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PREFACE 

This report summarizes a 12-month study funded by the Nation­
al Highway Traffic Safety Administration (NIITSA) and conducted by 
the Traffic Safety Center. University of Southern California. 

The study was directed to accident statistics related to cer­
t"in commercial vehicle accidents in California, with the objec­
tives of establishing and evaluating appropriate data base devel­
opment procedures and associated statistical analysis techniques. 
Other objectives included the derivation of inferences about acci­
dont causation and the potential of possible countermeasures • 
Speci~l aspects of the study are the estimation and introduction 
into the causation analysis of (a) the exposure of colllI'lercial 
vehic}es to ~ccidents and (b) surrogate measures of the economic 
costs of accidents • 

An expanded version of this Summary Report is available in 
t~e document, •statistical Analyses of Commercial Vehicle Acci­
::'.:::t Factors, \'olume I, Technical Report. available fro;-. The 
:;.:1.~ional Technical Information Service (NTIS), Sprir:c;::i'3lc;, 'lir­
;~~ia 22151. Readers interested in additional detail co::cer~i~~ 
research design, statistical methods, univariate and :-i:.l<:ivaria':l:. 
results and the like should consult the Technical Report (Volur:1e 
I) • 

This current document, the Summary Report (VoluMe II), is in­
tendeJ for distribution to truck manufacturers, law er.forcenent 
officials and other inter~sted parties in the highway safet1 pro­
fessional community. The authors have attempted, therefore, t? 
encapsulate tho technical content of the study while bearing in 
mind the needs and interests of the intended readers • 
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STATISTICAL ANALYSIS 
OF 

COMMERCIAL VEHICLE ACCIDENT FACTORS 

Volwne II: SUllllllary Report 

l. INTRODUCTION 

Project Overview 

As indicated in the Preface, this report presents the results 
of a 12-month study of commercial vehicle accidents in California, 
with the objectives of establishing and evaluating appropri"te 
data base development procedures and statistical analysis tech­
niques, and of deriving inferences about accident causation and 
the potential of possible countermeasures • 

An earlier study for NHTSA performed by USC (Contract No. 
DOT-HS-4-00964) involved a more limited effort toward similar 
objectives. It resulted in a partial accident data base, expo­
sure estimates (in terms of vehicle miles travelled (VMT] 
by each category of commercial vehicle of interest during 
a specified time period), initial efforts at certain.statistical 
analyses of accident frequency and exposure data, and some 
inferences about accident causation. 

The present study has extended and deepened the previous study 
in a number of ways. The accident data base of the previous study 
consisted of some 925 california Traffic Collision Reports (Form 
555), together with an additional form developed by use, the 
Co11111ercial Vehicle Accident Report Supplement (CVARS), completed by 
officers of two divisions of the california Highway Patrol (CHP) 
during the periotl May 15-August 15, 1975. Exposure data consisted 
of counts of certain relatively specific truck ch~racteristics and 
of-less detailed supplementary truck traffic volumes, observed at 
several weighing stations during this time period by the California 
Department of Transportation (CALTRANS). The present study employs 
similar data, now derived from some 2,097 additional reports, for a 
total of 3,022 for a time period of approximately one year, 
May 15, 1975-May l, 1976. Moreover, the present study includes . 
an in-depth appraisal of the quality of these data, and points out 
numerous important problems vith their development. 'l1lese begin 
with the field reports and extend through the verification, coding, 
and keypunching of those reports. Evaluating and overcoming these 
problems as well as possible have been raajor tasks in the present 
study. 

There arc several other methodological and conceptual differ­
ences between the earlier study and the current effort. Principal 
amonq these is clle current attempt to provide some measures of 
confid~ncc at various stages of the data analysis as well as in 
the final results. Such measures "re explicitly exhibit<"d by 
statements of statistical significance "ssociatcd with ccrt.lin 
rllqroaaion and contingency t.ible a~lyscs. Only limi • .. ,, ~ucc<"1111 
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has been achieved in this regard, however, primarily because of 
the unmeasurable uncertainties ir. the original data derived fr01D 
the CHP reports and CAI.TRANS estimates. Nevertheless, some 
quantitative a.a well aa qualitative confidence statements are 
made where possible and where they appear ~o be meaningful •. More 
important, the attempt to investigate the errors in the data and 
the sources of inaccuracy in the analysis in more depth than usual 
has led to a clearer recoqnition of the critical reasons for these 
errors. A better structuring of desirable data acquisition, pro­
cessing, and analysis procedures has thereby resulted, and recom­
•endations to aid its attainment have been derived. 

Work Plan 

The plannilf and initiation of the project had two unique 
features. Ther~t was the reappraisal of the previous study's 
docwnentation and data files, and the delineation of their quan­
tity and quality. The second was the establishment of a working 
relationship with the CHP. Arrangements were made to have an 
experienced CHP officer review and verify the field accident 
reports, acquired or otherwise not yet analy:ed since the termi­
nation of the previous project, for the period Auqust 15, 1975-
May l, 1976. 

Accident data processing involved three groups of California 
commerc1~l vehicle accident report cases. 

a) Group l consists of the 925 cases reported on, coded. 
keypunched, filed, and analyzed in the previous study. These 
cases cover the time period May 15-August 15, 1975. 

b) Group 2 consists of 934 cases for the time period 
August 16-November 15, 1975, whose reports were acquired and 
coded during the previous study, but were not keypunched or in­
cluded in the analysis. 

c) Group 3 consists of the 1,163 most recent reports. c~ver­
ing the period November 16, 1975-May l, 1976, and acquired since 
the end of the earlier project. These have been coded durinq the 
present project. 

The group land 2 reports had been reviewed and verified by a 
CHP officer during the earlier study. The remaining codinq, key­
punching, and computer filing needed for these cases was therefore 
c.irried out. After waiting as long as was thought desirable for 
the CUP review of the Group 3 reports, these too were coded, key­
punched, and inserted into the computer file. Subsequent cur 
review. however, uncpvered numerous discrepancies in the field 
reports, and, late in the project, the entire Group 3 file were 
re-keypunched and reentered into the record. 

In parallel with the accident data processing efforts. an 
ex sure data ac uisition, rocessi and anal sis procedure was 
aarried out. A thoroug nvest gation was ma e o the quality of 
the basic sources of the data in CALTRANS' Truck Weight Studies 
(TWS)l and Annual Average Daily TrAffic (AAOT) estimates for 

rPreviously also referred to as Truck Characteristic• Studies • 
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commercial vehicles. A careful structur~ng of a clearcut process 
for esti&Mting Vehicle Milea Travelled (VMT) as a usable measure 
of exposure was worked out. 

Oualitative assessments of the quality of the uccident anJ 
exe2sure data were made at appropriate points throughout the 
proJect and, in particular, following the univariate analyses 
noted below. One specific quantitative analysis was also mad.:: to 
ussess th~ distributions of coding and keypunching errors. A con­
trolled experiment was conducted, involving duplication of random 
samples of Groups 1, 2, and 3 reports, and then the final records 
of uoth versions were compared. Simple confidence st~tements on 
the frequency of error for various report data elements were then 
derived • 

The statistical analy~es of the accident data then began with 
the establishment of a set of univariate frequenit tables. These 
provide descriptions of all of the over 300 vari les of interest 
in the accident reports, indicating the number of times in the 
reports each variable takes on each one cf its possible values or 
•1evels,• including the •unknown• level when a value in a -~:->Ort 
is missing or is not one of the possible ones, so that an e1ror 
is indicated. The •unknowns• thus indicate frequencies of error 
in reporting, coding, or keypunching. 

A straightforward extension of the univariate analysis is that 
of multivariate cross-tabulation. This has also been done in the 
present study for a number of cases of interest, in response to 
specific questions from NHTSA, and also in the development of the 
requisite inputs for the contingency table and exposure analyses 
noted below. 

The univariate tables provide information on variables of 
greatest interest as possible causative factors in accidents. (The 
cross-tabulations provide similar information of selected combina­
tions of variables.) If a particular level of a variable appears 
with relatively high frequency in the accident r~ports, it may be 
such a factor. Whether the implied relationship between the vari­
able and the occurrence of accidents is statistically significant, 
and how its significance may depend on its interrelationships with 
other variables, are the main objectives of the remaining statis­
tical analyses. These analyses-:. form the heart of the present study:. 

First, stepwise linear regressions arc applied to sets of vari­
aill~s of interest to further reduce these sets to only th~ ,,ppar­
ently most significant variables. Then contLnqcmcy t,,blt~ ,,n.ily~cs 
arc- appliud to the reduced sets. These establish potcinti,,lly si<1-
nificant interrelationships of the independent variables wit:h ., 
dependent accident occurrence or accident consequence variable, 
with minimal arbitrariness in assumptions about these interrela­
tionships. 

The contingency table analyses of accident frequencies are 
also extended in two important directions. First, estimat~d VMT 

- 3 -



is introduced so that changes in the significance of the inter­
relationships of accident frequency and some set of variables, 
when exposure is considered, can be invcstiq~ted. (This is akin 
to the change in the difference in tho siqnific.ince of .1 variable 
in accident causation that can ariao if, instead of accident fre­
quency, 4ccident rate [e.g., frequency per mile of e~posure) is 
treated.) For a variable whose interactlons with freaucncy of 
occurdnce appear to be statistically significant when exposure 
is noglected in the analysis but not when it is incluccd, it can 
be determined that the apparent significance is J11erely an artifact 
of exposure: i.o., the interactions occur often, whether or not 
.in accident takes place, as C01111110n characteristics of the 
transportation system under investigarion. 

A second extension of the contingency table anal)·.ais involves 
the introduction of economic costs of accidents to netermine if 
~pparently significant interrelationships change as a function of 
accident cost. A surrogate procedure has beer. adopted for present 
purposes: only accidents with major severities or fatalities 
are considered when conducting the statistical analysis. Such 
accidents are generally most costly in any terms. As with the 
introduction of exposure, the significant interrelationships among 
variables, in such high-cost accidents only, can dlffer from those 
in all accidents. A countermeasure that might mitigate the fre­
quency or rate of occurrence of an important high-cost accident 
variable might be especially cost-beneficial. 

The final analytical task is the review of the basic and 
supplementary CHP reports, and the development of a set of recom­
mendations for improvements in their applicability to future 
studies. 

- 4 -
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2. TUE TRUCK ACCIDENT DATA FILE 

The coaaercial vehicle accident reports analyzed in the ear­
lier and present atudiea derive from tl'>e period Nay 15, 1975 -
May 1. 1976, and from two geographically separated areas of the 
state of California: Zone II, now the Valley Division, of the CHP 
in the Sacramento area; and Zone v, now the Southern Division,2 
in the Los Angele• area. (See Figure 1.) 

Characteristics of the Study Areas 

The southern study area covers a l'\iljor portion of the county 
of Los Angeles and small contiguous sections of Ventura County and 
Kern County. '1'he northern area includes a cluster of 14 counties 
surrounding the Sacramento-Lake Tahoe region of the state. Within 
these study areas, the CUP provided accident reports on all truck­
related traffic collisions occurring on all interstate, u.s., and 
state roads, and certain adjacent county roads. 

Table 1 indicate• the total highway miles and their distri­
bution by state, county, city, and other categories, for Zone II. 
As noted, Zone II has a total of 22,202 miles of highways of all 
types. Of these, state highways (interstates, u.s., and state 
co.bined) involve 2,068 miles, or about 9.31 of the total for the 
14 counties in Zone II. Of these 2,068 miles of state highways, 
1,882 miles (8.51 of the total miles) are designated as •outside• 
cities, and only 186 miles (0 .SI) as •inside• cities. Table 2 
similarly describes the distribution of highways by type within 
Zone v. 

Accident Rep0rts 

The CHP standard Traffic Coliision Report form (Form 555) and 
USC's CVA.~ (the •Green Sheet•) were the instruments for accident 
data acquisition in both the previous and present studies.3 The 
forms were completed by a CBP officer for each accident in the 
geographical study areas during the period of interest that in­
volved a commercial vehicle of 10,000 lbs. gross weight or g~eater. 
They were verified for internal consistency by a _different CHP 
officer, and then sent to USC's project staff for processing. 
Copies of the two forms are provided in Appendices A «nd e. 

Some small variations in the area covcrt..--d were made in the 
reorganization of Zone V into the Southern Division in January 
1976. These have been accounted for in the accident reports 
data base and exposure estimates in this study. 

3An additional t;,,o-sided page is also completed with Form 555 
when the ~agnitude of supplementary accident diagramming and 
other information requires it. 
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County 

Alpine 
Amador 
Butte 
Calaveras 
El Dorado 
Nevada 
Placer 
Sacraaento 
San Joaquin 
Sierra 
Stanislaus 
Sutter 
Yolo 
Yuba 

Total 

% of Total 

• 

TABLE, 1 

Total 
Highway Total 
Miles 

288 82 
684 127 

2,205 181 
1,256 148 
2,288 173 
1,203 133 
1,894 158 
3,170 209 
2,622 245 
1,276 98 
2,268 179 

983 84 
1,270 187 

795 64 

22,202 2,068 

- 9,3 

• • 

ZONE 11 HIGHWAY tlILEAGE BY HIGHWAY TYPE (1973) 
. 

State Road• 
Outside Inalde County City Other fllan 
Citlea Cltiea Roada Streeu State 

Highway 

82 - 133 - 2 
120 7 398 49 -165 16 1,4S2 166 4 
144 4 700 15 9 
160 13 1,020 1S8 13 
128 5 627 40 1 
137 21 977 165 36 
155 54 1,960 991 10 
221 24 1,766 609 2 
97 1 304 5 -157 22 1,644 441 3 
81 3 837 62 -178 9 908 159 -57 7 72 54 -

1,882 186 13,388 2,904 80 
8.5 0.8 60.3 13.l 0,4 

latlonal loada 
Jlot Overlapplna 
State or Local 

lyauaa 

71 
110 
402 
)84 
924 
402 
558 
--
779 

1 
-

16 
105 

3,752 

16.9 

' .... 
\ ·:,,t 

''-,; 

""-~: 
, .... 
·,.-; 

. ' r, . 
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TABLE ,2 ZONE V HlCHWAY HlLEAGE BY HICHWAY TYf'E (1973) 

Total State load• 
Outlide ln1ide County City Other Than County Hlghv1y Total CitiH Cltf.H Jtoad9 Stneu State Hiles 

Hlatn,11:, 

Lo• AnaelH 20,211 902 395 507 4,131 14,183 7 

Ventura 
(Total) 2,107 265 185 80 62• 935 8 

Kem 
(Total} S,807 862 823 39 3,355 1,147 -

Total 28,115 2,029 1,403 626 8,110 16,265 15 

E•ti111ate Hile• ln Zone V Study Area• 

Lo• Angeles 18,000 700 

Ventura 150 

Kern 150 

Total 18,300 700 

*lnclu&e1 all of Lo•. Angele•. and part• of Ventura and Kern Countlea. 

• 

l•tloul loalh 
lot Overbppiog 
State or Local 

l:,•tea 

988 

27S 

443 

1,706 -i~~· 
V· 

:;:-
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The CVARS provide• for tho analysis of 45 additional accident 
variables beside■ those in Fora 555, as follows; 

a) A set of vehicle/equipment type characteristics 
b) A r.umoer of load or cargo descriptors 
c) Equis:aent status 
d) Vehiclo weights 
e) BrakillCJ performance 
f) CaulMll factor• 

A total of 3,022 accident reports with completed CVAR supple­
•ents were obtilined, coded, edited, keypunched, and filed for 
analysis. 

Insuring consistency and quality of the data sets used for 
~nalysis has been of concern to the project staff. All reports 
and supplements were audited for obvious errors, omissions, etc. 
When required, fonu1 and supplements with gross errors were re­
turned to the CHP for revision. NOraally, follov-up telephone 
calls to the reporting officer were initiated by the CHP for i.m­
l&lediate correction of omissions, errors, or illogical in~lusions. 
A CHP officer also carried out an intensive final verification 
of the accident reports. Removal of all detectable r8\.~ording 
errors from the accident reports prepared them for the data pro­
cessing procedures next described. 

Data Processing 

Figure 2 is a flowchart of the overall process of estahlish­
inq the comput.er file of accident reports. '!'he two functions of 
principal interest are data editing and reformatting of the data 
files to facilitate the statistical analyses. These functions are 
described at length in the Project Technical Report (Volume l) 
but are are not detailed here in this SWllr.larv document. It should 
be noted, however, that editing and data quality checks were run 
on tho data to find and correct obvious effects of keypunch errors 
or bent, unsorted, or misplaced cards, etc., at various staqes 
throuCJhrut the process. 

The verified accident report data were first transferred to 
a Sur.tl'lary Porm developed by the use staff specifically for pro­
cessing and analyzing truck accident data. (The Summary Form 
provides for more efficient, uniform, and error-free keypuncninq, 
and also facilitates subsequent computer processing.) 

The accident data Summary Fore consists or five paqes, each 
of which consists of many entries. Each entry is coded numeri­
cally and then keypunched, with some probability of error. A 
testing procedure was developed for predicting these probabili· 
ties. (See Figure 3) The total ;~elative frequency of error w .. s 
low for most of the ll~ separate variables tested. In twenty 
of these vnriables, however, the error rate was 9\ or (Jroater. 
(Seo Tablo l) 

Error11 were duo to oither f.:iulty codin,1 or kcvi,>un,:hin11. 
ldth respuct to tho tormor, a larqo nu,111.>cr of crrorR ,,ro1JC' h<-c;iu&"' 
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T.\BLE l VARIABLES WITH 9t OR KlRE 
RELATIVE FREQUENCY OF ERROR 

Variable Total Relative Frequency of Error 

Road type 0.21 
Accident event 0.40 
Event coded by QIPa O.ll 
Total number of events 0.14 
Vehicle make 0.23 
Vehicle registration 0.17 
Configuration code 0.12 
Speed prior to involvement 0.14 
Tractor number of axles 0.09 
Semi-trailer number of axles 0.11 
Semi-trailer body type 0.09 

Truck brakes 0.11 

Tractor brakes 0.10 

Semi-trailer brakes O.ll 

Braking performance 0.09 

Vehicle weight 0.18 

Driver age 0.28 

Vehicle violation code 0.11 

Associated factors b 0.17 

Driver experience 0.15 

aThis is the main accident event number associated with the 
event profile, according to the reporting CHP officer. 

bV. . b ~-- . d 1s1on o scurement, .i.ucttention, an so on. 

NOTE: Errors associated with accident events, events coded by 
the CHF officer, total number of events, vehicle registration, 
and speed prior to involvement are "judgmental" errors. Infor­
mation pertinent to such variables is obtained from the narra­
tive of From 555. Moreover, the narratives are not prepared 
uniformly, and as a result the cod.es resulting from the narra­
tives are not uniform either. 

• 

• 

• 



• 

• 

' . 

tne narrative portions of the Cl:lP accident reports (Form 55S) are 
not prepclred uniforaly. and thus. the codes resulting from the 
narratives are not uniform either. These •judgemental errors• 
apply ••pecially to the following variables: (l) accident events, 
(2) events coded by tho CHP officer, (3) total number of events, 
(4) vehicle registration and (S) speed prior to involvement. 
Other sources of errors were the clerical procedures used by key­
puncher■ when reading the coded forms, misreading of S5S or CVARS 
fonaa and arithmetic m.iatakea. 

Iaplicationa of the foregoing results of the quality teat to 
iaproveaenta in the reporting forma and data processing procedures 
are discussed among the rec0111111endations for such iaprovementa in 
the concluding section of this report • 

- 13 -



l. EXPOSURE ESTIMATION 

'!WO approaches are presented for the estimation of exposure 
for the various COIIIIIIOrcial vehicle categories (defined by ty~e. 
nwabor of axles. and weight). The first approach is a •direct• 
process, malting use of existing vehicle population assessment 
data, and employing numerous linear extrapolations to arrive at 
tho final estimates. The second approach is that of •induced• 
estimation, essentially naking use of only accident data. Here. 
exposure is defined as the number of vehicle iuiles traveled (VMT). 
in millions of miles, during the study period and in the two CHP 
zones of the study area. 

Direct Estimates 

As noted earlier, two sets of data established by CALTAANS 
have been employed in the direct exposure estimation process: 
Annual Average Daily Traffic (AADT) observations of c01:111ercial 
vehicle counts, categorized only by number of axles of the vehi­
cle, and obtained at many locations on the state's roads; and 
Truck Weight Studies (TWS) observations of commercial vehicle 
counts and, for certain period:t, weights. The T\iS data, cate­
gorized by vehicle type and numLer of axles, and, when avail­
able, weight, are obtained at a nUlllber of weighing stations in 
the state. 

A series of linear extrapolations has been perforned to ar­
rive at VMT estimates for 46 categories of commercial vehicles 
defined by type (single-unit bus or truck, tractor/semi-trailer, 
truck plus full-trailer, tractor/semi-trailer/full-trailer, nwn­
bcr of axles ranging from two to seven or more), and weight 
(10,000-25,000 lbs., 25,000-60,000 lbs., over 60,000 lbs.). 
These extrapolations generally extend small, more specific 
samples (e.g •• eight hours of observations involving all three 
v•· hicle characteristics, above) to larger sa1?1ples of less spe­
cific observations (e.g., 24 hours of observations of types and 

· axle counts only), by disaggregating the larqer sam-ple. into 
finer categories in the same proportions as these cateqories 
exist in the smaller sample. 

The process is quite involved. In JMny instances, it -·y be 
assessed as reasonable but not rigorously justified. Furthermore, 
the basic AADT and Tl~S data are themselves not well justified in 
all important respects. Nevertheless, the procedure is believed 
to be the best possible with existing data, and its exposition 
provides a clear-cut framework for improvements developed from 
more comprehensive and higher quality data.4 

4 . 
Potentially applicable additional data sources arc describen 
in Appendix o of The Technical Report, Volwno I, Part 1. 

- 14 -

• 

• 



• 

• 

' .. •;::. : ... ~.~-: ..... :~-~-:·i":,;_~it:,~t,,,ij'!~lffl11'.7lr•nnrnr11:rz t#Utttl t:rtt I ,• ...... ' ·; m:rzrr: 
' ;, <;• . • • 

f --=;· 

The resulta are shown in Table 4. Tl'I~ values appear to be 
fairly reasonable in relation to one another, but their absolute 
accuracy ia quoationable. In particular, the very small values 
prol.lAbly suffer fro. larcJe perc:entage errors in view of the ap­
proximations that were inherent in the process of their 
develoi-ent. 

Induced Estimates 

The induced estimation process is entirely different. It 
is based on a theoretical approach initiated by Thor~ (l] and 
extended by Haight (2). It assumes that the proportions of the 
various categories of vehicles to be found on the roads at any 
time are the same as the proportions of their involve111ents in 
acciden•.:1· that are collisions (a) with a single non-commercial 
vehicle. and (b) for which the commercial vehicle is not respon­
sible. Thus only accident reports data are required for esti­
mates of these proportions. Categorized VMT estimates then de­
rive from multiply;ng th~ categories• derived proportions by 
some overall VHT estimate baa been obtained as the direct expo­
sure estiaate'a total. More generally, it would derive from 
vehicle registration data, gasoline consumption data, or other 
means. Whatever its problems, the siil<Jle overall estimate is 
clearly easier to establish than the many values for the various 
vehicle categories. 

The procedure for developing induced exposure estimates is 
relatively straightforward, requiring only a cross-tabulation 
of accident involvement frequencies by vehicle category (type, 
number of axles, weight), counting only those accidents in which 
only one other vehicle, a non-commercial vehicle, is involved, 
and the particular category commercial vehicle is judged non-re­
sponsible by the reporting CHP officer. 

The results are given in Table 5. It is noted that they 
often differ considerably from, and are generally •smoother• 
than, the direct estimates in Table 4, even though the total VMT 
over all categories is the same in both tables. It has not been 
possible as yet to determine which set of estimates is to be 
preferred. From what has been said, it is clear that neither can 
be accepted however, and their complementary natures qivc promise 
of future utility as mutual ~csts and, perhaps, calibrators 
of one another • 
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TABLE 4 DIRECT EXPOSURE ESTIMATES (VMTI BY cow.lERCIAL VEHICLE CATEGORY CMILLIONS OF MILUI 

Truck Type 

Weithl, li"l't Unit Trecto, t le,nl-Tr,119, Truck + One ,.,n T,...., TrKtor t ltffll-Tr .... • ,u11T,..., 
lb. No.ot Aalet No.of A•let No.ot A•lel No.olAldlt .... 2 3 4• 3 • Ii &• 3 • Ii et 4 Ii • 7• 

1 O,oc»-2'.000 0 198.4 113.1 0 Ii$ 7 t4 0.3 14.1 9.7 u 0 0 11i.1 0 0 

2',0(11-IO.OOO 11.1 16 Ii «15 0 89.6 50.2 1&S.6 0.4 0.5 14.7 IIIA I.O 0.1 :103.2 u 0.1 

I0.001 • 0 0 0 0 0 0.3 10.6 0 0.2 0.1 52.7 1.7 0 111.4 •-• 0.2 

Tot•I VMT • 2,t21 

• • • 
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TABLE S INDUCED EXPOSURE EITIMATH (VMT, MILLIONS OF MILES! 

Trucl Type 

Writf,1, SiflllleUnl1 TrK10, • letnl-Treillr Trucl ♦ Otie Fu• Traller 

•• No.of A■ln · No.of Axlu No.of A■ltl 

.... 2 J 4♦ 3 4 I .. 3 4 I •· 
10.000-25.000 0 4011.5 Ill.I 0 ., 141 111.5 0 11' 141' 41 0 

11,001-eo.ooo II.I' 42.0 ., 0 12.a ee.e 343 u 0 10.I 45.J a.a 
eo.001 • 0 1 7 0 0 10.e 248.1 0 0 u ti" u 

•o;.oc1 E-t E1tlmtt1 lo, ..,_ II tmploytd 111Ubtlltu1t lo, 11C11 dtttrmlntd Ind.lad E~ Esllmett. 

. .-, 

Tracto, •Semi-Tr,.., ♦ FIii T,..., 

No,ofAsln 

4 I • 1• 

0 ., 0 0 

0. MIA .. ID.I 

0 2UA 0 0 

Tott! I/MT • 7,428 



4. STATISTICAL ANALYSIS: AN OVERVIEW 

Figure 4_ outlines the statistical analysis process that has 
been carried out. 'l'he principal -thodological and 11W11erical 
reSQlts that have been obtained in the indicated steps of this 
procesa are •1JNM'!ri.zed in the Sectiona S through 8. More detailed 
discussion.a ..ay be found in The Technical Report (VolWlle I) • 
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S. UNIVARIATE ANALYSES AND CROSS-TABULATIONS 

Univariate Analyses: Introduction 

Univariate frequency tables, histograms, and associated 
statistics (mean, median, standard deviation) for the variables 
in the accident reports have been produced and are present~d in 
detail in Appendix A of the Final Report (Volume I, Part 2). 
There are over 300 of these variables describing the circumstances 
surrounding the accident (e.g., time and place of occurrence, 
physical features of ro4dvay, etc.), vehicle characteristics (e.g., 
number of axles, location of brakes and controls, etc.), descrip­
tions of involved persons (e.g., age, state of driver's license, 
injury severity, etc.), and the like. 

The results, discussed in the following section, describe 
the accident data base through simple sunmaries of the many var­
i.J.blcs. Certain elementary indications about accident factors 
fall out easily from these descriptions. Also, comparison of the 
values of certain summary ratios developed from the univariate re­
sults with the same ratios developed in a previous independent 
study (l) is a means of establishing some confidence in the validity 
of the present data base. Additionally, the exhibited univariate 
frequencies make possible for some variables a more efficient 
categorization of their levels (e.g., vehicle weight has been re­
duced to only three levels, with approximately equal sam~le popu­
lations in each). Finally, the univariate results provide some 
initial indication of interesting dependent variables, and of 
potentially significant independent variables, by showing whether 
tne variables have significant amounts of variation. 

Selected Results From Univariate Analyses 

Certain of the implications of the univariate analysis results 
are of immediate interest and worthy of particular note here. 
These arc summarized briefly in four categories of results: acci­
dent factors, involved conmercial vehicle factors, non-c011U11erical 
vehicle factors, and human factors. Human factors are discussed 
with respect to commercial and non-commercial vehicle occupants. 

Accident factors are summarized as follows: 

a) Commercial vehicle accident frequencies in the study area 
tend t~-pcak in the late summer and early fall, and in the early 
afternoon, apparently as a consequence of increased truck opera­
tions at these times. The latter result is somewhat surprising; 
previous studies--as well as intuition--would lead one to expect 
more accidents during rush hours, especially in a study area 
including the Los Angeles fret. c;. 
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bl The number of vehiclea involved in an accident has a 
sharply maximua frequency at two: 68.41 of the accidents involv­
ed two vehicles: 20.31 were single-vehicle accidents. 

~. cl In 2,920 accidents,5 66 fatalities occurred. This 
rate (2.i6 fatalities per 100 accidents) compares closely with 
the findings of a previous study, 2.39, for Texas in 1969 (3). 

· d) In 2,923 accidents, 967 injuries were reported. This 
rate (33.l injuries per 100 accidents) is comparable with the 
Texas study rate of 27.0 injuries per 100 accidents. 

e) 86\ of the accidents occurred on freeways or convention­
~l two-way highways. Only small percentages occurred at intersec­
tions, raMps, etc. 

f) The most frequently occurring single collision factor 
(in 261 of all accidents) is •other Speed,• i.e., an unsafe speed 
other than exceeding the maximum allowable speed. (The Texas 
study reports a value of 221.) •unsafe lane change• is the 
second most prevalent factor at 16.51. Vehicle eauip111cnt or 
cargo problems are noted at primary collision factors in 14.4\ 
of the accidents (11.31 in the Texas study) • 

g) \'leather and road conditions were normal in rouqhly 90\ 
of the accidents. However, it is important to note that the 
study period occurred during unusually dry conditions in Calif­
fornia. Much more rain, and snow at higher altitudes, is norl'lill­
ly expected. Thus a bias undoubtedly exists in these data. 

h) Among the principal accident events were •sideswipe 
collision• and •rear-end collision,• occurring with frequencies 
of 32.61 and 28.41 respectively. 

Commcrical vehicle factors are s1JD1Aarized as follows: 

a) Some 3,124 coanercial vehicles were involved in the 
2,923 accidents analyzed; 77 of these vehicles were transporting 
hazardous l'later~als. 

b) Of the 3,124 cOClrilercial vehiclPa, approxil11ately 24.11 
were two-axle trucks, buses, or tractors; 25.51 were three-axle 
tractor/two-axle semi-trailer combinations (25.81 in the Texas 
studi•>': 17.31 were two-axle tractor/one-axle semi-trailer/ 
two-axle fulltrailer combinations. 

c) Speeds of commercial vehicles prior to the accidents 
showed a peak frequency of occurrence at 50-55 mph, a mean of 
33.9 mph, and a median of 39.6 mph. 

d) In 53.4\ of the 3,124 COllllllcrcial v<•hiclc- involvnmr.nts 
r••pt•rtcd, the vehicle was proccedinq strai<1ht prior to th<1 .-,ccj­
d,•nt. •chanqing lanes• occurred in 9.6t of th<' c.-.~•=--; •slowin,, 
or stoppinq• in 6. 7'A. 

c) 105 of the 3,124 vecicles (3.4':.)~ i.ickk11ift•d prior Lu 
th" collision, 121 (3.9\) after. Other such events occurred 
as follows: 

5slight variations occur in the total number of usable reports 
for different variables, because of the presence of •unknowns,• 
etc. 
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separation of units 
Cargo spill 
Cargo shift 

Befc,re 
Collision ---

l.61 
2.51 
2.1, 

After 
£2!..!.~~ 

l.91 
a.o, 
4.0\ 

f) An automobile rear-ended and underrode a commercial vehi­
cle· 193 times (6.21). A coamercial vehicle struck with its front 
end and overrode a car 239 times (7.71). This result is also 
roughly consistent with that of the Texas study, in which a truck 
striking a car occurred about as often as a car striking a truck. 

g) 1.031 (33\) of the 3.124 caamercial vehicles involved in 
the accidents were on other than level roads when the accidents 
occurred. Of these, 15.81 were proceeding d~wnhill, 12.61 uphill. 

h) While not necessarily primary accident causes, the inade­
quacy of certain functions was noted in same of the 3,124 commer­
cial vehicles: 

Braking in lane 
Steering (only) 
Braking and steering 
No brake-caused loss of control 
Wheel lock-up: 

Hotcr unit 
Towed unit 

Brake fade 
Runaway on grade 
Brake-caused: 

Skid 
Leaving of lane 

27.0\ 
24.3\ 
15.8\ 
32.7\ 

9.0\ 
6.2\ 
0.7\ 
1.0\ 

3.3\ 
3.3\ 

i) In only about 200 cases (6\) were equipment violations 
cited by the ·reporting officer. 

j) Total vehicle weight distribution was, briefly, 32\ up to 
20,000 lbs.,' 90.71 up to 75,000 lbs. 

k) The driver was found to be at fault in 45.71 of the 3,124 
cases; vehicle equipment was at fault in 10. 8\ of the cases (ll. 3\ 
in the Texas study). 

1) /U!long drivP-r failure causes, the followinq di~tribution 
is established (expressed as percentages of total cOllllllcrcial 
v~hiclc driver involved in reported accidents): 

Fatigue 
Excessive driving time 
Drugs or alcohol 

2.2~ 
0.3\ 
l.0i .... 

ml Vehicle dimensions were identified as significant factors 
in relatively small percentages of accidents (expressed here as 
percentages of total commercial vehicles involved): 

Height 
Width 
Length 
Weight 

. ' . . . . -: : ~~ . ~ . . ;:·;_,: :.. . .. 

·•·.v.:;·~-;,·J:-:/"';: 

a.a, Width 
0.1, 
3.1 \ 
0.6\ 



.. 

• 

·r»urrr rr:: rtr 111 t an 

n) 04awage to the C0111111iercial vehicle was found by the report­
in~ officer to be at aoat minor in 66.11 of the cases. flwt c:lamage 
wu conaider.d to be total in J .a, of the cases. 

o) The univariate tablea pniaent frequencies of occurrence 
of nW11111roua descriptive vehicle factors that need not be repeated 
here. One such factor. however. is worthy of note because of its 
preaent interest in accident severity studies: 262 (25.41) of 
l.031 trucks involved had cabover configurations; l.139 (61.31) 
of 1,856 tractors were non-cabovera (cab-behind). 

p) It is aleo of interest that 65.41 of the trucks, 64.31 of 
the semi-trailers, 59.71 of the full trailers, 59.11 of the buses. 
and 6S.11 of the school buses were laden when they were involved 
in accidents • 

Non-canmercial vehicle factors are summarized as follows: 

a) 80.91 of non-ccmnercial vehicles involved in accidents 
with commercial vehicles were passenger automobiles; 10.11 were 
pickup and panel trucks. (Vehicles with gross vehicle weight 
less than 10,000 lbs. were considered to be •non-commercial• for 
purposes of this study.) 

b) The means~ of non-c011111ercial vehicles prior to the 
accident was 40.8 mph1 the median speed was 44.8 mph. 

c) In 44.21 of the non-commercial vehicle cases. the vehicle 
w~s proceeding straight1 it was stopped in 14.61 of the cases: 
changing lanes in 9.21 of the cases; slowing or stopping in 7.91 
of the cases. 

d) Damage to non-coanercial vehicles was no more than minor 
in 33.51 of cases; it was total in 7.91. 

,., .. ' 

a) 96.11 of commercial drivers, in cases in which sex was 
reported, were male. The drivers• mean age was 36.5; median 34.6. 
Mean years of experience was 9.2; median 5.9. 

b) Alcohol, drugs, or physical impairment were reported in 
only a few cases. 

c) No commercial vehicle driver injury occurred in 91.71 of 
tnc cases; fatal injuries occurred in 13 of 3,014 cases (0.41). 

d) Of only 54 commercial vehicle eassenaers who suffered 
injury in the total set of accidents, five ha major injuries. 
There were no fatalities for this clags of occupants. 

e) In the judgment of the reporting officer, human opera­
tionill shortcomings contributed to accidents with the following 
f requcncics: 

vision obscurement 
Inattention 
Stop-and-go traffic 
Entering/leaving ramp 
Preceding collision 
Unfamiliarity with road 
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Non-commercial vehicle drivera and pa•aenger factors a.re surnar­
i~ed a.s tol!owai 

.i.) 70.81 of the 2.314 drivera involved l!Nlre JUle. The aean 
age WilS 36.8; the !Mdiu 22.0. 

1)) Alcohol. drugs, or physical impai:r111ent were involved 
in about,, of the cases. with alcohol predcmi.nant. 

c) The severity of inj~ to non-conaercial vehicle drivers 
was no worae than ainor in 96.6\ of the cases; 32 fatalities 
(1.41) occurred. 

d) Again, the single aost CQIDOn California. Vehicle Code 
violation (26.0\) was unsafe speed. 

e) Aa with the C011111&rcial vehicle drivers, human ooeration­
al inadequacies, particularly inattention (32.31), were found by 
the re!)Orting officer to have contributed to a significant frac­
tion of the accidents. 

f) 222 non-cOIIIIDercial vehicle passengers suffered injuries 
in the accidents reported: of these 86.9\ were at most minor; 
10, or 4.5\, were fatal. 

Some cross-Tabulations 

A selected set of cross-tabulations has been developed to 
exhibit the joint frequencies of certain conbinations of varia­
bles. The roost striking implications of these cross-tabulations 
are as follows: 

a) The ratio of overturn accidents to non-overturns in the 
reported commercial vehicle accidents on conventional two-way 
roads (0.096), and also at intersections and ramps (0.103), is 
about twice as large as it is elsewhere on freeways and express­
ways (0.048). Overturn accidents thus appear to be siqnificant­
ly less likely on the latter roadways. 

b) No significant difference appears to exist between the 
ratios of the numbers of single to multiple-vehicle accidents, 
for tbe cases of one or 1110re commercial vehicle occupants, re­
spectively. It has been conjectured that the likelihood of 
single-vehicle accidents could differ when several occupants are 
present, but the approxil:iate equality of the two ratios tends 
to militate against this. · 

c) The relative likelihood, given thut .i~accidcnt occurs, 
of m.~jor injuries to occupants of cabovcr cOl'llllercial vehicles 
(0.018) appears to be significantly greater than for non-cabover 
vehicle occupants (0.010). Interestingly, however, the chance 
of minor injuries may be slightly greater for the latt:er 
(0.087 vs. 0.093). . ,.. 

d) As had been expected, accidents involvin~ an automobile 
underriding a commercial vehicle do tend significantly to result 
in more high-severity injuries to the automobile occupants, 
compared to other kinds of a~cidents. 

Cross-tabulations have also been produced for inputs to the 
contingency table and induced exposure analyses • 
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6. REGRESSION ANALYSES 

Methodology 

The sifflplest explanatory models for the relationships among 
statistical variables are linear regression models. Several analy­
ses of the accident data have been carried out in attempts to es­
tablish such aodels. In addition to the basic utility these models 
would have in accident causation assessment, the process of their 
development also provides indications of the relative significance 
of individual independent variables. These indications enable pre­
selection of the variables that appear to be most necessary to 
include in other model analyses, in particular, the contingency 
tAble analyses discussed in the following section. 

Linear regression models are often applicable for explaining 
the variation of one or more numerical dependent variables as func­
tions of the variations of a number of numerical independent vari­
ables. If, for a given data set, the explanation is •good~ i~e., a 
high percentage of the total observed variation in the dependent 
variables data is explained by their modelled variation, thP.n the 
model is accepted as a satisfactory means for understanding how the 
dependent variables correlate to all the independent variables 
.:cting simultaneously. 'l'he model can then also be used for pre­
dicting future values of the dependent variables, given observed 
or predicted future values of the independent variables. 

Regression models, while often effective, nevertheless have 
several significant limitations. First and foremost, they are 
linear models; they assume that the dependent variables can be 
satisfactorily expressed as simple linear functions of the inde­
pendent variables. Second, regression analysis requires that all 
variables be expressible numerically. Thus inherently qualitative, 
categorical variables must be scaled, with some unavoidable arbi­
trariness, e.g., the variable •Road Condition•, wet or dry, must 
be restated, assigning some numerical values to •wet• and •dry• 
respectively (0 and 1, -10 and +10, or ••• ). However, proce­
dures exist for mitigating this difficulty, and they have been 
used in this study. Third, among the more subtle difficulties 
with regression methods is the theoretical requirement that the 
combinations of values of the variables be approxifllately normally 
distributed. This is necessary in the assesSl'lent of goodness of 
fit. Even with large sets of variables this requirement may or 
m,"l)' not be satisfactorily met: --

A stepwise regression procedure, available in a standard sta­
tistical analysis package, was employed in establishinq best-fit 
linear rcqression models to several sets of variables. As will be 
seen, the results indicate poor to very poor fits in the five an­
alyses carried out. Tho implication is that the true relationships 
~mong the variables studied arc unlikely to be even rouqhly linear. 
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Thi1a adds to the motivation for seeking other model structures, 
particularly the log-linear 1110dela considered in the contingency 
table aMlyses described. subsequently. The regressions neverthe­
less helped to establish candidate significant variables for these 
latter analyses. 

SOme Results 

The five dependent variables studied arc shown below, together 
with their most significant independent variables. 

a) Jackknife-Before-Accident 
- Road Surface (Dry or Not) 
- Lockup, Motor Vehicle (Yes or No) 
- Drive AXles, NUlllber (One or 'lWo) 

b) Jackknife-After-Accident 
- Lockup, Motor Vehicle (Yes or No) 
- COIIIIDercial Vehicle Speed (Range of Values) 
- Combination (Several TYpes of Vehicle) 
- Load Status (Laden or Not) 
- Road Alignment (Uphill or Not) 

c) Underride Accident 
- Commercial Vehicle MOving (Stopped or Not) 
- Commercial Vehicle Speed (Range of Values) 
- Road Type (Freeway or Not) 
- Daylight (Yes or No) 
- Time of Day (Three Periods) 

d) overide Accident 
- COllilllercial Vehicle Moving (Slowing/Stepping or Not) 
- C0111111Crcial Vehicle Proceeding Straight (Yes or No) 
- Hydraulic Brakes (Yes or No) 
- Type of Roadway (Freeway or Not) 

e) Brakes-Related Accident 

' 
- Roadway Alignment (Downhill or Not) 

Ag1,in we note that the relatively low percentage of explained 
v.:i.riation that the models derived in all five studies arc poor fits 
to the data and are of little value in theJ11selves. EXC'!;')t ,:r, th•: 
,"!xtcn t th, t they provide bases for some of the c,:,r.-: :..:. 'i'; :.-;y •_;,:, l •: 
.:i.nalyses described in the following section, '::.h<::_,, '::.:.-:. -:.:.r; ! i!.,,,,r 
r<.?grcssion ?rocess, are consequently not consider"'~ :·.;.r-_:.,a:: ~~- ·.·.•, 
prcsc::1t study. 
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i • CO~TI~GENCY TABLE ANAL\'SCS 

A ~ote on Methodology 

The preponderance of the variables in the commercial vehicle 
accident reports analyaed in the present study (and in most other 
such reports as well) are qualitative, or categorical, in nature. 
Contingency table analysis methods have been developed for studying 
the interrelationships among such variables1 they obviate some of 
the difficulties with the regression analysis approach, which was 
demonstrated to be unsatisfactory for the present study. The con­
tingency table analysis process has been applied to several speci­
fic investigations of vari.ible interrelationships, with the objec­
tive of exposing possible accident occurrence or accident severity 
•causations• among them. 

The CONTAB program has been employed to this purpose for the 
accident variables. Also discussed below is the application of 
another program, KULLI'l'R, for use when it is desired to incorporate 
exposure in the causation analysis. A number of CON':!'AB studies 
have been performed, and have led to the following re.c;;ults. 

Jackknife-Before-Accident (Jr.BA) Study 

A highly satisfactory model has been obtained for explaining 
or predicting the occurrence of this type of accident cause by 
incorporating all of the individual two-way interactions between 
JICBA and Road Surface (RS), JKBA and Lockup (LU), and JKBA and 
Number of Drive Axles (DA). But no higher-order interactions with 
JKBA (e.g., JICBA, RS, and LU jointly) need to be considered. Thus, 
in particular, sample information on such interactions need not be 
obtained. As also shown by the JICBA regression analysis, Road Sur­
face (RS) is the most important independent variable: the JKBA/RS 
interaction explains the greatest variance of the three first-order 
interactions. 

The model's predicted, or •smoothed,• values of the joint 
fre<1uencies of all the possible combinations of the levels of the 
variables JICBA, RS, LU, and DA can be employed to predict the odds 
of the occurrence of JXBA, compared to its non-occurrence, for 
various possible conditions. 'l'he dominant results are that the 
odds of occurrence of JKBA are about 10 times greater on a wet road 
than on a dry one, whatever the condition of LU and DA. 

Lockup, one drive axle 
Lockup, two drive axles 
No lockup, one drive axle 
No lockup, two drive axles 
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52 
0.06 
0.03 
0.009 

Surface 
Wet 
2.0 
0.56 
0.29 
0.08 



A secondary ncte is that, as woulu be expected, the presence 
of two drive axles signilicantly decreases the odds of JKBA. It 
is less to be expected that this decreaso is given by the sa111e pro­
portion for either road surface when lockup occurs: on a dry road, 
by a factor of 0.22/0.06 • 3.7, and on a vet road, by a factor of 
2.0/0.56 • J.6. When lockup does not occur, the corresponding 
factors arc 0.03/0.009 • 3.3, and 0.29/0.08 • 3.6, still about the 
same as before. The interesting conclusion, therefore, i& that 
two drive axles reduce the odds of occurrence of JJCBA by about a 
factor of 3.5 under all conditions. 

With the data provided, further invest;gations can be i:ic!de 
along these lines. 

It is finally worth noting generally that a complete odds 
analysis enables the identification ~f the combinations of those 
levels of the independent variables that produce the lowest odds 
of a deleterious level of the dependent variable. To the extent 
that the independent variables' levels are controllable, counter­
n,easures to the deleterious level• s occurrence could then be defined 
by these combinations. For example, in the present case of .n<BA, 
if two drive axles could be required for certain vehicles that 
would not otherwise employ them, the odds of the occurrence of 
JKBA would be decreased. Results of this character could often 
be expected to be found. 

CONTAB Analysis of Injury Severity 

An earlier CONTAB study was co»ducted by James Hedlund of NHTSA 
of the factors in the occurrence of a fatality, employing a nation­
wide data base [4]. An analogous study has been performed with the 
present data base, with closely related variables: 

a) Dependent variable: A high-severity (more than minor) 
injury occurs to a car occupant, or not 

b) Independent variables: 
- Road Type (conventional two-way, or freeway/expressway) 
- Truck Type (semi-trailer or full-trailer (and thus 

generally a double,~l>ottom]) .. 
- Weight (10,000-25;000 lbs., 25,000-60,000 lbs., or 

more than 60,000 lbs.) 

The analysis of interactions leads to primary results consis~ 
tent with Hedlund's, taking into account the difterences in the two 
studies imposed by the differences in the data bases. It is found 
that Road Type is much the most important individual variable. 

A highly satisfactory model includes the two second-order 
(•three-way•) interactions among Severity, Road Type, and Weight, 
and among Severity, Truck Type, and Weight. (The third such inter­
~ction, n~ong Severity, Road Type, and Truck Type, is not required.) 

Usinq th~ ~odel's predicted joint frequencies, an odd& nnaly­
sis can now be conducted for the occurr~ncc of a high-severity 
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injury to• 4=-r OCC"P&Qt ~ to t.M occurrence of only low­
severity <•t aoat) injuries. Conaiatent with the previously noted 
conclusion that Road 'f'Ype ia the 1110at iaportant individual factor 
in Mverity c&uaation. it ia found. for example, that the odd• of 
occurrenc. of a high-aeverit.y injury are 2.5 times as great on 
conventioaal .road• than on freeway• or expressways for lightly laden 
(up to 2s.000 lba.) semi-trailers. and about 1.5 times u great for 
he&vily laden (aore than 60,000 lba.) fu.11-trailer combinationa. 

Conventional 
Vehicleae 'l'Wo-Way Roads 

Lightweight -trailers (<25,000 lba) o.ls 
B•vywei.ght Pull Trailers (>60,000 lbs) 0.20 

. Freeways and 
Expressways o.o, 

0.14 

'tbua, while not •• aigaific&nt as Road Type, extreme variations, 
at least, in Vehicle Type and Weight combinations can also be 
iaport&nt factors in the aeverity of accidents. 

As also noted by lledl.und (for fatalities only), it is clear 
that road type ia the daainant factor in the odds of severe 
injuri-• with conventional roads :aore involved (evidently 
significantly) with auch injuries than freeways. The domi­
nance appears to be significantly more pronounced, however, 
for the lighter vehicl• (a factor of 0.15/0.06 • 2.5) than 
for heavier vehicles (0.20/0.l~ • 1.4). 
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CONTAB Analysis of Brake-Related ~=cidenta 

A class of commercial vehicle accidents of great significance 
is that of brakes-related aecidenta. A contingency table analysis 
has been performed of the interaction between the dependent vari­
able, Brakes-related Accident Occurrence or Not, and the independent 
variables, Vehicle Category (Type, Number of Axles, Weight) and 
Road Direction (Downhill or Not). The latter variable was estab­
lished in the brakes-related accidents regression analysis as the 
moat significant single variable. The vehicle category character­
istics have also been considered here as particularly relevant to 
the new brake system needs evaluation of NHTSA. They are also 
appropriate in the case of high-cost brakes-related ~ccident 
causation, considered in the following section. Therefore, 
the analysis treated: 

a) Dependent variable: A brakes-related accident occurs, 
or not 

b) Independent variables: 
- Road Direction (downhill or not) 
- Vehicle Configuration (16 combinations of type and 

number of axles) 
- Vehicle Weight (three levels) 

SOme representative odds analyses have been performed ~sing 
the predicted joint frequencies of the accepted model. It is 
found, for example, that the odds that a single unit, two-axle 
truck vill have a brakes-related. accident on a downhill road 
are twice as large as the corresponding odds on a non-downhill 
road (0.16 vs. 0.087). '1'he analogous result for a five-axle trac­
tor/semi-trailer is that the downhill, brakes-related accident odds 
are 4.6 time• those for a non-downhill road (O.14 vs. O.03). 

CONTAB Analysis of •High-Cost• Brakes-Related Accidents 

The variables that appear to be significant in the explana­
tion of .. the frequency of a given type of accident may change .if 
instead of only the frequency, tbe total econanic cost of acci­
dents is considered.. Time has not permitted the development of a 
satisfactoa procedure for introducing costs directly in the pres­
ent study.6 Consequently, a surrogate procedure-has been estab­
lished and briefly tested. It assumes high-cost accidents are 
largely those in which relati~~ly high-severity injuries have 
occurred. Given this assumption, it is then only necessary to 
first delete from the data base all accidents not in the severity 
range of interest, and conduct the analysis of interactions just • 
as before, but with only the high-severity portion of the accident 
cases. 

6The simplest procedure, based on regressions, has not been 
carried out becauae of the poor fit• of the regression• 
diacuaaed above. A contingency table procedure ia not 
immediately available. 
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Thia aw-i-Q9ate procaduro haa been carried out in.- CONTAB 
analysis of brakea-reloted accidents with vehicle cateqozy and 
rood direction (Downhill or not) again the independent variables. 
•Hi9h-coat• accident• considered are those with the aeverity 
levels Fatal. Major Injury. or Minor Visible Injury only. (The 
low-severity levela--COlll)laint of Pain and No Injury--are exclu­
ded.) 'l'b.e analyaia proceeds exactly as in the previous section. 

'ft\e .rf!'SUlta on iapo.rtant interactions are the same: the model 
incorporating only the three-w~ interaction, Brakes-related acci­
dent/Direction/Configuration, is satisfactory. (It explains ss• of 
the initial variation.) Again, weight is not important. 

The following results reflect the odds of a brakes-related 
accident recurring compared to not occurring: 

Vehicle T:ype 
Light. single unit, 2-axle 
Heavy, S axle, tractor/semi-trailer 

Downhill 
0.14 
0.03 

Non-oo.mh i 11 
0.08 
0.06 

The odds ratios for the single-unit vehicle accidents do not 
appear to differ very significa~tly from those derived from the 
full data.base (0.14 and o.oa, :ompared to 0.16 and 0.087 for down­
hill and non-downhill roads, respectively). The implication is 
that for this type of vehicle, the variables and interactions that 
are important in high-cost, bra.lees-related accidents are those that 
are also important, and have essentially the same effects, in all 
brakes-related accidents. 

For the tractor/semi-trailer vehicles, however, while the saJDe 
significant variables and interactions apply to high-severity. as 
well as to all. brakes-related accidents, their effects appear to 
vary in the high-cost accidents fran their effects in all acci­
dent~. The odds of a high-cost, brakes-related accident on a down­
hill road are only a fifth (0.03 ¼ 0.14) of the corresponding odds 
for unrestricted brakes-related accidents. For non-downhill roads. 
on the other hand, the high-cost odds are twice as great (0.06 -r 
0.03) ,as for unrestricted brakes-related accidents. It may be con­
jectured that these results indicate a relatively greater effort 
on downhill roads by the drivers of these larger vehicles to avoid 
conditions that can l~ad to more severe accidents. Of course, it 
may merely be the sparseness of the data that is causing the ob­
served results. A deeper investigation must await a future study. 

KULLITR Contingency Table Analyses 

In order to treat the interaction of camnercial vehicle expo­
sure, in terms of VMT in the two CHP zones during the study period 
(May 15, 1975-May l, 1976), the KULLITR contingency table analysis 
program has been employed. TWo sets of estimates of VMT have been 
developed: direct and induced estimates. The procedures and 
results of these esti.~ates were discussed previously. The effects 
of their incorporation in the KULLITR interaction analyses are 
described here. 
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The dependant varioble conaidorecl ia thcit of ocanercial vehicle 
accident occurr.nc:e Aa a function of the independent variable• 
vehicle configuotion (type ond nwabe1: of axles). weight and expo­
sure--witb th'3 lotter in tun olao A function of vehicle configura­
tion and weight. It is found that vehicle configuration and weight 
together are IDOZQ iaportant than exposure in the explanation of 
Accident occurrence. However. exposure is also important, and its 
incluaion adds significantly to the explanation. This conclusion 
holds for both direct and induced estimates, but is somavhat 
st~er for the latter. 

The joint frequencea predicted by the model resulting from the 
inclusion of both the vehicle characteristics and exposure do not 
fit the observed accident frequency data very well. Nevertheless, 
as the best available, they have been elaployed, together with the 
two sets of exposure eatiaatea, to establish a,o corresponding 
sets of estiaatea of accident involvcaent rates for the vehicle 
categories considered. 

Tables 6 and 7 illustrate the accident involveaent rates of 
the various truck categories, expressed in accidents per million 
miles travelled, using cli%ect and induced exposure 1De4su.res re­
spectively. lihile in many cases the relative values of the 
rates for diffexent vehicle categories appear to be reasonable, 
the absolute accuracy of their individual values cannot now be 
ascertained. Moreover, the direct and induced estimates generally 
differ greatly. Perhaps the highest confidence results are the 
relatively high involvement rates in both sets of estimates that 
are exhibited by tractor/semi-trailer combinations. These rates 
range from about 1.5 to 9.7 involveaents per lllillion miles with 
the direct estiJllates, and from about 0.66 to 6.9 with the indirect 
estimates. Single-unit vehicles, truck/full-trailer combinations, 
and tractor/semi-trailer/full-trailer combinations tend to have 
relatively lower involvement rates. 'l'he values, and the trends in 
them, appear generally to be more consistent with the induced than 
with the direct exposure estimates, but as has been discussed pre­
viously, this does not necessarily mean that the former are more 
•correct•. 
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TABLE 6 ACCIDENT INVOLVEMENT RATEi OF THE VARIO\~ "UCK CATEOORIEI, ACCIDENTS PlR MILLIONS 
OF MILEI TRAVELLED, UIINO DIRECT E>atOIURE EITIMATEI 

Truck T ¥111 

w,i,i,,. l•ntM Unil T•- + llffll•Tt11ltt Trudi + OM Full Tr1U.r T<KIO,. Seml•Tralltr. Ful ,,..., 

lb. No.qi A•IN No.of A•lat Ho.of Asln No.of Aaln 

.... 2 3 ... 3 .. Ii •• 3 4 Ii .. .. I •• 7• 
. 

10.000-25.000 ND 0.44 0.71 ND 3.0 u I .Ii t.7 ND oa 1.7 ND ND u NO ND 

2ti,DOl-410.000 0.21 3.2 O.IIO NO 2.9 ,.1 u 7.11 NO o.e, 3.2 2-1 ND 0.8:1 7.2 •••• 
IO,DOI • ND ND ND NO ND 217' 2., ND HO M.2• IA UI 0 IA IA 25.0" 

Not o.t.mlftld: Zero •-re ntlmltt, 
• AftOINIOUt ........ dut IO .. ,y ........ ..,.,..,,. ffll-ta, 

.,. 
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TABLE 7 • ACCIDENT INVOLVEMENT RATEi OF THE VARIOUS TRUCIC CATEOORIU, ACCIDENTS PER MILLIONS OF 
Milli TRAVELI.ED, USINO INDUCED EXPOSURE EITIMATH 

Truck Tn,t 

Weight, 11ingl1 Unit Troctor • ....,l•Trallor Truck ♦ Ono Full Tralor Trocto, t lomi·T .... f Full Tr.ii., 

lb. 
No.of A■ln No.of A■ln No.of Air.. No.of A..._ 

But ' 3 ... 3 4 • .. 3 4 ' •• 4 I • 1+ 

10.000-21.000 ND 0.87 1.3 ND 3.1 1.2 o.ee ND ND 0.41 0.17 N;;> ND 0.94 ND ND 

2!",,00 I -90.000 0.21' 1.3 2.4 ND .... IA 1.2 I .I ND 0.83 1.2 o.- ND 0.11 0.12 OAli 

I0.001 • ND ••• 11.8 ND ND 1.11 I .0 ND ND 2.8 0.90 0.7111 ND 0.19 ND ND 

Not Oetetmined: Z•o ••s,ow,e e1timat1. 
'U111 diroct ••-• 111im,10. in lieu of undttlfmlnod lndlrt<:t ntlmo11. 

V 
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8. CRITIQUE OF ACCIDENT REPORTING AND CODING PROCEDURES 

The Technical Report (Volwae I) for the project discusses at 
some length the standard California Highway Patrol's Traffic Col­
lision Report (Form 555) as well as the supplementary data for,as 
and coding proceduroa. The highlights of that discussion at"e pre­
sented here in this awaary report. 

Evaluation of Traffic Collision Reports 

The primary criticisms that can be directed to most highway 
traffic collision reports. including that employed by the CHP 
(Form 555). concern: 

a) their overall paucity of specific data for detailed 
analysis; 

b) their inclusion of rather extensive narrative or opinion 
data. leaving much room for error, and makinq coding and subse­
quent analysis difficult1 and 

c) the failure to collect general accident system data as 
measures of exposure for correlation with the general driving 
population's exposure attributes. 

From the standpoint of accident research. whether of a rou­
tine statistical nature or for purposes of causation analysis, 
accident reconstruction. or forecasting purposes, the sets of 
selected variables generally contained in traffic accident reports 
are too meager to provide a good basis for management of highway 
safety programs. While the data compiled on the selected set of 
some 30 to SO variules in typical accident reports are useful,. 
they are not sufficient to make detailed decisions on new legisla­
tion affecting vehicle safety sandards, highway design standards, 
or driver education of licensing procedures. 

The CVARS was introduced to supplement Form 555 in order to 
alleviate this difficulty, particularly for commercial vehicle 
accidents. However, as depicted in Figure 5, a logical procedure 
to follow in designing an accident record system and/or research 
program, as in any experimental design process, would be to com­
mence with an hypothesis to be tested, then to proceed to a defi­
nition of required data to be employed with these tools to yield 
proof or disproof of the established hypothesis, and on to a defi­
nition of the necessary data collection process itself. Thus, the 
specifications for required data content (i.e., required variables 
and resultant data) are determined by the form of analysis and 
original hypothesis. This procedure was not followed in the devel­
opment of the CVARS form and also does not appear to have been the 
basis for the original design of Form 555. Undoubtedly, most 
traffic accident record systems have developed •like Topsy,• 
without consistent guidelines for their specific data acquisition 
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ao aa to produce ■pocific analytical results. Generally, the 
variable■ to be meaaured have been aaaelllbled fr0111 non-specifi~ 
requeata for inforution fr0111 a number of participating agen­
cie■, and r-eflect coaprc:ai■ea with tiale availability or work· 
load liaitation■ of traffic officers. 

The Traffic Collision Report (Form 555) consists of four 
pages: 

Page 1: Accident Number and Location Data, Party Names and Addre••••• Vehicle Deecriptions, Extent of Injury, 
etc. 

Page 2: Colliaion Narrative and ll separate categories of 
accident factors ranging fr0111 Primary Collision 
Factor to Sobriety, etc. 

Page 3: Sketch and Narative Continuation Data 
Page 4: Suppl,..ntal Data 

and identifies data for 44 apecific accident variables. The first 
two pages represent the •primary• report1 pages 3 and 4 are supple­
ments. (See Appendix A.) Multiple copies are used by the traffic 
officers, if necessary, to set forth data on multiple vehicles 
or involved passengers or pedestrians. In the Technical Report, 
VolU111e I, a total of fifteen specific criticisms are made of the 
Fora 555. Moat of ~e■e criticisms relate to data elements re­
quired on the form but of no subsequent practical use, and infor­
mation which could be useful but which is not currently recorded. 
The interested reader is directed to Section 7.1.l of that document 
for additional discussion. 

The Commercial Vehicle Accident Report.Swnmarv (CVARS} 

The development by the earlier USC project staff of the CVARS 
or •Green Sheet• (See Appendix B) involved nine months of activity 
in the early stages of the previous project, consisting of a 
three-way integration of inputs from the NHTSA, the CHP, and the 
project staff. A seven-page set of instructions was also developed 
for purposes of training and for establishing understanding and 
consistency in the application of the foxm. 

The genesis of the CVARS was USC's submissio~ to Nln'SA in 
the fall of 1974 of a preliminary draft of a plan for development 
of this accident report supplement. It c011111enced with an attelftpt 
by use to set forth a series of hypotheses to be tested, relating 
to the objective of substantiating the validity of NHTSA's new 
FMVS-121 Air Brake Standards, involving new anti-skid subsystems. 
When it became evident that too few new FMVS-121 brake systems 
would be operating on the highway over the course of the USC con­
tract period, NHTSA modified its requirements for the variables 
and coding content of the CVARS report supplement. The next step 
was the submission in December 1974 by the project staff of a 
set of some 75 variables and 260 specific codes concerning truck 
accidents. Pollowing some five months of integration effort by 
USC with NHTSA and the CUP, the final •areen Sheet• was estab­
iished: The final configuration included 48 variables and 172 
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specific cod••• Approval by both the. CUP and NHTSA was estab­
lished in April 1975. In the approved and final configuration, 
the CVARS included few specific questions bearing on the FMVS-
121 Standard, but reflected rather general aspects of large truck/ 
trailer performance and accident causation or contributing factors. 

Through use we detected a number of defects in the design 
of this form. Again, these are detailed in the Technical Report 
(Volume I) and the interested reader is directed to Section 7.1.2 
of that document. 

Recommendations 

The following general recommendations for reporting forms 
improvements are made as means for enhancing truck accident anal­
ysis capabilities. (Some detail-level changes in the forms, de­
rived frOA CHP and project staff experience and from the data 
quality analysis that has been conducted, are recommended in the • 
Technical Report, Volume I, Section 7.2.2.) 

Accident Location. It is important that a reasonably precise 
accident reference location be cited for all highway accidents 
by noting the nearest milepost for a key event in the accident, 
such as the point of first impact. Additionally, x, Y, z coor­
dinates of pre-crash or post-crash events relative to the cited 
milepost reference could be noted on a Form 555 or associated 
CVARS report. Since many state highway logs give precise geo­
metrics of state highways to an accuracy of+ one to five feet, 
accident location to thia level of precision-is feasible. 

Truck-Car History. It is recomended that an expanded set of 
exposure-oriented data be collected on the trucks and cars in­
volved in the reported accidents. Such additional vehicle his­
torical data should perhaps include, but not be limited to; 

a) Miles driven during the past 24 hours, week, month, and 
year 

b) Current odaneter reading 
c) Total estimated mileage on vehicle if odometer is not 

functional . 
d) Miles planned for this trip 
e) Miles completed on this trip prior to accident 
f) Nature of general vehicle maintenance performed during 

past 12 months, such as: 

i) 
ii) 

iii) 
iv) 
v) 

Front end alignment 
Brake overhaul 
Tire/wheel servicing 
Suspension system servicing 
Other 
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Driver lteCOrd or Hiatos• Con■iderable additional driver 
record of or history lnormation should be collected on all in­
volved driver■ in order to assemble consistent exposure data. 
Such additional data should include: 

a) How many daya/veeka/1110ntha/years as coaanercial, vehicle 
driver? 

b) How m,any ■ontha/yeara since obtaining first driver's 
lic:ense? 

c:) How many 111onths/years driving the truck: type involved 
in the accident? 

d) How many miles driven today (or last eight hours)? 
e) How lllillly traffic citations have been received in 

i) 
ii) 

iii) 
iv) 

Last month 
Last year 
Last five years 
Total driving history 

Proposed Codes for Recording Narr~tive and Collision Diagram 
Data. -
It is recamaended that a set of codes be defined for convenient 
use of Form 555 narrative and collision diagram data. A proce­
dure for extracting and encoding the collision data is des­
cribed in Appendix E of the Technical Report, volume I. 

Pro29aed PDO Data. It is recommended that increased attention 
be given by traffic officers to estimating the PDO costs for 
all reported traffic: involvements. Generally, current practice 
of traffic police departments is to ignore this type of data. 
It is believed that traffic: officers can readily be trained to 
assess such coats with reasonable acc:uracy. 

Propcsed Injury Severita Data. It is recommended that increased 
use of injury severity ata collected by emergency medical groups, 
e.g., paramedics, be merged with the existing Form 5S5. An 
addendUIII on injury severity could be appended to the form. 

Prollsed Training Program for Improved Sketching of Form 555 
Col ision Dia~rams. A special program is recommended for 
training traf ic investigators in improved procedures for 
drawing collision diagrams. 

Ambiguities. Experience with the application and use of Form 
555 and CVARS has emphasized that areas of ambiguity exist 
that lead to reporting inconsistencies and coding errors. Based 
on this expei·ience, a new effort should be made to clean up the 
forms, speciiy important data elements more exactly, and elimin­
ate all those proven to have little value or that are unduly 
difficult to develop. 
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9. PRINCIPAL CONCLUSIONS AND RECOMMENDATIONS 

The principal findinga, conclusion■ and recommendations 
st-ing from this research effort have been awaaarized in the 
preceding sections. However, to provide a capstone to this 
report, certain of these are highlighted for emphasis. 

Conclusions 

The present atudy'a ~-anmercial vehicle accident reports data 
base ia capable of supporting an al.moat endless set of statistical 
analyses. An initial very small sampling of such analyses has 
been carried out. The required procedures and c0111puter programs 
have been installed or developed, and, while they are capable of 
further improvement, c0111plete analysis methods have bee:, demon­
strated and· certain initial implications for accident causation 
and mitigation have been derived. • 

The introduction of exposure has been found to be ilaportant 
in explaining accident occurrence, albeit not as important as 
vehicle category (configuration and weight). TWo independent expo­
sure estimation procedures have provided the exposure values 
employed in obtaining this result. More important, ti1ey have 
il)uminated the general capabilities and shortcomings of the 
procesaea and data involved. The results establish a foundation 
for the further evolution of exposure estimation techniques. 

In sum, the development of a canprehensive commercial vehicle 
accident statistical analysis capability has been carried out. 
Strengths and weakneasea have been exhibited and exemplified with 
a range of cases of initial interest. Certain useful implications 
for accident causation have been established, and, while still very 
lilaited~ some Mans for enhancing the possible understanding of 
countermeasures have been set forth. 

Recor.imendations 

Many areas of potential extension and improvement of the 
present study are now evident. Following are specific recamnenda­
tions for the most important areas to be considered in future 
efforts: 

a) A thorough review and •clean-up• of the present data base 
should be carried out. The need has been specifically demonstrated 
by the data quality analysis in the present study and by the some­
times large numbers of unknowns in the frequency tables. 

h) Redesign of the CVARS and Swmnary coding forms and process­
ing procedures is still to be accomplished. This should be done, 
and a new period of eommercial vehicle accidents reporting should 
be instituted to aid in the establishment of an improved data base. 
The lessons learned in the present study would provide the basis 
for this redesign. 
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c) The univariate table• ahOuld be reviewed jointly with the 
CHP and NHTSA, and variable• of little importance deleted. 
Other iaportant variable• that .. y have been neglected should be 
added to the redeaigned fonaa. 

d) An iaproved expanded file ahould be established to facili­
tate univariate and joint frequency data retrieval with less cum­
bers01D1t, potentially error-prone procedures than are now sometimes 
neceaaary. 

e) It i• poaaible to develop aany additional croae-tabulated 
or joint frequency table• of iaportance, even with the present data 
baae and retrieval procedur••• They provide immediately useful 
perceptions of variable interactions, albeit without measures of 
statistical significance. Nore of these should be established 
for their inherent value, and as guidance to more rigorous sta­
tistical analyses of interaction■ among variables of interest. 

f) A powerful contingency table analysis capability is now 
available for use. A larger data base is required to enable its 
application at the detailed levels needed to be treated in studies 
of accident factor• that can be affected by meaningful counter­
measure• (e.g., specific vehicle equipment and driver characteris­
tics). The building of this larger data base has already been 
rec~ended. These further analyses should be conducted 
concxmitantly. 

g) An improved direct exposure estimation procedure is vitally 
needed. The procedure developed in the present study is believed 
to make the best possible use of the AADT and TWS data that were 
readily available. An enhancement incorporating other available 
special data, and alao new data from new data develop111ent proced­
ures, some of which are already receiving attention elsewhere (e.g., 
special traffic sapling at selected locations), should be estab­
lishei. 'l'he present procedure has deliberately been built on a 
framework that can help to structure the integration of these new 
procedures and data into the estimation process. 

h) An enhanced contingency table analysis process incor?Qra­
ting exposure is desirable to allow more detailed investigations of 
the impact of exposure on .important accident variable interactions 
and, thus, causation. 

, i) Similarly, a contingency table analysis process should be 
developed for incorporating economic costs of accidents more 
directly than was possible in the present study • 
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