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ABSTRACT

Although many States use KABCO (K-fatal, A-incapaiitng, B-non-incapacitating, C-
possible, O-no-injury) injury scale in reportingghivay crash injuries, many important
information are available in terms of Abbreviatedjuty Scale (AIS) such as seat belt
effectiveness in preventing injuries. This studyineates the effectiveness of seat belts in
reducing both fatal and nonfatal injuries to motehicle occupants in terms of KABCO injury
scale. Multiple logistic regression method was useelstimate the seat belt effectiveness for two
different vehicle groups: passenger cars, and gihssenger vehicles. Crash data from Kansas
Accident Reporting System database was used. Aoepitd results, the estimated seat belt
effectiveness in reducing fatal injuries was 56%passenger cars and 61% in other passenger
vehicles. In passenger cars, seat belts are 53%%¥deffective in reducing incapacitating and
non-incapacitating injuries respectively. In otlpassenger vehicles, these values are 52% and
51% respectively. The estimated seat belt effectgs values for fatal injuries are somewhat
higher compared to previous estimations. In addjti@sults showed that seat belts are more
effective in preventing fatal injuries comparechtinfatal injuries.
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INTRODUCTION

Ever since seat belts were made mandatory in aesgyms by Highway Safety Act and the
National Traffic and Motor Vehicle Safety Act in@%), it has been estimated that seat belts have
saved many lives and prevented severe injuriesctupants in motor vehicle crashes. (
Because of substantial safety benefits from sels,bmany States have legislated laws to
enforce the use of seat belts in motor vehiclesradtly, all states in the USA except New
Hampshire, have seat belt enforcement laws of wHdhstates have primary seat belt laws
while other states have secondary la@)s (

However, the estimated benefits due to use of Iselts are largely dependent on the
effectiveness of seat belts in reducing a particig@el of injury severity. The effectiveness of
seat belts can simply be defined as the reductiaislo (or probability) of being injured due to
use of seat belts when involved in a crash. Theentiseat belt effectiveness values used by the
National Highway Traffic Safety Administration (NKSR) were estimated in 1984 and they
were based on crash data before 1984 $ince, the automobile designs have undergone
dramatic changes and improvements during thewastiecades, those effectiveness values may
need to be reassessed to check their validity dorent vehicle conditions using more recent
data. In addition, the NHTSA seat belt effectiveneslues have been estimated based on
Abbreviated Injury Scale (AIS) but many of the 8tatise KABCO (K-fatal, A- incapacitating,
B- non-incapacitating, C- possible, O- no-injumyjuiry severity scale in reporting highway crash
severities. Because of this incompatibility inuiryy severity scales, state agencies in analyzing
safety impacts of seat belts. Thus, the availgbiftseat belt effectiveness values for KABCO
injuries would be useful for such agencies.

Although, many studies have conducted to estimfaectfectiveness of seat belts using
more recent crash data, many of them have beesddannly on estimating the effectiveness in
preventing fatalities. Prevention of fatal injurissmore important and always results in higher
benefits. However, for a comprehensive benefitymmslon seat belt use, the effectiveness of seat
belts in preventing nonfatal injuries is also intpat. For example, a person who suffers from
severe but nonfatal injuries due to a crash magrnegermanently disabled and associated cost
could be very high due to high costs associatedh wiedical and rehabilitation expenses,
productivity lost and other related factors. TheBectiveness of seat belts in preventing other
types of injuries is also important in estimatintat benefits resulted from seat belt use.

Thus, objective of this study was to estimate dedtt effectiveness values using more
recent crash data for both fatal and non fatariegubased on KABCO injury severity scale.

LITERATURE REVIEW

The Final Regulatory Impact Analysis conducted BYTISA in 1984 is a comprehensive study,
which estimated the effectiveness of restraintesystin reducing fatalities and injurie®.(This
study considered both types of seat belts, matwadh (ap and lap/shoulder) and automatic (two-
point and three-point), in addition to the effetlao bags alone and the combined effect of both
air bags and seat belts. Data from two databasatorél Crash Severity Study (NCSS) and
National Accident Sampling System (NASS), for trezipd of 1979 to 1982 were used in this
study. The estimation method was based on ratestfained and unrestrained passengers who
were injured due to the crash. The results showat] the effectiveness of lap/shoulder belts in
preventing fatalities was 40-50 % and 45-55 % glugeng nonfatal injuries. When lap/shoulder
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belts were combined with air bags, the estimatéete¥eness was 45-55 % for fatalities and 50-
60% for nonfatal injuries. However, one of the sbamings of this method was the difficulty in
controlling the seat belt use for different factdtge to the insufficient availability of crash data
during the study time period.

To estimate the effectiveness of automatic shoulmdt system, Rivara et al. used
multiple logistic regression methodl)( The odds ratios were estimated for restrained vs
unrestrained occupants while controlling for comidng effects of factors such as occupant age
and gender, principle direction of force, automebmodel year, change in the speed during the
crash, and air bag deployment. The automatic sel$ were considered in two categories,
which consisted of shoulder plus lap belts and Elewbelts alone, and manual shoulder and lap
belts were considered in the other category. Theceieness was estimated using data from
Crashworthiness Data System (CDS) for the periotP8f3 t01996 against fatalities and injuries
which had an Abbreviated Injury Scale (AIS) scofe2oor higher. The results indicated that
effectiveness of automatic shoulder belts alonéh@ut lap belt) reduces the fatality risk by 29%
in frontal crashes and 34% reduction in all typésrashes. In addition, it showed significant
increase in risk of chest and abdominal injuriesotcupants using automatic shoulder belts
compared to unrestrained occupants.

The method introduced by Evans, which is calledbtioyair comparison method, has
been widely used by many researchers to estimaeettectiveness of seat beltS).(The
rationale behind this method is that it compargarynrisk to a subject occupant and other
occupant under two conditions, restrained and tnaiesd. Since the method compares two
passengers in the same vehicle, it allows contigplfor confounding effects of some variables
such as traveling speed, vehicle type and makeoftte vehicle and crash type.

The double pair comparison method has been appleshany studies to estimate the
seat belt effectiveness. Evans used this methoé@stomate the seat belt effectiveness in
preventing fatal injuries based on crash data fRatality Accident Reporting System (FARS)
for the period of 1975 to 1988)( The results showed that, the overall seat bfteveness in
preventing fatal injuries to front seat passengemassenger cars to be around 41% with an error
margin of 3%. In this study, the other occupant digaggregated by age and seating positions to
consider the confounding effects of occupant agesaating positions.

Evans analyzed FARS data from 1975 to 1985 andhattd the effectiveness of rear
seat restraint systems in preventing fatalitieagishe double pair comparison meth@y (The
subject occupant was considered as the right brdaf seat occupant. The subject occupant was
compared with other occupants such as driver, rigiit passenger and right or left rear
passengers depending on the subject occupant nadsideration. It was assumed that the rear
seat passengers use only lap belts due to thefaekable information on exact restraint type in
the database. The estimations showed that thegevegatraint effectiveness against fatalities for
rear seat passengers (left and right passengefsi®hletween 9 to 27 %.

Kahane estimated the fatality and injury reduciffgativeness of lap belts for back seat
occupants using double pair meth8)l (n this study, the subject occupant was consiflas the
backseat passenger and the other occupant wasritlee. d'he effectiveness was estimated
against fatalities and other injury severity lev@leese injury severity levels were classified as,
serious injuries (category “A” in KABCO scale otd§, moderate to serious (category “A”, “B”
and fatalities), and overall injury severity (indlog all injury severities). Based on FARS data
from 1975 to 1976, the estimated lap belt effeciess against fatalities for back seat occupants
was 17 to 26 %. For other injury severities, thieaiveness values were estimated using crash
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data from Pennsylvania for 1982 to 1985. The eséth@&ffectiveness against serious injuries
was 37% while lap belts are 33% effective againstlenate to serious injuries. The lap belt
effectiveness against any severity was found tb18é.

Kahane applied the double pair comparison methoextamine the appropriateness of
NHTSA'’s long-standing estimates of seat belt effectess values, which were based on FARS
data before 1986, for latest FARS da@ @n empirical tool was developed to adjust foe th
biases in double pair analyses of later FARS da&sults reconfirmed the NHTSA's earlier
effectiveness estimates of 45% for passenger car$@26 for light trucks against fatalities.

Cummings et al. study the use of matched-pair ¢ahethods in traffic crash analysis. In
this study, different methods were examined innesting the relative risks in matched-pair
cohort data X0). Mantel-Haenszel stratified method, the double pamparison method and
regression methods including conditional Poissagregsion, and Cox proportional hazards
regression methods were used to estimate thewelatik of front seat passengers. Based on
results from several simulations using each metlaathors have concluded that conditional
Poisson regression and Cox proportional hazardessign can produce unbiased estimates, but
consideration of interaction terms between seaitiposand vehicle or crash characteristics may
require.

Cummings et al. used matched-pair cohort methogsutty the seat belt effectiveness in
motor vehicle crashes1l). Conditional Poisson regression was used to astinthe
effectiveness of seat belts while controlling fonfounding variables such as occupant gender,
seat position and age. Using FARS data from 19788, they estimated that the risk of death
for a front passenger is reduced by 61% when usesj belts. In another study, Cummings
applied the Conditional Poisson regression methodcampare the estimated seat belt
effectiveness against fatalities based on polippnted data and data obtained through trained
crash investigatorsl®). The risk ratios for front seat passengers wetenated using data from
CDS database for 1988 to 2000, which includes médion on seat belts usage which has been
reported by both police officers and trained crasfestigators. The results showed that the
estimated seat belt effectiveness based on padjperted data were not substantially different
from estimated values based on data from craslhsiigators, since both estimated values were
equal (relative risk of 0.36).

The available literature on past studies indic#t@s many of the previous studies have
focused only on estimating seat belt effectiveriegareventing fatalities. In addition, many of
those studies have used matched-pair analysisitee® thereby limiting the analysis only to
vehicles containing one front seat passenger intiaddto the driver. However, factors
associated with vehicles containing only the drinexy differ from vehicles containing driver
and a front seat passenger. On the other hand;leghvith two front seat passengers may not
represent a considerable proportion of all vehigteslved in crashes. Sample size may further
reduce as matched-pair methods consider only jraimshich at least one occupant had the
outcome (the injury severity) hence increasing shenpling errors. For example, in Kansas
during 10 year period from 1993 to 2002, there wany 23% of vehicles which were occupied
by two passengers (including the driver) and inedlin crashes, and this proportion reduced to
16% when vehicles with no reported occupant infuriere excluded. Thus, the use of seat belt
effectiveness values estimated using matched-pathads for all crashes may not be a very
reasonable approach.

Many studies have examined the potential effeairwéstrained occupants on a subject
occupant in a motor vehicle crash. MacLennan edtatied the effect of unrestrained occupants
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on the injury risk of front seat occupants8), They considered different subject occupantssit r
based on different seating positions and initiaéction of force. Results showed that belted
occupants are at an increased risk of injury arathdBom unbelted occupants. Cummings and
Rivara studied the association between death @frabccupant and the restraint use by other
occupants14). They found that a person’s risk of death inashris associated with the restraint
use of other occupants and the risk is lowest wdlleoccupants were restrained. Mayrose et al.
found that in the case of a head-on crash, a esdrinbelted occupant who is sitting right
behind the driver increases the risk of fatal iigsito the driverX5). Thus, the presence of other
unrestrained occupants in the same vehicle is grortiant factor in estimating seat belt
effectiveness for the subject occupant.

Evans investigated the possible biases in doubtenpethod due to non-coding of some
surviving passengers, and driver/passenger impacigicrashesl@). Evans found that fatality
risk of an unbelted driver is decreased by strikpagsenger and passenger risk is increased by
being struck by unrestrained driver in the casa ofht-side impact.

The above studies provide evidence about the irapoet of considering the effects of
other unrestrained occupants in estimating sedtdffgctiveness of a subject occupant. The
logistic regression method in which the odds rafos relative risk) between restrained and
unrestrained occupants are estimated, could beceg eliminate possible biases in matched-
pair methods, since this method considers all ptssiases (both single occupant and multi
occupant cases). Another advantage of the logrgtigession method is that it gives the
flexibility to control for confounding effects of amy factors which may affect the seat belt
effectiveness. Thus, this study uses the logisgrassion method to estimate the seat belt
effectiveness.

METHODSAND DATA

Data

Kansas Accident Reporting System (KARS) database weed in this study to estimate the
effectiveness of seat belts. Data related to dliokes, which were involved in crashes during
1993 and 2002, were extracted from the databady.ft@mt seat passengers of passenger cars,
vans and pickup trucks were considered in the aimlgince the data availability for vans was
limited, especially in the case of fatal crashaskyp trucks and vans were combined and
considered as a single group. Thus, the estimatiene based on two vehicle groups, passenger
cars and other passenger vehicles. Occupants yotimge 15 years were discarded from the
data set as Kansas has a primary seat belt lathdbage category compared to a secondary law
for occupants older than 14 years. In additionadalated to crashes involving pedestrians,
bicyclists, motorcycles and trains were discarddt final data set contained crash data related
to single-vehicle and multi-vehicle crashes.

The restraint usage comprised of 3 categories, slotlulder and lap belt, shoulder belt
only and lapbelt only in addition to unknown ancheaised categories. Records with unknown
restraint use were discarded from the data set.edery KARS database did not have any
information regarding the air bag deployment du¢hi crash and thus, that variable was not
considered in the models. Based on the final datadetails of seat belt use by front seat
passengers with the type of seat belts used avensimoTable 1.
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TABLE 1 Seat Belt Usage by Front Seat Passengers based on KARS data from 1993 to
2002

Type of Seat Belt Used

Crash Type Lap & Total % Seat
(Severity) Occupant Lg%?;lt EZE%ISE ' Sf:)()elil:ger Total Used 'dggg Involved Belt Use
Driver 30 1637 15 1682 2417 4099 41.03
Fatal FRP* 12 574 4 590 825 1415 41.70
Total 42 2211 19 2272 3242 5514 41.20
Driver 309 13440 46 13795 7685 21480 64.22
Incapacitating FRP 82 3826 15 3923 2833 6756 58.07
Total 391 17266 61 17718 10518 28236 62.75
Non- Driver 2279 84232 171 86682 26838 113520 76.36
incapacitating FRP 538 21698 57 22293 9998 32291 69.04
Total 2817 105930 228 108975 36836 145811 74.74
Driver 2646 122802 191 125639 18140 143779 87.38
Possible FRP 558 29912 34 30504 6429 36933 82.59
Total 3204 152714 225 156143 24569 180712 86.40

“TFRP —Front Right Passenger

The injury severity is reported in 5 levels in tKARS database, which includes fatal
injury, incapacitating injury, non-incapacitatingjury, possible injury and no-injury. The crash
severity was defined based on the highest repamfady severity of involved occupants. Thus,
the data set contained data related to five diffeceash types depending on the crash severity.
The level of risk involved in two different crashipes may be different. For example, two
occupants, who were recorded to have same perggug} severities, but involved in crashes
with different severities, may not experience thms level of risk. Thus, considering these two
occupants in two different crash categories wouldimmize any biases in estimated seat belt
effectiveness.

Thus, the total data set was split into 5 differéaia sets based on crash severity and the
data set related to property damage only crashes discarded. Fatal crashes contained
occupants with all 5 types of injury severitieshfaoncapacitating crashes contained 4 injury
severities except fatalities, incapacitating catged@d 3 injury types and possible injury crashes
only contained occupants with minor injuries andimaries. These data sets were then used to
estimate the seat belt effectiveness in reduciob egury severity level.

Method

Details of logistic regression method that was useéstimate the seat belt effectiveness are
given in this section. The response variable fa lbgistic regression model was the injury
severity of an occupant, which was consideredlasary variable. If the conditional probability
that a particular injury severity level is presbatdenoted blp(Y =1| X) =z(X) for a given set

of p covariates (i.eX= X1, X2, X3... Xp), then the multiple logistic regression model coble
written in the following form 17, 18;

logit [(M(X)] =+ .., &)

and,
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0 R a— )

where,
S = Regression parameters to be estimated

o.= Intercept parameter to be estimated
Consider a dichotomous explanatory variable, x Wwhigkes value 1 or O representing two
conditions. Then, the odds ratio for this particuwariable can be defined as the ratio between
odds for outcome being present when x=1 and x=@s €an be expressed in the following
formula.
_ 1@ /M-nd@)]

= 3)
m(0) /[1-m(0)]
where,

OR= Odds Ratio

n() /[1-n()] = Odds of the outcome (injury severity) being presvhen x=1

1n(0) /[1-n(0)] = Odds of the outcome (injury severity) being prasvhen x=0

Odds ratio explains the relative risk between twoupants, who are under two different
conditions, to experience a particular injury séyerin this case, the odds ratio for the
explanatory variable related to restraint use, Wwhakes value 1 when restrained and 0 when
unrestrained, gives the relative risk between aestd and unrestrained occupants for having a
particular injury severity. If the restraint systésmot effective, this ratio should be close te,on
and in the case of a highly effective restraintesysthe odds ratio should be smaller. Thus, the
effectiveness of the restraint system can be defase

E=(1-OR)* 100 4
where,

E = Effectiveness of the restraint system (%)

OR= Odds Ratio between restrained and unrestrainegpants for a given injury

severity

The injury severity was considered in 4 differeavdls, fatal, incapacitating, non-
incapacitating and possible injuries. For a paldicerash category, the highest injury severity
level was coded as the event (value 1), while tléoinjury severity levels were coded as non-
events (value 0). For example, in the case ofa &aash, the response variable takes value 1 for
a passenger with fatal injuries and it takes valdier a passenger with nonfatal injuries. Total of
four different models were developed for each ygeverity level using the 4 data sets.

The potential explanatory variables were selecegkth on findings of previous studies
and judgment. The selected candidate variablegtadrepresentation in the model are shown
in Table 2 It should be noted that some of the variableschvimight have an effect on seat belt
effectiveness, could not be considered in the nsodeé to lack of available information. One
such variable was the direction of initial forceat® related to this variable was only available
for fatal crashes in the KARS database. However,ddtabase consisted of data related to the
manner of the collision of vehicles such as headaogle, sideswipe or rear-end, in cases where
two or more vehicles were involved and thereforestiered as a surrogate measure of the
direction of impact.
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TABLE 2 Selected Candidate Variablesfor Logistic Regression Models

Variable Description
ALCOHOL =1 if the driver was under influence of alcoholdougs, =0 otherwise
ANGLE_CRASH =1 if an angle crash, =0 otherwise
ARTERIAL =1 if the crash occurred on an arterial roadwayoth@rwise
COLLECTOR =1 if the crash occurred on a collector, =0 othsew
DR_AT_FLT =1 if the driver was at fault for the crash, =Oeasthise
DRIVER =1 if the passenger was the driver, =0 otlis
HDON_CRASH =1 if a head-on crash, =0 otherwise
INTERSTATE =1 if the crash occurred on an interstate, =Orotlse
INTR_SECN =1 if the crash occurred at an intersection, F@wise
LIGHT_CON =1 if crash happened in dark or unlit conditior$) otherwise
OCC_AGE Age of the occupant in years
OCC_EJECT =1 if occupant was ejected due to the crash, =@roiilse
OCC_TRAPPED =1 if occupant was trapped inside the vehicle, theiwise
OCC_MALE =1 if the occupant was male, =0 otherwise
RD_CUR_GRAD =1 if roadway was not straight and level, =0 otVise
REAREND_CRASH =1 if a rear-ended crash, =0 othezwis
RFP =1 if the passenger was in the right front,seabtherwise
RURAL =1 if the crash occurred in a rural areaotierwise
SB_USED =1if the passenger was restrained, =0 otherwise

SIDESWIPE_CRASH =1 if a sideswipe crash, =0 othsewi
SNG_VEH_CRASH =1 if the crash was a single vehicle crash, =@miise

SPEED Posted speed limit in mph

URBSP =1 if there was at least one unrestrainegepaer on the rear seat, =0 otherwise
VEH_AGE Age of the vehicle in years

VEH_AT_FLT =1 if the vehicle was at fault for the crash, tBeswise

VEH_DESTROY =1 if the vehicle was destroyed duthcrash, =0 otherwise

VEH_DISABLED =1 if the vehicle was disabled duethe crash, =0 otherwise

VEH_STRAIGHT =1 if the vehicle was traveling strhidbefore crash, =0 otherwise

VEH_TURN =1 if vehicle was making a turn beforas, =0 otherwise

WET_RD_SURF =1 if the crash occurred on a wet road surfacegth8rwise

Actual travel speed at the time of the crash andsnad the vehicle could also be important
variables in assessing the seat belt effectiverme®s) though the KARS database does not have
accurate data on those variables. Due to the impogtof controlling for those two variables in
the models, posted speed limit was used as a suerogeasure of the actual vehicle speed. Even
though it was not possible to control for vehiclass in the models, it was assumed that
controlling for different vehicle types would minire this effect.

Logistic regression was performed using LOGISTIGcedure of the SAS softwark9).
For each injury severity level, two models werealeged, a crude model with only one variable
that is related to seat belt use and an adjustedeimeith controlling for all the explanatory
variables. The idea was to examine the effect oé¢hvariables on seat belt effectiveness by
comparing crude and adjusted odds ratios.
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The adjusted models was developed using stepwisetisa technique, which is an
inbuilt feature provided in SAS’s LOGISTIC procedunn this method, the model building
starts with no variable in the model and varialdles added one at a time based on the given
level of significance. Once a variable is addegisignificance into the model is checked with the
variables which are already in the model. If thealdle does not meet the given significance
level, it is dropped from the model. The advantafyihis method is that it selects the best model
with the most significant variables toward the ame. The quality of each model was assessed
by using R values and other model fitting statistics.

RESULTSAND DISCUSSION

Estimated regression parameters and odds ratiodofpstic regression models for
passenger cars are shownmable 3

TABLE 3 Estimated Logistic Regression Parameters and Odds Ratios for the Passenger
Car Occupant Models

Fatal Incapacitating Non-incapacitating Possible
Variable Odds Odds Odds Odds
Parameter .~ Parameter .~ Parameter - Parameter -
Ratio Ratio Ratio Ratio

ALCOHOL - - - 0.28 1.32 - -
ANGLE_CRASH - - -0.10 0.91 -0.22 0.81 - -
ARTERIAL - - - - - - -0.07 0.94
BLACK _RD _TOP - - 0.12 1.13 - - -
COLLECTOR - - - 0.07 1.07 - -
DR_AT_FLT 0.50 1.65 - - -0.18 0.84 -0.87 0.42
DRIVER 0.64 1.90 0.32 1.37 0.30 1.36 0.25 1.28
HDON_CRASH - - 0.20 1.22 - - - -
INTERSTATE - - - - - - -0.07 0.94
INTR_SECN -0.30 0.74 - - - - - -
OCC_AGE 0.03 1.04 0.01 1.01 0.01 1.01 0.01 1.01
OCC_EJECT 1.68 5.35 1.57 4.82 1.63 5.10 1.51 4,51
OCC_MALE - - -0.74 0.48 -0.67 0.51 -0.85 0.43
OCC_TRAPPED 1.96 7.07 2.46 11.76 2.54 12.62 2.30 9.98
RD_CUR_GRAD - - - - 0.06 1.07 0.04 1.04
REAREND_CRASH - - -0.19 0.83 - -
RURAL - - -0.11 0.90 - - - -
SE_USED -0.83 0.44 -0.76 0.47 -0.80 0.45 -0.50 0.61
SNG_VEH_CRASH 0.34 1.40 0.84 2.32 1.12 3.05 1.66 5.24
POSTED_SPEED - - - - - - - -
URBSP - - - - - - - -
VEH_AGE - - - - - - - -
VEH_AT_FLT - - - - - - -0.63 0.53
VEH_DESTROY 1.53 4.62 1.46 4.32 1.74 5.68 1.72 5.61
VEH_DISABLED 0.93 2.53 1.16 3.20 1.22 3.40 1.23 3.44
VEH_STRAIGHT - - - - - - -0.24 0.79
VEH_TURN - - -0.14 0.87 - - -0.09 0.92
WEEK_DAY - - 0.18 1.19 - - - -
R2 0.42 0.30 0.24 0.20

- Variables are not Significant in the Mbdeder 95% confidence level
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The model for fatal crashes seems to fit bettemesit has a comparatively highef Ralue.
Although, the R values for models for low injury severity levelsearelatively low, more
variables are significant in those models. The rhogRilts for the other passenger vehicle group
also showed similar trends.

Table 4 shows the estimated seat belt effectivevalses with their error margins and R
values for both vehicle groups. All models fit reasbly well with the data as indicated by
higher R values. However, the errors of estimations ar@étidor the other passenger vehicle
group. A significant change in estimated seat &iédtctiveness values can be observed when the
seat belt use is adjusted for different factorsis T¢hange is comparatively higher for low
severity models. Thus, it could be concluded tlanhes of the considered variables have a
significant effect on seat belt effectiveness.

TABLE 4 Estimated Seat Belt Effectivenessand Model R? Values for Each Vehicle Group

. o Non- .
\/Geh|c|e Model Fatal Incapacitating incapacitating Possible
roup E' Error R E Error R? E Error R E Error R?
PassengerAdjusted 0.56 0.17 0.420.53 0.07 0.30 0.55 0.030.24 0.33 0.05 0.20

Cars Crude 0.63 0.10 0.080.63 0.05 0.07 0.63 0.020.05 0.44 0.04 0.01
Other  Adjusted 0.61 0.26 0.550.52 0.11 0.39 0.51 0.060.32 0.34 0.08 0.25

Passenge
Vehicles Crude 0.80 0.09 0.160.69 0.06 0.10 0.67 0.030.08 0.46 0.05 0.02

*E= seat belt effectiveness

According to the results, seat belts are 56% eaffech preventing fatalities to front seat
occupants in passenger cars. In other words, 56f4talfties could be prevented if all the front
seat passengers are restrained. This value isrhogimepared to NHTSA'’s estimated value of
45% for fatal injuries. As far as nonfatal injuriase concerned, seat belts are more effective in
reducing non-incapacitating injuries (55%) compaeécapacitating injuries (53%). It can be
observed that the estimated seat belt effectivenaisges for fatal injuries and severe nonfatal
injuries (incapacitating and non-incapacitatinguiigs) are very close to each other. However,
both of those values are higher than the effecésernvalues used by NHTSA for nonfatal
injuries (50%) defined as moderate to severe iegufMAIS 2 -5). In addition, seat belts are 33%
effective in reducing possible injuries to passerggg occupants and this value is significantly
higher than that value recommended by NHTSA, wigctD%.

In other passenger vehicles, seat belts are 6186te# in preventing fatal injuries to
front seat occupants which is very close to NHTSéstimation of 60%. However, the error of
estimated seat belt effectiveness for fatal craghégyher compared to that error for passenger
cars. This may be due to the use of smaller samigke used for other passenger vehicles
compared to passenger cars. Seat belts are 52&tivadfen reducing incapacitating injuries and
51% effective in reducing non-incapacitating ingsti Again, both the values are less than the
value estimated by NHTSA for nonfatal injuries (§5%he seat belt effectiveness for possible
injuries in this vehicle group is 34%, which igg$lily higher than that value for passenger cars.

According to the results, seat belts are more #¥edn reducing fatal injuries than
nonfatal injuries, which is somewhat different framme previous findings that seat belts are
more effective in reducing nonfatal injuries. Thengght be many possible reasons for these
differences. One reason could be the use of diffargury severity scale for defining injuries in
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this study. The accuracy of the police reported KABinjury severities are often criticized for
their accuracy over AlS injury severities, whicle aeported by experienced medical officials at
a hospital. This is more critical in case of noafanjuries, as the police officer at the scene has
to decide and report the level of the injury seyerivhich may be different from hospital
reported injury severity which are based on thohowmgedical examinations by experienced
medical officers. In addition, the decision takegntloe individual officers at the crash scene may
be dependent on personal judgment of each indivigi thus the recorded data might not be
accurate. Shinar et al. found that injury seveistypne of the least reliable variables in police
reported data and some times could extremely nusleausers20).

Another concern is the accuracy of the data reltdeskeat belt use, especially for low
severity crashes, since the accuracy of the estthrsdtat belt effectiveness values depends on the
accuracy of the data used. According to Table &, r#ported seat belt use in incapacitating
crashes is 75 % and in possible injury crashes 8606, which are even higher than the Kansas
average seat belt use during that period of tinretaDelated to seat belt use in a fatal crash, in
which at least one dead occupant is involved, cbelexpected to be more accurdit#).( The
over reported seat belt use in low severity crashag result in biased estimations of seat belt
effectiveness.

Overall, the estimated seat belt effectivenessesahigainst fatalities in passenger cars are
higher compared to some previous estimations of &bfe that value for other vehicle groups
is almost same (60% Vs 6193, 6, 9. Although, this study estimates higher effecteenvalue
for fatal injuries in passenger cars, that valuestil within the upper limit of the NHTSA
estimation of 45-55%3). Some other studies have also estimated higlarbsdt effectiveness
values for fatal injuries4( 11). In cave of nonfatal injuries, the estimated weslibased on
KABCO scale gives higher estimated seat belt affeness values compared to previous
estimations based on AIS injury severity scale. &irer passenger vehicles, the estimations
based on KABCO injury severities are somewhat l@mmjgared to estimations based on AIS
injuries. One reason for the change in estimatinag be due to the effect of air bags, which was
not possible to be considered in this study. Anotbason may be the difference in study periods
since there could be a lot of differences in thadion of the vehicles between those time
periods.

It should be noted that, although the estimatetisgaeffectiveness values based on two
different injury severity levels are compared, iaymot be a logical comparison especially in
case of nonfatal injuries. The reason is that,tth injury severity scales have different levels
and different procedures of reporting. For exampl&s has 5 different severity levels for
nonfatal injuries, while KABCO scale only has 4 fagal injury levels.

CONCLUSIONS

Seat belt effectiveness was estimated using logisgression method based on KABCO
injury severity scale. Two vehicle groups were cdexed namely, passenger cars and other
passenger vehicles (vans and pickup trucks). S#atge was controlled for different factors to
account for possible confounding effects.

The estimated seat belt effectiveness in reduata injuries was 56% in passenger cars
and 61% in other passenger vehicles. In other w&®P of fatalities could be prevented if all
the front seat occupants use seat belts in passeage and 61% of fatalities related to other
passenger vehicles could be prevented if all thiet fseat occupants are restrained. Seat belts are
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53% and 55% effective in reducing incapacitating ann-incapacitating injuries in passenger
cars while 33% effective for possible injuries.oliter passenger vehicles, 52% of incapacitating
injuries and 51% of non-incapacitating injuries lcblbe prevented if all front seat passengers are
restrained. Seat belts are 34% effective in redupossible injuries in other passenger vehicles.

The estimated seat belt effectiveness values fiad fajuries are higher compared to
previous estimations. In addition, results showet seat belts are more effective in preventing
fatal injuries compared to nonfatal injuries.

The logistic regression method could be considergatovide more accurate estimations
compared to other methods, since logistic regrassiethod considers all possible vehicles
irrespective of the number of occupants involvedyiclv could be considered as a well
representative data sample. Another advantagegdtio regression method is that seat belt use
can be controlled for possible confounding effemttcertain factors. However, still there are
concerns about the accuracy of the estimated s#atfbectiveness values due to the accuracy of
the data used, especially data related to seatibelt

The use of KABCO injury severities in estimatingaséelt effectiveness may be a
concern due to the issues related to the accuratheqolice reported data. Therefore, further
assessments based on future research work are dndexfere finalizing the seat belt
effectiveness values based on KABCO severity s&leh research work may include the use of
more accurate police reported data. This can be dynmaking necessary corrections to the
original police reported data after comparing wittspital data. In addition, inclusion of more
variables into the model such as speed of the kghiehicle mass, direction of principle impact
would also a possibility. Finally, the seat belteefiveness values based on KABCO injury
severities would be very useful for many agencresssessing the effectiveness of restraint
systems in motor vehicles.
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