was ava i l ab l e  for the fi rst time.  The 
death rate per mi l l i on motorcyc l e dri vers i n  Cal i forn i a  prov ides a more 
rea l i s t i c  estimate of the ri s k  of death associ ated w i th the operati on of motor
cyc l es than the rate deri ved u s i n g  the general popu l ation as the bas i s  for 
cal cu l at i on of the rate ( Tab l e  2 ) .  

When the number of l i censed dri vers i s  the u n i t  of compari son , the motor
cyc l e  dri ver spec i f i c  ri s k  0f death i s  7 to 1 2  t i mes hi gher than the ri s k  
associ ated w i th dri vers for a l l other motor vehi c l es .  The r i s k  i s  even 
greater when one con s i ders that upwards of four to s i x  passengers may be 
k i l l ed a l ong w i th the l i censed automob i l e  dri ver whereas for motorcycl es 
sel dom does th i s  number exceed one dri ver and never more than two passengers . 
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TABLE 2. RATES AND RATIOS DESCRIBillG f"IJTORCYCLE A:iD OTHER 

MOTOR VEHICLE f"IJRTALITY EXPERIENCE IN CALIFO��IA. 

1973-74 

MEASURE MoTORCYCLE 0THER MOTOR VEHICLES 

DEATHS PER: 1973 1974 1973 1974 

MILLION 
POPULATION 24 25 211 176 

MILLION 
LICENSED 
DRIVERS 4111 2006 344 286 

MILLION 
VEHICLES 778 800 292 242 

BILLION 
VEHICLE 
MILES 173• 178. 33 29 

•EsTIMATE BASED ON 4500 ANNUAL MILES PER REGISTERED MOTORCYCLE 

In 1 973-74 i n  Cal i forn i a  there were from 778 to 800 deaths per mi l l i on 
reg i s tered motorcycl es compared wi th 242 to 292 deaths per mi l l i on for a l l  
other motor vehi c l es .  Motorcycl e  mi l eage for the Un ited States i s  based on 
an average estimate of 4 , 500 mi l es per reg i s tered motorcycl e  per year ( 1 2 ) . 
The rat i o  of deaths per bi l l i on vehi c l e  mi l es i s  about 5 to 6 ti mes h i gher 
for motorcycl es compared to a l l other motor vehi c l es .  

Al l of these express ions  of the 1 1ri sk 11 of death associ ated wi th motor
cyc l es or other motor vehi c l es have l i mi tations.  As poi nted out earl ier ,  not 
a l l persons i n  the general popu l ati on are at ri s k  of a motorcycl e  crash , and 
hence , of a resu l t i ng fatal i ty .  Wh i l e  the number of l i censed dri vers i s  a 
fai rl y  accurate representati on of the number of persons at  ri s k ,  i t  does not 
i nc l ude passengers , nonl i censed dri vers , or pedestri ans who may be struck by 
a motorcycl e .  I n  add it ion ,  the ri s k  of i nj ury or death associ ated wi th 
operat ing a motorcycle  i s  not uni form for a l l dri vers because of di fferences 
in frequency and type of use . Al though the rat i o  of deaths per number of 
reg i s tered motorcycl es i s  a useful  expres s i on of the noti on of ri s k ,  i t  i s  not 
an acceptabl e probabi l i ty s tatement for purposes of stat i st i ca l  eva l uati on . 
Assumi ng that actual motorcycl e  m i l eage data were known , thei r  accuracy as a 
measure of exposure to hazard wou l d  be open to question because a l l  m i l es 
dri ven are not equa l l y  hazardous nor are a l l condi tions for the same mi l es .  
The purpose of thi s d i scuss i on has been to point out that considerati on must 
·be g i ven to the bas i s  an whi c h  estimates of ri s k  of death are deri ved whi l e  
descri b i ng rates of death assoc i ated with motorcycl e usage . 

Ri s k  Factors i n  Motorcycl e Col l i s i on Injuries . In a l most a l l  previ ously 
reported studies of factors associ ated wi th i nj uries from motorcycl e  crashes , 
dri ver/passenger, veh i c l e ,  and envi ronmental characteri sti cs have been examined 
i nd i v i dua l l y  or i n  groups of two or three wi thout regard to the i r  pos s i b l e  
i nteractions wi th other factors a l so rel ated to the crash .  

I n  the earl ier reports of Kraus , et a l . ( 6-7 ) and Drysdal e ,  et a l . ( 8 ) , 
the i nd iv idual  rel at i ons h i ps between a l arge number of factors and the 
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occurrence of motorcycl e  col l i si on i nj uries were reported . Factors associ ated 
wi th the occurrence of motorcycl e  col l i s i on i nj uri es are sußlllari zed i n  Tab l e  3. 

TABLE 3. FACTORS ASSOCIATED WITH INCIDENCE OF l'DTORCYCLE 
COLLISION INJURIES - SACRAMENTO COUNTY, 1970• 

FACTOR HIGH RISK GROUP DESCRIPTION 

ÄGE - - - - - - - - - - - - - HIGHEST RATES 15-24, PEAK RISK 17-19 

SEX - - - - - - - - - - - - - MALE RATE 10-15 TIHES FEHALE RATE 

HEIGHT - - - - - - - - - - - - SHORTER DRIVERS 

WEIGHT - - - - - - - - - - - - LIGHTER WEIGHT DRIVERS 

MOTORCYCLE DRIVING 

EXPER I ENCE - - - - - - - - - - 1-12 MONTHS DRIVING EXPERI ENCE 

MOTORCYCLE TRAINI NG- - - - - - THOSE REPORTING HAVING HAD TRAINING 

MOTORCYCLE USE - - - - - - - - MORE FREQUENT USE 

TYPE OF MOTORCYCLE USE - - - - FREEWAYS AND DIVIDED ROADS 

MAKE - - - - - - - - - - - - - HARLEY-DAVIDSON, TRIUMPH, 8ULTACO 

ENGINE SI ZE- - - - - - - - - - 251-500, 501-750 CC 

DRIVER's RECORD - - - - - - - PooREST RECORD OF VIOLATIONS. 

SUSPENSIONS, REVOCATIONS BEFORE 

AND AFTER CRASH 

KRAUS, ET AL, ,  1975A, 19758 

The i nterrel ati onship  between sma l l  groups of factors was assessed by 
considering these factors s i mu l taneous ly  ( 6 ) . Stepw i se di scrimi nant analys i s  
was empl oyed to study factors rel at i ve to the i r  effects on the ri s k  of motor
cyc l e  crash i nj ury . 

D i scrimi nant ana l ys i s  for 1 50 i nj ured and 1 50 non i nj ured mal e  dri vers of 
a l l ages i ndi cated that age of the dri ver was the s i n g l e  most s i gn i f i cant 
factor rel ated to motorcycl e crash i njuries (Tab l e  4 ) . Other factors whi ch 
were i mportant i n  di scrimi nating between i nj ured and noninjured mal e  dri vers 
i nc l uded number of prior motorcycle  dri v i ng v i o l a t i ons , and how frequently 
the motorcy c l e  was dri ven duri ng 1 970. Over 67 per cent (202 of 300 mal e  
dri vers ) were correct l y  c l ns s i fi cd on the bas i s  of these three factors . I t  
s hou l d  be noted that 1 96 o f  300 dri vers were correctly c l assi fied on the 
bas i s  of age a l one ( 65 . 3  per cent ) .  Al though not adding  s i gn ifi cantly to our 
abi l i ty to d i s criminate between i nj ured and noni nj ured dri vers , the number of 
prior motorcy c l e  crashes , whether the person reported having had motorcycl e  
dri vers ' tra i n i n g ,  and hei ght of the dri ver were vari abl es next sel ected as 
hav i ng potenti a l , di scrimi natory val ue .  

Because of the overwhe l mi ng i nfl uence of the dri ver ' s  age , add i t i onal 
age- l i m i ted d i scrimi nant analyses were performed .  In the fi rs t  such analys i s  
random samp l es of 1 00 each of i nj ured and noni nj ured mal e  dri vers l es s  than 25 
years of age were stud ied .  For these dri vers no vari abl e a l one was abl e to 
d i scrimi nate between i nj u red and non i nj ured dri vers but j o i nt l y  the vari abl es 
correctly c l as s i fied 1 24 of 200 dri vers (62 . 0  per cent ) . Motorcycl e  col l i s i on 
i nj uri es for dri vers l es s  than 25 years of age were associ ated wi th i ncreased 
number of motorcycl e  v i o l at ions prior to the col l i s i on or target date , younger 
age , and i ncreased hei g ht .  
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TABLE q, FACTORS WHICH DISCRIHINATE INJURED FROH :IOiHNJURED 

MALE Pl!TORCYCLE DRIVERS BY TWO AGE GROUPS, SACIWE1HO. CAUFORillA 1970 

EAwu 
CIN ORDER OF IHPORTANeE) 

ALL AGES AGE (YOUNG) 

<25 

:io. PRIOR H/c• VIOLATIONS 

fREQUENeY OF M/e USE (LESS) IN 1970 
No. PRIOR Hie eRASHES 

REPORTED Mfe DRIVER'S TRAINltlG 

HEIGHT (TALLER) 

No. PRIOR Hie VIOLATION$ 

AGE (YOUNGER) 

HEIGHT (TALLER) 

!25 AGE (YOUNGER) 

SELDOH USE OF Hie IN 1970 
;10, PRIOR Hie eRASHES 

PRIOR AUTO EXPERIENeE BEFORE 1970 
Less USE OF EYE PROTEeTJON 

lARGER SIZE OF Hfe 
REPORTED Hie DRIVER's TRAINING 

•wc • HOTORCYCLE 

CUH<JlATIVE % CORREeT 

CtASS!Flc:AIION 
eA��g�!� 1 SON 

GROUPS 

67 .3 (150,150) 

62.0 (1()(),1()()) 

72.0 <100,J'JO) 

Ceoss V•1 rn.u10N 
x �� ��w 

eOMPAR 1 SON GROUPS 

59 '9 (16212781 131/211) 

55.5 (88/1661 23/311) 

65.1 (q3/621 80/127> 

Among the older group of motorcycl i sts (25 years or older ) , the i njured 
dri vers tended to be younger , had l ess frequently ridden the i r  motorcycl es 
previ ously i n  1 970 ,  had greater numbers of prior motorcycl e  crashes , reported 
weari ng eye protecti on more frequently,  had s l i ghtly more experi ence dri ving 
an automobi l e ,  drove l arger motorcycl es ( l arge engi ne s i ze ) , and were more 
l i kely to have reported recei ving motorcycl e  dri vers 1 tra in ing .  These seven 
vari ables correctly c lass i fied 1 44 ( 72 per cent) of 200 dri vers . I nterest
i ng ly ,  age a lone correctly placed 1 26 ( 63 per cent) of these 200 ol der dri vers. 

Among the young ( < 25 years of age) drivers , cross val i dation correctly 
pl aced 88 of 1 66 i njured dri vers and 23 of 34 noni njured dri vers (x2 = 4 . 82 ,  ( l ) 
p < . 05 ) .  Among the o lder (25 years of age and ol der) dri vers , 43 of 62 
i njured dri vers and 80 of 1 27 noni nj ured dri vers were correctly cl assi fi ed by 
cross val i dation (x2 = 1 7 . 48 ,  p < . 001 ) .  

( l ) 

SUMMARY AND orscus·s roN 

The data substanti ate the h i gh risk associ ated with youthful operators 
of motorcycl es .  Ol der drivers represent survi vors from the younger ages who 
were at high ri s k ,  so that experience wi th motor driven veh ic l es may be 
another refl ecti on on the age of the driver. 

Age- l imi ted di scrimi nant analys i s  i denti fied prior motorcycl e  viol ati ons , 
pri or motorcycl e  crashes , and automobi l e  dri v ing experience as r isk  factors i n  
motorcycl e  crash i nJ uries . These factors may i ndi cate 1 1col l i s ion-suscepti b i l 
ity11 o f  certai n motorcycl e  dri vers , that certa i n  dri vers are l ess  di scerning 
of hazards or are wi l l i ng to take more chances , or have d ifferences i n  qual i ty 
and quantity of exposure whi l e  operati ng a motorcycl e .  The identi f icati on of 
motor vehi c l e  viol ations and prior col l i si ons as factors suggests some dri vers 
are less mi ndful of the customary courtesies and precauti ons i n  motor veh ic l e  
operati on ,  i rrespecti ve of  whether they are driving automobi l es or motorcycles . 
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With extant data , the researcher i s  dependent upon the abi l i ty of the 
dri ver to recal l certai n  events and the traffic offi cer to record certa i n  
rel evant data on the acci dent report form. With retrospective studies i t  i s  
d iffi cul t  to obtain  data on al l factors of i nterest a s  was the case i n  th i s  
study. Hence , i t  i s  cl ear that additional prospective studi es are needed to 
e l uc idate more c learly the i nfl uence of the various human ,  veh i cu lar and 
envi ronmental factors that produce motorcycl e crash i njuries . 
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