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Managing Traffic Records Systems Through 

Management Information Systems 
DOUGLAS K. TOBIN 

ABSTRACT 

Traditionally, traffic records systems have 
been defined as management information sys
tems for highway safety programming. In 
fact, they are also massive operating sys
tems concerned with products, revenue col
lection, and record maintenance. Highway 
safety management information is often a 
secondary concern. Managing these operating 
systems requires smaller management informa
tion systems whose data serve to support, 
control, define, and analyze the operations 
of the major traffic records systems. Al
though these smaller management information 
systems have not been traditionally thought 
of within the context of the traffic records 
system, their success or failure may have 
consequences for the success or failure of 
the traffic records system and the entire 
highway safety programming effort. These 
small support systems serve to ensure the 
timely creation and updating of the traffic 
records systems with quality data. They 
also serve to ensure performance of basic 
functions, thereby permitting greater man
agement time and attention to highway safety 
programming. 

Traffic records have traditionally been described as 
record keeping systems for driver, vehicle, roadway 
and environment, and accident data. Perhaps even 
more so, the accident records system has generally 
been held to be the traffic records s ystem. 

In concept, a traffic records system is the man
agement information system (MIS) dedicated to high
way safety. In reality, however, traffic records 
systems, at least the major subsystems of the driver 
and vehicle, are large extensive processing, produc
tion, and revenue collection systems that operate in 
addition to the highway safety programming uses. In 
fact, their use as highway safety systems can be 
secondary, particularly in the case of the vehicle 
file, to that of revenue collection and other pur
poses. 

The driver and vehicle systems contain millions 
of records and are extremely dynamic. The ability 
to quickly create and update these records with 
quality data is a prime determinant of the value of 
a state traffic records system. 

Pennsylvania has approximately 7.5 million ve
hicles with a total active vehicle registration file 
of 13 million records. On any given work day, an 
average of 44,000 paid transactions are processed 
against that file. Several thousand additional free 
transactions are also processed, particularly change 
of addresses. 

The Pennsylvania driver license file contains 
7 . 25 million drivers, while the number of active 
records on file is approximately 8.8 million. Some 
40,000 driver licenses, new and renewed, are pro-

duced and 20,000 citations and suspension actions 
are taken each week. By contrast, Pennsylvania's ac
cident record system creates 130,000 records a year 
and 500 records daily. Altogether, the active acci
dent record file is about 550,000 records. And even 
though this system is Pennsylvania's most sophisti
cated traffic records system, it still has perfor
mance standards for its managers that are productiv
ity oriented in an operational sense. 

Thus to view traffic records systems solely with
in the context of providing highway safety data is 
to really miss the mark by a fair margin. 

If the operating systems work and work well, 
there is a reasonable chance that an integrated 
traffic records system will pay off on its invest
ment. If the operating system does not work well, 
budget dollars are going not to an integrated traf
fic record MIS but instead are going into propping 
up the operating systems because they interface 
directly with the motoring public. Because of that, 
they are never allowed to fail. 

To illustrate that point, in 1970 Pennsylvania 
had no accident record system, even though a com
puterized accident record system had been opera
tional since 1966. The entire Bureau of Accident 
Analysis, which operated the accident record system, 
was shifted lock, stock, and barrel to assist the 
faltering vehicle registration system that year. 

Although the driver, vehicle, and accident record 
systems are massive and complex, managing the day
to-day operation of these data factories requires 
smaller MISs, whose data serve to support, control, 
analyze, and direct. (The roadway information sys
tem, which is a vital part of the traffic records 
system, is excluded from this discussion in order to 
concentrate only on the driver and vehicle systems.) 

Previously, many of these MISs were in reality 
management reporting systems; that is, how many wid
gets or transactions were produced. In Pennsylvania 
the registration of vehicles and the licensing of 
drivers began in 1906; since then a few documents 
have been lost in file drawers only to be recovered 
later and treasured as historical documents. Among 
these papers are different reports used over the 
years. They all are of the management reporting va
riety. Those types of reporting systems remain and 
in fact were the MISs until 1979. Many published 
accident statistics are little better than reporting 
mass arrays of data by frequency and type. 

An MIS is no substitute for management; rather it 
is a tool. It is immaterial whether the MIS is com
puterized or not. What is material is the relevance 
of what it measures, the relevance of the data it 
collects and manipulates. This holds true for the 
traffic records system as well. 

MISS are to report the exception and prove the 
general rule or standard. For example, the Bureau of 
Traffic Safety wants a specific population of repeat 
offenders to be defined. In addition to defining thP 
parameters of that group, the Bureau needs demo
graphics from the files for that population because 
they are an exception. Likewise, for statistical 
quality control, the Bureau wants to know when the 
process is within standard or tolerance and when a 
process is out of control before it goes beyond a 
set tolerance. 
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Whether needing data on recidivism rates for 
school bus violations, suspensions, or the time to 
produce a driver's license, the principles for an 
MIS remain the same, 

l. Know what needs to be measured, 
2. Set up a collection and reporting system, and 
3. Collect the pertinent data. 

Oftentimes the order is reversed. The data that are 
available are reported, not the data that are needed. 

Beginning in 1979 at the Pennsylvania Department 
u( Transportation (PennDOT), department-wide report
ing began as part of a management-by-objectives pro
gram. How much was produced was not a relevant mea
sure of performance because PennDOT had a captive 
market and it was not relevant to the level of ser
vice provided to its customers. Because the Depart
ment could not or should not license any more 
drivers than were eligible, it concentrated on how 
well the licensing functions were performed. What 
also became relevant was the cost of operating those 
systems, particularly in terms of staffing. 

To better understand how these subsystem MISs are 
used to run PennDOT's main operating systems, three 
examples are discussed. 

TURNAROUND TIME REPORTING 

Pennsylvania's traffic records systems are fairly 
unique, at least in one aspect. Al though as a gen
eral rule accident record systems are centralized, 
driver and vehicle license issuance throughout the 
rest of the United States tends to be decentralized. 
In Pennsylvania, however, all processing and issu
ance is centralized in Harrisburg. The only transac
tions done outside of Harrisburg are those for tem
porary license plates, which are available from 
da~l~r::, and t~~ir?,;: the phot09r~ph fol'" driver 
licenses. All products are produced in Harr is burg 
and either sent back to Pennsylvania motorists 
through the mail or by registered messenger ser
vices. Thus the time it takes to produce a given 
product is an important indicator of performance. 
From a traffic records point of view, it is just a~ 
important to be timely in creating and updating 
records. Over the past 4 years a series of small 
MISs have been developed and implemented to measure 
the length of time it takes to complete a given pro
cess. These MISs are fairly simple but have a high 
degree of relevance in terms of system management 
for performance. 

By December 1980 turnaround times were measured 
for the four major product lines: titles and vehicle 
registrations, driver lic1mses, registration re
newals, and driver license renewals. At first the 
systems were extremely simple, with data being ex
tracted from processed source documents. The mail 
opening receipt date was compared with the automated 
system process date and processing time was calcu
lated in term of workdays. 

In 1980 the title and registration turnaround 
time system was changed. A sample size of 100 pro
cessed documents was selected at random each day to 
give a 95 percent level of con.fidence. Processing 
time was broken down for each discrete action within 
the whole system. In other words, processing time 
was calculated for mail opening, another time cal
culated for sorting, and so on, until the certifi
cate of title had actually been processed. 

With this more detailed information, management 
began to work on the numbers. Numbers that appeared 
disproportionately high with respect to the activity 
involved for a particular process in the system were 
worked on by special management and supervisory 
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teams. Procedures for those processes were either 
scrapped or revised to permit streamlined process
ing. A new title and sales tax applications pro
cessing system was developed and implemented. One 
of the important design elements of the new system 
was an automated MIS for turnaround time. The neces
sary data storage was created on the vehicle regis
tration file and the requisite transactions were 
modified to either capture or automatically acquire 
process date data for each defined processing point. 

However, the automated system did not work and 
has not worked yet. The difficulty was not in cap
turing the data, but in the lOCJiC to nP.tP.rmine which 
transactions and parts of certain transactions were 
pertinent to determining appropriate turnaround 
times. 

The automated reporting system was quietly turned 
off. However, because the data were captured by the 
system, a routine inquiry transaction was used to 
acquire the data needed by video display terminal 
(VDT). Processed batches were selected at random as 
before. However, the sample size was increased to 
2,500 because through VDT inquiry, acquisition, and 
manipulation of data were fairly simple, although 
still manual. 

The turnaround time management information that 
began with the vehicle title and registration pro
cess has been expanded to other areas. It has been 
the most useful of PennDOT's MISS. The Department 
measures processing times for processing citations, 
court records, accident reports, and for processing 
the client in-take evaluation results for first-of
fense driving under the influence (DUI) drivers in 
the court reporting network. 

As with other endeavors, time is of the essence 
when managing the operating systems that comprise an 
integrated traffic records system. Timeliness of 
data acquisition and reduction is an important 
determinant of the quality of highway safety manage
ment systems that support highway safety programming. 

PRODUCTION PLANNING 

The Department faced an annual cr1s1s every spring 
and summer with the seasonal rise of car sales and 
the staff taking vacations. Adding to that crisis 
was the processing of driver license and learner 
permit applications that uses some of the same re
sources, such as mail opening and sorting. This 
activity also has an annual increase in activity at 
the same time. In the past the solution to this 
particular recurring crisis was increased staffing. 
However, with emphasis on sta ·ff reduction, the De
partment knew that it had to plan better both in 
terms of streamlining the processing system and 
staffing. 

Larry White at the PennDOT Bureau of Motor 
Vehicles and Licensing and his staff began initial 
planning in the fall of 1981 by using the previous 
year's volumes as a .model for the anticipated work 
flow through the various working areas. The initial 
application was used successfully to schedule annual 
leave in affected work areas. 

In 1982, after acquiring an Apple III microcom
puter, work began on a computerized production fore
casting system for the work areas of the title and 
registration and driver license application systems. 

Robert Baron of the Bureau of Motor Vehicles and 
Licensing developed the forecasting model using 
Visicalc. The model was designed in part to help 
clear external variables such as environmental 
changes that are contingent on political and eco
nomic conditions. A large data base was developed 
from historical and current data from the affected 
areas. 
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The most unpredictable factor is the external 
variable, volume. Volume is forecasted by taking a 
weighted moving average of demand, Each month the 
average of the last 12 months is recomputed by add
ing the latest month's figures and recalculating the 
average, The next refinement is to give greater 
weight to the latest information and to calculate a 
weighted moving average. By using a smoothing con
stant, the weight given to a period is reduced by a 
fixed proportion each time the average is recomputed. 

The value of the smoothing constant usually lies 
in a range between 0.01 and 0.09. A low value makeg 
the forecast slow to respond to changes in demand, 
and a high value makes it react quickly. In other 
words, if more value is necessary from the most re
cent data, a smoothing constant of 0.02 or greater 
is needed. The value used is estimated and is based 
on forecast error and the known accuracy of the his
torical data. 

This statistical model requires 
of data for accuracy, with the 
years, The average of the last 12 
puted monthly by adding the latest 
calculating the average: 

2 or more years 
optimum being 5 
months is recom

data and then re-

New forecast= (Forecast for current period) + 
[(Current period demand) - (Forecast for cur
rent period)] x (Smoothing constant). 

Seasonal trends that affect processing are iden
tified to reveal any major differences between peak 
monthly demand and average demand throughout the 
year. The forecast is adjusted for seasonal trends 
by the ratio of each month's demand to the annual 
average (Figure 1): 

[ (Average month) + (Adjusted forecast)] x 
Forecast= Seasonally adjusted forecast. 

Internal variables incorporated into the produc-

PRODUCT ION FORECAST I NG REPORT 
DRIYER'S LICENSE SECTION IEXANININ61 
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tion control reports include sick leave, annual 
leave, productivity rate per man-hour, employee 
hours available, and employees available. Sick leave 
is computed by using a moving average, with the new 
average computed monthly, Because annual leave per
centages fluctuate, the production report contains 
leave figures at 0, 4, 9, and 14 percent, and fore
casts staffing needs at each one of these rates. 
Productivity rates were taken from production 
reports of the various units. These rates are con
stantly checked and updated because of the phenome
non of the learning curve, new procedures, calculat
ing techniques, new employees, and various other 
factors (Figure 2). 

As a result of the production forecast, line man
agers and supervisors have a fairly accurate idea of 
the volume of work that can be expected in the near 
future, This has enabled PennDOT' s management and 
supervisory team to take staff from areas of low de
mand for use in areas of high demand. It has also 
been useful for scheduling overtime far enough in 
advance to give employees time to make arrangements, 
thereby increasing the number of employees turning 
out for overtime, And the production forecast is 
still used for its original purpose: determining 
when annual and personal leave days may be taken by 
employees. 

Of course the true test of the effectiveness of a 
system is its use by management and the results ob
tained from that use. By that measure, this MIS has 
been an unqualified success. The forecasting accu
racy has been in excess of 90 percent, given that 
only 2.5 years of historical data are available and 
that in 1983, for the first time in 3 years, there 
was a significant increase in the volume of work be
cause of increased automobile sales. 

The real proof, however, is that for the first 
time title and registration turnaround time has been 
less than 8 days during the spring and summer 
months. In June 1982 this turnaround time was 15.4 
daysi in June 1983 the turnaround time was 7.6 days, 

NONTHL i FORmST 
FOR NEXT 12 NONTHS 

NONTH 1180 1981 1982 1983 1984 Total Average 1983 1984 

Jan 6080) 66862 59376 71.SV 258700 64675 :JAN 64227 
Feb 67lll 82981 67179 79652 mm 74186 IFE8 mn 
Mar 90375 104445 86989 79422 361231 90308 IMAR 89603 
Apr 95673 94808 74212 74796 I 339569 84892 IAPR 84305 
Nay 86454 98318 80353 265125 88375 lNAV 87763 
Jun 96868 102958 92184 292010 973l7 :JUN 96663 
Jul 84765 96852 91142 82886 mm 88911 IJUL 88296 
Aug 99107 81034 104877 99107 384125 96031 IAUG 95J67 
Sep 75012 89757 86817 02954 334540 8J6l5 :SEP 83056 
Oct 89289 60361 82983 0sm 318428 79607 IOCT 79056 
Nov 64001 74723 7!604 82384 mm 73678 :NOY 73168 
Dec 64444 76100 59376 68030 267950 66988 :DEC 66524 

Total 476618 mm 1oms1 961449 305529 3769180 
Anrage 79436 0m1 87438 80121 76382 314098 

AYERAGE VEAR• 983264 
CURRENT DENAND• 979222 
CURRENT FORECAST• mm 
NEN FORECAST 976460 

L. Thi s sect ion con tain s volume s received information submitted by the units, totals yea rly 
volumes to the cur rent month (total) and a lso gives average monthly volume for each yea r 
(average), 

2. The r eport also contains the total for all homogeneous months, i.e., January, 1982; 
January, 198). It also takes the average of the homogeneous months so that the forecast 
r~n h i:' '3easonally adjuated. 

3. Predicted volumes for the next 12 man ths are given. 

4. The average yearly volume, current demand (the last 12 months), and the current 
and new forecasts are represented. The new forecast represents the volume predicted for 
the next 12 months. 

FIGURE 1 Production forecasting report, driver's license section. 
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JUNE DISCRETIONARY HOURS 
PRODUCTION FORECAST 

ADDITIONAL HOURS NEEDED 
PREDICTED-YOLU!E 9666l HOURS AYAILBLE AT !NEEDED HOURS-AVAILABLE HOURS! 

PRODUCTIVITY RATE- .omm LEAVE.04! ANNUAL----- 57 
PER !AN HOUR• 44 1110 

HOURS NEEDED 2197 . ms JCK LEAVE. 09! ANNUAL----- 174 
1023 

DAYS IN !ONTH? 11 
• 05!5 JCk LEAVE. Ill ANNUAL----- 292 

AVG. NO. OF E!PLOYEES 1905 
AVAILABLE? 16 

.OO!SICK LEAVE. 007. ANNUAL----- -155 
E!PLOYEE HOU!! 1351 
AVAILABLE 2351 

• OS!SIC! LEAVE. 00! ANNUAL----- -38 
CURRENT sm LEAVE 2234 
USA6E' .05 

1-l!fNUS INDICATES SURPLUS HOURS 

This r epor t provides the managers with a quick analysis of what is taking place within their units. 

1. Predicted volume - forecasted volume for month indicated. 
2. Productivity rate per man hour - volume of work completed in one hour by an individual. 
3. Hours needed - this indicates the amount of time necessary to process the predicted volume. 
~. Days in month - ·number of working days i n month indicated. 
5. Average numbe r of employees - number of producing employees within a unit available. 
6. Employee hours available - numb e r of employee hours available (based on 7 hours) . 
7. Current sick leave usage - forecasted sick leave for division. 
8. Hours available at current sick leave - sick leave usage minus numb e r of hours available. 
9. Discret ionary hours. -

- Hours available at - includes hou~s available at current sick leave and annual leave usage. 
- Additional hours needed - these figures indicate addit ional hours needed or surplus hours 

available. 
10. Unit capability - this figure indicates what a. unit can pot entially produce for the month indicated 

at current productivity rates and staff complement. 

FIGURE 2 Productivity rates. 

and that was done with less staff in 1983 than in 
1982. The numbers are just as dramatic for driver 
licensing applications. 

STATISTICAL QUALITY CONTROL 

One of the most important areas of concern for the 
Department is product quality. In the past tradi
tional quality control methods have been used in an 
attempt to produce better quality products. There 
was a proofreading staff that read all titles before 
they left the Department. There was, and is, a 
dedicated staff to review accident records process
ing. The proofreading staff represented 100 percent 
inspection, and like all 100 percent inspection 
schemes, it did not work well, and by 19 79 had been 
dropped entirely. 

But because there was no longer a quality control 
activity for title processing, this did not mean 
that the concern disappt!att!ll. In 1900, using the .io
cident record review as a model, PennDOT began qual
ity review by sampling techniques in critical areas 
of the title processing process. In 1982 a quality 
control staff was assembled and the error potential 
of the driver and vehicle operating systems was 
assessed. 

The title and registration system was by far the 
most error prone. It was not startling news. The 
automated title and registration system is not par
ticularly quality conscious or quality supportive. 
In September 1982 a capability study by Constance 
Whitmarsh-Tomko of the Bureau of Motor Vehicles and 
Licensing had been completed for all phases of the 
vehicle title and registration system. Control 
charts or p-charts were developed to show fraction 
rejected (Figure 3) for applications processed. 

Statistical quality control techniques were 
chosen because of the failure of the traditional 
quality control model and a conviction that this was 
the only technique that had any hope of substan-

tially increasing product quality. Although the 
Irving Trust Company of New York City has used the 
technique since 1975 with great success, use of sta
tistical quality control for normal clerical opera
t inn ~ is still rare. 

To support the quality control plan and to pro
vide management information on the outgoing quality 
level of the Department's products, a standardized 
error reporting system was developed by William 
Hutchinson and Ms. Whitmarsh-Tomko. Before develop
ment of this system, error reporting had been done 
on a unit-by-unit basis without any standardized 
procedure or idea of the necessary sample size. 
There was no qualitative measure to the particular 
error: any type of error rendered the entire trans
action in error. 

In developing the standardized error reporting 
system, an error reporting study was done that 
developed a data base of all total possible errors 
that could occur in the vehicle title and registra
tion oyatcm. Error s were broken d~wn hy sPct.ion and 
were further divided into type, impact of severity, 
and frequency, and a procedure for standardizing er
rors was then developed. 

g UCL 
!'. 

II 
,{ ... 

LCL 

12 14 18 20 14 1b 28 

OCTOBER. 198 3 

FIGURE 3 Data entry p-chart. 
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OPERATOR ERr<OR/SAMPLE 
------·---

SUP . 0/(1 

122 3/140 
102 6/140 
103 1/ 135 
104 b/135 
RET 0/30 
106 3/130 
121 4 /135 
113 0/25 
RET 0/35 
115 1/140 
118 0/140 
119 0/20 
120 5/125 

TOTAL ERROr,s 29 
TOTAL SAMPLE 1330 

PROCESS AVERAGE! 2. 18 
PROCESS CAPABILITY: 2.18 

PERCENTAGE 
-------
(l 

2.14 
4.29 
.74 
4.44 
0 
2.31 
2.96 
0 
(I 

.71 
0 
(l 

4 

Q-SCORE 

(l 

70 
61 
76 
61 
74 
70 
67 
74 
74 
76 
79 
73 
63 

FIGURE 4 Section report giving errors and quality score by 
operator. 

Four error-type categories were established: 
typing, document mishandling, judgment, and machine. 
All errors were assigned to one of these four types. 
The error types were divided by impact. Impacts were 
either public or system. An error affects the public 
if it produces a product that will not satisfy a 
customer's expectations. All other errors are sys-

EIAll!N!N& D!YISHMI 
IIEEk ENDED: 84108103 

DE&REE DF 
!lfACT ERROR DESCRIPT!IMI 
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tern impact errors; that is, they delay the flow of 
documents and create additional work. 

Finally, errors were then grouped according to 
their severity. Each was placed in an impact clas
sification, which is different than the impact type 
in that it gives the degree of impact the error has 
on the system. Three classifications were used: 
er itical, major, and minor. Critical defects will 
affect usability, major defects might affect usabil
ity, and minor defects will not affect usability of 
the output piece (!.l• To distinguish between errors 
and different impact classification, each was as
signed a numerical weight, where er itical = 10, ma
jor = 5, and minor = 1. Although any weight can be 
assigned to the classifications, these numbers give 
sufficient distinction among classifications and are 
generally considered satisfactory (.!_). 

Once grouped by error type, impact type, and im
pact classification, it was necessary to develop a 
means for standardizing errors. All sections cannot 
commit the same number of possible errors; there
fore, a procedure was developed to put all sections 
on an equal error scale. The net result was an error 
conversion number assigned to each error. The error 
conversion number will be higher per error for sec
tions capable of committing few errors and lower per 
error for those capable of committing many errors. 
The importance of the error conversion number lies 
in its balancing out the probability that the sec
tion capable of committing many errors will commit 
more than one capable of committing few errors. 

NE!&HTED 
FACTOR 

NORk COIWLETED: 47273 
SR"1LE SIZE: 1180 
ERROIIEO APPS.: :S. 
AY& , ERRORS PER APP. : I , 14 

ERROR 
FREQUENCY 

NEIGH! 
ADJUSTED 
ERROR 

----·-··--------~----------.----------~--~-----...... ·-·-·--------------------------------------
YTR, IAII ERRDRED APPS: 5 

AVG. ERRDRS PER APP: I, 2 

CRll!CAL I. incorr,ct 11k1 cade o.m 0 0.000 
2, lncarroct r1gi1tr•tian 11pir1tian o.m I o.m 
l. incarrKt title cadt o.m 0 0.000 
4. flllurt to rtjtct for 1ddltian•I ftt o.m I o.m 
5. fliluro ta rtject for proof of ••ntr1hlp o.m 0 0.000 
6. incorrect tog tvp• cad• o.m 0 0.000 
7, incorrtct co1pl1tion of h.11 print o.m 0 0.000 
8. incarroct output indlcotar o.m 0 0.000 
V. un1uthorind 1ining ipplic1tion o.m 0 0.000 
10, •PP ln11rhd in •rang bitch o.m 0 0.000 
11, OTHER o.m 0 0.000 

SUBTOTAL 

IIAJOR 12, incarr1et tot.ling al foe 0. 156 0 0. 000 
tJ. lncorrMt rejection code 0.156 0 0.000 
14, unn1cnury rejection 0.156 0 0.000 
15. unnrcnury r1j1ttlan, should be 1p1cl•l h•ndl 0.156 0 0.000 
16. flllur• to cad• far 1p1eiol hondllng 0.156 0 0.000 
17, hil to rtj /other th•• 111 or pr! of ONntrshp 0.156 o.m 
18. OTHER 0.156 0.000 

SUBTOTAL 

NINOR 1q, 1b11nc1 af r1quir1d trr cde on rej/not checkin 0. 031 0.000 
20. rtjtetlon •nd 1pocl,I hondling Hrk1d O.Oll 0 0.000 
21 , r1card1d incorrect ht O.Oll 0 0.000 
22, incarroct uln In co,puhtlon O.Oll 0 0.000 
23. mardtd lot not roquirod 0. 031 0 0.000 
24, incarrrct tr•nuctlan codt 0.031 I O.Oll 
25. 1111 uro to rocord rtquired f11 0.031 0 0.000 
26. hiluro to shop ID nulber 0.031 1 0.063 
27, incarr1<t 1ptchl h1ndlin9 uror cod, 0. 031 0 0.000 
28. hilura to code 11H9tlon r111on nulbtr O.Oll 0 0.000 
~. hilurt to code uncDHOn Hkt 0.031 0 0.000 
30, r1card1d f11 in incarr1ct pllct 0.031 0 0.000 
JI, •rang proc ft1 rtnon cd1/hil to cd1 runn 0. 031 0 0.000 
32. OTHER 0.031 0 0.000 

SUB10111l 

SECIIIMI TOTAL 

FIGURE 5 Section report by error type, frequency, and impact. 
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The error conversion number is used along with 
the impact classification weight and a specific er
ror frequency (error frequency data being gathered 
through quality assurance sampling) to calculate a 
weight adjusted error. The computation (Error fre
quency x Error conversion x Impact classification 
weight) is simple multiplicat i on and gives an ad
justed error rate that can be compared across divi
sion and section lines. The higher the magnitude of 
the weight adjusted error, the more serious are the 
implications of committing that error. 

This information is presented in a hierarchy of 
four formatted reports based on organizational 
level, section, division, summary, and management 
summary error reports. Each successful report repre
sents t he data in a manner useful to different 
levels and applications of management (see Figures 
4-7). 
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This system began in September 1983 after inten
sive training of managers, supervisors, and lead 
workers by the quality control staff. The system 
has been on-line for only a short time, and the re
sults are not readily available. Information from 
this system can now be used by managers and super
visors to gauge the quality performance of the title 
and registration system and for development of tar
geted r emedial training cf staff and agents . I n ad
dition, the data are being used to program system 
enhancements for quality improvements. 

PennDOT believes that this system holds a lot of 
promise. Its success with the most error-prone sys
tem will mean extension of statistical quality con
trol to other traffic records systems. In driver 
licensing, PennDOT is just beginning to study the 
possible use of statistical quality control method-
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FIGURE 6 Weekly summary report for full quality control reporting. 
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FIGURE 7 Summary report. 
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ologies to improve the quality of Pennsylvania 
drivers. 

These Migs are just a sample of the smaller MIS 
used to operate the driver and vehicle record sys
tems. Although these are specifically pertinent to 
Pennsylvania, the concept is applicable to any ju
risdiction. 

These systems have enabled Department management 
to focus on pertinent and highly relevant problem 
areas. They have helped measure and guide solutions. 
The greatest gift, however, has been time. With thP. 
operating systems working fairly efficiently, less 
time is spent by traffic records managers solving 
crises. Oftentimes these small MISs highlight prob
lems well in advance of the crises stage while their 

7 

solution is still fairly simple and quick. In addi
tion, the data from these systems often point to the 
solution. 

With management time available, instead of con
sumed by endless rounds of "firefighting," managers 
can structure, plan, and nurture that other part of 
traffic records--the safety MISs. 

REFERENCE 

1. D.H. Besterfield. Quality Control: A Practical 
Approach. Prentice-Hall, Englewood Cliffs, N.J., 
1979. 

Pennsylvania Driving Under the Influence Extra 

Enforcement Grants: How Traffic Records Can 

Assist a Highway Safety Program 

BRADLEY L. MALLORY 

ABSTRACT 

From 1982 through 1983 the Pennsylvania De
partment of Transportation has funded 25 
driving under the influence (DUI) extra en
forcement grants. These grants consisted of 
patrol units of one or two officers dedi
cated solely to enforcing DUI laws. The 
hours of operation of the units, generally 
10:00 p.m. to 4:00 a.m. on weekends, were 
suggested by data contained in Pennsyl
vania's accident records system. The 25 
counties that received grants were identi
fied from data contained in Pennsylvania's 
accident records system. A highway safety 
planning tool called the municipal accident 
priority system was used to generate a list 
of Pennsylvania's 67 counties in descending 
order of their alcohol-related accident 
problem. Originally, proposals were solic
ited from the top 20 problem counties. Thir
teen counties responded and received grants. 
In the second phase proposals were solicited 
from the second group of 20 problem coun
ties. Twelve of these counties received 
grants. The extra enforcement grants have 
resulted in increases in total DUI enforce
ment levels, ranging as high as 410.53 per
cent. The cost per arrest under the grants 
ranged from $220.28 to $613.51 during the 
hours specified. Preliminary accident sta
tistics suggest that accident activity has 
decreased more in the municipalities with 
DUI extra enforcement grants than in those 
municipalities that did not have grants. 

This is encouraging, but further research 
will be necessary to more exactly determine 
the contribution of increased DUI extra en
forcement to decreased accident activity. 

There is general agreement in the highway safety 
community that an increased level of enforcement is 
the single most effective countermeasure to reduce 
the number of alcohol- and other drug-related acci
dents. The theory is that increased enforcement 
deters people from driving drunk by making them be
lieve that they will be caught if they do. 

The nationwide average level of driving under the 
influence (DUI) enforcement was approximately 1.8 
arrests per officer in 1982 according to NHTSA. Some 
highway safety experts have suggested that an aver
age of at least 2. 0 arrests per officer would be 
necessary to have any meaningful impact. However, 
there is little, if any, empirical evidence to sup
port this proposition. 

Enforcement rates vary greatly from state to 
state and even with in states. Pennsylvania has tra
ditionally been at the low end of the spectrum. Fig
ure 1 shows the DUI enforcement in Pennsylvania from 
1978 through 1982. The level remained fairly consis
tent through 1980 at or below 0,8 arrests per full
time officer. 

However, Pennsylvania's level of DUI enforcement 
increased 37 percent (from 0.84 to 1.15 arrests per 
officer) from 1980 through 1982. There are two main 
reasons for this increase. First, police officers 
and management were responsive to heightened public 
interest in the DUI problem. In response to this 
heightened interest, Governor Dick Thornburgh ap-
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FIGURE 1 DUI arrest rate for Pennsylvania, 1978-1983. 

pointed a Task Force on Driving Under the Influence 
of Alcohol and Other Controlled Substances in 1981. 
Two local police chiefs and the Pennsylvania StatP. 
Police Commissioner were Task Force members. 

The second reason for the state's improved arrest 
rates is a program specificall y designed to increase 
DUI enforcement. In its final report, the Gover
nor's Task Force recommended that DUI enforcement 
activities be expanded. The Task Force noted that 
data from Pennsylvania's accident records system in
dicated that most drunk driving and DUI-related ac
e idents occur red on weekends, during the late night 
or early morninq hours (see Figure 2). Usually, 
traffic -patrols "are assigned to peak traffic hours 
rather than those identified as peak DUI hours. 
Existing late-night patrols had heavy general er ime 
prevention duties that prevented them from focusing 
on DUI enforcement. 

EXTRA ENFORCEMENT GRANTS 

In Pennsylvania the highway safety program is admin-
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istered by the Pennsylvania Department of Transpor
tation (PennDOT). During 1982 the Department decided 
to create a series of DUI extra enforcement grants 
by using federal highway safety funds. The grants 
would pay the salaries of special DUI teams. These 
t~arns would conaiat cf cne- er +-,.,,.,,_,..,~4=1,...a..- p~+-..-ci 

units and would operate during peak DUI hours. No 
grant monies would be used for clerical, administra
tive, or equipment costs. 

There are 67 counties and more than 2,500 munici
palities in Pennsylvania. Few counties have county
wide traffic law enforcement units of the type found 
in manv states. Most local traffic law enforcement, 
including DUI, is conducted by municipal police. It 
would have been unwieldy to solicit grant proposals 
from more than 2,500 municipalities, process the in
formation, select the recipients, and administer a 
myriad of grants. As a result, countywide grants 
were selected for ease of administration and evalua
tion. The Department required a county project 
director for each grant. This project director would 
solicit municipal participation in their county and 
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FIGURE 2 Alcohol-related fatal accidents by hour of day, 1982. 
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coordinate the activities of these subgrantees. Lor
raine Novak of the Bureau of Safety Progranuning and 
Analysis of PennDOT provided overall program coordi
nation and direction. 

PennDOT solicited grant proposals from 20 coun
ties. These 20 counties were selected by ranking all 
67 counties by the severity of their DUI-related ac
cident problem. The ranking was developed from data 
contained in Pennsylvania's accident records system. 

ACCIDENT RECORDS SYSTEM 

The accident records system in Pennsylvania is a 
computerized file that contains data from all re
portable traffic accidents occurring in Pennsyl
vania. A reportable accident is defined by law as 
an accident that results in a fatality (within 90 
days), an injury to any person involved, or an acci
dent that results in damage to any vehicle to the 
extent that it must be towed away, 

Police officers are required by law to investi
gate all reportable accidents and submit standard
ized accident report forms to PennDOT. Data from 
these reports and other information sources are en
tered into the accident records system, Other 
sources include driver licensing files, vehicle 
registration files, coroner's and medical examiner's 
reports, the Pennsylvania roadway information sys
tem, municipal maps, and straight-line diagram maps. 
Analysts enter the data via a terminal directly into 
the computerized file. The information is auto
matically edited on entry for range, verification, 
and consistency. 

The accident records system contains descriptions 
in a standard format of each accident reported. This 
format contains almost 100 data elements that char
acterize various attributes of the accident, includ
ing vehicles and persons involved, weather and high
way conditions, and location information. The format 
provides sufficient detail to identify hazardous 
locations and to plan necessary modifications, It 
also generates the statistics necessary to plan 
safety programs. 

One of the accident records system tools used in 
planning safety programs is the municipal ace ident 
priority system (MAPS). This system ranks municipal
ities based on aggregated 3-year accident history. 
MAPS calculates mileage, population, and accident 
severity rates that are then compared with either 
countywide or statewide average rates and ratios. 
The ratios are combined to reach a final point as
sessment, This assessment is used to rank each 
political subdivision, either within its county or 
within the state. Counties may also be ranked ac
cording to their relative position within the state. 
A variety of rankings can be obtained by varying 
population or road-mileage parameters or by input
ting only certain types of accidents. 

The data contained in an accident priority list
ing by county are as follows: 

Accident Priority Listings by County for 19 _ to 19 _ _ 

COUNTY TOTALACC. TOTALMIL TOTALPOP. ACC/MIL ACC/POP 

-.-- -- ---. --

RAT/MIL RAT/POP RAT/SEY POINTS 

RAT/MIL is defined as the ratio of intensity of 
accidents per mile of highway in a county to the in
tensity of the state base (to two decimal places): 
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RAT/MIL= (ACC/MIL)/(BASE ACC/MIL) (!) 

RAT/POP is defined as the ratio of the rate of 
accidents per 100,000 population in a county to the 
rate of accidents per 100,000 of the state base data 
(to two decimal places): 

RAT/POP= (ACC/POP)/(BASE ACC/POP) (2) 

RAT/SEV is defined as the ratio of the average 
probable accident severity of a county to the aver
age probable accident severity of the state base 
data (to two decimal places). The average severity 
is determined by applying a calculated or relative 
severity point rating for each accident to the total 
number of accidents of that description. The totals 
for each accident description are sununed and divided 
by the total number of accidents to obtain the aver
age severity: 

RAT/SEY= (AVG SEV)/(BASE AVG SEY) (3) 

POINTS are the final basis for ranking. They are 
determined by adding the ratio of mileage rates to 
the ratio of population rates and multiplying by the 
ratio of average severity: 

POINTS= (RAT/MIL+ RAT/POP) x RAT/SEY (4) 

PROGRAM 

The application of MAPS to the Pennsylvania alcohol
related accident records resulted in a list of Penn
sylvania's 67 counties in descending order of their 
alcohol accident problem as indicated by the POINTS, 
Invitations to submit proposals for DUI extra en
forcement grants were sent to the top 20 accident 
problem counties. These invitations were mailed to 
county drug and alcohol, probation, or District At
torney's offices depending on the structure of the 
DUI program in the county. Detailed guidelines for 
the proposals specified that they should contain a 
brief problem statement, quantitative goals and ob
jectives (e.g., increase DUI arrests by 50 percent), 
program description, administrative detail, data
collection techniques, and a budget. 

Thirteen counties submitted proposals. After 
review and some supplemental information, all 13 
counties received DUI extra enforcement grants, The 
13 original extra enforcement grants were set at 6 
months duration and ran from September 1982 through 
February 1983. In March 1983 all 13 grants were ex
tended another 6 months through August 1983. In ad
dition, invitations for proposals had been extended 
to the next 20 counties in terms of accident prob
lems or identified by MAPS. Twelve of these coun
ties also began 6-month DUI extra enforcement grants 
in March 1983. The 25 counties selected and the 
amounts of their grants are given in Table 1. 

TABLE 1 Extra Enforcement Grants and Amounts 

County Amount($) County Amount( $) 

Allegheny 84,000 Delaware 4 9,9 20 
Armstrong Erie 4 9,920 
Beaver 50 ,835 Fayette 25,925 
Berks 25,920 Franklin / Fulton 27,000 
Blair 35 ,250 Lancaster 24 ,576 
Buck.s 33,280 Lebanon 56, 768 
llutler 29,6 36 Lycoming 
Carbon 24,336 McKean 54,536 
Chester 20 ,827 Schuylkill 29 ,280 
Columbia 17,880 WaJren 24 ,960 
Crawford 25 ,896 Wyoming l 5,552 
Dauphin 62,400 York 66,205 
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TABLE 2 Percentage Changes in DUI Arrests for 
1981-1982 and the Average Cost per Arrest 

Change in DUI Arrests Avg Cost per 
County 1981-1982 (%) Arrest ($) 

Berks +36.18 256.93 
Blair +9.17 373.87 
Carbon +137.50 221.94 
Columbia 11.22 291.32 
Crawford +57 .89 613.51 
Franklin +3.82 346.54 
Fulton +141.67 220.28 
Lebanon +64.18 275.95 
McKean +410.53 308.67 
Schuylkill +34. JO 351.37 
Warren +so 234.63 
Wyoming +153.8 391.40 
York +90.28 221.55 

The results of the DUI extra enforcement grants 
have been quite satisfying. The total number of DUI 
arrests in participating counties has increased as 
much as 410 percent. The data in Table 2 give the 
percentage increases in each of the original 13 
counties from 1981 to 1982. An average cost per ar
rest during the target hours (for a 6-month time 
frame) under the grant is also specified. 

The 13 DUI extra enforcement grants operative in 
the last 3 months of 1982 contributed to the im
proved statewide DUI arrest picture for that year. 
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Figure 3 shows that DUI arrests finally began to im
prove significantly in 1981 and particularly in 
1982, despite declining police personnel. 

The accident experience of the participating 
cOutlties and mu~icipalities has also been positive. 
The data in Table 3 give the percentage differences 
for types of accidents (e.g., alcohol, nighttime, 
fatal) between the first 4 months of 1982 and 1983, 
according to statewide accident records figures and 
data from municipalities that had DUI extra enforce
ment grants during that time period. 

CONCLUSIONS 

It is too early to make statistically significant 
statements about the impact of the grants on the 
frequency of alcohol-related accidents. The alcohol
related accident trends for the latter part of 1982 
and early 1983 are encouraging. Corresponding data 
for late-night fatal accidents indicate the first 
downturn in recent years. These reductions cannot 
be solely attributed to increased enforcement. Many 
other factors, including the formation of the Gover
nor's Task Force and the publicity surrounding its 
deliberations, can influence the accident trends, as 
can the enactment of a new DUI law. 

A target figure of two arrests per officer per 
year has been used in the past as a desirable goal. 
There appears to be no factual basis for this number 
in terms of producing a desired reaction in the num
ber of drinking drivers. Another rate commonly mea-
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FIGURE 3 DUI arrests in Pennsylvania, 1978-1983. 

TABLE 3 Percentage Change Between First 4 Months of 1982 and 1983 for Use in 
Evaluating DUI Extra Enforcement Grants 

Fatal accidents 
Injury accidents 
Property-du 1nage-011Jy accidents 
Total accidents 
Total fatalities 
Total injuries 
Alcohol accid~nts 
Nighttime acddcnts 

Change in Municipalities 
with DUI Extra Enforce
ment Grants Within the 
County(%) 

-23.33 
-6 .91 

-15 .55 
-I 0.55 
-24 .24 

-5.01 
-8 .93 

-17 .12 

Change in Municipalities 
Without DUI Extra En
forcement Grants Within 
the County (%) 

0 
-2 .7 

-10.65 
-5.72 
-3.06 
-3.31 
+2.74 
-9.58 

Change Statewide 
(%) 

-1.59 
-3.04 

-11.09 
-6 . l 2 
-4.48 
-3.44 
+J .54 

-10.16 

,.. .. .. 



sured is the number of arrests per 1,000 1 icensed 
drivers. Again there appears to be no identifiable 
rate at which a desired reaction in drinking drivers 
will occur. 

There is a significant lack of research on en
forcement rates versus the reaction of drivers. It 
may well be that there is indeed no ideal enforce
ment level and that rates of change in enforcement 
(or perceptions of change) may be the only factor 
that influences drivers. There is some basis for 
this hypothesis, in that early peaks of reaction are 
commonly seen in increased enforcement efforts with 
a subsequent rapid tailing off, even when higher en
forcement levels are maintained. The well-known En
glish experience is an excellent example. 

If research were to find that rates of change 
rather than actual levels of enforcement were pro
ducing the desired reactions in the driving public, 
this would have a significant impact on future en
forcement strategies. Lacking research on this 
topic, researchers must continue to strive for an 
ideal enforcement level that attempts to balance re
actions with resources. 

It is certain that increased enforcement must be 
accompanied by significant efforts. As stated at 
the outset of this paper, drivers must have a per
ception of taking a significant risk if any enforce
ment level or increased enforcement activity is to 
be effective. Even if DUI arrests were increased 
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1,000 percent, if drivers are not made aware of this 
fact, administrators should not expect much in the 
way of lasting impact on accidents or the frequency 
of drunk driving. Grants should be awarded with 
fanfare. Media cooperation in publicizing not only 
the grant but its results should be obtained. 

Publicity and increased enforcement must work 
together, as neither can stand alone to produce re
sults. Enforcement officials can say that they are 
going to arrest more drunk drivers, but if they do 
not do it, the public will soon know that they do 
not mean it. DUI extra enforcement grants coupled 
with effective public information and education at 
the local level should produce a meaningful reduc
t ion in alcohol-related accidents that can be 
further evaluated in the future. 

ACKNOWLEDGMENTS 

Special thanks to Lorraine M. Novak, John Kylor, and 
Harry E. Balmer, all of the Bureau of Safety Pro
gramming and Analysis at PennDOT, for their assis
tance in compiling the data for this paper; Sharon 
Mehlbaum and Deborah Snyder, also from the Bureau of 
Safety Programming and Analysis, for typing this 
paper; and to NHTSA for their support in funding the 
DUI extra enforcement grants. 

Data Needs for the Operation and Evaluation of 
New York State's Special Traffic Options Program for 

Driving While Intoxicated (STOP-DWI) 
CLARENCE W. MOSHER 

ABSTRACT 

The traffic records system developed by New 
York State in response to the Federal High
way Safety Act of 1966 met the basic needs 
of the 1970s. However, it does not provide 
the detailed data needed in the 1980s for 
evaluation of major safety programs. BY 
using the original traffic records systems 
as a base, New York State is developing a 
complex, multilevel, multiagency records 
system to collect data for evaluation of its 
Special Traffic Options Program for Driving 
While Intoxicated (STOP-DWI). This system 
makes maximum use of data from existing sys
tems administered by state, county, and lo
cal agencies. 

NHTSA, from the inception of the 402 Highway Safety 

Programs in the 1960s, recognized the necessity of a 
uniform traffic records program that was reliable 
and verifiable in each of the states. The system 
would need to be established and fully integrated to 
assess the relative impact of the various counter
measures undertaken in each of the other program 
areas in each state. As a result, the system was 
heavily reliant on crash-generated information and 
would facilitate before-and-after intervention 
studies that would measure the success of each pro
gram. 

The thrust of the program as such was adequate 
for programs in the 1960s and 1970s. However, the 
broad-based information network necessary to provide 
both baseline and intervP.ntion mP.111rnres for the ma
jor programs of the 1980s is not adequately covered 
by the traffic records systems established one or 
two decades ago. NHTSA has highlighted program 
evaluation for alcohol countermeasures and for re
straint use as priority programs for the current ad
ministration. The technology necessary for such 
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program assessment involves data retrieval systems 
of a complex nature, with accident records as just 
one portion of the whole, 

The ft:deral government realized the 1 .;ff'.; t-z+- i ,...."n 

of its own request of the states to uniformly update 
the traffic records capabilities when it established 
its Highway Safety Program guidelines. The stan
dards it established were only the basis for what 
would naturally follow in succeeding years. 

Four classes of information, most of which may be 
obtained routinely at state or local levels, com
prise the data base for all aspects of a coordinated 
federal, etate, and local traffic safety program, 
This information falls into the following sections: 
(a) data pertaining to drivers--their licensing, 
violation records, and financial responsibility; (b) 
vehicle data, such as make, model, and serial num
ber; (c) highway data on a milepost basis on 
bridges, structures, tangents, curves, intersec
tions, and traffic control devices; and (d) colli
sion data linked to the drivers involved in acci
dents, vehicles, and highway locations (!,p,l). 

The overall purpose of a traffic records program 
is perhaps best summarized by the House of Represen
tatives Report (N. 1700 89th Congress, 2nd Session, 
pp. 10-11): 

Uniform, complete, and accurate accident 
reports, stored in one center in every 
State, subject to rapid retrieval and 
analysis and compatible with a national 
record system at the Federal level, can 
tell us not only hew many accidents we 
have, but what kind of accidents they 
are, where and when they occur, their 
physical circumstances and the people, 
injuries, death and damage they involve, 
what emergency services and enforcement 
agencies responded and how, and what 
judicial actions rp,::::nlt-P;L to mention 
only the most obvious possibilities. 

The role of the traffic records program itself, 
as the keystone for the entire highway safety ef
fort, was described in that report as follows: 
"There is no other part of the State program as 
basic to the ultimate success, nor as demanding of 
complete cooperation at every jurisdictional level." 
The report goes on to state: "The effectiveness of 
the Traffic Records Program is its ability to pro
duce the information needed to support decisions for 
effective management of the total traffic safety 
program.• 

The system itself was designed pr imar Uy to as
sess the magnitude and volume of the highway traffic 
accident problem on a etate and local scale, 11.s 
such, the traffic records system would identify 
short-term changes and long-term trends in the mag
nitude and nature of traffic accidents. It was be
lieved that the traffic records system would provide 
salient information on high-accident locations and 
establish causal relationships in accident data, 
Further, it would assist in the assessment of be
havioral factors contributory to an accident, and as 
such lay the groundwork for the development of 
countermeasures and for evaluation of effectiveness. 

The federal government's guidelines included cau
tions that are applicable to these data. That is, 
that the information gathered must be compatible 
and, at the same time, not duplicative, regardless 
of its source both at the state and local level. In 
addition, the concern was expressed (in Report N. 
1700) that "adequate and accurate information for 
reliable statistical analysis must be available to 
assist State and local officials in safety program 
planning, prioritization, implementation and program 
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evaluation." It was and is important that the traf
fic records community remain aware that the agency 
that contributes information to the traffic records 
system may in fact be the user of ether information 
from that system at a later date. 

The cautions that NHTSA first voiced in the late 
1960s have become the watchwords for program devel
opment in the 1980s. Specifically they stated (1, 
Section IV, p.2): "In addition to the data inputs 
from a multiplicity of operating State and local 
agencies, each with its own functional objective, 
mode of operation, and jurisdiction, the Statewide 
t~affic records system must prnvin~ for brin~in~ all 
of the diverse inputs into mutual compatibility. It 
also must provide for the necessary outputs required 
by the user groups . " 

The federal government expressed concern that the 
information be reliable. That is, in an accident 
situation, regardless of the reporting system used, 
researchers have to be assured that data were being 
gathered for the same drivers, in the same vehicles, 
reported by the same police, at the same location, 
at the same time. 

It was also recognized by the federal government 
that many subsections of the overall system could be 
administered by and the responsibility of several 
different agencies. The entire scope of the system 
outlined by the federal government is shown in Fig
ure 1, 

Currently, because of a series of budgetary con
straints and program evolutions, the number of 
nationally recognized traffic record program initia
t i.ves has shrunken , The importance of traffic rec
ords as a cornerstone of Highway Safety Programs is 
clearly recognized. However, the information needed 
to plan, analyze, and evaluate highway safety cou11-
termeasures far surpasses information contained in 
the traffic records files of most, if not all, 
states. 

'T'h<> n11Hnn"l prinrit:iPs nf alcohol (drinking and 
driving) and occupant restraints involve issues be
yond simple crash-reported information. Analysis 
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must be of a scope and nature that is global to the 
entire traffic safety community and its environment. 
In any such analysis many questions and issues must 
be addressed. For example, is the individual who is 
not properly restrained and becomes involved in an 
accident representative of the overall driving popu
lation? How does the traffic records system account 
for the drivers who are drinking who do not get in
volved in accidents? Questions such as these must 
be examined in any broad-based analysis of highway 
safety issues. 

TRAFFIC RECORDS SYSTEMS AND NEW YORK STATE'S 
STOP-DWI 

In New York State the implementation of the Special 
Traffic Options Program for Driving While Intoxi
cated (STOP-DWI), which implemented some of the most 
significant recommendations of the Governor's Task 
Force on Alcohol and Highway Safety and a Special 
Senate Task Force on the same subject, caused the 
traffic records and highway safety community of New 
York State to address the issue of adequate and ac
cessible highway safety data. 

The STOP-DWI law, which became effective in No
vember 1981, gave county governments in New York 
State the ability to develop programs especially de
signed to affect the drinking driver at the county 
level. Under this law the county's programs would 
be user funded. That is, the convicted drinking 
drivers' fines pay for the program. The state has 
the responsibility for monitoring local program 
operation, providing technical assistance to locali
ties, and evaluating the administrative elements and 
impact outcomes of the program. Early in the de
velopment of the STOP-DWI program it became evident 
that New York's traffic records system, prepared in 
compliance with Standard 10 and the NHTSA Design 
Manual for State's Traffic Records System, was not 
comprehensive enough to meet the alcohol and highway 
safety needs of New York State. That system set the 
stage but could not meet all the requirements for 
full program evaluation of STOP-DWI. (A copy of 
Article 43-A of the New York State Vehicle and Traf
fic Law, which sets forth the broad scope of the 
program, is available from the author.) 

The empowering STOP-DWI legislation mandated that 
a full evaluation of the program be made before 
March 31, 1985, This evaluation effort has been 
developed to address both the administrative ele
ments of the program as well as the impact on acci
dent and injury statistics in New York State. 

Administrative elements of the program include 
such factors as number of arrests, length of time 
between arrest and disposition, efficiency of pro
cessing individuals through the system, or change in. 
volumes in probation. or treatment case loads. Gen
erally, administrative factors define measures of 
activity and efficiency in each of 58 programs com
prising 62 counties in New York State (57 counties 
plus New York City, which represent 5 counties). 

The evaluation of administrative and impact ele
ments of the STOP-DWI program requires an analysis 
of baseline data for calendar year 1981 (a full year 
before inception of the law) as well as from Novem
ber 1981 onward, Many county STOP-DWI program co
ordinators indicated that they would have little 
difficulty providing the operational data on a quar
terly basis, acquired after initiation of the new 
law in November 1981. However, many of the coordi
nators indicated they would have great difficulty in 
gathering data from periods before initiation of 
their program. Information was required on 1981 
arrests, adjudication, treatment, education pro
grams, and public information programs. (The base-
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line reporting forms used for 1981 are available 
from the author.) That kind of information, except 
for arrest and disposition data in the 10-county 
Traffic Safety Law Enforcement and Disposition 
(TSLE&D) system area, was not available in any 
state-level centralized file. 

In addition, although the accident files in the 
New York State Department of Motor Vehicles (DMV) 
provided the main data source for impact evaluation, 
changes in numbers, patterns, and types of accidents 
and other variables had to be examined to determine 
their relative relation to the changes in accident 
statistics. Variables examined included changes in 
the economy and the unemployment rate. 

The New York State Department of Labor provided 
statistics that, when correlated with the accident 
picture, indicated a general negative correlation. 
This tended to support the papers presented at the 
New York State Association of Traffic Safety Boards' 
(NYATSB) Conference in September 1981, which first 
established this correlation. However, relating the 
full impact of program performance to the DMV acci
dent file and to related data files from other agen
cies only represented a first step. 

The previously mentioned TSLE&D was originally 
established in a 10-county area in New York State 
(Figure 2). This system was established to meet the 
requirements in the Traffic Law Enforcement and Ad
judication (TLE&A) component of the state design 
manual. These 10 counties have the unique capability 
to examine complete arrest and disposition informa
tion. A uniform ticket is issued that can be traced 
from that point until final disposition. All rele
vant statistical information on the time frames from 
arrest to disposition, and final charge at disposi
tion, can be categorized by county, police agency, 
and court, so that patterns of adjudicative practice 
can be studied. This information may be integrated 
with the accident rec~rds program for those counties 
to establish what correlations, if any, may exist 
between patrol or arrest and accidents and adjudica
tion in terms of sentencing as it relates to arrest. 

Although 13.2 percent of the arrests and 12.3 
percent of the convictions in the state occur within 
the TSLE&D area, these 10 counties account for only 
7.4 percent of the state's population, 8.6 percent 
of the state's licensed drivers, and just more than 
14 percent of its roadway miles. This records system 
is extremely useful, and represents an important 
resource to answer a broad spectrum of alcohol and 
highway safety questions. However, even a system as 
comprehensive as TSLE&D provides only a portion of 
the information needed for the statewide evaluation 
of STOP-DWI. 

The evaluation of the STOP-DWI program is multi
leveled and multifaceted. It is expected that in
ternal measures of consistency will be developed to 
assure validity of information through the estab
lishment of mathematical models. The information 
needed for program evaluation relies on a great deal 
of data that will be obtained from many state agen
cies and 58 local sites, The precautionary notes 
contained in the Highway Safety Program manuals 
written 15 to 20 years ago still apply today. That 
is, the data must be consistent, and each contribu
tor must also be viewed as a potential user of the 
system. However, because of the greater levels of 
complexity of data, because of greater amounts of 
data in state and local files, and because of incon
sistencies of format between many files, the quide
lines established at that time require significantly 
more resources to provide for consistent and correct 
analyses of activities and trends. 

The New York State traffic records system was 
adequate to meet the needs of the early 1970s. It 
does not fully address current needs for data analy-
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FIGURE 2 Ten-county TSLE&D area. 

sis required by the STOP-DWI law. The current data 
needs relate to virtually every segment of the local 
alcohol highway safety system in each county in the 
state. Because of the legislative mandate under 
which the DVM is operating, the Department is at
tempting to establish a broader data system that 
will indicate, in discrete and measurable terms, 
STOP-DWI activities related to enforcement, ad j udi
cation, prosecution, education, public information, 
rch.:ibilit.:ition and treatment, and program adminis
tration. Carrying out this analysis will require 
acquisition of data from many local- and state-level 
sources. Clearly, no single existent traffic rec
ords system contains all elements required for such 
a broad analysis. 

STOP-DWI EVALUATION FRAMEWORK 

Now that the STOP-DWI program has moved into its 
second full year of operation, there are attempts to 
identify and address deficiencies in the state and 
local information network. As a first step, the Of
fice of Alcohol and Highway Safety (OAHS) identified 
six areas that generally reflect prog r am activity 
throughout the alcohol and highway safety system: 
demographics, accident data and blood alcohol con
tent (BAC) data, arrest (enforcement) data, convic
tion and n;~po~;r;~" (adjudication and treatment) 
data, education data, and public information data. 
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OAHS staff proposed that these six data cate
gories would provide the basic framework against 
which (a) specific program activities could be com
pared and analyzed, and (b) overall program trends 
could be identified over time. The scope of each 
area, as well as perceived deficiencies, are noted 
in the following sections. 

Demographics 

Demographics data include (a) population data from 
New York State through the federal Bureau of the 
Census, (b) population data from the New York State 
Department of Commerce, (c) road miles traveled as 
measured in miles of centerline roadway by the New 
York State Department of Transportation, (d) number 
of licensed drivers by age and sex and by county 
from the New York State DMV, and (e) number of 
registered vehicles by county, also from the DMV. 

In addition, integrated into this model are the 
related local highway safety grants, either ongoing 
or just completed, which will potentially affect 
program results. This information is submitted to 
the OAHS by the Governor's Traffic Safety Committee 
(GTSC). Such information is useful in assessing 
activity in specific counties. For example, if a 
county is receiving sizable Section 402 funds for an 
enforcement program that will at some point overlap 
the STOP-DWI enforcement effort, the impact of the 
Section 402 effort must be accounted for. 
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Finally, at various stages in the program surveys 
are being taken to assess public opinion, knowledge, 
and perceptions. Ideally, public surveys should have 
been administered before initiation of the STOP-DWI 
program. Because this was not done, surveys con
ducted in New York State have attempted and will at
tempt in future scheduled surveys to ascertain per
ceived changes in knowledge and attitudes about 
drinking and driving. 

The total body of information from these several 
sources will help to define a general demographic 
profile of each county. 

Accident Data and BAC Data 

Accident data and BAC data provide for a specific 
measure of alcohol and highway safety activity at a 
county and statewide level. Accident data and analy
ses obtained through standardized accident reports 
are now being integrated with coroner's reports on 
BAC and Department of Health reports on morbidity 
and mortality. Other than the Department of Health's 
contribution, the accident analysis of trends is ac
complished as it is recommended in the traffic rec
ords program manual and integrates all recommended 
portions of the system. However, New York State's 
data, like other states, has consistently indicated 
an underreporting of alcohol involvement. When the 
STOP-DWI program began, OARS observed an increase in 
enforcement training efforts and public awareness of 
the issue. It has been suggested that these two 
factors helped bring about more accurate reporting 
of alcohol-related accidents and of actual BAC 
levels. 

Arrest Data 

Arrest data provide a significant indicator of al
cohol and highway safety enforcement activity. The 
computer files at DMV contain a relatively complete 
conviction picture in the state. However, this file 
may not accurately depict actual levels of arrest 
activity because of the possibility of reductions or 
dismissals. Since implementation of STOP-DWI, many 
questions relating to arrest activity in New York 
State have been raised. As a primary measure of the 
program's activities throughout the state, there was 
a need to ascertain if alcohol-related arrests were 
increasing, and if so, at what rate. Such factors as 
time of arrest or police agency were also of inter
est. In addition, more sophisticated questions re
garding arrest activity and potential for accident 
involvement have been raised. Arrest data to answer 
such questions proved to be only fractionally avail
able. 

In New York State the State Police account for 
approximately 15 percent of the arrests. They do 
not patrol in New York City and they have their own 
record keeping system. The Division of Criminal 
Justice Services' (DCJS) Bureau for Municipal Police 
is responsible for the aggregation and analysis of 
arrest information from each police agency. However, 
DCJS must wait for reports to be filed by the local 
police agencies in the state. DCJS does not at this 
time have the personnel to fully verify the accuracy 
of data currently being reported to the Federal 
Bureau of Investigation (FBI). In addition, their 
file is primarily based on fingerprintable offenses 
that would include driving while intoxicated (DWI) 
(BAC of 0.10 and above), but not driving while abil
ity impaired (DWAI) (BAC between 0.05 to 0.09) 
cases. To further complicate the issue, the DCJS 
system is not tied into the DMV accident file. As a 
result, there is no assurance that multiple reports 
relate to the same event. 
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Each of the 58 STOP-DWI coordinators have been 
able to report on arrests in their counties as they 
received them from local police jurisdictions, if 
indeed they received them. It is believed that this 
direct reporting procedure will provide a somewhat 
more accurate arrest picture in each county than is 
currently available until TSLE&D is implemented 
statewide. Often there is agreement between the ar
rest files maintained by DCJS and the county-sub
mitted arrest data. But there can be a discrepancy 
of as much as 25 percent that, in larger counties, 
may represent approximately 2,000 cases. 

Although the importance of arrest data is recog
nized, the availability of such data in a timely and 
accurate format is difficult to ascertain on a 
statewide basis. The 10-county TSLE&D area is the 
only area in New York State that can provide a com
plete and accurate arrest picture. For the rest of 
the state, OAHS must rely on statewide files and in
dividual county reports to approximate arrest activ
ity. 

Conviction Data 

Conviction data provide for a summary of disposition 
of DWI and DWAI cases. Files maintained at DMV con
tain all such data reported by all the courts in the 
state. These files exist for the purpose of imposing 
legislated and regulated penalties for alcohol-re
lated convictions. Data contained in the files de
scribe fine levels, jail sentences, and recidivist 
activity. Although it is believed that this file is 
reasonably accurate, there are some deficiencies in 
its data as well. 

Except for the TSLE&D system in the 10 demonstra
tion counties and the administrative adjudication 
system operated by the DMV in New York City, Buf
falo, Rochester, and Syracuse, the state is totally 
reliant on the court of conviction filling out a 
form and submitting it to the DMV. It is admitted 
that some judges have not reported in years. The DMV 
does record actions against a driver's license, but 
any court activity that does not result in a convic
tion is lost. OAHS is able to secure that informa
tion only from TSLE&D files and from the State 
Police, which follow all tickets from issuance 
through disposition. All other activity is for the 
most part lost unless the county STOP-DWI coordi
nators can provide reports on court activity in each 
county. 

The specific interventions of probation or re
habilitation are important components of the state's 
conviction data. Convicted drinking drivers repre
sent the largest single population of individuals 
referred for probation. Likewise, a significant 
number of clients mandated for alcoholism treatment 
come from the DWI-convicted population. Information 
on individuals placed on probation or placed in 
alcoholism treatment as a result of DWI represents 
an important data element within New York State's 
total system. Part of this information exists in 
the DMV conviction file, but the majority of such 
records are housed in files maintained by the Divi
sion of Alcoholism and Alcohol Abuse (DAAA) and by 
the Division of Probation. Identifying the history 
of the individual who is arrested, convicted, re
ferred to probation, goes to a drinking driver pro
gram (DDP), and is referred to treatment requires 
access to files in at least five different agencies. 
The job of assuring that OAHS is following one indi
vidual throughout that system is a difficult, if not 
nearly impossible, task. 

The basic data in the conviction file provide a 
general review of fines and penalties imposed after 
conviction. Specific information relating to such 
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interventions as probation or alcoholism treatment 
requires significant cross analysis and validation 
between multiagency data systems. 

Education and Public Information Data 

The other two components defined for the evaluation 
are education and public information. Although it is 
possible to ascertain how many children are now re
ceiving alcohol and highway safety education, track
ing these individuals through a lifetime of driving 
is again difficult, if not impossible. In addition, 
assessing the relative merits of one method of edu
cation versus another has been debated for years. 
It is possible to count the number of public service 
announcements, the number of public speaking assign
ments , and the number of articles on accidents and 
arrests, but to assess how this affects driving is 
problematic. 

Although the New York State Department of Educa
tion maintains substantial amounts of data on such 
items as school enrollment, fiscal reimbursement 
formulas, and general levels of academic achieve
ment, specific measures of alcohol and highway 
safety education are again difficult to obtain, at 
least as OAHS begins to look for and plan to incor
porate this type of data in its evaluation system(s). 

Assessing the overall impact of public informa
tion activities presents similar problems. For ex
ample, although the number of public speaking 
activities or the number of newspaper articles de
voted to alcohol and highway safety in a locality 
can be itemized, there are still significant prob
lems in assessing the impact of any or all of these 
activities. 

SUMMARY: CURRENT SYSTEM AND LIMITATIONS 

Imp1ementat1on ot the New York State STOP-DWI pro
gram provided for the implementation of a statewide, 
multidisciplinary set of program interventions. Such 
a level of highway safety program activity was vir
tually unprecedented in such a short amount of time. 
The mandate to the DMV to carry out a thorough and 
comprehensive evaluation of the program has high-
1 ighted the need for a responsive and accurate high
way safety data system. 

The traffic records system put into place in New 
York State in the early 1970s provides a basis for 
broad analysis and general study. However, many 
data elements, other than those noted categories, do 
not exist in any one location. Files that define 
county demographics come from nonuniform data sys
tems. Files that reflect accident and BAC informa
tion exist but rely on accurate coordination with 
Department of Health files on morbidity and mortal
ity. In addition, accuracy of such files depends 
directly on accuracy of source documents filed by 
enforcement offices. Arrest data are only as ac
curate as source documents submitted by appropriate 
police agencies. Except for data in the 10-county 
TSLE&D area in New York State, arrest files are com
piled by submissions to the Bureau of Municipal 
Police in the DCJS. If these data are missing or 
inaccurate, there are few options at the state level 
to establish a complete file. Accuracy of record 
keeping at the local level, apart from the TSLE&D 
area, is not guaranteed. 

Conviction data exist in the centralized DMV' s 
file. However, evidence of dismissals or reductions 
is unavailable from that file, and only available 
from TSLE&D, as is information on such specific in
terventions as referral to probation or rehabilita
tion. 
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Consistent information on activities related to 
education and public information programs is among 
the most difficult to obtain. centralized data pro
vide for 011ly the most cursory review of county
level education incentives, The impact of public 
information efforts is likewise difficult or impos
sible to ascertain from any current state or local 
data system, and must be developed. 

FUTURE DIRECTIONS 

Althouqh the preceding summary of data needR ,mil 
data availability may appear somewhat discouraging, 
DMV has implemented several initiatives that, it is 
believed, will address the evaluat ion needs of the 
STOP-DWI program. 

During the past year analysts in the OAHS have 
established working relationships with many other 
agencies to begin to acquire and analyze data from 
other files. Although such data are often in formats 
different from DMV' s file formats, the Department 
has begun the process of verifying and enlarging on 
county-specific data files. County coordinators all 
across the state have begun to contact their local 
constituencies to recommend accurate and timely sub
mission of data to appropriate state agencies. 

Possibly the most important activity regarding 
accurate data acquisition has been implemented since 
passage of the STOP-DWI law. The OAHS in the Depart
ment of Motor Vehicles has developed a comprehensive 
data report that is intended to fill in, to as great 
a degree as possible, perceived deficits in the 
alcohol and highway safety information system. The 
Administrative/Impact Evaluation (AIE) forms have 
set forth an information reporting system that will 
provide discrete measures of activity throughout the 
local system. These forms require a local STOP-DWI 
coordinator to acquire directly at the local level 
significant amounts of data on specific elements of 
the local system. uaca have been requestea tor che 
baseline year of 1981 and for each quarter of sub
sequent years. (Copies of the quarterly STOP-DWI 
reporting forms are available from the author.) 

The OAHS believes that the AIE reports, submitted 
for each county, will provide a complete description 
of pre- and post-STOP-DWI activity. A cursory re
view of the forms indicates that a great amount of 
data is being requested and secured. In some cases 
the OAHS knows that local data will not be avail
able. In that event OAHS will attempt to provide as 
much information as possible from state files, while 
acknowledging their limitations. 

Despite the obvious shortcomings, a complex mul
tilevel, multiagency records keeping system is 
slowly coming into place. Will it answer all of the 
questions? No, not immediately, and perhaps it 
never will to OAHS's satisfaction, but it has come 
much closer to understanding alcohol's effects on 
highway safety. The same type of expanded informa
tion network may be essential to assess the impact 
of occupant restraints. An accident-based system as 
promulgated in the 1960s and 1970s, which provides 
the basic building block and which must be in place, 
is just that, a building block. It can give a por
tion of the picture of what happens on the road
ways. But without the remainder of the components 
in place in a verifiable and reliable manner, the 
degree that an accident is representative of the en
tire highway safety co!Mlunity is at best a matter of 
an educated guess. 

To answer the questions arising from an informed 
and knowledgable constituency, an expanded system of 
highway safety records must be developed and inte
grated in each state. Of course, each state must 
assess its own data subsystems and their ability to 
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be integrated into a comprehensive system before the 
implementation of new complex highway safety pro
grams. Without reliable and valid baseline data 
created by all the agents who are potential users 
and contributors to the system, accurate measures of 
success will be, at best, difficult. 

In New York State the Office of Alcohol and High
way Safety in the Department of Motor Vehicles is 
attempting to develop a complete data system in two 
general ways. First, OAHS is building on the foun
dation of the original traffic records system put 
into place years ago by integrating in consistent 
ways data from other agencies. Second, OAHS is 
requiring that each county coordinator submit de
tailed and accurate reports on all appropriate coun
ty-level alcohol and highway safety activity. In 
this way OAHS is using the best data available, 

either from the state or local systems, to carry out 
a comprehensive evaluation of the STOP-DWI program. 

OAHS believes that the total data acquisition 
model (Figure 3) will provjde the mo~~ comple~e and 
accurate picture of alcohol highway safety activity 
in New York State. Although this is not yet an 
ideal system, it is believed that the evaluation 
model and the data-acquisition procedures put into 
place will provide the best possible basis for the 
program assessment that must be provided to the 
Governor and the Legislature on March 31, 1985. 
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Meeting the Challenge of Traffic Information 

Systems 1n the 1980s 

MARK H. LARRATT-SMITH 

ABSTRACT 

The Transportation Regulation Program of the 
Ontario Ministry of Transportation and Com
munications (MTC) uses five distinct, but 
interdependent, information systems: the 
Driver Licensing and Control System, the 
Vehicle Registration System, the Motor Car
rier Performance and Enforcement System, the 
Traffic Accident Information System, and the 
program's internal Management Information 
System. The Vehicle Regist r at i on System has 
recently been revised in response to pres
sure from the public, police, and courts. To 
avoid future massive catch-up projects dic
tated by client dissatisfaction and ac a re
sponse to growing external demands and pres
sures placed on MTC's information systems, 
several initiatives have been adopted, in
cluding (a) establishment of a Systems Im
provement Office that oversees system main
tenance and improvement, (b) development of 
priorities for system activities, and (c) 
career training to familiarize all managers 
in MTC with the operation of information 
systems. 

The term traffic information systems is frequently 
defined in narrow terms to refer simply to data 
files that contain information concerning traffic 
volumes or accident information. As in so many other 
areas of government activity, the growth of informa
tion technology and the demands on the management of 

information systems that flow from it have inevi
tably rendered this narrow view of traffic informa
tion systems obsolete. 

By using the perspective of an organization with 
a range of responsibilities that includes all high
way users in the province of Ontario, it is proposed 
that, for purposes of this paper, the term traffic 
information systems be redefined to include all 
user-related data (excepting only that which is pri
marily related to the infrastructure of the highway 
system) as a prelude to discussing the challenge of 
the management of such systems in the years ahead. 

Within the Transportation Regulation Program of 
the Ontario Ministry of Transportation and Communi
cations (MTC), five distinct information systems 
have been identified: the Driver Licensing and Con
trol System, the Vehicle Rcgiotration Syctcm, the 
Motor Carrier Performance and Enforcement System, 
the Traffic Accident Information System, and the 
program's internal Management Information System. 

The Driver Licensing and Control System encom
passes the entire process of gathering, storing, and 
retrieving information about Ontario's 5 million 
licensed drivers, including the control and suspen
sion components related to convictions, demerit 
points, medical impairments, and nonpayment of fines. 

The Vehicle Registration System includes all as
pects of the collection, storage, and retrieval of 
information concerning the 5.2 million vehicles 
registered in the province of Ontario, including as
sociated taxation collection and audit components, 
police interfaces, mechanical fitness requirements, 
and certification of valid insurance. 

Although many of its elements have existed in 
manual form for many years, the Motor Carrier Per
formance and Enforcement System has only recently 
been defined as a coherent and distinct system that 
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is still in the process of being elaborated. In con
cept, it contains data related to all operators of 
conunercial motor vehicles who use Ontario's hig h
ways. In the future this system will include the 
classification of carrier, information on vehicles 
operated, and a wide range of reported infractions 
from safety violations through labor law, weight and 
dimension, registration, and operating authority 
convictions. 

As in many other jurisdictions, the Traffic Acci
dent Information System has existed in Ontario for 
many years, but it is suspected that the MTC is by 
no means unique in its relatively unsophisticated 
manner of using this system, which is, after all, 
the fundamental base on which all highway safety 
progranuning must rest. In Ontario considerable ef
fort has been directed to the development of usable 
information related to infrastructure safety (with 
significant safety results), but little has been 
done to develop a sophisticated method of using ac
cident data to direct safety programs that are aimed 
at the driver and the vehicle, This omission is 
particularly significant in that current research 
indicates that more than BO percent of all accidents 
are attributable to driver error. 

The program's internal Management Information 
System is also in a state of considerable change. 
The pressures that will be elaborated on in this 
paper have resulted in the expansion of traditional 
personnel and financial short-range budgeting and 
control information into a long-range planning and 
control system encompassing not only input informa
t i•.>n but also information on products produced, ser
vices rendered, and results achieved, 

As will be apparent from even this brief descrip
tion of the five general systems that are included 
in the broad definition of traffic information sys
tems, there is considerable interdependence among 
all five. The driver system incorporates accident
related data: the carrier system is being built on 
conunercial vehicle registration data and in the fu
ture it will increasingly need to incorporate rele
vant driver information: and the Management Informa
tion System monitors all of the resource inputs and 
product outputs relating to the other four systems. 

With this broad definition of traffic information 
systems, it is evident that the management challenge 
is a formidable one. This challenge is examined by 
first looking at the external environment that af
fects the traffic information systems. Next a spe
cific case, which involves the recent redesign of 
the entire Vehicle Reg is tr at ion System in Ontario, 
i s discussed as an example of the issues raised and 
the lessons learned from attempting to manage change 
in a large system under many of these external pres
sures. Finally, a review of some specific initia
tives that Ontario has under way for the future as a 
result of the lessons learned is presented. This 
information is presented, so far as possible, in a 
generalized fashion in order that it may be of maxi
mum assistance to other jurisdictions facing similar 
challenges. 

EXTERNAL ENVIRONMENT 

There are many external demands and pressures placed 
on government transportation departments to maintain 
accurate and effective information systems. These 
demands and pressures increase with the growing so
phistication of data systems. One example of the 
growth in sophistication of data systems in Ontario 
is evident in the recent decision by MTC to manage 
the denial of license renewals for nonpayment of 
motor-vehicle-related fines. Although MTC had pre
viously acted as an enforcement agency for the 
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courts on driver lic ensing issues, it has only re
cently begun to do the same for vehicle licensing. 

Another example of the growing complexity of data 
systems in Ontario is the increasing diversity of 
accident statistics related to types of vehicles. 
With the advent of new definitions in heavy truck 
and other vehicle categories, maintenance and analy
sis of accident statistics become more complex, and 
even more important for policy-related purposes. 

In addition to the growing complexity of the con
tent of systems, departments of transportation must 
also contend with the changing technologies of data 
systems. The growth of data records and systems en
compasses new information technologies such as 
microprocessors and distributed processing, all of 
which are in a constant state of flux. Managers of 
systems must therefore continually revise systems 
technologies as well as systems content to keep pace 
with information flows. 

Another environmental challenge to any traffic 
information system involves financial constraints 
that create pressures to find more efficient means 
of maintaining systems. The heavy pressures for 
greater organizational efficiency tend to feed the 
automation pressures, because the obvious, if at 
times superficial, attraction of automated technol
ogy is the perception that it will save organiza 
tions money and personnel. Too often this is not 
the case, and in exchange for a saving in clerical 
s taff an organization finds that it has been bur
dened with a fragile system that is expensive to 
maintain and whose shortcomings are extremely evi
dent to the public. 

Another factor that is closely related to finan
cial constraints is the increasing pressure on pub
lic agencies to justify the money that they are 
given. This pressure for increased accountability 
for decreasing funds is pushing public agencies 
heavily in the direction of program effectiveness 
evaluation, so that their activities can be either 
justified or eliminated. 

The term "program evaluation" finds expression in 
various ways in different jurisdictions, with "value 
for money auditing" being one particular term cur
rently in use in Ontario . Value for money auditing 
provides for the evaluation of all government pro
grams against their ultimate public benefit. Any 
such system is bound to include a high degree of 
subjectivity, but the exercise does stimulate a use
ful emphasis on the development and tracking of 
appropriate numeric indicators whose linkages to 
dollars spent, however soft, do tend to focus the 
debate on issues of public benefit. In this respect 
the subject of highway safety presents a fascinating 
challenge. Accident causation is an enormously com
plex subject, but focusing on linking programs to 
real-world results in terms of accident reduction 
has the potential of being a useful device in a 
field where the choice of progranuning initiatives 
has frequently been totally unrelated to any real 
analysis of potential benefit. 

A final external pressure that affects the man
agement of traffic information systems is the issue 
of fundamental rights. In Canada a Charter of 
Rights, which is somewhat analogous to the American 
Bill of Rights, has recently been adopted. In this 
respect Canada is just now starting to face issues 
that have been of concern to Americans for nearly 
200 years. Although the timing may be a little dif
ferent in this one respect, it is believed that the 
pressures associated with the adoption of the Cana
dian Charter of Rights and also with the extension 
of human rights legislation in Canada are similar to 
those that exist in the United States. The right to 
access information currently maintained by a public 
agency can create substantial costs and administra-
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tive complexities. In addition, freedom of informa
tion initiatives raise questions as to whether or 
under what conditions information should even be 
collected in the first place. In turn, these ques
t ions place additional pressure on justifying 
government programs that require the data collec
t ion, in terms of their impact and effectiveness 
from a broad public benefit point of view. The de
bate r ls ks becoming c irc1-1lar when agencies resort to 
collecting additional information to prove the ef
fectiveness of the programs that required the infor
mation that initially came under scrutiny. 

Also within the context of rights and privileges, 
the issue of freedom of information poses an addi
tional constraint on systems management. Newly im
posed rules for public access to information in many 
jurisdictions place government in the position of 
having to maintain tightened confidentiality on many 
i terns, whereas making freely available information 
that in the past has never been released. This 
greatly increases the complexity of the management 
task related to the collection, segregation, re
trieval, and production of information. 

ONTARIO VEHICLE REGISTRATION SYSTEMS PROJECT 

Turning from a general outline of the external fac
tors that pose a challenge for the management of 
traffic information systems, a recent Ontario ex
perience is presented that illustrates some of the 
practical difficulties involved when dealing with 
some of the broad environmental challenges pre
viously discussed, 

The Vehicle Registration Systems Project (VRSP) 
was formally completed on March 31, 1983, although 
certain details of implementation have carried on 
since that date. It has involved development of a 
new plate-to-owner system of license renewal; a 
staggered renewal of passenger and light commercial 
ven1c1es by owner birch dace or syscem generaced 
date; a complete on-line system to more than 300 
private agents across Ontario; a revised fee struc
ture, which is fee to plate with a flat fee; a turn
around document that is mailed to vehicle owners in 
advance of their renewal date; and the capability to 
deny registration renewal of the offending or re
placement plate for nonpayment of parking viola
tions. The project itself cost approximately $11. 8 
million and involved the complete rebuilding of the 
previous vehicle registration system. It has been 
the largest systems project ever undertaken by the 
Ontario government and the biggest motor-vehicle-re
lated project in North America in recent years. 

MTC became involved in VRSP in order to replace a 
poorly operating automated batch registration sys
tem. The inaccuracies and especially the delays in 
recording transfers on this system caused a high 
degree of frustration for the police community and 
the courts. In the case of the police, the system 
did not meet the requirement that a license plate 
should provide an accurate pointer to the owner of a 
vehicle. This pointer is a major investigative tool 
for all police work, not just for highway-traffic
related law enforcement. At the same time the court 
system wanted an increased requirement for an accu
rate identification system that could permit denial 
of registration for nonpayment of parking fines by 
vehicle owners as an alternative to the expensive 
and unpopular process of executing summons and ul
timately putting recalcitrant offenders in jail. Al
though not a primary motivator in undertaking the 
project, the unhappiness of the general public over 
long annual lineups for registration renewal was 
also a factor in the planning of the project. 

What is significant about this description of the 
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genesis of VRSP is that, in effect, MTC had lost 
control of the system. It was the users and their 
unhappiness with the system that became the generat
ing force for change rather than the organization's 
own initiative, including its determination of what 
it could feasibly handle without major disruptions. 
In retrospect, this loss of control before initia
tion of the project had extremely important effects 
en the costs and compleKity of the project itself. 
It has also led to a strong determination by MTC 
that, through anticipatory planning and attention to 
user needs, the Ministry will ensure that it never 
again enters into a massive catch-up project where 
client dissatisfaction leads to dictated solutions. 

Another important and related aspect of this 
project was that the external pressures involved 
were related entirely to service improvement. The 
simplistic notion that automation saves money became 
a factor in many people's mind, particularly in the 
central agency responsible for budget control. This 
not only meant a continual need to explain what in
deed the program was about, but it caused difficul
ties for everyone when severe financial constraints 
within the Ontario government coincided with the 
final implementation of the system, which was then 
fully committed and which involved expensive new 
services (many of which were impossible to cost-out 
in advance) • 

VRSP was implemented over a period of 4 years and 
involved approximately 40,000 person-days. On the 
whole it has been a successful program, in that it 
was implemented on schedule with relatively little 
negative impact or adverse reaction from the public. 
It is, however, a qualified success because the sys
tem is still not fully in place in terms of some be
hind-the-scenes adjustments that are still being 
made. In addition, the cost estimates have grown 
significantly from the beginning of the project, and 
they are well above the expectations of the agencies 
involved. 

A number of che 1essons 1earnea trom VRSP are 
useful in a discussion of the challenges facing man
agers of traffic records in the 1980s. The first 
lesson that emerged from this particular project 
was the notion that an information system of this 
type must clearly identify its users and their 
needs. It must do this on a regular and ongoing ba
sis. It must also set priorities for those needs and 
clearly articulate what can and cannot be achieved 
within identified time and dollar constraints. Fi
nally, the information system must force clients, 
particularly other government agencies, to partici
pate fully in a justification of the public benefits 
of their wish lists. 

Another rather important lesson that MTC has 
realized from the VRSP experience is the nP.eci to 
build total systems expertise into any organization 
that is managing traffic records. As automation be
comes an important part of information systems, or
ganizations appear to progress through a number of 
identifiable evolutionary stages. Typically, this 
evolution starts with a fascination with the hard
ware itself. Once the computers have been installed, 
preoccupation gradually shifts to the programming 
task. At this stage the software experts become in 
effect the "high priests• of the system. A third 
stage has become apparent recently with the trend 
toward so-called user friendliness, which has dimin
ished the need for highly specialized systems pro
grammers within organizations. This stage has ex
panded the focus to broad-based systems analysts who 
can deal with issues relating to the overall manage
ment of systems and particularly with the people 
components that are, after all, the most complex and 
difficult to manage. The final stage of this evolu
tion is to regard the entire operational management 
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team as part of an organization's systems expertise, 
so that there is not a gulf placed between those who 
run the system and those who alter it. 

At the outset of VRSP, MTC had not progressed 
much beyond the second or programmer preoccupation 
stage. It was discovered that the organization had a 
dirth of broad systems expertise and that it tended 
to underestimate both the capability of the opera
tional people to do systems work and their indispen
sability in keeping the previous system running 
while the new one was being built. As a consequence, 
the Ministry became more dependent on highly spe
cialized consultants than would have been desir
able. Although consultants are essential to any 
large-scale systems project because of their ability 
to provide a pool of highly specialized talent on an 
ongoing basis, they need to be contained within a 
strong and tightly controlled organizational matrix 
to ensure that their talents are appropriately di
rected and that the results of their work are appro
priately transferred to operational staff. 

Another important lesson arising from VRSP in
volves the need for a much clearer understanding of 
the critical role that the selection and management 
of a systems project methodology plays in the suc
cess of a project. For VRSP, the Ontario government 
used an existing technology entitled Spectrum. Al
though the methodology provided many benefits to the 
project, in the end it proved inadequate. It tended 
to focus unduly on the production of detailed infor
mation rather than placing emphasis on critical de
cision-making points. 

In addition, Spectrum proved to be linear in con
cept, whereas recent developments in systems tech
nology, as well as the pressure of meeting imposed 
deadlines, led MTC to adopt an iterative or inter
active approach to project tasks. In effect, because 
of the delay of certain key policy decisions, much 
of the detailed design, programming, and testing 
took place virtually simultaneously. One of the spe
cific conclusions that emerged from this project, 
therefore, was that for any large systems project, 
time should be taken to devise a custom methodology, 
or at the very least, to carefully and thoroughly 
adapt an existing methodology to the requirements of 
the project. 

ONTARIO'S RESPONSES TO ENVIRONMENT AND EXPERIENCE 

Given the Ministry's experience with VRSP and its 
assessment of the environmental challenges facing it 
in the latter 1980s, MTC has devised a number of 
initiatives to deal with the future management of 
information systems. 

One such initiative has been the formation of a 
Systems Improvement Off ice. This group, which is 
distinct from the government service organizations 
that supply computer time and programming support, 
reports to the senior operational management respon
sible for operating all of the systems that have 
been described in this paper. Its mandate is the 
maintenance and improvement of these systems under 
the direction of operational managers. The office 
currently has a complement strength of 31 positions. 

There are two aspects of the creation of this 
group that should be emphasized: funding and con
trol. With respect to funding, there is an interest
ing parallel to the issue of preserving highway 
infrastructure. As in many other jurisdictions, 
highway engineers at MTC have developed a relatively 
sophisticated approach to highway maintenance based 
on the fundamental concept that, to build a road, 
sufficient funds must be allocated, not just to pre
vent its physical deterioration but also to make 
operational improvements that will maximize longev-
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ity before there is a requirement for massive and 
costly reconstruction. This same philosophy applies 
to traffic information systems. Especially with the 
advent of real-time on-line systems, such as the new 
VRSP, it has become imperative to put aside, on a 
continuing basis, a significant portion of the cost 
of the development of such a system for its mainte
nance and improvement. Within the $65 million budget 
of the Transportation Regulation Program, MTC is al
locating $3.6 million (as a minimum base level of 
funding) to the Systems Improvement Office to pro
vide all of the services related to systems mainte
nance and improvement that are required by opera
tional managers. 

The second point of emphasis with regard to this 
new office is the issue of control. The first prin
ciple here is that the Systems Improvement Office 
operates on a zero-based budget. In fact, the $3.6 
million budgeted for it is allocated among the 
operational managers responsible for each of the 
five systems that were identified at the beginning 
of this paper. To allocate this funding on a real
istic basis, MTC has developed a relatively sophis
ticated method of setting priorities for the needs 
of the individual systems. For a number of years 
now, MTC has had a functioning cyclical strategic 
planning process. One major component of this pro
cess is the development of an annual long-range plan 
with a 5-year horizon. In order to set priorities 
for systems, MTC has added an additional component 
to the long-range plan for each of the five systems. 
These systems long-range plans are developed after 
the general direction of the program has been well
enough established that they can identify the impli
cations of trends and changes of direction. The sys
tems plans are developed by the Systems Improvement 
Office under the supervision of a committee composed 
of the key operational managers and internal users 
of each system. Once these plans have been devel
oped, they are integrated into a series of priori
ties by the overall program and the available funds 
are allocated to each user area to purchase systems 
support. The user committees are also responsible 
for generally directing the work of the Systems Im
provement Office in undertaking developmental activ
ities that flow from this plan. 

A brief summary of current program priorities and 
attendant systems activities will help illustrate 
the way in which this approach is used. For the 
driver system, emphasis has been placed on increas
ing the sophistication of the driver improvement 
programs. This means that there will be a high pri
ority placed on improving MTC's capability of track
ing problem drivers in order to develop selective 
treatment strategies that will affect motivation and 
performance. Improved tracking will also generate 
effectiveness information for use in justifying 
either the retention or the alteration of programs 
that have a high degree of public sensitivity. 

Also for the driver system, the introduction of a 
photo driver's license in Ontario is under serious 
consideration. This innovation will obviously have 
significant systems implications. In preparation 
for such an initiative, MTC has been concentrating 
its efforts on necessary preparatory improvements to 
the existing system and on extensive evaluation of 
user requirements and system alternatives. 

The priorities that currently exist for vehicle 
systems center around the final implementation and 
maintenance of the new system that has just been put 
in place. As mentioned previously, MTC is also ex
tremely conscious of the need to stay ahead of de
mand in this field, so that attention is being given 
to identifying other areas of potential client 
demand. 

For the Motor Carrier Performance and Enforcement 
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System there appears to be an enormous potential 
demand for new information to be collected, main
tained, and retrieved in innovative ways. The 
development of a Commercial Vehicle Operators Regis
tration System, which would identify the operators 
of all trucks on Ontario highways, irrespective of 
ownership, lease arrangements, and so forth, has 
been recommended by groups studying both truck 
safety and economic regulatory reform. Systems ac
tivity in this field is focused at the conceptual 
stage in anticipation of a major effort. 

Extensive plans for the accident information sys
tem are currently being developed by MTC. As pre
viously mentioned, MTC has in Lhe pasL collected a 
great deal of information concerning accidents with
out using it to its fullest. The priority with re
gard to using accident statistics no longer lies 
with the traffic engineering function, but instead 
is used for the driver system where improved acci
dent analysis can, it is hoped, identify and justify 
opportunities for new programming. 

Another high priority with regard to the accident 
information system is in the development of a ser
vice capability for the evaluation of safety pro
gramming. With funds as scarce as they are current
ly, both in government and in the private sector, 
there is obviously a need to provide all those 
interested in highway safety with better support in 
assessing whether existing or proposed safety 
initiatives are effective. As the custodians of the 
accident system, MTC sees an obligation to assist 
everyone--from local community groups to industry to 
enforcement agencies--with data and interpretative 
help in focusing their efforts. Obviously, MTC's 
ability to help will be constrained by its own re
source limitations, but it · is anticipated that even 
a small start may show tangible results. 

The current direction of activity in the Manage
ment Information System also relates to concerns 
about effectiveness. It is commonplace to say that 
the difference beti·.'een business and g0\7 ernment is 
that only the former has a bottom line. One conse
quence of this has been that, over the years, it has 
been both more difficult and less critical to define 
the products of government than to identify those of 
a corporation whose survival depends on their prof
itability. For years governments have tended to man
age their affairs on the basis of inputs rather than 
on the basis of outputs. One of the beneficial re
sults of the recent constraints on government fund
ing at all levels has been to force changes to this 
particular form of management. These changes go 
under a variety of names in different jurisdictions, 
but the net result has been to focus on the planning 
and control of government programs against specified 
outputs as well as against resource inputs. Within 
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MTC there is a project under way that anticipates 
fully automating the operational planning and con
trol of all the resources and outputs of the Trans
portation Regulation Program. Although this particu-
1.ar internal management system may not be strictly 
speaking a traffic information system, it is essen
tial to the management of the traffic information 
systems previously mentioned. 

Thus far the discussion of MTC's response to both 
the environment and its experience has focused on 
two areas: the creation of a Systems Improvement Of
fice and the development of a capability for setting 
priorities for systems activities in the five iden
tified areas. 

A compliment to these initiatives is the under
taking of a long-term commitment to the development 
of systems literacy for all operational managers. 
The first steps in meeting this commitment involve 
undertaking the development of a training plan to 
provide greater familiarization to existing managers 
and a commitment within the context of a comprehen
sive human resources plan to ensure that managers 
who progress through the Ministry's ranks receive 
direct exposure to systems project work as part of 
their career assignments. 

CONCLUSIONS 

In conclusion, there are some key messages that On
tario can relay to other jurisdictions in the busi
ness of traffic information systems management. The 
first of these messages is that organizations should 
broaden their horizons when examining traffic rec
ords systems. These systems are so large and so 
pervasive that they can no longer be managed simply 
as specialized data bases that focus on specific 
functions. To attain maximum benefit from systems, 
uses should be articulated and should have set pri
orities as part of a total government approach to 

T,., .... ~A.;~",..,.,, operational control 
and systems literacy are key components of systems 
management and must receive attention not just in 
short-term organizational solutions but in an inte
grated longer-term approach to human resource devel
opment. Finally, it is crucial that systems are 
developed with the ultimate user in mind, so that 
the community at large may obtain maximum benefit 
from systems that are developed and maintained at 
public expense. 

On the whole, MTC has had some significant suc
cess in managing and upgrading its traffic informa
tion systems. Through consultation with other juris
dictions and the development of new systems ven
tures, MTC hopes to meet the challenges that lie 
ahead within this volatile field. 
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Severity of Large-Truck and Combination-Vehicle 
Accidents in Over-the-Road Service: 
A Discrete Multivariate Analysis 
THIPATAI CHIRACHAVALA, DONALD E. CLEVELAND, and LIDIA P. KOSTYNIUK 

ABSTRACT 

The severity of large-truck and combination
vehicle accidents was investigated by using 
1980 Bureau of Motor Carriers Safety data. 
The analysis was based on 19,263 accident 
involvements of such vehicles engaged in 
over-the-road operation. A two-stage dis
crete multivariate analysis procedure was 
used. The first stage involved selecting 
significant independent variables from 18 
candidate variables. The second stage in
volved modeling accident severity by using 
two independently estimated logit models, 
one for the probability of a reported acci
dent being fatal and the other for the prob
ability of a less-severe accident having 
nonfatal injuries. Differences in the effect 
of the variables for the four predominant 
truck types ( straight trucks, singles with 
van, singles with flatbed or tanker, and 
doubles) led to their separate analyses. The 
accident severity for each truck type was 
relatively simple, and most shared common 
variables and interactions: the main effects 
of type of collision (single-vehicle or col
lision with car or commercial vehicle), road 
class (number of lanes, median separation, 
and rural or urban setting), and environment 
(day or night, and road surface wetness con
dition). The interactions involving road 
class and environment, and road class and 
collision type, were usually important. No 
driver characteristics were found to be sig
nificant. Particularly severe accidents 
were collisions involving passenger cars and 
doubles, straight trucks, or loaded flatbed 
or tanker singles on undivided rural roads; 
collisions involving cars and van singles on 
undivided rural roads at night; and colli
sions involving cars and doubles on divided 
rural roads. 

Accidents involving large trucks and combination 
vehicles are of great concern to the public and to 
government agencies. The safety issue is more impor
tant than ever before because of the 1982 federal 
legislation that lifted restrictions that long 
barred the operation of some large combination ve
hicles in many states. A portion of the findings 
from a research effort concerning large truck acci
dents ( 1) is reported in this paper. The various 
characteristics that affect the severity of acci
dents involving at least one large truck or combina
tion vehicle are discussed. A discrete multivariate 
analysis of a national truck accident data set, in
cluding both variable selection and modeling, was 
carried out. 

Why one accident results in a fatality while 
another does not is the result of a complex interac
tion that involves the vehicles, the drivers and 
other occupants, the road, the environment, and 
chance. Because of such complexity, direct theo
retical work has not yet led to sufficient under
standing of the problem, and data developed from 
actual accident experience are analyzed in search of 
the important determinants of accident severity. 

A number of past studies (~-il compared the acci
dent severity of truck-tractors pulling one trailer 
(singles) and truck-tractors pulling two trailers 
(doubles) on the basis of their respective numbers 
of fatal or injury accidents per million vehicle 
miles of travel. Hedlund (2), in a study of the ef
fects of road class and vehicle weight on the acci
dent severity of collisions involving combination 
vehicles and cars, reported that the odds of a fa
tality varied significantly with the class of roads 
on which the accidents occurred. Two-lane rural 
roads were reported to have the highest odds of fa
tality, followed by four-lane rural roads and urban 
streets. Hedlund found no independent effect of 
vehicle weight. No reported studies that simulta
neously examine a larger set of possible contribut
ing factors have been found. 

DATA 

The 1980 Bureau of Motor Carriers Safety (BMCS) data 
file was used in this research. It contains the rec
ords of accidents that involved interstate carriers, 
subject to the U.S. Department of Transportation Act 
of 1966 (49 U.S.C. 1655), that resulted in death, 
injury, or at least $2,000 of property damage. Each 
accident involvement record includes information on 
the accident severity, the vehicle (cargo, number of 
trailers, body style, power unit), driver (age, 
years with company, hours on duty), environment 
(light condition, weather), road class (number of 
lanes, median separation), road surface condition, 
and accident characteristics. In all, 74 parameters 
are given for each involvement. 

There were 32,245 accident involvements of large 
trucks and combination vehicles reported to the BMCS 
in 1980. About 7 percent of these involvements re
sulted in at least one fatality, 54 percent in at 
least one nonfatal injury, and the remaining 39 per
cent in no injury but with property damage exceeding 
$2,000. Of these, 6,258 accidents involved vehicles 
engaged in local pickup and delivery service, and 
the other 25,670 accidents involved vehicles engaged 
in over-the-road operation. When these accident in
volvements were broken down by vehicle type, 3,099 
involved single-unit trucks (straight trucks), 
26,409 involved singles, 1,218 involved doubles, and 
1,519 involved tractors only or an unknown vehicle 
type. 



24 

METHODOLOGY 

variable Selection Procedure 

The objective of the variable selection was to 
select a set of significant independent variables 
from a large number of candidate variables. The 
variable selection criteria were based on three test 
statistics--the Pea-r son chi-squ.are (X~i , the 
total chi-square (QT), and the general i ?.ed Coch
ran-Mantel-Haenszel statistic (ClcMH) (~,2.). The 
procedure (~_) consisted of the following steps. 

1. For each candidate independent variable (V), 
a Pearson chi-square was computed to test the hy
pothesis of independence between V and accident se
verity by using 

XJ = L((Observed - expected)2 /Expected] (I) 

The first variable selected was the one that had the 
largest~ per degree of freedom. 

2. For each of the remain i ng variables (U), two
way tables were formed between variable U and acci
dent severity for all levels of the first variable 
selected. The statistic QT was then computed by 
using 

(2) 

where Si represents a matrix of the differences be

tween the observed and the expected frequencies under 
Ho for the hth of q tables, and ~his the transpose 

matrix of ~h· The null hypothesis for OT states that, 

for each of the separate levels of the covar iable 
set h = 1, 2, ••• , q, the response variable is dis
tributed at random with respect to the factor vari
ables. The variable selected was the one with the 
largest value of Q.r• In this context QT ,eflec:i:.s 
both the main effect of a specific variable and its 
interact ion with the previously selected variables. 
However, after the first few variables were se
lected, QT might lose its asymptotic chi-square 
property because of the rapidly increasing degrees 
of freedom and the thinning out of the data in the 
cells of the contingency table. When this happened, 
QcMH could be used in s tead because it is not af
fected by the thinning process. It reflects the 
average partial association effect of 
opposed to OT 's total con tri b u t i on, 
interactions with other variables . 
pressed as 

where 

q 

a variable, as 
which includes 

\lc:MH is ex-

G = L Gh (3b) 
h=l -

When using QcMH as the selection criterion, the 
variable exhibiting the largest value of QCMH was 
chosen. 

3. The procedure given in 2 was repeated until 
the list of candidate variables was exhausted. 

Model s for Acciden t Severit y 

The model form selected for the severity analysis 
was a pair of logit models for a polytomous severity 
variable whose categories (fatal, injury, and prop
erty damage) have a natural order. Continuous 
ratios, such as fatal accidents to all nonfatal ac-
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c idents and nonfatal injury accidents to property
damage accidents, have been shown by Fienberg (.!Q.) 

to possess the asymptotic properties that allow two 
loqit models to be estimated independently while re
taining the basic structure of the entire data set. 
The two legits were (a) that for the probability of 
fatal accident involvements and (b) that for the 
probability of nonfatal injury accident involve
ments. This model form was selected because, al
though fatal ace idents are the ones for which the 
best understanding is most desired, they account for 
only a small proportion of total accidents. A single 
estimated severity model will tend to predict severe 
accidents far less well than nonsevere accidents. 

In a recent study by Gimotty and Chirachavala 
(11), an estimated logit model for accident severity 
of passenger-car occupants almost always correctly 
predicted nonsevere injuries, but it correctly pre
dicted severe injuries less than 50 percent of the 
time. Another advantage of the continuous ratios is 
that the independently estimated legits can be rela
tively more simple than the single severity model. 
This is desirable because it is easier to interpret 
a simple model (10). The models for accident sever
ity can be repre~nted by 

P(fatal accident1an accident) = f(x 1 , x 2 , ••• ), 
and 

P(nonfatal injury accident1a nonfatal accident) 
f(x1 , x2 , ••• ) • 

In these calculations x1, xz, ••• are the inde
pendent variables. 

The logit models for a dependent variable (whose 
index i = 1, 2, and 3 designates fatal, injury, and 
property-damage accident involvements, respectively) 
can be represented by 

where 

j and k 

(4) 

(5) 

index levels of variables 2 
and 3; 
expected cell frequency; 
ratio of fatal to nonfatal 
accident involvements; it is 
called the fatality ratio; 
ratio of nonfatal injury to 
property-damage accident in-
volvements; it is called the 
injury ratio; 

W overall mean; 
Wz(j) - main effect of the jth level 

of variable 2; 
w3(k) main effect of the kth level 

of variable 3; and 
Wz3(jk) ~ interaction effect between 

the jth level of variable 2 
and the kth level of variable 
3. 

The models as represented by Equations 4 and 5 ex
press the probability of a fatal accident involve
ment given an accident involvement and the probabil
ity of a nonfatal injury accident involvement when 
the involvement is nonfatal. 

To ensure that the estimated logit models for the 
probability of a fatal accident involvement and the 
probability of an injury accident involvement are 
integral parts of the same contingency table, the 
following modeling estimation procedure was adopted. 
First, a log-linear model for a full contingency 

• 
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table was estimated to determine the intrinsic asso
ciations among all the independent variables. These 
associations were then included in estimating the 
legit models for the two probabilities. In estimat
ing the models, the total sample size of the con
tingency table was assumed fixed. 

VARIABLE SELECTION 

The 18 independent variables initially considered in 
the analysis are given in Table 1. They represent 
accident, vehicle, operational, driver, road, and 
environmental factors. Accident severity--the depen
dent variable--was defined to have three levels, as 
follows: 

1. Accident involvements that result in at least 
a fatality, 

2. Accident involvements that result in at least 
one injury but no fatality, and 

3. Accident involvements that result in only 
property damage that exceeds $2,000. 

TABLE I Candidate Independent Variables 

Variable 

Accident: accident type 

Vehicle 
Configuration 
Trailer body style 

Gross vehicle weight 
Load status 

Operation 
Trip length 
Cargo type 

Driver 
Age 
Years of employment 
Hours on duty before accident 
Scheduled time of driving 

Road 
Road class 

Road surface condition 
AcCldent on ramp 

Environment 
Rural or urban 
Light condition 
Time of day 
Weather 

Level 

Single-vehic1e , co11ision with car, collision 
with commercial vehicle 

Straight truck 
Semitrailer, double van, flatbed, tanker , 
other 

Empty, loaded 

Over-the-road, local 
General cargo, solid bulk, liquid bulk, 

metal, chemicals, other 

1-3 lanes or undivided, 4 or more lanes, 
divided 

Dry, wet, snow 
Yes, no 

Day, night 

Clear, overcast, rain, snow 

Ten of the 18 independent variables considered 
were found to be significant by the variable selec
tion process: accident type, vehicle configuration, 
trailer body style, gross vehicle weight, cargo 
weight, trip length, road class, road surface condi
tion, rural or urban environment, and day or night. 

The variables that were eliminated (at the 0.05 
significant level) were driver age, scheduled time 
of driving, time of accident, weather, and ramp ac
cident. Driver experience with the company and 
driver hours on duty were not significant at the 
0.01 level and were also eliminated. Cargo type was 
excluded from further analysis because it was found 
to be highly correlated with vehicle configuration 
and trailer body style. 

The problems of empty cells and the requirement 
of reasonable cell counts led to combining some of 
these 10 variables or the reduction of their number 
of levels or both. The six final independent vari
ables that were used in the subsequent modeling and 
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their univariate distributions are given in Table 
2. The vehicle-type variable consists of four cate
gories: large single-unit truck more than 10,000 
lb, truck or tractor with one van-style trailer, 
truck or tractor with one flatbed- or tanker-style 
trailer, and tractor pulling two trailers. These 
four vehicle types will be referred to as straight 
truck, van single, flatbed or tanker single, and 
double, respectively. [Not shown in the table is 
the trip-length variable (local versus over-the-road 
operations) • ] 

TABLE 2 Truck-Combination Accident Involvements by 
Variable 

No _of 
Variable Level Jnvolvements 

Accident type (V2) Single vehicle 9,891 
With car or motorcycle 10,398 
With commercial vehicle 4,031 

Environment (V3) Day and dry surface 9,389 
Night and dry surface 7,577 
Wet or snowy surface 7,891 

Road class (V 4) Rural, 1-3 lanes or undivided 7,925 
Rural, 4 or more lanes divided 8,400 
Urban streets 8,967 

Load status (VS) Empty 7,108 
Loaded 18,888 

Vehicle type Straight truck 774 
Van Semitrailer 13 ,566 
Flatbed or tanker semitrailer 6,959 
Double 982 

Note: Data c:1re from BMCS, 1980 , 

MODEL ESTIMATION 

Although a logit model that has seven categorical 
variables (six independent variables and one depen
dent variable) can be estimated, partitioning the 
data can yield a better understanding of the model
ing results. High-order interaction effects in a 
contingency-table analysis are usually difficult to 
interpret and typically occur in the situation where 
there are many variables or the data are unevenly 
distributed among the cells or both (~). 

The first partition of the data was by trip 
length (local versus over-the-road operations). 
These two types of operations differ significantly 
in the environment and operational aspects that may 
give rise to different severity patterns. Separate 
analyses were therefore carried out for local and 
over-the-road operations. Only the findings of 
over-the-road operation are reported in this paper. 
The next partition was by vehicle type because, when 
it was included as one of the variables in the 
model, a saturated model that exactly duplicated the 
contingency table was obtained. 

The model terms that were found to be significant 
for the four truck types for the two severity mea
sures are given in Table 3. In most models the main 
effects of accident type, environment, road class, 
the interaction between accident type and road 
class, and the interaction between road class and 
environment formed the basic common variable ef
fects. Detailed discussion of the significant main 
effects and interactions is presented for each 
vehicle type in the following sections. The main 
effects of the significant variables are highlighted 
as follows. 

The main 
and injury 
models (the 

effect of accident type on both fatality 
ratios was significant in all eight 

only such effect). Of the three accident 
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TABLE 3 Variables and Interactions in Severity Models 

FATALITY RATIO MOOELS 

Vehicle Type V2 V3 V4 vs 

Straight • • Truck 

Van Semi- • • Trailer 

FI at bed/Tanker I • Semi-Trailer 

Double • 

INJURY RATIO MOOELS 

Vehicle Type V2 v3 

Straight • Truck 

Van Semi- I • Trailer 

Flat bed/Tanker I • Semi-Trailer 

Double • • 
V2 - Accident Type 
V3 - Environment 
V4 - Road Class 
VS - Load Status 

• 
• 
• 
• 

V4 

• 
• 
• 

types, collisions with passenger cars always re
sulted in the highest fatality and injury ratios. 
The main effect of environment was significant in 
six of the eight models. Of the three environmental 
conditions, dry road surfaces at night usually had 
the highest fatality and injury ratios. The main 
effect of road class was significant in seven of the 
eight models. Of the three road classes, undivided 
rural roads usually had the highest fatality ratio 
for all truck types, followed by divided rural roads 
and urban streets. Hedlund (2) reported a similar 
finding on the effect of road class. For injury 
ratios, there was little difference between undi
vided and divided rural roads. Injury ratios for 
car-truck collisions on urban streets were as high 
as those on rural roads. 

The interaction between road class and accident 
type was significant for all six combination-vehicle 
models. For single-vehicle accidents, there was lit
tle difference in the fatality ratios on different 
road classes, whereas multiple-vehicle collisions 
had much higher ratios on undivided rural roads. The 
interaction between road class and environment was 
significant in four out of six combination-vehicle 
models. Fatality ratios for wet/snowy pavements 
were usually lower on divided rural roads than would 
be expected; d r y-sur f ace urban s t reets during t he 
day also had lower-than-expected fatality ratios. 

Severity for Straight-Truck Accidents 

There were 640 straight-truck involvements with com
plete information available on all variables. The 
models for straight trucks were the simplest of all. 
The fatality ratios for straight trucks are best ex
plained by the independent main effects of accident 
type, road class, and environment. The data in Table 
4 and Figure 1 give the fitted fatality ratios, 
which ranged from 0.003 to 0.67. The effect of acci-

• 

vs 

V2xV3 V2xV4 V2xV5 V3xV4 V2xV3xV, 

• • 
• • I I • 

• 

V2xV3 V2xV4 V2xV5 V3xV4 V2xV3xVI 

• • 
• 
• • 

dent type was such that fatality ratios for single
truck accidents, collisions with a commercial 
vehicle, and collisions with a car were 1:4:19. The 
effect of environment was such that fatality ratios 
for day/dry, wet/snowy, and night/dry were 
1: 1. 5: 2. 5. The effect of road class was such that 
the ratios for urban, rural divided, and rural un
divided roads were 1:1:5. Note that in this data 
set two out of five collisions between straight 
trucks and cars that occur on undivided rural roads 
at night on dry pavement can be expected to result 
in a fatality. 

The fitted injury-ratio model for straight trucks 
depends only on the accident type (Table 4). The 
fitted injury ratio for with-car collisions was more 
than twice that for either single-vehicle accidents 
or for with-commercial-vehicle collisions. 

Seve.rity for Van Semitra ilerB 

There were 11,748 accident involvements of van 
singles with complete information on all independent 
variables. Both the estimated fatality-ratio and 
injury-ratio models included the interaction between 
accident type and road class, the interaction be
tween road class and environment , and the main ef
fects of these three variables. The data in Table 5 
give the fitted fatality ratios, and Figure 2 shows 
these effects. Fatality ratios for this vehicle type 
ranged from 0.01 to 0.26. 

The interaction effect between accident type and 
road class on fatality ratios was such that, for 
single-vehicle accidents, the ratios for urban, 
divided rural, and undivided rural roads had a range 
from 1:1:1 to 0.7:1.6:1, depending on the particular 
environmental condition. For collisions with cars or 
with commercial vehicles, the differences in the 
ratios among these road classes were greater--from 
0.4:0.4:1 to 0.3:1:1. The fatality ratios were 

-
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TABLE 4 Estimated Fatality and Injury Ratios for Straight Trucks 

Road Environment Ace id. Type Fatality Ratio Injury Ratio 

Sing I e Veh. 0 .o JI, I. 13 
Dry Day With Car 0.259 2.69 

With Comm. 0.054 I. I 0 

Sing I e Veh. 0.036 
Rural Dry Night With Car o . 667 ,, 
Undivided With Comm. O. 139 

Sing\ e veh . 0 .023 
Wet/Snowy With Car 0.420 ,·, 

With Comm. 0.088 

Single Veh. 0.003 
Ory Day With Car 0.055 ,, 

with Comm. 0.012 

Si ng I e Veh. 0.008 
Rural Ory Night With Car 0. 143 • 
Divided with Comm. 0.030 

Single Veh . 0 .005 
Wet/Snowy With Car 0.090 ,, 

Iii th Comm. 0 . 018 

Single Veh . 0 .003 
Ory Day With Car 0.061 • 

With Comm. 0.013 

Sing I e Veh . 0.008 
Urban Ory Night With Car 0. 158 • 

With Comm. 0.033 

Sing I e Veh . 0 . 005 
Wet/Snowy With Car 0 . 099 • 

With Comm. 0.021 

trSame as entry above 

0.6 

rn single-veh 
Ill -.µ with-comm 
C: 
Q) D with-car 'ti ..... 
u 
u 
<I; 

.... 0.4 
<d 
.µ 
<d ~. 
I 
C: 
0 

~ 
Ill 
.µ 
C: 
Q) 

'ti 0.2 ..... 
u 
u 
< 
.... 
<d 
.µ 
<d 

"' 

>, 0 >, 

" C: H 
0 tll 0 
'- I '->, .µ >, 
<d Q) <d 
0 ;3: 0 

Urban Street Divided Rural Undivided Rural 

FIGURE I Estimated fatality ratios for straight trucks. 
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TABLE 5 Estimated Fatality and Injury Ratios for Van Semitrailers 

Road Environment Ace id . Type I Fatality Ratio Injury Ratio 

s ngle Veh . 0.023 1.01 
Dry Day w th Car 0.150 2.55 

w th Comm. 0.089 I. JJ 

s ngle Veh. 0.040 I. 31 
Rural Dry Night w th Car 0.2f,1 3.29 
Undivided w th Comm. o. 155 I. 76 

S ngle veh . 0.022 0.98 
Wet/Snowy W th Car o. 147 2. 46 

W th ConV!I. 0.087 I. 32 

S ngle Veh. O .034 I. 14 
Dry Day w th Car 0. 102 2.54 

w th Comm. 0.079 1. 36 

s ngle Veh . 0.049 I. 28 
Rural Dry Night w th Car o. 148 2 .86 
Divided w th Comm. 0. 11 5 1. 54 

s ngle Veh. 0.021 0.80 
Wet/Snowy w th Car 0.064 I. 77 

w th Comm. 0.050 0. 95 

s ngle Veh. 0.014 0.50 
Dry Day w th Car 0.035 2 .63 

w th Comm. 0 . 022 0.63 

S ngle Veh. 0.042 0. 54 
Urban Dry Night W th Car o. 106 l. 86 

w th Comm. 0.065 0.69 

s ngle Veh. 0.019 0.55 
Wet/Snowy w th Car 0.049 2 .91 

w th Comm. 0.030 0 . 70 
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FIGURE 2 Estimated fatality ratios for van singles. 
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usually the highest for undivided rural roads, fol
lowed by divided rural and urban roads. 

The interaction effect between environment and 
road class was such that, for all road classes, 
there was a much higher fatality ratio for dry pave
ments at night than for the other two conditions. 
This is particularly true in two-vehicle collisions. 
Day accidents on dry pavements had a higher ratio 
than did the wet/snowy condition for divided rural 
roads. For undivided rural and urban roads, the 
difference between these two environmental condi
tions was small. Of note is a relatively high fa
tality ratio for collisions with other commercial 
vehicles on all rural roads at night (0.16 for un
divided rural and 0.12 for divided rural roads). 
These are rare contrasts in which the with-car fa
tality ratio is not completely dominant for a road 
class. 

The fitted injury ratios for van singles are 
given in Table 5 and shown in Figure 3. The interac
t ion effect between environment and road class on 
injury ratios was such that, on all rural roads, 
there was usually a higher injury ratio at night 
than during the day on dry pavements; the latter, in 
turn, was much higher than under wet/snowy condi
tion. For urban roads, all three environmental con
ditions had similar injury ratios. 

The interaction effect between accident type and 
road class on injury ratios was that, for single-ve
hicle accidents, the injury ratios on urban, divided 
rural, and undivided rural roads ranged from 
0.5:0.B:1 to 0.5:1:1. For with-car collisions they 
ranged from 1.1:0.7:1 to 1:1:1. For with-commercial
vehicle collisions they ranged from 0.5:0.7:1 to 
0.5:1:1. 

Severity for Flatbea or Tanker Semitrailers 

There were 6,041 accident involvements of flatbed or 
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tanker semitrailers with complete information on all 
variables. The fatality ratios are best explained 
by a two-factor interaction between accident type 
and load status and a three-factor interaction in
volving accident type, environment, and road class. 
Th.e fitted fatality ratios are given in Table 6. 

The interaction effect between accident type and 
load status on fatality ratios was that for single
vehicle and with-commercial-vehicle accidents. 
Loaded flatbed or tanker singles had twice as high a 
fatality ratio as did the empty singles, whereas the 
fatality ratic for with-car collisions did not 
change much for loaded vehicles. Figure 4 shows this 
interaction effect on undivided rural roads. Loaded 
flatbed or tanker singles also had relatively high 
fatality ratios for with-commercial-vehicle colli
sions on all rural roads at night on dry pavements. 

The three-factor interaction effect among acci
dent type, environment, and road class on fatality 
ratios was such that dry pavements at night had a 
higher fatality ratio than did other environmental 
conditions for all combinations of accident type and 
road class. The only exception was with-car colli
sions on undivided rural roads, where there was 
little difference in fatality ratios for the differ
ent environmental conditions. 

The injury-ratio model for flatbed or tanker 
singles included the main effects of accident type, 
road class, and environment together with the in
teraction between accident type and road class. The 
data in Table 6 and in Figure 5 give the fitted in
jury ratios. 

The main effect of environment on injury ratios 
was that the night/dry condition had higher injury 
ratios than did the other environmental conditions. 
The interaction effect between accident type and 
road class was that single-vehicle accident severity 
on both types of rural roads was almost 50 percent 
higher than that found on urban roads. With-car col
lisions on undivided roads had a similar ratio to 
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FIGURE 3 Estimated injury ratios for van singles. 
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TABLE 6 Estimated Fatality and Injury Ratios for Flatbed 
or Tanker Semitrailers 

•atal ity Ratio 
Road Environment Ace id. Type Injury Retie 

Empty Loaded 

S ngle V~h . 0 . 037 0 . 072 0 .78 
Dry Day W th Car O. 153 o. 170 2. 3 I 

w th Comm. 0 . 046 0.095 0.96 

s ng I e Veh. 0.047 0.094 1.03 
Rural Dry Night W th Car o. 150 0. 166 3.05 
Undivided W th Comm. o.u6~ u. 14.l 1. 28 

s ngle Veh , 0.008 0 . 016 0 . 67 
Wet/Snowy w th Car o. 155 0 . 172 1. 98 

w th Comm. 0.035 0 . 071 0.83 

s ngle Veh. 0.029 0 .058 0 . 74 
Dry Day w th Car 0 .086 0 . 096 2. 22 

W th Comm. 0.033 0. 068 1. 23 

S ngle Veh . 0 . 039 0 . 078 0 . 98 
Rural Dry Night W th Car o. llo2 o. 158 2 ,93 
Divided W th Comm. 0 . 069 o. 142 1.63 

S ngle Veh. 0.005 0,01 I 0.63 
Wet /S nowy W th Car 0 . 0lo6 0 . 051 1.90 

w th Comm. 0. 0.3 0.087 1. 06 

S ngle Veh . 0 . 002 0.004 0.51 
Dry Day W th Car 0.054 0.060 2. 23 

w th Comm. 0.026 0 , 054 0.51 

s ng I e Veh. 0 . 023 O.Olo6 0.67 
Urban Dry Night II th Car 0 . 103 O. I 14 2.96 

II th Comm . 0.028 0.058 0 . 67 

S ng I e Veh , 0 . 016 0.033 O.lo4 
Wet /S nowy W th Car 0.0•9 0.054 I. 92 

II th Comm . 0.000 0 . 000 o ... 
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those on other roads. The injury ratios for with
commercial-vehicle accidents on urban, divided 
rural, and undivided rural roads were in a 0.5:1,2:l 
proportion. 

Severity for Doubles 

There were 834 accident involvements of doubles with 
complete information on all variables. The fatality 
ratios are best explained by the main effects of ac
e ident type and road class, and their interaction. 
The data in Table 7 and in Figure 6 give the fitted 
fatality ratios, which ranged in values up to 0.22. 

'l'lle interaction effect l.Jetween dCC Went type and 
road class on fatality ratios was that, for single
vehicle accidents, the ratios on urban, divided 
rural, and undivided rural roads were about 2 : 1 : 1. 
For with-car collisions they were about 0.2:0.9:1. 
For with-commercial-vehicle collisions they were 
0 :0.6:1. 

The injury ratio for doubles is best explained by 
two complex interactions involving road class with 
accident type and environment. The data in Table 7 
and in Figure 7 give the fitted injury ratios. Of 
interest is that the injury ratios for two-vehicle 
collisions on wet/snowy urban streets were extremely 
high (4,8 for with-car and 2.6 for with-commercial
vehicle collisions) • Two-vehicle collisions on dry
surfaced divided rural roads at night had consider
ably higher inJury ratios than did those on 
undivided rural roads. Doubles are the only truck 
type of which with-car collisions on divided rural 
roads had a considerably higher injury ratio than 
did those on undivided rural roads. 

SUMMARY AND DISCUSSION OF RESULTS 

Of the 18 candidate accident, driver, vehicle, road, 
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FIGURE 4 Estimated fatality ratios for flatbed or tanker singles. 

iii .. 



lll 
µ 

" QJ 
'Cl .... 
8 3 
<t: 
QJ 
t,, 

"' ~ 
Q 
I 
>, 
.µ 
I-< 
QJ 
p, 2 
0 
I-< 

"" '-
Ul 
.µ 

" QJ 

'Cl .... 
0 
0 
<t: 
>, 
I-< 

" ·2 
H 

0 

1221 urban st. 

- div.rural 

0 undiv. rural 

.c 
QJ g :> 
I 0 
QJ u .... I 
t,, .c 
" .µ .... .... 
ti) ~ 

Wet-Snowy 

.c g QJ 
I-< ::,. I-< 

"' I 0 "' u QJ u u 
I .... I I 

.c t,, .c .c 
.µ " .µ .µ .... .... .... . ... 
~ ti) ~ ~ 

Day/Dry 

FIGURE 5 Estimated injury ratios for flatbed or tanker singles. 

TABLE 7 Estimated Fatality and Injury Ratios for Doubles 

Road Environment Accid. Type Fatality Ratio 

Single Veh. 0.031 
Dry Day With Car 0.222 

WI th Con111. 0.111 

Single Veh. 
Rural Dry Night With Car * Undivided With Con111. 

Single veh . 
Wet/Snowy With Car * WI th Con111. 

Single Veh . 0.042 
Dry Day With Car 0.186 

With tonwn. 0.065 

Single Veh. 
Rural Dry Night With Car * Divided With COMI, 

Single Veh. 
Wet/Snowy With tar * With Con111. 

Single Veh. 0.080 
Dry Day With Car 0 .036 

WI th Conn. 0 .000 

Single Veh , 
Urban ,Ory Night With Car * With Comm. 

Single Veh. 
Wet/Snowy With Car * With Comm. 

~Same as entry above 
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QJ 6 I-< :> 
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Night/Dry 

Injury Ratio 

0.75 
2.35 
1,24 

0,74 
2,32 
1.23 

0.78 
2.4~ 
1.30 

0.48 
1.28 
0 . 71 

1.44 
3.79 
2.10 

0.98 
2.57 
1.43 

0 . 27 
2.01 
1.06 

0, 28 
2. 12 
1. 13 

o . 64 
4,77 
2.55 
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Undivided Rural 

and environment variables considered, those signifi
cantly influencing the accident severity of large 
trucks and combination vehicles engaged in over-the
road operation were vehicle type, accident type, en
vironm~nt. rn~n r.,~~~- and, to a limit~a extent: 
load status. On the other hand, specific driver 

6 
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variables such as age, experience, hours of driving 
before accident, and scheduled driving time, as well 
as weather and time-of-day, were not found to be 
siqnificant . The finding on the effect of road 
class is generally consistent with that reported by 
Hedlund (2 ). The effect of vehicle weight, which had 
been reported by Hedlund to be nonsignificant, has 
been found here to be significant for flatbed or 
tanker singles. 

This analysis revealed that relatively simple and 
s i milar model structures were effective in capturing 
the severity differences among the accidents involv
ing most typPs of large trucks and combination 
vehicles. The models for the different truck types 
are easy to interpret, and the differences are large 
enough to be of practical interest to decision 
makers • 

The models for all combination vehicles, except 
flatbed or tanker singles, share a basic model 
form--the main effects of type of collision, road 
class, environment, and the interactions involving 
the road class. These effects alone explain most of 
the variation in accident severity. 

The models for straight trucks have no interac
tions. They include only the main effects of the 
same three variables: accident type, road class, and 
environment. The three effects were that fatality 
ratios for straight trucks were much higher for col
lisions with cars, for accidents on undivided rural 
roads, and for accidents on dry pavements at night. 
The injury ratio for straight trucks was only af
fected by accident type. With-car collisions had 
about twice as high an injury ratio as did the other 
two types of accidents. 

Severity models for van singles and doubles 
shared many common factors--the main effects of ac
cident type, road class, and environment; the inter
action between accident type and road class; and the 
interaction between road class and environment. Fa
tality ratios of van singles in two-vehicle colli
sions were higher on undivided rural roads than the 
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other road classes. These collisions also had much 
higher fatality and injury ratios at night on dry 
pavements than under the other conditions. Two-ve
hicle collisions involving at least one double on 
both types of rural roads had similar fatality ra
tios. They were about 5 times as high as those 
found on urban streets. This type of collision on 
divided rural roads had a higher J.nJury ratio at 
night on dry pavements than under the other condi
tions. 

The severity models for flatbed or tanker singles 
were the most complex. In addition to the same 
three main effects and two interactions for van 
singles and doubles, the main effect of load status, 
the interaction between accident type and environ
ment, the interaction between accident type and load 
status, and the three-way interaction involving ac
cident type, road class, and environment were also 
significant for the fatality-ratio model for more 
than 6,000 flatbed or tanker single-accident in
volvements. 

The accident severity for all vehicle types is 
summarized in Table 8 for the combinations of the 
other variables. The first symbol in each cell in
dicates the rating for the fatality ratio, and the 
second symbol indicates the rating for the injury 
ratio. The ratings of low, medium, high, and dan
gerous are based on the following scales of fatality 
and injury ratios: 

1. For fatality ratios: 0 to 0.05 = low (L), 
0.06 to 0.15 = medium (M), 0.16 to 0.25 = high (H), 
and 0.26 to 0.70 = dangerous (D); and 

2. For injury ratios: 0 to 1.0 = low (L), 1.1 to 
2.0 medium (M), 2.1 to 3.0 = high (H), and 3.1 to 
4.8 = dangerous (D). 

The data in Table B permit easy identification of 
the accident characteristics that were most severe: 

1. Straight-truck and 
on undivided rural roads 
conditions, 

passenger-car collisions 
under all environmental 
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2. Van single and passenger-car collisions on 
undivided rural roads at night, 

3. Double and passenger-car collisions on undi
vided rural roads under all environmental conditions, 

4. Double and passenger-car collisions on di
vided rural roads under all environmental condi
tions, and 

5. Loaded flatbed or tanker single and passen
ger-car collisions on undivided rural roads under 
all environmental conditions. 

The vehicle type with the lowest severity record was 
the empty flatbed or tanker singles. At the other 
end of the scale were doubles and straight trucks. 

For all vehicle types, with-car collisions were 
the most severe, followed generally by with-commer
c ial-vehicle collisions and single-vehicle acci
dents. This is because of the vulnerability of oc
cupants of cars when colliding with these large 
vehicles. This is not surprising because the dif
ference between the weight of a passenger car and 
the smallest BMCS truck is substantial. With-car 
collisions on undivided rural roads were usually 
more severe than those on divided rural roads or 
urban streets. On undivided rural roads collisions 
between passenger cars and straight trucks, doubles, 
and loaded flatbed or tanker singles were always 
highly severe under all conditions. This is also 
true for collisions on undivided rural roads at 
night between passenger cars and van singles. Many 
of these accidents are head-on. On divided rural 
roads collisions between passenger cars and doubles 
were very severe, more so than collisions between 
cars and other truck types. On urban streets colli
sions between passenger cars and any truck type re
sulted in a medium severity level. Prevailing speeds 
are probably the moderating factor in the severity 
of these collisions. 

Collisions involving commercial vehicles and 
doubles, loaded flatbed and tanker singles, or van 
singles on rural roads were usually more severe than 
those involving commercial vehicles and straight 

TABLE 8 Rating of Fatality and Injury Rates for Over-the-Road Operation 

Flatbed or Tanker Semitrailers 

Straight Trucks Van Semitrailers f'atality Doubles 

Accident Type Road Environment Fatality Injury Fatality Injury Empty Loaded Injury Fatality Injury 

Single vehicle Rural divided Dry day L M L M L M L L L 
Dry night L M L M L M L L M 
Wet/snowy L M L L L L L L L 

Rural undivided Dry day L M L L L M L L L 
D,·y night L M L M L M L L L 
Wet/snowy L M L L L L L L L 

Urban streets Dry day L M L L L L L M L 
D, y night L M L L L L L M L 
Wet/snowy L M L L L L L M L 

With car Rum! divided Dry day L II M JI M M II H M 
Dry night M II M H M M II II [) 

Wet/s nowy M II M M L L M H fl 
Rural undivided Dry day D H M II M II II H II 

Dry night D H II D M II II II IT 
Wet/snowy D H M JI M II M fl II 

Urban streets D1y day L II L JI L L JI L L 
Dry night M II M H M M II L M 
Wet/snowy M H L JI L L M L I) 

With t:Ollll11Cf- Rural divided Dry day L M M M L M M M L 
cial vehicle Dry night L M M M M M M M II 

Wet/snowy L M L L L M M M M 
Rur<.,l undivided D1y Jay L M M M L M L M M 

Dry night M M M M M M M M M 
Wet/snowy M M M M L M L M M 

Urban streets Dry day L M L L L L L L M 
Dry night L M L L L L L L M 
Wet/sno wy L M L L L L L L IT 

Note: L = low, M = medium, 1-1 = hi~h, an<.1 D = J,m~crous. 
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trucks or empty tanker or flatbed singles. However, 
on urban streets such collisions were more severe 
when involving doubles or straight trucks than other 
trucK types. 

For single-vehicle accidents on rural roads, 
loaded tanker or flatbed singles had a relatively 
higher severity level than other truck types. On 
urban roads doubles had a higher severity level than 
other truck types. 

Note that injury and fatality ratios for acci
dents on urban streets may conceivably be sensitive 
to the BMCS reporting process. If the noninjury ac
ei<lenti; un u1l>c111 !c!LteeLi; o[Leu tesull,;,<l in property 
damage less than $2,000, the reported urban-street 
accidents would have a disproportionately larger 
fraction of injury and fatality accidents than would 
the rural-road accidents. This will inflate the in
jury and fatality ratios for urban streets relative 
to rural roads. This possible bias, however, will 
not affect any comparison of severity of the acci
dents on urban streets made across the other inde
pendent variables. 

CONCLUSIONS 

The need for measures to reduce the severity of car
truck collisions is particularly important for un
divided rural roads and urban streets. Such colli
sions on undivided rural roads usually result in a 
high incidence of fatality or bodily injuries to car 
occupants. Although car-truck collisions on urban 
streets are not usually as severe as those on rural 
roads, the large number of passenger cars on urban 
streets can result in a large number of accident 
casualties. 

On undivided rural roads collisions between pas
senger cars and straight trucks, doubles, and loaded 
tanker or flatbed singles are highly severe under 
.,.,, ,... ........ A.; .. ;,....T'"I~, particularly at night-_ rnl l i ~:dnnR 

between passenger cars and van singles are also 
highly severe at night on undivided rural roads. 
These point to a need for improved safety measures 
for nighttime operation of these large vehicles and 
passenger cars on these roads. 

The car-truck collisions on divided rural roads 
are relatively less serious than those on undivided 
rural roads, with the exception of collisions be
tween cars and doubles, which have a high severity 
level. Because doubles are expected to increase in 
number in the future, special consideration should 
be given to countermeasures to reduce both the num
ber of such collisions and their severity. 

The complex model for flatbed or tanker singles 
indicates that the severity of the accidents involv
iuy Ll1ios GldSS of vehicl@!! is different trom other 
truck types and warrants further investigation. In 
particular, attention to measures that will reduce 
the severity of accidents involving loaded flatbed 
or tanker singles deserve special consideration be
cause of their higher severity level. Not only is 
this high severity rate a cause for concern, but be
cause these vehicles are usually engaged in carrying 
fuels, solid or liquid bulk, logs and poles, metal, 
and other heavy products, accidents involving these 
vehicles carry the extra risk of cargo spillage, 
with possible dangerous effects to the land and com
munities near the accident site, as well as to other 
traffic. 
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Discussion 

Olga J. Pendleton* 

Chirachavala, Cleveland, and Kostyniuk are to be 
commended on using a relatively new but powerful anct 
effective statistical technique for analyzing acci
dent severity data. One of the factors that has 
stifled more extensive use of this method is the 
availability of comput@r !!oftware for ita implemen
tation. It would be informative if the authors 
would reveal their source of computer software for 
doing this. 

The only points I would like to raise in this 
discussion involve the variable subset selection 
process. They are more of an academic nature and 
are presented as material for future research. 

The variable selection procedure described in 
this study resembles the forward selection procedure 
in least-squares regression. It is natural to ask, 
then, if these procedures share the same problems. 
It is well-known that the forward selection pro
cedure, as applied to regression analysis, may not 
reveal the best subset because it considers the in
terrelationship of variables in a sequential manner. 
That is, if a variable ( for example, X5) is se
lected as most important according to the the x2 

test of step 1, it is fixed in the model, and only 
combinations of that variable and all others are 
considered as candidate models in the selection 
process. Suppose a variable that was not significant 
in step 1 ( for example, X3) would be significant 
in combination with another variable (for example, 
x1 ), and more significant perhaps than the combi
nation of x5 and any other variables. The combina
tion of. x3 and x1 would never be examined as a 
candidate model by using the current procedure. 

The computational problem of examining all pos
sible models is prohibitive both here and in regres
sion. It was circumvented in regression, however, by 
the discovery of an algorithm that eliminated the 
necessity of examining all models, but still guaran
teed the selection of the best subset based on the 
criteria of minimum mean squared error (!l_). Dis
covery of a similar algorithm for the categorical 
subset selection process is a fascinating topic for 
future statistical research. 

A second point I would like to raise concerns thP. 
treatment of continuous variables in this selection 
process. Obviously, these variables had to be cate
gorized to accommodate the variable selection er i
teria. Does this classification affect the variable 
seleeliu11 p1u<.:eoss? For example, if a variable such 
as driver age was initially classified into equal 
20-year age groups and found to be nonsignificant in 
the variable selection process, would a reclassif i
cation of driver age into <20, 20 to 25, 25 to 40, 
>40 alter the importance of this variable? If so, 
how should continuous variables be classified? 
Should a different criteria such as a t-test (or 
Poisson test) for comparing equality of mean age 
among severity levels be applied to continuous 
data? How could that be combined with the cate
gorical selection criteria? 

Finally, does the redefinition of categories af
fect the subset selection process for the discrete 
variables? In this study classification categories 
were redefined for the final variables selected to 

*Operations Research and Systems Analysis Program, 
Texas Transportation Institute, Texas A&M Univer
sity, College Station, Tex. 77843 
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accommodate zero cells. If the 
process were redone by using these 
categories, would the conclusions 
selection process change? 

subset selection 
new or collapsed 

of the subset 

The questions raised in this discussion are dif
ficult to answer but potentially important to the 
conclusions based on this type of analysis. It is 
surely beyond the scope of this study; however, this 
study has provided considerable insight by using a 
new and powerful statistical tool. In so doing, it 
has also opened a Pandora's box for statisticians! 

Authors' Closure 

The discussant is to be thanked for providing a 
stimulating discussion on the important aspects of 
the variable selection procedure not explicitly ad
dressed in the paper. 

The source of computer software used for the 
variable selection procedure and the modeling are 
PARCAT [Landis et al. (9)] and ECTA (Center for Pop
ulation Studies, University of Michigan). Both are 
available from the University of Michigan, Ann 
Arbor, Michigan. 

It is true that the variable selection procedure, 
because of its sequential nature, may not yield the 
best subset (based on some criteria). However, it is 
also likely to be true that the selected subset 
would be close to the best (if it was not the best) 
because the variables not selected will not signifi
cantly contribute to the explanation of the depen
dent variable in the presence of the selected vari
ables. Besides, the criteria used to evaluate the 
best statistically often vary with circumstances and 
individuals' values. Additional test statistics or 
steps added to those in the existing algorithm that 
can define and assure the selection of the best sub
set will certainly be valuable. 

When the selection process involves a continuous 
variable, consideration has to be given to many per
tinent questions: how predominant the effect of 
this variable is relative to the other variables, 
and whether the effect is truly continuous (i.e., 
the effect is sensitive to a relatively small change 
in the values of the variable) or more step-function 
1 ike. Here the effects of the variables such as 
driver age, number of years of employment, and 
scheduled time of driving were more likely to be 
step-function in nature. Their classifications were 
aided by past studies, judgment of experts, and 
examination of the data. In general, the classifi
cation adopted for a continuous variable should also 
be directed at answering (or testing) the substan
tive questions of interest. It is believed that a 
t-test and a Poisson test here might not yield con
clusive classifications because, at that stage, the 
effects of other confounding variables were not suf
ficiently known to permit relatively homogeneous 
subsets for effective t-tests or Poisson tests. 
After all, such knowledge was partly what the sub
sequent modeling task was trying to achieve. In a 
case where a particular continuous variable is be
lieved to be overwhelmingly important, then an anal
ysis such as that used in Gimotty and Chirachavala 
(11), which incorporates both continuous and cate
go";ical variables, may be considered. 

Finally, the redefined categories to accommodate 
structured zero cells or small cells actually make 
the modeling results more reliable. This is so be-
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cause the nature of a chi-square test requires that 
the expected frequency in each cell be of a reason
able size. The redefinition can conceivably alter 
the values of the test statistic, the degrees of 
freedom, and perhaps the P-value of the test if the 
select ion process is redone. But, unless the re
c lass if icat ion is quite extreme or different from 
the original definition, the significance of a par
ticular variable should not be altered. However, if 
the researcher is uncertain of the outcome, an 
analysis such as factor analysis can be used at this 
step to assist in the reclassification. It is al
ways difficult to generalize the effect of reclassi
fication of variables for all situations without 
knowing the extent of and the reasons for the re
classification as well as the nature of the vari
ables and the study. 

These comments are much more specific to the cir
cumstances that prevailed in this paper. Gen
eralized answers for general situations are not 
likely to be simple, as the discussant has already 
pointed out. Statistical tests or models, no matter 
how sophisticated, are only simplified tools that 
assist researchers in making inferences on the popu
lations. As such, their applications should go hand 
in hand with the substantive knowledge in the area 
of study. 
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Problem of Identifying Hazardous Locations 
Using Accident Data 
EZRA HAUER and BHAGWANT N. PERSAUD 

ABSTRACT 

Most agencies with responsibility for exten
sive road systems use some variant of the 
rate-and-number method to identify hazardous 
locations or blackspots. Sites so identified 
are later examined in detail to diagnose 
deficiencies and to suggest remedial mea
sures. In this paper the degree to which 
the rate-;;,pd-nnmh<>r m1>thod is successful in 
identifying the unidentified, and what pro
portion of the sites that are subjected to 
detailed examination are not deviant at all, 
is examined. The first part of the paper is 
devoted to the analysis and development of 
the mathematical machinery. In the second 
part the use of the analytical results is 
illustrated by application to two data 
sets--one dealing with highway ramps in On
tario and the other with California drivers. 
The main result of this research is the fa
cility to examine the performance of various 
identification procedures on the basis of 
measures of performance that are easy to 
understand. Such an examination should lead 
to a realistic assessment uf wlidl can be at
tained when identification for treatment is 
made on the basis of past accident history. 

In most agencies with jurisdiction over extensive 
road systems it is common practice to try and rec
tify so-called accident blackspots. Ordinarily a 
two-stage process is used. In the first stage the 
past accident history of all sites is reviewed to 
select a limited number of apparently dangerous lo
cations for further examination. In the second stage 
the selected sites are studied in more detail, often 
in the field, in order to devise cost-effective re
medial projects for some of the sites. 

The two-stage process is required because de
tailed examination of all sites is impractical. It 
is hoped that the first stage of the process will 
act as a sieve. A good sieve is one that allows 

through all sites that do not require remedial ac
tion and retains all sites that do require detailed 
study. Conversely, an inefficient sieve is one that 
retains a large number of sites that do not need 
close scrutiny and allows most blackspots to pass 
through its holes and thus escape identification. 
The purpose of this paper is to examine the quality 
and performance of a commonly used sieve. 

Most sieves in current use are a variant of the 
rate-and-number method. Sites that register an un
•.1sually hi<Jh nnmhl"r of accidents during a specified 
period of time or an unusually high ace ident rate 
(accidents per vehicle kilometer) are selected for 
inspection. Accidents are often weighted according 
to their severity. The rationale for the rate-and
number method appears to be left unspecified in the 
literature. However, a plausible line of reasoning 
for its raison d'etre goes as follows: 

If the accident history of a site is 
found to deviate from the norm for its 
class, there surely is some reason for 
it. If so, a responsible agency and its 
professionals should examine the cause 
for this deviation and, if a cost-effec
t ive remedy can be found, should remove 
the oaucc of aubstandard performan~"'• 

It should be evident that a sieve that screens 
sites on the basis of number of accidents, accidents 
per vehicle kilometer, or accident severity is aimed 
only at establishing deviancy. It is not an indica
tion of how easy or how difficult remedial treatment 
might be. 

Some causes of substandard performance are random 
and fleeting in nature and essentially unrelated to 
the physical characteristics of the site. (Consider, 
for example, a local snow squall or rainstorm that 
causes several accidents to occur within a few min
utes.) Other causes for deviation from the norm are 
more permanent in nature (sharp curves, polished 
pavement, narrow bridge, and so forth). These are 
the causal factors that are subject to remedial ac
tion. Accordingly, the object of the exercise is to 
identify sites for which the deviation from the 
safety norm is attributable to some permanent prop
erties of the site. 

• 
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It is well-known that the actual number of acci
dents occurring on a site fluctuates from year to 
year. It is only the average number of accidents in 
the long run that can be linked to the permanent 
properties of the site. This gives rise to the fun
damental difficulty facing the screening process. 

Researchers wish to identify those sites 
for which, say, the "average number of 
accidents in the long run" deviates from 
the norm. However, in the identification 
process, researchers are restricted to 
the use of accident histories that are 
subject to pronounced random fluctuation. 

This inescapable difficulty affects the quality 
of all sieves. When the number of accidents occur
ring on a site in the last 2 or 3 years is higher 
than the average in the long run for that site, the 
site will be caught by the sieve and subjected to 
detailed inspection, possibly unnecessarily. Con
versely, sites with permanent properties such that 
their average in the long run is considerably higher 
than the norm will often escape detection because of 
a random down-fluctuation. 

Accordingly, several questions are raised: How 
good are the accident-history-based sieves for 
blackspot identification? Do they capture most of 
the truly deviant sites? How many normal sites are 
lumped with the deviant ones that are labeled 
blackspots? How many deviant sites escape detection? 

These questions translate into the following 
figures of merit by which the quality of the sieve 
should be measured: 

1. The number of sites selected for closer ex
amination (this is a measure of the effort required 
at the later stage when site-specific deficiencies 
are identified, remedies are designed, and economics 
are examined); 

2. The number of truly deviant sites among those 
selected for closer inspection (these are often 
called correct positives); 

3. The number of sites that are not deviant yet 
have been captured by the sieve and selected for 
closer inspection (these are the false positives); 
and 

4, The number of truly deviant sites that are 
not identified as requiring attention (these are 
called the false negatives). 

The central issues are easy to visualize with the 
aid of a Venn diagram, Let the box in Figure 1 sym
bolize the collection of all sites. The set of all 
deviant sites is delimited by curve 1. Thus all 
nondeviant sites are outside curve 1. The set of all 
sites selected for closer inspection is enclosed by 
curve 2. An ideal sieve would be one for which 
curves 1 and 2 coincide. However, no real sieve or 
screening process is ideal. Therefore, curves 1 and 
2 delineate three distinct sets. Set A contains 
sites that are deviant but are not selected for 
closer inspection. These are the false negatives. 
Set B contains deviant sites that are selected for 
inspection. These are the correct positives. Set C 
contains sites that are not deviant but are selected 
for inspection. These are the false positives. 

The union of sets A and B is the collection of 
all deviant sites in the population. Curve 1 cor
responds to a specific definition of what site is 
considered deviant. A more stringent definition of 
deviancy would be associated with a smaller ellipse. 
This will result in fewer deviant sites captured by 
the sieve (smaller set B) (i.e., the rarer the 
hunted animal, the more difficult is its capture). 

The union of sets B and C is the collection of 

.. , ·,: 

X 

-c 

FIGIJ ltE 1 False negatives { A}, correct positives { B}, and 
fa lse positives { C } . 
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all sites selected for inspection. Curve 2 corres
ponds to a specific criterion by which sites are 
selected for further examination. A less-stringent 
selection criterion corresponds to the large circle. 
This results in a larger number of sites that re
quire close inspection and also a larger number of 
deviant sites captured by the sieve. 

In general, the more stringent the criterion of 
deviancy, the more difficult it is to identify de
viant sites. The more stringent the selection cri
terion, the smaller the number of deviant sites cap
tured by the sieve. 

In present practice a site is considered to be a 
blackspot if its accident record deviates k standard 
deviations from the norm. The value of k is linked 
to statistical level of significance, and the prac
tice in th is case is borrowed from industrial qual
ity control. What value to use for k is largely a 
matter of custom, with no apparent rationale. This 
is why it appears sensible to examine whether it is 
possible to discard what is arbitrary and use in
stead measures of performance that have clear mean
ing. 

In this paper the focus is on blackspots that 
occur on a road system. This is why researchers 
speak of sites, road sections, ramps, intersec
tions, and so forth. It is worth noting that iden
tical issues arise when trying to identify deviant 
drivers, and that the results of analysis apply 
equally in both cases. To underscore this point, one 
example will deal with the population of drivers in
stead of the population of road sections. 

MEASURES OF EFFICIENCY FOR A SIMPLE SIEVE 

The simplest case is usually the easiest to analyze. 
Once the categories of thought and lines of argument 
for the simple case are established, the examination 
of more complex sieves can be undertaken. 

A mathematical notation was not introduced in the 
first section because the central issues could be 
explained without burdening the reader with symbols. 
However, the main content of this section is analy
sis, and it would be inefficient to postpone the use 
of a precise notation any longer. Therefore, let , 
be the expected (average in the long run) number of 
recorded accidents prevailing at a site during a 
specified period of time, and let x be the number of 
accidents actually recorded for that site and period 
of time. 

In this section the performance of a sieve is 
examined, the aim of which is to identify sites for 
which , is larger than some limiting value ,*, 
This is done by selecting for inspection sites for 
which xis not less than some limiting value x*. 

For a specific site, , is never known. What is 
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known is x. Therefore, the question is: What can be 
said about the A of a site if its xis known? The 
answer is best stated in terms of a conditional 
probability distribution. ~h 6 rnrrocpnnning symbol 
has to be added to the notational arsenal. Thus let 
F ( A Ix) be the probability that the expected number 
of accidents at a site was less than or equal to A 
when the number of accidents actually recorded was x. 

To provide the reader with a sense of direction, 
it is best to first show that F(AIX) is the king
pin on which everything hinges. Indeed, when 
F (A Ix) is known, the performance of a sieve can be 
described with 11a&11 and pracillion. How to eRtimate 
F(AIX) will be described later. 

The information on which analysis is based is the 
knowledge of x for each site . Let n(x) be the 
number of sites (N) that had x accidents, x = 0, 1, 
2, 

1. When sites for which x > x* 
for inspection, the number of sites 
spected is 

S(x') =; n(x) 
x• 

are selected 
(S) to be in-

(I) 

This corresponds to the number of sites in the union 
of sets Band C in Figure 1. 

2. When sites for which A > >.* are considered 
deviant, the expected number of deviant sites (D) in 
the population is 

D(A
0

) =; n(x) [1 - F(A'lx)] (2) 
0 

This corresponds to the expected number of sites in 
the union of sets A and Bin Figure 1. 

3. With x• as the selection criterion and ,* 
as the criterion for deviancy, the expected number 
of false positives (FP) is 

FP(x' , A')= r n(x) F(A" Ix) (3) 
x• 

This is the expected number of sites in set C of 
Figure 1. 

4. Because S (x*) corresponds to the union of B 
and C, whereas FP(x*, ,*) corresponds to set C 
alone, it follows that the expected number of cor
rect positives (CP) is 

CP(x', A') = S(x")- FP(x" , A') (4) 

This corresponds to the number of sites in set B, 
5. Because D (, *) corresponds to the union of A 

and B, whereas CP(x*, ,*) corresponds to set B 
alone, the expected number of faloc ncgativco (FN) is 

FN(x', A')= D(A ') -S(x ') + FP(x', A') (5) 

This corresponds to the number of si tes in set A. 

It follows that knowledge of n(x) and F(,1x) 
will enable researchers to find all figures of merit 
that describe the performance of the screening pro
cess. Because n(x) is obtained from the raw data, it 
remains to find F(>. 1x). This is the subject of the 
next section. 

ESTIMATION OF SIEVE EFFICIENCY 

Each site of a population of sites has associated 
with it an unknown value >,. Regarding >. as a 
continuous random variable within the population of 
sites, let g (>.) denote its probability density 
function, Furthermore, let P (x 1 >.) denote the 
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probability of recording x accidents on a site where 
their expected number is >.. According to Bayes' 
theorem, 

f(A I x) o: P(xl A)g(A) 

Integration 
efficient of 

l F(A lx)dA = 1. 
0 

of f(,1x) yields 
proportionality is 

F(>.1x). The 
selected to 

(6) 

co
make 

It is assumed, as is common, that accident occur
rence obeys the Poisson probability law. Thus 

(7) 

The only missing link in Equation 6 is g(>,). The 
clues for the estimation of g (>.) are hidden in the 
numbers n (x) . Because the number of ace idents re
corded on a site is a reflection of , for that 
site (see Equation 7), the number of sites with x 
accidents [n(x)] must be a reflection of the distri
bution of >. among all sites. This is captured by 
the following relationship: 

Expected proportion of sites with x accidents= E{n(x)/[l:n(x)]} 

= f P(x[ A)g(A)dA (8) 
u 

The problem here is to extract the function g (A) 
from Equation 8. It is a well-researched problem 
[see, for example, Maritz OJ]. In consequence, it 
is possible to make use of results obtained by 
others. One specific case that appears to be of 
practical interest when g (,) is a gamma probabil
ity density function will be described

1 
in detail. 

This assumption is common in actuarial literature 
[see, for example, Buhlmann (2) or Freifelder (3)] 
and is used to describe the diitribution of expected 
claim frequencies for a population o:f ins ureas. 'l'he 
results to follow were obtained and used by Jarrett 
et al. (!) when estimating the magnitude of the re
gression to the mean in before-and-after comparisons. 

When g(>.l is a gamma probability density func
tion and Equation 7 holds, the probability that a 
site selected at random has x accidents is given by 
the negative binomial probability law. Therefore, 
the parameters of g(>.) can be estimated easily 
from the sample mean and sample variance of x as 
follows. 

1. Calculate sample mean and variance (unless 
indicated otherwise, summation is over all values of 
X): 

x = r x n(x)/l:n(x) 

s2 = [r (x - x)2 n(x)] /rn(x) 

(9) 

(10) 

2. Estimate parameters a and B and write 
g (>.): 

& = x /(s2 - x) (II) 

13 = x2/(s2 - x) (12) 

With this, 

(13) 

By using the results of Equations 7, 8, and 13, 

which is also a gamma probability density function 
with 
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E{Alx} =(x+/J)/(1 +c,) 

VAR{ Alx} = (x + /J)/(1 + c,)2 

(15) 

(16) 

It follows that f(A*ix) is a gamma probabil
ity distribution function and estimates of its 
parameters a and B are known. F (A* 1 x) may 
be found by using numerical integration on 

,_' 
J Ax+~-le-7'(1+a)dA/J=Ax+~-1e-'-(l+a)dA (17) 
0 0 

What remains to be done is to apply these results 
to some actual cases. 

TWO ILLUSTRATIVE EXAMPLES 

The theory developed so far suffices to describe the 
performance of a simple screening process. The nu
merical examples in the following sections will 
serve to show what may have been obscured by convo
luted mathematical arguments. 

Illustrative Example 1: Ontario Hig hway Ramp s 

The second column of Table 1 lists the number of On
tario highway ramps that, in 1978, had x = O, 1, 
2, ••• ,14 accidents. The third column lists what 
should be expected if, indeed, the distribution of 
;>. is as has been assumed in Equation 13. It ap
pears that there is satisfactory support for making 
this assumption. 

TABLE 1 Accidents on Ontario Highway Ramps in 1978 

No , of Accidents 
(x) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

No . of Ramps with 
x Accidents [n(x)] 

2,254 
286 

95 
48 
21 

7 
8 
6 
5 
3 
0 
I 
0 
1 
1 

By using Equations 9-12, 
0.3414, S 2 = 1.0677, a= 0.47, 
fore, by using Equation 13, 

No . of Ramps Expected by 
Negative Binomial Model 

2., 278 
249 

98 
48 
26 
15 

9 
5 
3 
2 
1 
1 

it is shown that x = 
and 8 = 0.16. There-

(18) 

This is an estimate of how ;>. was distributed in 
the population of Ontario highway ramps in 1978 and 
is of considerable interest by itself, 

In Figure 2 the probability distribution function 
(PDF) of A, based on Equation 17, is shown. It ap
pears that 10 percent of the ramps (276 ramps) have 
;>. > 1 accidento per year, 5 percent of the ramps 
have ;>. > 1.8 accidents per year, and so forth. 
It is the ramps with relatively high values of A 
that may demand closer examination and that the 
screening procedure should identify. 

The probability distribution of ;>. in the sub
population of sites that had x accidents can also be 
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FIG URE 2 PDF of A in the population of Ontario highway 
ramps (1978). 
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10 \ 

shown. This is accomplished by making use of Equa
tions 14-16. In Figure 3, F(A = l1x) for x = 1, 
2, 3, 5, and 10 are shown. 

Suppose that on the basis of Figure 2 researchers 
wish to identify those ramps for which A> 1. 
There are some 276 such ramps. By using the termi
nology established earlier, A* = 1. This is shown 
by the vertical line in Figure 3. 

,< 
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FIGURE 3 PDF of A on ramps with 1, 2, 3, 5, and 10 
accidents in 1978. 

9 10 /,. 

Consider now the 95 ramps that had two accidents 
(Table 1). From Figure 3, some 39 percent of those 
are expected to have ;>. < 1. Thus in this group 
of ramps it should be expected that 95 x 0.39 = 37 
false positives and 95 - 37 = 58 correct positives. 
Similarly, the 48 ramps with three accidents each 
are expected to contain 48 x O .16 = 8 false posi
tives and 40 correct positives, Proceeding in this 
fashion, the data in Table 2 can be generated. 

Columns 1 and 2 of Table 2 are the raw data 
copied directly from Table 1. The cumulation from 
below of the entries in column 2 yields S (x*) in 
column 3. Thus if sites with three or more acci
dents are selected for detailed scrutiny, 101 ramps 
have to be inspected. 

The mathematical machinery assembled in the pre
vious section and, in particular, Equations 14-16 
facilitate the calculation of F(A* = l1x) in 
column 4. Because the computation is tedious, a 
FORTRAN computer code has been written for that pur
pose. 

The products of entries in columns 2 and 4 are 
estimates of the number of false positives to be ex
pected in the group of ramps that had x reported ac
cidents, as explained earlier. Column 6 is the cumu
lation from below of the entries in column 5 and are 
therefore the estimates of the number of false posi-
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TABLF. 2 Measures of Performance for Ontario Highway Ramps with A• = I 
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tives in the selected ramp s. Thus if x* = 3, then in 
the 101 selected ramps it should be expected that 
there will be 9 ramps for which A< 1, This 
makes the number of correct positives equal to 92, 
which is the entry in column 7. 

The topmost entry in column 7 is the number of 
correct positives in the entire set of 276 ramps. It 
is, therefore, the expected number of deviant sites 
in the population: D(),*) = 276. The number of 
false negatives ( those ramps not captured by the 
sieve) is calculated by subtracting from 276 the 
entry in column 7. Thus if x* = 3 in the group of 
101 ramps selected for inspection, there a r e 92 
ramps that have A> 1, which leaves the remain
ing 276 - 92 = 184 deviant ramps undetected in the 
population. 

For caoc of vioual representation, the main re
sults from Table 2 are shown in Figure 4. Thus 84 
percent of the deviant sites can be captured with 
x* = 1. But this means that more nondeviant than 
deviant sites are selected for close inspection and 
the inspection effort is large. With x* = 2, the in
spection effort and the number of false positives 
are reduced, However, almost half of the deviant 
ramps remain undetected. This illustrates the main 
tradeoffs and also describes the power and limita
tions of this screening process. With a small x*, 
the majority of deviant sites can be identified at 
the cost of having to examine a large number of them 
i n the field. Included in the selected sites will 
be many that are not deviant, and their inspection 
may be a waste of time. With a large x*, the number 
of sites to be inspected can be reduced and it can 
also be ensured that almost all inspected sites are 
deviant. In this case, however, many deviant sites 
will not be selected for inspection. 

Thus if A* is given as a criterion of deviancy, 
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the analyst can trade the cost of field inspection 
against the penalty of leaving a deviant site un
detected, 

The last issue to explore is the effect of decid
ing on what is to be considered deviant by the 
choice A*. 

There are, on average, 0,34 accident per ramp. 
Setting :1. * = 1, as in Table 2, defines as deviant 
ramps for which the expected number of accidents is 
about 3 times the population average. Had A*= 
1. 5 been chosen (Table 3) , the number of deviant 
ramps is, of course, much smaller (176), Because the 
obj ect of the search is now rarer, it is more diffi
cult to capture. Thus, although for :1.* = 1, x = 3, 
[100 (48 - 8)/48] = 84 percent of the 48 sites with 

x = 3 were correct positives, for A*= 1.5 the 
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TABLE 3 Measures of Performance for Ontario Highway Ramps with "/,. * = 1.5 
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same 84 percent yield is reached only for a larger 
X = 4. 

The variation in the measures of performance of 
this screening process in dependence on A* is 
shown in Figure 5. 

Illustrative Example 2: California Drivers 

The records of 86,726 California drivers have been 
examined, and the number of reported accidents 
during 1961 have been noted (2). The number of 
drivers with O, 1, 2, or 3 accidents is given in 
column 2 of Table 4. Column 3 gives the number of 
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drivers in each category if the distribution of A 
is as in Equation 13. This assumption is well sup
ported. From this, 

x = 0.08839, s = 0.0939, & = 16.092 j = 1.422, and g(X) 
= 58 _7 ;,._0.4224 e-16.11>. 

On this basis, the data in Tables 5 and 6 are 
constructed, as in the previous numerical example. 
In Table 5, A* = 0.25, which is about 3 times the 
average number of accidents per driver. The diffi
culties of identifying deviant drivers are obvious. 
With x* = 3, only half of those identified are de
viant, yet the overwhelming majority of the 3,425 
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TABLE 4 Accidents to California Drivers in 1961 

No . of Accidents 
{x) 

0 
I 
2 
3 

No. of Drivers 
[n(x)] 

79,595 
6,638 

45] 
42 

No . or Drivers Predicted by 
Negadve Binomial Model 

79,598 
6,624 

469 
3] 

drivers remain unidentified. It does not help much 
to select drivers with x• = 1 because a large major
ity are false positives (6,205). The performance of 
the sieve is even worse when a more severe criterion 
of deviancy is considered (A*= 0.50 in Table 6). 

SUMMARY, DISCUSSION, AND FUTURE RESEARCH 

Normally, a two-stage process is used for the iden
tification of blackspots. In the first stage a 
limited number of apparently dangerous locations are 
selected from all sites on the basis of their acci
dent history. The sites so selected are examined in 
more detail in the second stage. 

The data in this paper deal with the first stage 
of the blackspot identification process, which is 
likened to a sieve. A good sieve retains most sites 
that :require detailed examir',ation and allows through 
most sites that need not be examined any furthec. 

Accordingly, a concept of sieve efficiency is 
proposed in which the number of sites to be in
spected and the expected numbers of correct posi
tives, false positives, and false negatives serve as 
measures of performance. 

This concept is converted into a procedure tor a 
special but common case, and it is applied to two 
illustrative examples. One deals with the population 
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of Ontario highway ramps, and the other deals with 
California drivers. 

In both cases the objective of the screening pro
cess is '-'-' identify units fo:t which the expected 
number of accidents exceeds a given norm. What can 
and cannot be achieved is illustrated. Because the 
measures of performance are explicit, rationality in 
decision making and design are facilitated. 

The screening process used in practice is more 
complex than what has been analyzed. In particular, 
the accident rate (accidents per vehicle kilometer), 
which is the most important selection criterion, is 
not used here. Thus the theory and computational 
process need to be extended so as to be applicable 
to the realistic blackspot identification proce
dures. This extension appears to be straightforward. 
The corresponding research work is under way. 

The procedure relies on the assumption that A 

obeys the gamma distribution. This may not be a 
good assumption in some cases. Accordingly, it is 
necessary to develop numerical methods to free the 
procedure from reliance on this assumption. 

Therefore, the quality-control approach to black
spot identification does not give the analyst clues 
about how well or how poorly his sieve is working. 
In contrast, the approach suggested in th is paper 
provides measures of performance that describe the 
efficiency of the sieve in intuitively clear terms. 
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TABLE 6 Measures of Performance for California Drivers with 'A• = 0.50 Accidents per Year 
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Comparison of Two Methods for Debiasing 

Before-and-After Accident Studies 

BHAGWANT N. PERSAUD and EZRA HAUER 

ABSTRACT 

When corrective treatment is applied to road 
sections, intersections, drivers, or ve
hicles that had a poor accident record in 
the past, the safety effect of the treatment 
is properly estimated by comparing the num
ber of accidents in a post-treatment period 
with the number of accidents that would have 
occurred in this period without the treat
ment. Earlier papers have shown that simple 
before-and-after comparisons are consis
tently biased; that is, treatments appear to 
be more effective than they really are. Ac
cordingly, two methods--a nonparametric 
method and a Bayesian method--have been sep
arately proposed for purging this bias. The 
nature of the bias and the two debiasing 
methods are reviewed, In the main body of 
the paper several data sets are used to com
pare the performance of the methods. In 
most cases the Bayesian method was found to 
yield better estimates, 

Before-and-after ace ident comparisons a re a common 
method for assessing the safety effect of a treat
ment applied to road sections, intersections, 
drivers, and so forth, Conclusive evidence exists 
to show that when treatment is administered to sys
tems with a poor safety record, simple before-and
after comparisons are biased (.!l, The bias is 
caused by the erroneous assumption that the number 
of accidents on a system in the period before treat
ment is an unbiased estimate of what should be ex
pected to occur on the system during an equivalent 
after period had treatment not been applied. Sys
tems with above-average accident numbers or rates in 
one period must be expected to show a decrease in a 
subsequent period even without treatment, and vice 
versa. This phenomenon, identified as regression-to
the mean, was demonstrated to be significant and 
can, in simple before-and-after comparisons, make 

safety treatments appear to be more effective than 
they really are. 

To illustrate, Table 1, taken from Hauer (2), 
presents accident data for 20,762 1-km road secti~ns 
in Ontario. Sections were grouped according to the 
number of accidents in 1 year. As shown by the data 
in the table, 12,859 sections had no accidents in 
that year; 4,457 had one accident, and so forth. 
Column 3 shows that, for each group, the averagP. 
number of accidents recorded in the subsequent year 
revealed a reduction in the number of accidents in 
the second year for each group of sections with ac
cidents in the first year. These reductions are 
balanced by the 12,859 sections that had no acci
dents in the first year but experienced an increase 
to 0.404 accident per section in the second year, 

This is the essence of the regression-to-the
mean. When a random down-fluctuation occurs, as for 
the group with no accidents, an upward return to the 
mean for that group should be expected; when a ran
dom up-fluctuation occurs as it does for all the 
other groups, a downward return to the group mean 
should be expected. · 

Although there has been an increasing awareness 
of the phenomenon, its effect has often been dis
missed because it will rarely be statistically sig-

TABLE 1 Regression-to-the-Mean: Ontario Data (2) 

No . of Sections 
in Group 

12,859 
4,457 
1,884 

791 
374 
160 

95 
62 
33 
14 
33 

No. of Accidents for Avg 
Section in Group 

First Year Second Year 

0 0.404 
I 0.832 
2 1.301 
3 1,841 
4 2.361 
5 3.206 
6 3.695 
7 4 ,968 
8 4 .818 
9 6.930 

;, 100 l 0.390 

" lncreilse. h Average = I J.33. 

Change(%) . -
-16.8 
-35 .0 
-38.6 
-41.0 
-35 .9 
-38.4 
-29.0 
-39.8 
-23.0 
-22 .0 
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nificant, and it is not often likely to lead to 
serious results (according to 1965 data from the 
Road Research Laboratory). Column 4 in Table 1 con-

show that, contrary to this opinion, the phenomenon 
is consistent, real, and nothing short of dramatic. 
Hauer (2) showed that not only road sections are 
subject to this phenomenon. In fact, any element of 
the transport system f or which events occur randoml y 
will be subject to regression-to-the-mean. 

In summary, the number of accidents on a system 
in the before period does not, on average, remain 
th1> R;im .. in 11n P.q11iv11lent after period. When safety 
treatment is applied, an estimate of the number of 
accidents that would have occurred in a subsequent 
period without the treatment needs to be made. In 
the next section, procedures for doing so are re
viewed. 

REVIEW OF METHODS FOR DEBIASING BEFORE-AND-AFTER 
COMPARISONS 

Establishment of control groups, where possible, is 
perhaps the best method for obtaining estimates of 
what the number of after period accidents would have 
been without treatment. When doing so is not prac
tical, two analytic methods are available. Details 
of these methods are given elsewhere (.!_-!), 

Method 1 

The nonparametric (NP) method (1,2) is simple to ap
ply yet is based on intricate ~atistical reasoning. 
To estimate the number of accidents ak expected 
to occur during an equivalent after period on a sys
tem that had k accidents in the before period, the 
following factors need to be known: Nk = number 
of systems with k accidents in the population of 
similar systems, and Nk+l = number of s ys t ems with 
(k + 1) accidents in the popula t i on of simi l a r sys
tems. Then, 

(1) 

The simple formula relies on the sole assumption 
that accidents on any system are Poisson distrib
uted. Unlike the alternative method, no assumptions 
are made about the underlying distribution of acci
dents in the population of systems. To illustrate 
the use of Equation 1, a 3 was estimated for the 
Ontario data in Table 1. Here N3 = 791 and N4 
= 374 from column 2. Thus, based on first-year data, 
the estimate of the number of accidents in the sec
ond year on a section that in ~h.. firs~. year had 
three accidents is given by 

a3 = (4 X 374)/791 = 1.891 . 

This compares to 1.841 actually observed in that 
year. 

If there is i nterest in estimating tot al acci
dents for cumulative groups with k or more acci
dents, it is not necessary to apply the nonpar a
metric method individually for each accident group. 
It can be shown [see Hauer (l ) for proof] that 

(2) 

where Ak is the estimated total number of acci
dents on systems that in the before per i od had k or 
more accidents, and NJti is the total number 
of accidents on those systems that in the before 
period had (k + 1) or more accidents. 
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Method 2 

The empirical Bayesian (EB) method (3,4) is just as 
simple to apply as method 1, but it- is based on 
stronger assumptions and requires accident data for 
the entire population of systems, As before, it is 
assumed that the number of accidents for a system 
obeys the Poisson with a mean characteristic of the 
system. Furthermore, it is assumed that the distri
bution of these means in a population of systems can 
be approximated by a gamma distribution. With these 
two assumptions, the number of systems of a popula
tion with k accidents must obey the negative bino
mial distribution except for a rare situation dis
cus sed later in this section. 

The expected number of 
after period on a system that 
before period is given by 

°'k = [(k + l)Nk+il /Nk 

I 
accidents ak in the 
had k accidents in the 

(3 ) 

Nk is the number of systems expected by the 
negative binomial distribution to have k accidents. 
(Note the similarity between Equation 3 and Equation 
1 for the nonparametric method, and recall that in 
Equation 1, Nk was the actual number of systems 
with k accidents.) 

To employ this method, the before period accident 
data are used to get the sample mean (m) number of 
accidents and sample variance (s 2 ) for the popula
tion of systems. From these, estimates of the param
eters b, c of the gamma distribution can be ob
tained, as follows: 

b = m2 /(s2 - m) m < s2 

c = m/(s2 
- m) m < s2 

(4) 

(5) 

As shown by Jarrett et al. (_!) and by Abbess et 
al. (,!) Equation 3 then reduces to 

ak = (b + k)/(c + 1) m < s2 (6) 

It should be noted that if the negative binomial 
distribution were to fit all of observed frequencies 
perfectly, then the two methods would give identical 
estimates. 

For the rare situations when the sample mean is 
not less than the sample variance (m > s 2 ), 

Equations 4, 5, and 6 do not apply. Instead, the 
distribution of means in the population of systems 
approximates the limiting form of the gamma distri
bution, where each system has the same expected num
ber of accidents. Therefore, instead of Equation 6, 

ak = m for m ;, s2 (7) 

To illustrate the more common case, suppose again 
that k = 3 for the Ontario data. The sample mean of 
the number of accidents in the first year is m = 
0, 707 and the sample variance is s 2 = 1. 6491. From 
Equa tions 4 and 5 the following estimates are ob
ta ined : b = 0.5345, and~= 0,7540. Therefore, 

a]= 3.5345/1.7844 = 2.015. 

This also compares favorably with the observed 1.841 
(Table 1). A systematic comparison of the perfor
mance of both methods is the subject matter of the 
next section. 

In us,ing the EB method to e s t i mate to t al acci
dents Ak for cumu l a tive groups , the e quivalent 
expression to Equation 2 is 

(8) 
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where N~ft> is the total number of systems 
expected by the negative binomial distribution to 
h~ve (k + 1) or more accidents. Recall that to get 
ak in Equation 6, it was not necessary to get 
the Nk 's, so it may not always be convenient to 
apply this shortcut with the Bayesian method. 

COMPARISON OF THE TWO METHODS 

Given the differences between the two methods, .it is 
of interest to compare estimates obtained by each 
method against what was actually recorded to see if 
there are circumstances in which one or the other 
should be preferred. 

Data 

Eleven primary data sets were used in this compari
son. Some of the data sets contain several years of 
accident history, so it was possible to effectively 
increase the number of comparisons by varying the 
before and after periods. In addition, one of the 
driver accident data sets was disaggregated into 
five age groups. Thus the comparisons were done for 
a total of 42 data sets that involved a variety of 
systems (driver accidents, driver violations, road 
sections, intersections, and roundabouts), and that 
covered a variety of countries (the United States, 
Canada, Sweden, Israel, and the United Kingdom) and 
a variety of before period lengths. A total of 293 
comparisons were obtained. These data sets are 
identified in Table 2. 

Analysis and Results 

To illustrate the n·ature of the performance compari
sons, the data in Table 3 present the results for 
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the Ontario data set. Columns 1, 2, and 6 merely re
peat the data in Table 1. As shown in the first 
line, by using the negative binomial distribution, 
it would be estimated that 13,222 sections (column 
3) are expected to have O accidents (column 1) com
pared with the 12,859 sections (column 2) actually 
counted. The nonparametric method estimates that 
one such section chosen at random would average 0.35 
accident (column 4) during the second year, whereas 
by the Bayesian method the estimate is 0.31 acci
dent (column 5). These estimates are compared to the 
0.40 accident per section actually recorded in the 
second year. In Figure 1, 0.35 on the ordinate 
plotted against 0.40 on the abscissa is point A, 
which is designated by an empty circle: 0.31 plotted 
against 0.40 is point B shown by a full circle. Thus 
data in Table 3 yield 10 pairs of circles. 

Similar tables for all of the data sets produced 
the data for Figures 1 and 2, where estimates from 
each of the two methods are plotted against what was 
recorded. For clarity and for reasons discussed 
later, the driver and the road data sets are plotted 
separately. In these figures the empty circles 
represent the nonparametric estimates, whereas the 
full circles plot the Bayesian estimates. Some ob
servations follow. 

For both driver and road systems, the full cir
cles tend to hug the diagonal somewhat closer than 
the empty circles. Thus it is concluded that the 
Bayesian method is likely to give somewhat better 
estimates. 

For the drivers (Figure 2), the nonparametric 
method consistently overestimates the number of ac
cidents (or violations) per driver from about 0.2 
accident per year on. In an earlier paper (1), it 
was speculated that this is a reflection of matura
tion and possibly the effect of accidents or convic-

TABLE 2 Comparison of Parametric and Nonparametric Bayesian Estimates 

N • indicates the non-parametric method is better ; P - ind i cates the parametric method 1s better 
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TABLE 2 (continued) 

x' Mean 

I I I DATASET DESCRIPTI ON Be fore Arte r : Before After 

i North Carolina Driver Accidents I 
(Year 1 Before)(Yrs .2,3,4 Afte r 21 i 1UJ8 .Ob! i • j~j 

North Carolina Driver Accidents . 
I (Yrs.2,3,4 Before)(Yr.l After) IOJB I 21 , .191 .061 

North Carolina, 22-25 year olds 
i 

(Y~. 1,2 Before)(Yrs ,3,4 After) 3 i 26 .160 I .170 

North Carolina, 22-25 year olds I ! I l , .... , .. ~,,. ""· ... , .. ,.. I 26 3 .170 I .160 

North Carolina, 26-39 year olds I ! I 
(Yrs.1,2 Before)(Yrs.3,4 After) 160 89 . 127 . 134 

I I 
North Carolina, 26-39 year olds I 
(Yrs:J,4 Before)(Yrs . 1,2 After) ! 09 160 : .134 I .127 

North Carolina, 40-59 year olds I i . I 

(Vrs.1,2 Before)(Yrs.3,4 After) 68 j 91 .107 ! . 114 

North Carolina 40-59 year olds I ' I (Yrs.3,4 Before)(Yrs.1,2 After ) , 91 68 I .114 . 107 
I I 

North Carolina 60+years 
After) ! 

: 
(Yrs.1,2 Before)(Yrs:J,4 17 I 115 .111 ' . 114 

North Carolina 60+years I I i I 
(Yrs.3,4 Before)(Yrs.1,2 After) ! 115 l 17 .114 : .111 

I : North Carol Ina 21 year olds , 
I l (year I Before) ( v rs. 2 ,4 After) : I 1 .106 

I 
.098 

North Carolina 2l year olds 
! 

l 
(Year 2 Before)(Year 1 Alter) 1 

! 
I .098 .106 

Israeli Road See t lo~s : 
{Yrs.2,3,4 8efore)(Yrs.5,6,7Aftj 3 : 16 1.685 I. 909 

I I 

Israel 1 Road Sections I 
(Yrs.5,6,7 Bef.)(Yrs.2,3,4 Aft. 1 17 3 I. 909 1. 685 

I 

N - indicates the non-para...,t r ic method is better; 

DATASET DESCRIPTION ~aefore'1 

Israeli Road Sections 
(Year 1 Before)(Year 2 After) I 

Israeli Road Sections 
(Year 2 Before)(Year I After) l 

Israeli Road Sections 
,:Year 6 Before) (Year 7 After) 1 

Israel 1 Road Sections 
(Year 7 Before)(Year 6 After) 2 

Israel! Road Sections 
CYrs.l,2,3 Sefore)(Yrs.4,5 Afte~ 7 

Israel I Roa~ Section; 
(Yrs.4,5,6 8efore)(Yrs.l,2,3Aft ) 9 

Israeli Road Sections 
(yrs.1,2 Bef.)(Yrs.3,4 After) 4 

1srae 11 Road Sections 
(Yrs.3,4 Bef.)(Yrs.1,2 After) 2 

Israel 1 Road Sections 
(Yrs.3,4 Before)(Yrs .5,6 Aft.) 2 

1 s rae 11 Road Sections 
(Yrs.5,6 Bef.)(Yrs.3,4 After) 0 

Westm1n1ster Blacksites 60 

f.al1forn1a Driver Accidents 
(72,73 8efore)(74 After) 9 

California Driver Accidents 
(74 Before)(72,73 After) 2 
Phl ladel phh Interi;ec:ti ons 
(68 Before) ( 69 After) 3 
Ai1 ladelph14 Ir.tersecti•Jns 
(69 Before) '.68 Before) 4 

2 

' 
"After 11 

3 

1 

2 

1 

9 

7 

2 

4 

8 

2 

-

2 

g 

4 

3 

Before 

.577 

.589 

.661 

. 705 

I. 710 

I. 799 

1.124 

1.169 

1.127 

1.220 

3.223 

.133 

.048 

. 759 

.797 

After 

.589 

. 577 

. 705 

.661 

I. 799 

1. 710 

I. !fig 

1.124 

I. 220 

1.127 

-

. 048 

. 133 

I • 797 
I 

I . 759 

- - --- o. ' - --- o.L - -' 
\.llt' 1-'C.TC.lll!:'\.I H,. lllt;'.'\.IIUU 1:) Ut"l.l.it:'I 

Variance No. of Accidents 

Before I After I 0 I i I J. I 4 I 5 6 1 8 9 10 
I ' I 

p I I I 

I .Ub 6 I . i35 NP p p p 

I 

! , 235 

I 
.066 I p N NP I p p p p 

I I 
. 191 ' . 203 NP 1• N 

l 
N p I p p 

I I 

l ! 
I 

. 203 . 191 N 

I 
II N p p I p p 

l I .151 I .158 I N II p p r p p 

I I 

i I I .150 .151 p II p p p p I r 

I 
i ! 

. 122 .129 N N l p II ,, p p p p 

I . 129 I .122 r N p p r p r p 
I 

I i 

I 
I 

I 
I ' .125 .131 I fl p " r I p p p 

I l I i I 

. 131 .125 N 

I 

N p p r p p p 
I 

I I ! ' I l I 

I 
. 118 I . 108 NP N p p N I 

I I I I I 
.108 ! .118 : NP I p II p I rt I : 

I I : : ' i ' : ' 
4. 379 l 4 .095 N p p r I• ' 

p " 1 

I 
I ; 
I l I I 4 .095 i 4. 379 ll ' p : N p I p : p p 

I 
: I i I I I 

P - indicates the parametr1 c method 1 s better 

II, ... ~ , .,,. C ~c. c f fl.cc~ dents 

' Before ' 'After ' 0 I 2 3 4 5 6 7 8 g JO 

.972 . 943 I' p l ~ 

.943 . 972 p p p N 

1.01 1.03 II II p N 

1.03 1.01 N r II p 

3.675 3.88 II r p II p II p p 

3.88 3.675 II p !I p ti p N 

7. 245 2 .30 p p p II p p 

2. 30 2 .245 H p ti N' p N 

2 .295 2 .233 N p p ti p p 

2 .233 2.295 I! N p p p p 

19 .29 - not 
h!por t e~ " p p p p p p p 

.149 .051 ~ N p p p p 

.051 .149 NP p II p 

.970 .B93 N p N p p 

.893 .970 ·P p p p p 

Note: N indicates that the nonparametric method is better, and P indicates that the parametric method is better. The North Carolina driver data sets are from Stewart and Campbell (5), 

the United Kingdom roundabout data sets are from Helliar-Symons (6), and the Sweden intersection data sets are from Brucie and Larsson (1). 
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TABLE 3 
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Accidents 
(k) 
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Application of Estimating Methods to Ontario Road Sections Data 

No . of Sections 
with k Accidents 

12,859 
4,457 
1,884 

791 
374 
160~ 

95 
62 
33 
14 

0 

0 

0 

0 . 

• 00 

No. of Sections Estimated 
by Negative Binomial 
Distribution to Have k 
Accidents 

13,222 
4,029 
I ,762 

850 
428 
221 
116 
62 
33 

8 

Nonparametric Bayesian Recorded 
Estimate 

0.35 
0.84 
1.26 
1.89 
2.14 
3.56 
4.57 
4.26 
3.82 
5.71 

Estimate After 

0.31 0.40 
0.87 0.83 
1.44 1.30 
1.99 1.84 
2.59 2.36 
3.16 3.20 
3.73 3.69 
4 .30 4.96 
4 .87 4.81 
5.44 6.93 
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FIGURE I Application of debiasing methods to road data sets. 
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FIGURE 2 Application of debiasing methods to driver data sets. 

47 



... 

48 

tions on the subsequent driving record. This expla
nation now appears to be incorrect, for, when the 
order of comparison is reversed (call a later year 
before and an earlie, yeaL afte£), the sam~ resulta 
are obtained. As indicated by the squares in Figure 
2, for the Bayesian method this problem is not as 
severe. The overestimates are not as large or as 
consistent. 

The data in Table 2 present the results in a dif
ferent form along with some additional information 
to assist in the discussion that follows. To illus
trate, the first line in Table 2 gives information 
for the entire North Carolina driver population, 
with the first 2 years of data representing the be
fore period and the second 2 years representing the 
after period. In fitting a negative binomial distri
bution to the before period frequencies, a chi
square value of 156 was calculated (column 2), 
whereas for the after period a value of 304 (column 
3) was obtained. The average driver had 0.122 ac
cidents (column 4) in the before period and 0.130 
accidents (column 5) in the after period. The 
sample variances associated with these two means 
were 0.143 and 0.151 (columns 6 and 7), respec
tively. For this data set, fork= O or l accident 
(column 8), the nonparametric estimate was closer to 
what was recorded, whereas for other values of k the 
Bayesian method was closer. For the second entry, 
the second 2 years of data were used for the before 
period with the first 2 years as the after period, 
and so on. Note that when the lengths of the before 
and after periods differ, so do the orders of magni
tude of the mean numbers of accidents (e.g., the New 
Mexico data) • 

The data in Table 2 confirm that, on the whole, 
the Bayesian method gives better results and, in ad
dition, reveals something that is not immediately 
apparent in Figures land 2. For systems with k = 0 
or 1, the nonparametric method performs, in most 
cas~s, at least as well as the Bayesian method. This 
finding has important implications, as the effect of 
treatments on systems with k = 0 or l accident is 
often of interest. 

Discussion of Results 

Effect of Type of System 

From the data sets examined, it is apparent that 
there is a need to distinguish between road systems 
and driver systems. Why this is so remains an in
teresting research question that is currently being 
investigated. 

Disaggregation of the data sets does not appear 
Lo have any influence on the performance of the 
methods, In a real application, a treatment program 
may be aimed at a fairly narrow group (e.g., young 
drivers, signalized intersections, head-on colli
sions). Consequently, it is important that the 
population be defined to include only similar sys
tems. This issue of population definition is being 
researched further. 

Effect of Number of Accidents (kl 

For any value of k larger than 1, the number of road 
(nondriver) systems tends to be relatively small, so 
it is not surprising that the nonparametric method 
does not perform as well as the Bayesian method. 
This finding lends empirical confirmation to state
ments made by other researchers (!-!) about the in
fluence of random variations in observed frequencies 
when the number of systems is small. By smoothing 
these frequencies, the Bayesian method provides more 
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reliable estimates for the smaller groups of sys
tems. For a more general discussion of this issue, 
see Mari tz (!!.) • 

Effect of Number of Systems in a Group 

For road systems at least, it is expected that the 
size of a group with k accidents would be a more 
direct index of the relative performance of the 
methods than the value of k. However, from the 
examination of the data, it appears that statements 
about the relative performance of the two methods 
based on group size are not clear-cut. The best 
that can be said about the methods is that the non
parametric method is at least as good as the Bayes
ian method when the number of road systems with k 
accidents is larger than 200. If this was made into 
a rule, however, there would be many exceptions. For 
drivers, although it appears reasonable that the 
size of the group must play a role in the perfor
mance of the methods, the overestimation problem 
prevents this issue from being examined. 

Effect of Chi-Square Values 

Analysis of a wide range of data sets with diverse 
chi-square values (see Table 2) suggests that, con
trary to intuition, chi-square values for the before 
period data do not appear to be a good index of the 
performance of either of the methods. Even when the 
after period data also have small chi-square values, 
a reliable estimate is not guaranteed. 

Effect of Parameters 

For the Bayesian method, the sample parameters ap
pear to be more relevant than chi-square values in 
determining the performance with respect to road 
systems. Once the sample means and sample variances 
for the before period data are close to these values 
for the after period, the Bayesian method tends to 
give more reliable estimates for road systems. The 
same conclusion cannot be made for the nonparametric 
method or for driver systems. 

SUMMARY AND CONCLUSIONS 

In this paper the regression-to-the-mean phenomenon 
was reviewed along with two analytic methons for 
purging the resulting bias from the results of be
fore-and-after comparisons. 

The focus of the paper was on an empirical com
parison of the two methods: the nonparametric 
method where only observed accident frequencies are 
used to estimate the expected number of future acci
dents, and the Bayesian method where an assumed 
underlying statistical distribution smooths these 
frequencies before using them in estimations. The 
comparison, based on a large number and variety of 
data sets, indicated that, in general, the Bayesian 
method gives somewhat better estimates and should be 
used in assessing the safety effect of a treatment • 
However, for systems with zero or one accident, the 
nonparametric method gives slightly better results 
and might be preferred if the future expected number 
of accidents on these systems is of interest. The 
nonparametric method is also preferred if, in revis
ing estimates for previous studies, accident data 
are only available for high-accident locations, 



Persaud and Hauer 

Discussion 

Olga J. Pendleton* 

In the paper by Persaud and Hauer, the authors at
tempt to show that, by way of example, the Bayesian 
method for estimating accidents in the after period 
is better than the nonparametric method, Whereas the 
data sets to which this comparison was applied ap
pear to support this claim, it should be noted that 
(al the authors do not apply any statistical methods 
in making the comparison and appeal only to graphi
cal and numerical descriptive measures to support 
their claim, and (bl an example is not a proof, 

Addressing the first comment (al, this paper 
would be greatly enhanced if the authors applied 
relatively simple statistics in making the compari
son between methods. For example, along with the 
plots depicting the relationships of the two methods 
that compare actual and estimated values, statistics 
such as the correlation coefficient and the mean 
squared error of deviation from the line represent
ing equality could be reported for the two methods 
and equality could be statistically tested. It also 
appears that there is a region of accident frequency 
where the comparison of these methods may yield dif
ferent results (e.g., <0,5 and >0,5 in Figure 
21. The nonparametric technique might even be better 
at <0, 2, Another statistical test that could be 
made is a simple t-test on the differences of the 
methods or for a more nonparametric approach, a x 2 

test of observed versus expected for each method. 
These statistics would be easy to apply and lenrl 
more credence to the authors' claims. 

The second comment (bl is motivation for futur P. 

research. Either a rigorous mathematical proof that 
compares the power of the two techniques or a simu
lation study would be interesting. In light of the 
difficulty of this task, this paper did a suitable 
job of attempting to answer this question in a less 
rigorous but informative and interesting manner, 

Authors' Closure 

We thank Pendleton for her interest in our paper and 
for highlighting an apparent shortcoming, We think 
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that the shortcoming is not so much in the omission 
of statistical tests as in the absence of any ra
tionalization of this omission. 

After reviewing our results, we chose not to per
form any statistical tests as we felt that the con
clusion that "the Bayesian method is likely to give 
somewhat better estimates" was ably supported by the 
plots. We did not seek a stronger conclusion be
cause, as Pendleton notes, an example is not proof 
and, equally important, because a stronger conclu
sion would have detracted from our findings with 
regard to other issues. The effects of the type of 
system and the number of before accidents are issues 
well in keeping with our original intention Rto see 
if there are circumstances in which one or the other 
method should be preferred." 

In summary, although we agree in principle with 
Pendleton's proposals, we believe that they are out
side the scope of this paper. 
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