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Exposure-Based Analysis of Motor Vehicle Accidents 

PAUL P. JOVANIS AND JAMES DELLEUR 

The concept of exposure to accident risk includes characteristics of the amount 
of travel, the conditions of travel, and the characteristics of the driver and ve· 
hicle undertaking the travel. An empirical investigation of this broad definition 
of exposure was conducted by using accident, travel, and environmental data 
from the Indiana Tollway for 1978. A comparison of automobile and truck 
accident involvement rates indicates that trucks generally have a higher overall 
accident rate, primarily due to a higher rate during clear weather. Comparison 
of automobile accident rates with the rates of two·axle, six-tired vehicles (small 
trucks) and five-axle vehicles (large trucks) showed that the small trucks had 
higher accident rates in all weather conditions than the automobiles or large 
trucks. The highest accident rates for each vehicle type occurred during snowy 
days. Automobiles had higher accident rates at night than during the day, 
whereas truck rates stayed the same or decreased at night. Regression analysis 
of automobile and truck accident rates indicated that the occurrence of snow 
was the single most significant exposure variable associated with an increase in 
accident rates. Automobile accident rates were found to increase significantly 
with truck vehicle miles of travel, a result consistent with concerns for mixing 
high levels of automobile and truck traffic. In general, automobile accidents 
W11re much more sensitive to travel conditions than truck accidents; this may 
be due to a combination of driver experience and/or vehicle technology_ The 
study demonstrated that diverse existing data sources can be combined to in
vestigate a broad definition of exposure and thus gain useful insights concern
ing accident patterns. 

T~e safe, efficient use of the highway system re
quires the accommodation of vehicles of different 
sizes and weights serving different purposes. The 
trend in recent years is for automobiles used in 
passenger transportation to be lighter and smaller 
while trucks, particularly those used to haul inter
city freight, are becoming larger and heavier. 
Pressure continues to increase truck size and weight 
limits beyond current levels (1). In addition to 
economic and regulatory issues concerning increased 
truck weights, there is a substantial controversy 
concerning the safety record of heavy and large 
trucks. A recent major study conducted for FHWA (2) 
has no_t completely resolved the safety issue due to 
apparent methodologic shortcomings (1,3). 

Numerous studies (4-7) have coiiipared various 
characteristics of truck -accidents. Although these 
studies aid the understanding of truck safety is
sues, a major shortcoming is their lack of consider
ation of the amount of travel, typically measured by 
vehicle miles of travel (VMT) • Not considering the 
amount of travel means that consideration is only 
given to the characteristics of the accidents that 
have occurred, not the vehicle miles and conditions 
of travel during which accidents have not occurred. 

Later studies (8,9) use estimates of statewide 
VMT obtained from ii;'otor fuel sales tax receipts to 
consider the amount of travel. These estimates of 
VMT are intended to provide what is commonly de
scribed as a measure of "exposure" to potential ac
cidents. Presumably, as the number of miles driven 
increases, the risk of potential accidents increases. 

A more refined definition of exposure is given by 
de Silva (10), who refers to it as "the number and 
relative danger of the hazards he (the driver) en
counters." Carroll (11) defines exposure as "the 
frequency of traffic events which create a risk of 
an accident" and suggests that distance or driving 
time should be classified by variables that denote 
relative risk--driver, vehicle, roadway, and envi
ronmental characteristics including traffic speed 
and density. Chapman (12) discusses these issues at 
length, concluding that the concept of exposure 
really combines the notions of the attributes of the 
driver and vehicle and the conditions of travel 
(e.g., day or night and rain, snow, or dry) as well 

as the amount of travel. Consideration of VMT alone 
does not capture the potentially important effects 
that conditions of travel may have on the relative 
risk or danger of an accident. 

STUDY OBJECTIVE 

Estimates of VMT do not lend themselves to detailed 
analysis of conditions of travel. The estimates are 
frequently obtained for a large spatial area (e.g., 
a state) as well as a long period of time (e.g., a 
year). This level of aggregation makes it difficult 
to obtain an accurate measure of the effects of 
other exposure-based variables, particularly weather 
and daylight or darkness. The estimates themselves 
may also be inaccurate since they are derived from 
other variables (e.g., gasoline or diesel fuel 
sales) . 

This research focused on an empirical investiga
tion of a broader definition of exposure, emphasiz
ing study of the accident experience of automobiles 
and trucks during different conditions of travel. 
Measured VMT for different classes of vehicles was 
the basis of the study. Weather and sunrise-sunset 
times were combined with VMT and police accident 
records. The study sought to explore the usefulness 
of combining diverse data sources to study exposure 
to accidents in the hope of gaining insights regard
ing the safety performance of different types of 
vehicles under various environmental conditions. 

STUDY SITE 

Several studies of truck safety (13-16) have used 
measured values of automobile and truck VMT obtained 
from closed-system toll roads. The closed toll sys
tems classify all vehicles by type and precisely 
measure on-ramp to off-ramp trip length to determine 
the amount of the toll. The availability of accu
rate travel mileage data indicated that toll roads 
could be a primary data source for the study. 

Several toll authorities were contacted to deter
mine their willingness to cooperate with the study 
team and their ability to provide the accident and 
vehicle travel information required. The Indiana 
Tollway, a 160-mile-long east-west highway in north
ern Indiana, was selected because measured VMT was 
available for nine classes of vehicles differenti
ated by axle count. Although this classification 
did not differentiate some important truck types 
(e.g., five-axle doubles from five-axle tractor
semitrailers), it did permit computation of vehicle 
mileage for automobiles, large trucks (five-axle), 
and small trucks (two-axle, 6-tired). Comparison of 
these three vehicle types resulted in the inclusion 
of approximately 97 percent of the automobile vehi
cle miles and more than 80 percent of the truck ve
hicle miles. 

Although it would have been desirable to obtain 
VMT for segments of the tollway (between entrance 
and exit ramps), the Tollway Authority data collec
tion system computed daily VMT for the entire facil
ity. Because more spatially disaggregated VMT could 
not be obtained, weather and sunrise-sunset data 
also had to be aggregated for the entire roadway. 

weather data for the tollway in 1978 were ob
tained from six recording stations operated by the 
National Oceanographic and Atmospheric Administra
tion (NOAA) • The stations were dispersed along the 
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length of the tollway and recorded for each hour of 
the day the amount of rainfall and snowfall. These 
spatially and temporally disaggregate weather data 
were used in two ways: (a) to classify days as 
clear, snowy, or rainy and (b) to construct, for 
regression analysis, variables called "hours of 
rain" (HRSRAIN) and "hours of snow" (HRSNOW). The 
regression variables were constructed by using the 
following procedure: 

1. Any precipitation entry beyond a trace for an 
hour at a station was called one hour of rain or 
snow at that station. 

2. The total hours of rain (or snow) at all sta
tions for a day were summed and divided by the num
ber of reporting stations to obtain the hours of 
rain and snow for the entire tollway for that day. 
Lack of segment-specific VMT data dictated this ag
gregation procedure. 

Data on -hours of daylight and darkness for 1978 
were obtained from the Old Farmer's Almanac for 
South Bend, Indiana--approximately the midpoint of 
the tollway. The 24-h VMT data used in an earlier 
University of Michigan study of the Indiana Tollway 
(14) were then entered to determine an estimate of 
the proportion of daily truck and automobile VMT 
driven during daylight and darkness. The estimate 
was obtained by picking the hours of the day for 
sunrise and sunset and taking the area under the 
curve. 

Complete accident records were available for 
1978, chosen as the year of the study. Nearly 1000 
accidents that occurred on the tollway were re
viewed. Accidents at tollbooths, on access road
ways, in service areas, and on entrance-exit ramps 
were excluded from the data set in order to arrive 
at data that could be considered typical of Inter
state highway conditions. Whereas entrance-exit 
ramp accidents are common to all Interstates, it was 
often not clear in the tollway data set whether 
proximity to a toll collection facility influenced 
the ramp accident. The more than 600 accidents that 
remained in the data set consisted primarily of 
main-line and merge accidents. In transcribing ve
hicle information from accident reports, care was 
taken to classify all vehicle involvements in one of 
the nine tollway VMT classifications. Each vehicle 

Figure 1. Design of hypothesis tests. 

Accident Rate Co!!!)arisons 

Compare Overal 1 
Accident Rates 

Compare Rates on 
Cl ear Days and 
Precipitation Days 

Separate Rain 
and Snow Days 

Disaggregate for 
Three Major * 
Vehicles Cl asses 

Disaggregate for 
Day /Night -C-D-1/~C-N~l ,,,f 1( jso1f ,I 

*1 =Autos and other 2 axle; 4 tire vehicles (Class l) 

=Two axle, 6 tire vehicles (Class 3) 

=Five axle vehicles; both semi's 8nd double boLL0111 (Class 6) 
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involved in an accident was thus described to allow 
the computation of vehicle accident involvement 
rates (i.e., involvements per million VMT). As dis
cussed by Scott and o' Day ( 13) , the use of vehicle 
involvement rates rather than accident rates cor
rects the r ates for different amounts of travel by 
vehicle class. 

EXPERIMENTAL DESIGN 

The data analysis sought to identify statistically 
significant differences in automobile and truck ac
e ident experience. To achieve this goal, a two
phase experiment was conducted. Initially, vehicle 
accident involvement rates were compared at increas
ing levels of disaggregation (see Figure 1). Over
all accident involvement rates of automobiles and 
trucks were compared first: next, days with precipi
tation (rain or snow) were separated from clear days 
and separate accident rates were computed; precipi
tation days were further segregated into days with 
rain and days with snow; truck accident rates were 
segregated into those for class 3 (small trucks) and 
those for class 6 (five-axle semitrailers and 
doubles); finally, separate day and night rates were 
computed based on when each accident actually oc
curred. 

Conceptually, more than three vehicle classes 
could have been included in the study, but smal 1 
sample sizes of accidents in the remaining six vehi
cle classes precluded their separate analysis. Be
cause an involvement rate is computed for each day 
(our fundamental data analysis unit) , the mean and 
variance of the daily accident involvement rate can 
be computed for each cell and used to test statisti
cal hypotheses concerning equality of means. These 
comparisons provided broad indications of the acci
dent experiences of different vehicles in different 
travel conditions. 

The second phase of the experiment was the devel
opment of regression models to predict the mean 
daily accident involvement rate as a function of 
several explanatory variables. Regression allowed 
the examination of rain and snow as continuous 
rather than dichotomous variables; the models pro
vided an understanding of the effect of the amount 
of rain or snow as well as its occurrence. The ef
fect of traffic mix was also examined; i.e., are 

Al 1 Trucks 
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automobile accident rates higher on days with high 
truck VMT? 

Preliminary examination of the data revealed the 
presence of two winter days on which the tollway was 
closed for part o.f each day due to extremely heavy 
snows and icy conditions. The poor weather contrib
uted to a high number of accidents and, combined 
with very low VMT, very high accident rates. The 
conditions of travel on these two dayb were so ex
treme as to be considered very unlikely to occur 
with any frequency. Therefore, these two days were 
removed from the data set, which left 363 days of 
usable data. 

DATA ANALYSIS 

Accident Rate Comparisons 

The mean and variance of the daily accident involve
ment rate for each cell in Figure l are summarized 
in Figure 2. A series of paired comparisons of ac
cident rates were conducted by using the following 
test statistic: 

t = (m1 - m2 )/[(Sffni) + (S~/n2 ) ] 112 

where 

sample 

2 
sl, 

variance, 

one group and 

and 

and sample 
2 

m2, s2, 

measures for variables in 

are 

size 

and 

the 
test statistic is asymptotically 
degrees of freedom, 

(1) 

the sample mean, 

of the variable in 

n2 are comparable 

second group. The 
t-distributed with 

, Figure 2. Summary of accident involvement rates . 

.. 
Autos 

m = l.49 

s2 =6.50 

I n = 363 

n = 188 n = 175 n = 188 

Cl ear Precip. Cl ear 

m = l.06 m = 1. 95 m = 1 .41 

s2 = 1 .26 s 2 = 11 .72 
? 

s" = 2 .61 

n=l1 8 n=57 

Rain Snow 

m = l.16 m = 3.86 
s2 = 3 .42 s2 = 27 .65 

n=l88 n=ll8 n=57 1 n=l88 1 n=l 88 

Cl ass 1 Cl a SS 1 Cl ass 1 Class 3 Cl a SS 6 

m = 1.04 m = l.10 m = 3.76 m = 2.56 m = 1.50 
s2 = 1.26 2 = 3 .56 s2 = 27.65 s 2 = 102 .4 2 

= 3 .1 5 s s 

Day Night Oay Night Day Night Day Night Day Ni qht 

o. 79 2 .03 0. 74 2.00 3.31 5.80 4.25 1.28 1 .44 1 .47 

1.54 11. l 2.04 13. 51 53 .1 84.6 385. 7 71 . 9 5. 76 6.57 

• 
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The null hypothesis is that the sample means are 
equal, and the alternative hypothesis is that they 
are not equal. The test statistic is used because 
initial comparisons of the variances in Figure 2 
resulted in rejection of the null hypothesis of 
equal variances in all cases. 

Table l presents t-statistics and significance 
probabilities for the null hypothesis that the mean 
clear-weather accident rate of different vehicle 
types is equal to the accident rate for days with 
rain or snow. Compared with rates during clear days 
(mA = 1.06 accidents/million vehicle miles), auto
mobiles experienced significantly higher accident 
rates during snow (p < 0.0001) and insignificantly 
higher rates during rain (p = 0.30). All trucks 
have a similar accident experience that shows sig
nificant increases during snow but a marginal de
crease during rain. 

The comparisons for the three separate vehicle 
classes indicate that results for class l closely 
match results for all automobiles (hardly surprising 
since class l contains 97 percent of automobile 
VMT). Very different results are obtained when com
parisons are conducted separately for small trucks 
(class 3) and large trucks (class 6) • The large 
trucks continue to show large increases in accident 
rates during snow and marginal, nearly significant 
decreases during rain. Small trucks, however, show 
a small but significant increase during snow and no 
significant difference during rain. 

These results suggest that rainy conditions hav:e 
less influence on the accident rates of large trucks 
than on those of automobiles and small trucks. Per
haps drivers of large trucks are more alerted to 
danger during these conditions and their driving 
experience and training provide them with better 

Trucks 

m ~ 1. 75 
s2 

K 9.36 

n = 363 

n = 175 

Precip. 

m = 2 .22 
52 = 18.59 

n=ll 8 n= 57 

Rain Snow 

m = 1 .21 m = 4 .25 
s2 = 2 .77 ~2 = d4 .60 

I n=ll8 I n=l 18 n=57 n=57 

Cl ass 3 Cl ass 6 Cl ass 3 Cl ass 6 

m = 2.39 m = l.26 m = 7 .60 m = 4.14 
2 = 55 .7 s2 = 4.30 s2 

= 407. 9 s2 
= 47.4 s 

Day Ni qht Dav Ni qht Dav Ni qht Dav Ni qht 

2 .27 2.89 1.29 0.99 11 .82 4 .62 4.38 4.57 

83.74 210 8 6.13 7.20 2227 246 n 65.5 71 . 7 

m mean daily accident involvement rate in involvements/million VMT. 
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Table 1. Comparison of accident involvement rates in clear weather with rates 
during snowy and rainy days. 

Rain Snow 

Vehicle Type p p 

All automobiles 0.520 0.30 3.99 <0.0001 
All trucks -0.81 0.79 2.84 0.002 
Velticle class 

1 0.340 0.37 3.88 <0.0002 
3 0.175 0.44 1.81 0.035 
6 -1.02 0.15 2.87 0.003 

Table 2. Summary of statistical tests comparing accident involvement rates 
for different vehicle types. 

Clear Rain Snow 
Vclticle Type 
Comparison p p p 

All automobiles versus 2.64 0.004 0.499 0.31 0.004 0.5 
all trucks 

Class 1 versus class 3 2.06 0.02 1.82 0.035 1.39 0.08 
Class I versus class 6 2.98 0.001 0.611 0.27 0.329 0.63 
Class 3 versus class 6 1.43 0.08 1.59 0.055 1.22 0.12 

Table 3. Comparison of day and night accident involvment rates. 

Clear Rain Snow 
Vehicle 
Class p p p 

1 -4.79 <0.0001 -3.47 < 0.0002 -1.63 0.10 
3 1.90 0.06 -0.39 0.70 1.09 0.28 
6 -0.12 0.90 0 .89 0.37 --0.12 0.90 

judgment on how to safely operate the vehicle. 
Automobile and small-truck drivers are likely to 
have less experience and training and may not be 
able to make judgments of the same quality. Vehicle 
technology in terms of tires, steering, and braking 
may also be sufficiently advanced to allow the more 
experienced large-truck driver to take corrective 
action to avoid danger. 

Comparisons of all vehicle types indicate that 
accident rates increase significantly on snowy days. 

A comparison of vehicle performance in the same 
weather conditions is summarized in Table 2. The 
null hypothesis is that the automobile (or vehicle 
class l) accident rate for the given weather condi
tion is equal to the truck accident rate for the 
same weather condition. The results indicate that 
automobile accident rates are lower than truck acci
dent rates only in clear weather. In snow, rates 
are very similar; in rain, approximately similar. 
Rate comparisons by vehicle class yield a somewhat 
different picture. Compared with rates fur two
axle, six-tired trucks, automobile rates are sig
nificantly lower for all weather conditions. Al
"t.huu9ii t ii~ 1.~::>uli:..::s iu1. .::snuw Uayb c:u. i::: uuly ma.Ly.i.ua.lly 
different (p = 0.08), the results are very different 
from those of comparisons in which all truck classes 
were aggregated. The findings for large trucks are 
consistent with previous results: Clear-weather 
accident rates are significantly higher for large 
trucks (class 6) than for "automobiles. Accident 
rates are not significantly different on rain and 
snow days: Comparisons of rates for the two truck 
classes indicate that rates are marginally higher 
for small trucks than for large trucks. 

The most disaggregate comparison of mean accident 
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involvement rates included a breakdown of day and 
night accidents and accident rates. Table 3 sum
marizes the results. The null hypothesis is that 
the daytime accident rate is equal to the nighttime 
accident rate for each vehicle class in each weather 
condition, and the alternative hypothesis is that 
the rates are unequal. It is interesting that auto
mobile accident rates increased significantly at 
night for both clear and rainy days. Both small and 
large trucks had generally the same accident rate 
during the day and night except for two instances in 
which the rate was marginally lower at night. These 
results provide further evidence of different safety 
performance for different vehicle types l in fact, 
the automobile nighttime accident rate during clear 
weather was marginally higher than the large-truck 
accident rates during both clear and rainy days. 

It is clear, and somewhat surprising, that the 
accident rates for small trucks are consistently 
higher in all weather conditions than the rates for 
large trucks. Furthermore, lar~e trucks have higher 
accident rates than automobiles only during clear 
weather and exhibit marginally lower accident rates 
than automobiles during rain. Large trucks have 
generally similar (or lower) accident rates at 
night. Automobiles are exactly the opposite, having 
significantly higher rates at night. In general, 
the comparison of means revealed very different 
accident characteristics for automobiles and 
trucks: Automobiles were much more sensitive to 
travel conditions than either truck type. 

Regression Analysis 

Regression models were constructed to further study 
variable interrelations, particularly the influence 
of one mode's VMT on the other's accident rate 
(e.g., truck VMT on automobile accident rate) and 
the effect of the amount of snow, rain, and night
time travel on accident experience. The variables 
used in the models can be defined as follows: 

AUTODAY percentage of daily automobile VMT 
driven during daylight hours; 

HRSNOW average snowfall for a day, estimated 
as described earlier in this paper; 

HRSRAIN average rainfall for a day, estimated 
as described earlier in this paper: 

TRUCDAY percentage of daily truck VMT driven 
during daylight hours: 

VMTCLl daily VMT for vehicle class 11 
VMTCL16 term measuring the interaction of the 

VMTs of classes l and 6, computed as 
the product Of VMTCLl and VMTCL6: 

VMTCL6 daily VMT for vehicle class 61 
VMTA daily VMT for automobiles, obtained by 

summing VMTs for classes l and 2; 
VMTAT term measuring the interaction of the 

VMTs for automobiles and trucks, com
puted as the product of VMTA and VMTT; 
and 

VMTT • daily VMT for trucks, obtained by sum
ming the VMTs for vehicle classes 3-9. 

TnnAn1a •. ,l'!:lora. A.o.n•o.l"T""la~ h'lr 11C!inn :::i. lino::ar ···----- ··--- - - . ---r-- -~ -----;1 - -------
tive specification: 

Daily accident involvement rate= b0 + b 1 HRSNOW + b2 HRSRAIN 

+b3VMTAT+ ... (3) 

Models were developed separately for automobile, 
tr.uck, and large-truck (class 6) daily involvement 
rate. Predictor variables were screened to remove 
those that were strongly intercorrelated. Model 
estimates are discussed below, including coefficient 
values, coefficient t-statistics, and equation R2 



Transportation Research Record 910 

Table 4. Summary of au10mobile accident 
All Data rate regrenions. 

Variable B 

HRSNOW 0.52 
HRSRAIN 0.23xJO-I 
VMTAT -0.83xl0-12 

AUTODAY -0.34xl0-I 
VMTT 0.61xl0-6 

Constant 1.56 
R2 0.16 

values. For each equation, t-statistics in excess 
of 1. 96 in absolute value indicate parameters that 
are statistically significantly different from zero 
(a= 0.05). 

Automobile Accident Rates 

A summary of the automobile regression models is 
given in Table 4. The R 2 value of 0 .16 for the 
linear model with all automobiles indicates that a 
substantial portion (84 percent) of the variance in 
the data is unexplained. Although this is not com
pletely satisfying, it is not very different from 
R2 values obtained in disaggregate regressions in 
other transportation planning applications. The low 
R2 can be explained by the presence of a number of 
days with no automobile accidents and significant 
levels of VMT . Thus, a model is being fit through 
these points as well as points with similar VMT and 
some number of accident involvements. The R2 

could be increased by aggregating involvements over 
several days, but one would then lose resolution on 
the variables that describe conditions of travel. 
It is believed that the low R2 values are charac
teristic of the data disaggregation and that the 
model coefficients can still illustrate significant 
data association. 

Only two variables are significant in the linear 
model. HRSNOW is very significant and positive in 
sign, which indicates increased automobile accident 
rates on days with increasing snowfall. The coeffi
cients for the remaining weather variable (HRSRAIN) 
and the variable that denotes the percentage of 
automobile VMT during daylight (AUTODAY) are not 
statistically different from zero. The results for 
snow were certainly to be expected, given the com
parisons of the accident rates in the preceding sec
tion. Daylight automobile VMT was expected to be 
more significant and was expected to be negative in 
sign. 

The coefficient of the truck VMT variable (VMTT) 
is nearly significant and positive, which indicates 
that there may be higher automobile accident rates 
on days with higher truck volumes. The association 
of higher automobile accident rates with high truck 
VMT supports the general concern for mixing high 
levels of truck traffic with automobiles. 

The interaction term of automobile and truck VMT 
(VMTAT) was significant and negative in sign, indi
cating lower daily accident rates when the product 
of automobile and truck VMT is high. The interpre
tation is that automobile accident rates are lower 
on days with high automobile and truck VMT, a sur
prising finding. The expectation was that auto
mobile accident rates would increase as VMTAT in
creased because increased levels of automobile and 
truck mileage are a surrogate for high flows and 
possible congestion. The tollway is a rural highway 
throughout nearly all of its length, but congestion 
occurs only near the western end of the facility. 

It would also be interesting to differentiate all 
involvements into single-vehicle/multiple-vehicle 
crashes and thereby determine the influence of auto-

5 

Weekday Weekend 

B B 

6.33 0.85 7.33 0.29 2.29 
0.31 -0.06 -0.69 0.24 1.79 

-2.25 -0.65xl0- 12 -1.63 -0.15x!0-11 -1.73 
-0.02 0.27 0.14 0.42 0.12 

0.98 0 .37xl0-6 0.40 0.31 x 10-5 0.97 
1.19 1.29 0.82 0.59 0.20 

0.23 0.13 

mobile-truck VMT interaction. Other authors (17) 
have suggested that single-vehicle accidents in
crease with traffic volume to a point and then de
crease as multiple-vehicle crashes predominate. 
Further insight could also be obtained by the spa
tial disaggregation of the data, although Indiana 
Tollway traffic data were unavailable in this form. 

Examination of tollway VMT data indicated two 
trends: 

1. Automobile volumes tend to be slightly higher 
and truck volumes lower on weekends during the year, 
which results in higher values for VMTAT during 
weekdays. Furthermore, weekday drivers are likely 
to be more regular travelers of the tollway than 
weekend travelers who drive for recreation purposes. 

2. Automobile VMT increases (by a factor of 2) 
starting in the late spring and building into summer 
due to recreational travel: truck VMT remains nearly 
constant throughout the year. 

To determine which of these trends is significant, 
separate regressions were estimated for weekday and 
weekend conditions (Table 4). These separate models 
seek to describe accident rates when conditions of 
travel are more uniform--i.e., when the truck
automobile vehicle mix is more nearly constant and 
the type of automobile driver is consistent. 

The segmentation of the analysis into separate 
models for weekdays and weekends yielded very inter
esting results. HRSNOW was significant in both seg
mented models but was more significant on weekdays 
and had a substantially larger magnitude. The re
sults can be explained by the lower VMT (and thus 
higher accident rates) during winter compared with 
other seasons. Furthermor.e, much of the weekday 
travel is done by commuters, for whom the work trip 
is mandatory. Weekend travelers can plan their dis
cretionary trips in winter to keep their trips 
shorter and be ready to handle adverse weather; 
those who do travel during snow may be better able 
to handle the adverse travel conditions. 

A significant change is observed in the sign and 
the statistical significance of the rainfall vari
able. For weekdays HRSRAIN has a negative and in
significant sign, whereas for weekends the coeffi
cient is positive and marginally significant 
(t = 1.79, p = 0.07). This result may again re
flect the inexperience of weekend vacationers or 
leisure drivers in dealing with rainy weather. This 
may be particularly true of summer vacationers who 
are not familiar with the tollway and who are 
traveling when the most severe rainfall of the year 
is likely to occur. 

It is interesting that the VMT interaction term 
(VMTAT) remains negative and marginally significant 
for both weekdays and weekends. The interpretation 
is that this variable is capturing the seasonal 
travel trend of substantially increased automobile 
VMT during summer. The sign of the coefficient in
dicates that automobile accident rates are lower 
during these heavy travel days, a rather surprising 
result. 
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Table 5. Summary of truck accident 
All Data rate regressions. 

Variable B 

HRSNOW 0.69 7 .16 
HRS RAIN -0.02 -0.25 
VMTA -0.26xl0-6 -0.74 
TRUCDAY 0.62x10-2 0.00 
VMTAT -O. l 4x 10- 12 - 0.26 
Constant 1.89 2.05 
R2 0.16 

Table 6. Summary of accident rate All Data 
regressions for large trucks : vehicle 
class 6. Variable B 

HRS RAIN -0.67x I 0-2 -0.07 
VMTCLI -0.21 - 0.55 
HRS NOW 0.77 7.30 
TRUCDAY 0.85 0.37 
VMTCL16 -0.36xl o- 6 -0.48 
Constant 1.52 1.52 
R2 0.16 

Truck Accident Rates 

The model of daily truck accident rates is summa
rized in Table 5. The model reveals a strong asso
ciation of higher truck accident rates with days on 
which there are greater hours of snowfall. Surpris
ingly, none of the other variables in the linear 
specification were found to be significantly dif
ferent from zero. Only VMTA, the daily automobile 
VMT, has a t-statistic that suggests significance; 
the sign of its coefficient suggests lower truck 
accident rates on days when automobile VMT is high
est, such as on weekends and during the summer. 
Segmentation into weekends and weekdays resulted in 
VMTA being much more significant (p = 0.12) than in 
the pooled model. The sign of VMTA was still nega
tive, which indicates decreased truck accident rates 
on days with high automobile VMT. Occurrence in the 
weekday segment implied lower truck accident rates 
during weekdays throughout the year. 

It is interesting that none of the variables in 
the weekend model have significant coefficients 
other than the hours of snow , 

To obtain a better idea of the influence of con
ditions of travel on large trucks, an additional set 
of regression analyses was conducted for vehicle 
class 6 (seg_Table 6). Results generally paralleled 
those for the all-truck model. Hours of snow was 
consistently significant and the only signif~cant 

variable in the pooled model. Automobile VMT was 
again negatively associated with truck accident rate 
but not as strongly as in the models for all 
trucks. As before, the weekend segment contained 
hours of snowfall as the only significant predictor. 

Summa r y 

The findings for the large-truck and total-truck 
regression analyses are very similar: Hours of 
snowfall is the strongest predictor of truck acci
dent rates, and high automobile VMT is associated 
with lower truck accident rates. in general, the 
truck accident analyses yielded models with slightly 
poorer goodness of fit than the automobile regres
sion analyses. One may infer that the truck acci
dents were more likely due to factors not included 
i n the models, whereas automobile accident rates 
were more heavily dependent on conditions of travel. 
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Weekday Weekend 

B B 

0.66 5.50 0.68 3.68 
-0.07 -0.79 0.07 0.33 
- 0.87x10- 6 -1.53 0.49xl o-6 0.35 

0.47 0.22 - 2. 13 -0.38 
0.47x10-J 2 0.65 -0.12x!0- 11 -0.48 
1.81 1.97 2.53 I.OS 
0.15 0.18 

Weekday Weekend 

B B 

-0.05 -0.53 0.09 0.39 
-0.66xl0-6 -1.09 O. IOxl0-6 0.07 

0.76 5.72 0.75 3.79 
1.32 0.57 -0.90 -0.15 
0.27x10-6 0.27 -0.89xl0- 6 -0.26 
1.35 1.33 2 .21 0.86 
0.15 0.18 

DISCUSSION OF RESULTS 

In order to place this study's findings in the 
proper perspective, it is useful to compare them 
with previous studies. Research published by Val
lette and others (2), Khasnabis and Atabak (~), and 
Scott and O'Day (l3) presents findings useful for 
comparison. 

In their study of accident experience in the 
State of Michigan, Khasnabis and Atabak (8) found 
that straight trucks had higher accident rates over
all compared with tractor-semitrailers and panels, 
pickups, and vans. Compared with all other vehi
cles, tractor-semitrailers had a higher fatality 
rate but a lower overall accident rate. Although 
our truck classification does not identify straight 
trucks as such, vehicle class 3 would certainly in
clude a large proportion of these vehicles and other 
small trucks. Our findings are similar to those of 
Khasnabis in that small trucks had a higher overall 
accident rate than large trucks. Our results fur
ther show that this is true for all comparable con
d i t i ons for au t omobiles and l arge t rucks . Our re
sults differ from those of Khasnabis and Atabak in 
that large trucks in our data have higher overall 
accident rates than automobiles, primarily due to 
their higher accident rate in clear weather. 

Scott and O'Day (13), using a large sample of 
main-line tollway accidents, found that the involve
ment rates for trucks and automobiles were not sig
nificantly different. These results are not the 
same as our findings, ·which are based on a smaller 
sample size. Scott also found that trucks were less 
affected by weather as a causative factor in acci
dents than were passenger cars. Comparison of means 
for our data generally supports this finding: The 
.i.n(.;L~c:U::it: J.U cu .. a . .:.i.U~ui:. ..iuvulvt:mt:ui... Lai..t: .Lu i::>uuwy 

weather over that in clear weather is less for 
trucks than for automobiles; in addition, accident 
rates for large trucks are lower in rainy weather 
than in clear weather and change little or decrease 
at night. 

Looking at a much broader class of roadway types, 
Vallette and others (~) found no significant differ
ence in the accident involvement rate for trucks and 
automobiles. For urban and rural freeways, they 
found higher accident rates for tractor-semitrailers 
than for straight trucks, a finding opposite to ours 
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for the most similar vehicle types. Whereas our 
"large" trucks include both singles and doubles, the 
accident rates we found for straight trucks (vehicle 
class 3) are directly opposite to those of Vallette 
and others and more closely related to the results 
of Khasnabis and Atabak. 

None of the three previous research studies was 
able to make a statistical comparison of the acci
dent rates of automobiles and trucks at this level 
of detail, describing conditions of travel. 

CONCLUSIONS 

The inclusion of conditions of travel can substan
tially aid in the understanding of the accident per
formance of different types of vehicles. Automo
biles were consistently the most sensitive to travel 
conditions: Automobile involvement rates increased 
significantly at night during clear and rainy days; 
they also increased marginally during snow. Large 
and small trucks, however, had similar or lower ac
cident rates at night. 

Snowy weather was the single most important pre
dictor of high accident rates for both trucks and 
automobiles for all the models tested. weather con
ditions also appeared to affect different vehicle 
types in different ways: Large-truck accident rates 
actually were lower during rainy days than during 
clear days whereas automobile and small-truck acci
dent rates remained approximately the same. 

Although regression models of automobile and 
truck daily accident rates yielded low R 2 values 
(0.12 to 0.23), they frequently yielded significant 
and consistent results. As expected, snow was the 
most significant weather condition contributing to 
both automobile and truck accidents. Higher automo
bile accident rates were associated with high levels 
of truck VMT, which raises concerns about mixing 
high levels of these two vehicle groups in traffic. 

A strong seasonal trend was apparent for automb
b iles: Lower accident rates were associated with 
days of high automobile and truck volumes, which 
occur mainly during summer months. These results 
somewhat contradict the findings regarding truck VMT 
but appear to reflect a different phenomenon--the 
twofold to threefold increase in automobile VMT dur
ing summer vacation months. 

In summary, the study found important and signif
icant changes in motor carrier and automobile acci
dent rates when the concept of exposure was expanded 
to include weather conditions, daytime-nightime 
travel, and, to a limited extent, vehicle mix. 

The study illustrated the usefulness of combining 
data from divergent sources to conduct a detailed 
exposure analysis. The study also revealed impor
tant characteristics of motor vehicle performance as 
travel conditions change: Automobiles are much more 
sensitive to adverse weather and nighttime travel 
than trucks. 
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Variability in Rural Accident Reporting 

DANIELS. TURNER AND EDWARD R. MANSFIELD 

A research project was conducted for the Alabama Highway Department to as· 
sess the accident-reporting consistency of jurisdictions across the state. During 
the first phase of the research, a literature review was conducted, variables were 
selected for regression analysis, preliminary regression studies were begun, and 
a manual evaluation was conducted on the fiv&-year accident pattern. Statistical 
investigations revealed strong relations between the number of accidents and 
several predictor variables for rural data and county wide data. The strongest 
single-variable model used population as the independent term and had an R2 
greater than 0.93. The strongest multipl&-variable model used eight independent 
terms and had an R2 greater than 0.99. Evaluation of the fiv&-year accident 
pattern for individual Alabama cities and counties disclosed that 28 percent of 
them hod erratic reporting trends. Significantly, county irregularities were not 
as severe as those for cities. Almost on&-seventh of all cities had major discrep
ancies in the number of accidents reported over a five-year period. Traffic en
gineers and others performing safety studies must oxercise care to ensure that 
study data reflect the character and quantity of accidonts that actually occurred 
in the study area. Overall, the initial phase of the project was successful in 
documenting the existence of discrepancies in Alabama traffic accident data 
and in establishing strong regression relations between the number of accidents 
and predictor variables. Future phases of the project will address regression of 
city data, define reasons for discrepancies, and recommend improvements. 

Historical accident data are a significant source of 
information used by engineers to establish safety 
programs and to implement safety countermeasures. 
These data are becoming increasingly important as 
safety programs receive more emphasis. This paper 
outlines a portion of a research project undertaken 
for the Alabama Highway Department to determine the 
consistency of the traffic accident data base. 

PROBLEM STATEMENT AND RESEARCH PLAN 

Reliability in the reporting of traffic accident 
data is obviously desirable but is not always pres
ent . In Alabama, individual jurisdictions are 
charged with investigating and reporting colli
sions. Both the quantity and quality of data appear 
to vary from location to location. This research 
was undertaken to assess the consistency of report
ing, to devise a technique for predicting the number 

Table 1. Accident reporting thresholds by state. 
Amount of 
Property 

State Damage($) 

Alabama 50 
Alaska 500 
Arizona 300 
Arkansas 100 
California 
Colorado 
Connecticut 250 
Delaware 250 
Aoridn 100 
Georgia 100 
Idaho 100 
lllinois 
Indiana :lUU 
Iowa 250 
Kansas 200 
Kentucky 
Louisiana 100 
Maine 200 
Maryland 
Massachusetts 200 
Michigan 200 
Minnesota 100 
Mississippi 50 
Missouri 

of accidents in a given location, and to identify 
jurisdictions where the number of accidents reported 
did not conform to the expected number. 

The primary research technique was a regression 
analysis of the number of reported accidents for 
each Alabama city, followed by a confidence band 
analysis to isolate jurisdictions that did not do an 
adequate job of reporting. The initial portion of 
tne project was directed toward determining the 
adequacy of the contemplated regression techniques. 

This paper deals with the specific work steps in 
the first phase of the project--analysis of _ rural 
area reporting and of year-to-year consistency. 

LITERATURE REVIEW 

A literature review was conducted for several pur
poses: 

1. To document the nature of the existing 
problem, 

2. To identify previous research of a similar 
nature, and 

3. To identify and designate variables for the 
statistical analysis. 

The literature review is described in detail in a 
paper by Willis and others elsewhere in this Rec
ord. Three main reasons for consistency problems in 
accident data reporting were identified: 

1. Variations in threshold accident reporting 
values (as Table 1 indicates, Alabama's threshold 
property-damage value of $50 or more is low in com
parison with the criteria of other states), 

2. Failure to investigate accidents properly, and 
3. Tne secondary importance given to accident 

reporting in comparison with the many other duties 
of law enforcement personnel. 

Amount of 
Property 

Other Criterion State Damage($) other Criterion 

Montana 100 
Nebraska 250 
Nevada 250 
New Hampshire 300 

Injury New Jersey 200 
All New Mexico 100 

New York Injury 
North Carolina 200 
North Dakota 300 
Ohio All 
Oklahoma 100 

All Pennsylvania Towaways 
:sou tn caroiina lUU 

South Dakota 250 
Tennessee 200 

On request Texas Inoperable vehicle 
Utah 200 
Vermont All 

All Virginia 100 
Washington 300 
West Virginia All 
Wisconsin 200 
Wyoming 250 

Fatality 

Note: Data obtained from the International Association of Chiefs of Police. No information was available for the District of 
Columbia, Hawaii, Oregon, l:l.IU.l RhuJ.., Island. 
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SELECTION OF REGRESSION VARIABLES 

During the initial portion of the investigation, a 
conference was conducted to select variables for the 
regression analysis. Representatives from the Acci
dent Investigation and Surveillance Branch of the 
Alabama Highway Department and members of the proj
ect research staff prepared the list of items given 
in Table 2. 

One of the primary considerations was the avail
ability of the various data items. Specific vari
ables were dismissed from further consideration if 
they were not readily available from conventional 
sources. The reason for dismissal was that, even if 
a variable was an excellent predictor, traffic engi
neers would refrain from using the prediction equa
tion if it were not convenient to obtain data values 
for the variables. 

It became apparent that many of the most desir
able data items were not available for individual 
cities. However, these variables were applicable to 
counties and were found to be readily available. At 
this point, the data were placed in three catego
ries: county, city, and rural. The county classi
fication was used for variables applicable on a 
countywide basis, including both urban and rural 
areas. Examples include the number of vehicle reg
istrations and the number of driver licenses. 

The city classification was restricted to data 
applicable to incorporated cities in the state. One 
example is the census data used to establish the 
population. The final classification, rural, was 
used to handle data i terns that were only applicable 
to areas outside incorporated cities. For example, 
the rural population of a specific county would be 

Table 2. Desirable data items for regression analysis. 

Data Item 

Population 
Paved highway 
Land area 
Population density 
umd use 
Employment activity 
Gasoline tax 
Law enforcement 
Vehicle travel 
Vehicle registrations 
Driver licenses 
Accidents 

Description 

Census data 
Miles of paved highway by classification 
Square miles in city limits 
Persons per square mile 
Square miles by land use (urban, agricultural, etc.) 
Number of jobs by category (manufacturing, etc.) 
Allocation of state gasoline tax to cities and counties 
Number of law enforc.ement officers 
Vehicle miles for each city 
Automobiles in a city 
Drivers in a city 
Number of traffic accidents 

Table 3. Variables used in regression analysis. 

Data File 

Data Item County City Rural Source 

the county population 
incorporated areas. 
given in Table 3. 

minus the population of 
variables in each file 

Data Strengths and Weaknesses 

9 

all 
are 

The obvious shortcoming of the city and rural data 
was the limited number of independent variables for 
use in the prediction equation. It is fortunate, 
however, that the population variable was in both 
sets. This was the single most desirable variable 
for use as a predictor because it was the easiest 
variable to obtain on a widespread basis. 

The accident data associated with the rural data 
file had possessed a greater degree of reliability 
than the other two files. Most of these data were 
gathered by troopers from the Alabama Department of 
Public Safety, which has statewide programs for 
officer training and traffic accident investigation 
that should create a high degree of accuracy and 
uniformity in the reporting of accident data. On 
the other hand, the cities are subject to local 
policies and emphasis, so the quantity and quality 
of accident data can vary considerably from juris
diction to jurisdiction within the state. 

The county data set contained the greatest number 
of variables and thus offered the greatest opportu
nity to identify any accident prediction relations. 
A majority of the desirable variables, as given in 
Table 2, were found to be available in the county 
data file. 

Variables Used i n Analysis 

The final objective for the regression was to iden
tify cities with irregular accident reporting char
acteristics. Unfortunately, the city data file was 
not as large or as versatile as desired for a rig
orous statistical analysis. To overcome this, a 
procedure was formulated to use the strengths of all 
three data sets . The procedure consisted of the 
following steps: 

1. The strongest accident data (the rural file) 
would be used in the initial investigation of the 
relation between accidents and population. 

2. The most complete data set (county file) 
would be used to investigate a wide range of vari
ables to determine the strongest possible prediction 
technique and to determine wnether population alone 
was sufficient to use for prediction purposes. 

3. A prediction method would be developed for 

Population 
1970-1977 x x Alabama Municipal Data Book, 1980 (11) and Information Bulletin, Directory of Mayors and 

Commissioners in Alabama (13) 
1980 

Law enforcement officers 
Uniformed 
Civilian 

Traffic accidents, 1975-1979 
Total miles of paved highway 
Miles of state and federal route 
Miles of Interstate highway 
Miles of county road 
Square miles of land area 
Urban and rural land 
Urban, agricultural, and other land 
Automobile registrations, 1978 
Driver licenses, 1978 

Gasoline tax allocation, 1979 

x 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

x 

x 
x 
x x 

Alabama Municipal Journal uj) 

Crime in Alabama: 1979 (15) 
Crime in Alabama: 1979 (li) 
Urban and Rural Accident Statistics ( 16) 
Alabama County Data Book, 1980 ( 17) 
Alabama County Data Book, 1980 (Ul 
Alabama County Data Book, 1980 (17) 
Alabama County Data Book, 1980 (!1) 
Alabama County Data Book, 1980 (11) 
Alabama County Data Book, 1980 (11) 
Alabama County Data Book, 1980 (11) 
Alabama County Data Book, 1980 (11) 
Total licenses issued (renewals and new applications), 1977, 1978, 1979, and 1980, Alabama 

Department of Public Safety 
Gasoline tax distribution spread: Oct. 1, 1978-Sept. 30, 1979, Alabama Treasurer's Office 
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Figure 1. Rural data with regression equation. 
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the city data file. Population would be used as the 
independent variable if warranted by the findings of 
the first two steps. Should the initial step reveal 
that population was not a strong predictor, efforts 
would have to be renewed to find suitable variables. 

The aim of the three-step investigative process was 
to determine whether the population variable was 
sufficient to use for predicting accidents, or if 
further variables would have to be added to the data 
set before proceeding with the research. 

REGRESSION OF RURAL DATA 

An objective of regression analysis is to fit an 
equation to the data that best explains the func
tional relation between the dependent variable and 
some set of regressor variables. The criterion for 
determining the appropriate equation is to minimize 
the sum of the squared differences between the ac
tual observed value and the predicted value of the 
dependent variable. By observing the patterns of 
the individual differences for one or more models, 
it is possible to determine the transformations 
needed in order to better meet the necessary assump
tions and to determine the appropriate model. 

Regression work Steps 

The analysis of the data consisted of several 
steps. Initially, the data were edited in order to 
identify erratic or inconsistent observations. The 
second step consisted of determining the most com
plete model that best explained the functional rela
tion between the number of accidents and various 
regressor variables that characterize the rural 
area. Finally a reduced model was sought that was 
less complex (or contained fewer regressor vari
ables) than the complete model but did not exces
sively sacrifice predictive ability. 

Step One 

Erratic data points, called outliers, may occur for 
several reasons. Clerical errors could exist, a 
value of a variable may have oeen recorded or key
punched incorrectly, or the data source may have 
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oeen in error. It is also possible that the area 
might have been atypical when compared to other 
areas of similar characteristics. During the re
gression analysis, outliers were identified by using 
various plots of residuals, such as the residual 
versus each regressor variable, the predicted 
Y-values, and the "deleted residuals" <l!>. In 
addition, statistics such as "Cook's distance mea
sure," the "deleted residual t-statistic," and lev
erage factors were used for spotting outliers 
(19-21). 

Step Two 

The data were analyzed for variations of fundamental 
assumptions for regression analysis. These assump
tions were that the residuals were normally and 
independently distributed, with a constant variance 
for each set of values of the regressor variables. 
In addition, if the regressor variable was multi
collinear, alternative estimation procedures were 
examined . 

Step Three 

After the identification and correction of clerical 
errors, successive analyses were performed to deter
mine the "best" equation to fit the data. A few 
unusual localities were removed to determine their 
effect on the remainder of the locations; then vari
ables were systematically added, removed, or com
bined. During this entire phase of the analysis, 
several measures of effectiveness were examined and 
tabulated to identify the equation that best fit the 
data. 

Step Four 

The last phase of the analysis consisted of simpli
fying the equation that had previously Oeen identi-
fied as best fitting the data. This involved. 
removing those variables that made only marginal 
contrioutions to the success of the regression equa
tion. The multiple work steps just described were 
not applicable in all cases. There were times when 
simpler methods were quite appropriate and the de
tailed analysis descrioed here was not necessary. 

Population as a Predictor 

The initial step was to plot the variables to deter
mine the presence or absence of patterns and to lo
cate erroneous data points. The data were found to 
lie in a linear band with only a small amount of 
scatter, as shown in Figure 1. Four counties were 
identified as falling away from the rest of the 
data. Montgomery County had a higher than average 
number of accidents, and Calhoun had a lower than 
average number. Two locations, Mobile and Jeffer
son, fit the linear pattern but were displaced from 
the remainder of the data due to large rural popula
tions. All four of the outlier points have been 
identified in the figure. 

Because no errors were apparent and the data 
fnrmp.fl ~ l in~~r r'?tt'=!'!'!; ? C"0~I'1-~t~!'-~~~i~f:~".! ~!'!~l~r

sis was performed to determine the best linear equa
tion. The least-squares regression technique was 
used to produce the following formula: 

Y = 0.020X - 46 (I) 

where Y is the number of accidents and X is the pop
ulation. The generalized formula has been superim
posed on Figure 1 as regression Equation 1. 

The two values used to indicate how effectively 
the regression equation fit the data were definitely 
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quite strong. The value for R 2 was 0. 92, which is 
exceptional for accident data, and the standard 
error was 138.6. Part of the strength of these mea
sures was due to the displacement of Jefferson 
County. A single remote data point significantly 
influences the curve fit for a scattered group of 
points. Jefferson is the only data point on the 
right end of the curve, and its high numerical value 
exerted a large influence on the measures of effec
tiveness . 

To determine the effects of the Jefferson County 
rural area, this data point was removed and the 
analysis was repeated. The resulting formula' was 
similar to the initial regression results: 

Y=0.016X+7 (2) 

where Y and x retain their former definitions. For 
regression Equation 2, the R2 was 0.78 and the 
standard error was 117.5. Even though the R2 was 
lower than the initial regression, it is still con
sidered strong and could be used for predictive pur
poses. This was particularly true in this case be
cause the standard error was even smaller. 

The examination of rural population as an acci
dent predictor was fruitful. Equations were devel
oped that positively linked the two variables. 
Equation 2 was the most appropriate analysis tool 
and proved strong enough to be used for predictive 
purposes . 

REGRESSION OF COUNTY DATA 

Computer Runs 

The second regression study was thorough, encom
passing all of the variables given in Table 3. 
Other variables were formed by combining or fac t or
ing existing variables. The same regression tech
niques previously discussed were used for the county 
data. Many computer analyses were conducted, with 
variables added or deleted between runs, with and 
without outlier points. The results of each run 
guided the scope of the following run. A series of 
more than 25 refinements was conducted, and each 
refinement had multiple steps. The most prominent 
of the runs are discussed in the following para
grapns. 

Results of t he Ana l ysis 

Variables in the initial computer run included the 
calculated value of population density (popula
tion/land area) and its square to account for curva
ture. The fit was very good, and the predictor 
could be considered to be accurate. The R2 was 
0.9955 and the standard error was 285. 

Even though the initial run was strong, attempts 
were made to improve the predictive equation. Sev
eral subsets of the variables were examined. The 
R2 values did well for these runs, but the stan
dard error tended to increase as variables were 
deleted. wnen population alone was used, the stan
dard error increased to 459. 

It became apparent that the largest counties were 
not being fit well. Several runs were made to de
termine the most effective method of handling the 
five counties with large populations. One county 
was not fit well for any run, whereas another domi
nated any equation in which it was included due to 
its large size. As a result, runs were made omit
ting the five largest counties. The resulting R2 

was 0.93 and the standard error was 209. 
During additional 

ables were examined. 
which variables were 

runs, subsets of other vari
Several cases were noted in 

interchangeable. For example, 
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driver licenses and gasoline tax allocations pro
vided the same explanatory power for the number of 
accidents; either could be used when coupled with 
roadway mileage and county area. 

The R2 values for the 25 runs were closely 
grouped from 0.9955 to 0.9257. The standard error 
ranged from 459 to 203, the smaller values being 
associated with the less complex models. All of 
these measures of effectiveness were quite strong. 

The best single-variable predictor model was 
based on population, and the measures of effective
ness (R 2 = 0.9257 and standard error = 203) were 
quite strong. In the following equation, Y is the 
number of accidents and X is the county population: 

y = 0.033 69 x - 337.42 (3) 

In summary, it was shown that the number of acci
dents in a county could be estimated by using the 
characteristics of the county. In particular, popu
lation was found to be the best single-variable pre
dictor available. The other variables helped the 
model, but the equation did well even without them. 

EVALUATION OF FIVE-YEAR RECORD 

During preparation of the data, several cases of 
erratic year-to-year reporting were noted. To eval
uate data consistency, accident histories for each 
city and county rural area in the state were evalu
ated. The research technique involved a manual 
screening of accident records for the five most 
recent years. An analysis of coefficients of vari
ation was conducted to verify the screening pro
cess. The objective was to identify those jurisdic
tions with erratic accident reporting patterns. 

Classification Criteria 

To quantify any discrepancies noted during the re
view of accident data, subjective criteria were 
formulated and placed in three categories. The 
various criteria for each category are as follows: 

1. Category 1--(a) One Qnusual year in a five
year period, (b) a major change in the number of 
accidents, and (c) a minor change in the number of 
accidents; 

2. Category 2--(a) A highly abnormal year in a 
five-year period, (b) two or more unusual years in a 
five-year period, (c) major changes in the number of 
accidents, (d) an accelerated decrease in the number 
of accidents, and (e) a city with few previous acci
dents suddenly reporting a significant number; and 

3. Category 3--(a) A highly erratic accident 
pattern, (b) severe changes in the number of acci
dents, and (c) an obvious and drastic error in the 
reporting of the number of accidents. 

Category 1 was reserved for the mildest types of 
erratic accident histories. In general, a city with 
some unusual occurrence in accident reporting would 
be placed in this category whether the city had any 
control over the erratic reporting or not. A city 
could receive a category 1 accident history rating 
due to one year with an unusually large number of 
accidents even though random chance rather than the 
city's reporting procedures caused the erratic pat
tern. Not all of the cities on the category l list 
could be termed deficient in reporting practices. 

Category 2 applied to cities with more erratic 
accident histor i es than cities in the first cate
gory. Although it was possible that such deviations 
were the result of random chance, it was much more 
likely that improper reporting caused the problem. 
The criteria for category 2 in the list above indi-
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Table 4. Summary of Alabama locations with erratic accident histories. 

All 
Category 1 Category 2 Category 3 Categories 

Location No. Percent No . Percent No. Percent No . Percent 

Cities 64 15.0 36 8.5 21 5.0 121 28.6 
Rural 18 26.9 1 1.5 0 o.o 19 28.4 
areas 

Table 5. Examples of erratic year·to-year accident reporting (category 3). 

No. of Accidents 

City 1975 1976 

A 1150 78 
B 285 51 
c 36 6 
D 4 5 
E I I 

Figure 2. Percentage of 
Alabama cities with erratic 
accident histories. <I) 
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cate more severe abnormalities· than the criteria for 
category 1. 

Category 3 cities experienced the most severe 
deviations and the most erratic patterns of accident 
reporting. The patterns were so unusual and pro
nounced that they were almost certainly due to vari
ances in reporting practices. This type of pattern 
is obvious from the number of accidents occurring in 
consecutive years. 

Results of the Evaluation 

The 67 county rural areas and all 423 cities were 
subjected to manu·a1 review based on the criteria 
outlined above. Because the criteria were subjec
tive, two independent reviews were conducted to 
offset any bias on the part of the reviewer. A sum
mary of the findings is presented in Table 4, and a 
sample of highly erratic year-to-year reporting by 
some cities (category 3) is given in Table 5. 

In Table 4, note that the city and rural data 
files had almost exactly tne same percentage oi er
ratic locations (28.6 percent for city and 28.4 per
cent for rural). This would seem to indicate that a 
certain amount of error may be associated with both 
files. It could also be i nterpreted to mean that 
the random nature of traffic accident occurrence 
exerted a powerful influence on all data. Furtner 
examination tends to discredit the second conclusion. 

The erratic pattern for rural areas was concen
trated in category 1. Only one location was rated 
as high as category 2. Thus, the deviations from 
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uniform accident reporting could be considered mild 
for the rural data. City eatings were much dif
ferent from those observed foe rural locations (see 
Figure 2). A significant percentage received rat
ings worse than category 1. One out of every 20 
cities exhibited the most severe variations and was 
placed in category 3. This in.dicates a very serious 
problem. Apparently, reported data for these cities 
do not realistically represent the number or the 
character of accidents that actually occurred. 
Safety studies that use such data could produce mis
leading results. 

A •Significant conclusion can be drawn from the 
preceding analysis. Traffic engineers must exercise 
care when using Alabama accident data. Several 
years worth of accident data should be examined to 
ascertain the true accident pattern before perform
ing a study on data for a single year at a specific 
location. 

Locations of Erratic Data 

The cities that were found to report data errati
cally are shown in Figure 3, The category 3 (most 
severe) locations are denoted by large, dark cir
cles. There is not a clear overall pattern to the 
spots. 

Category 2 cities are denoted by triangles and 
category l cities ace shown by small squares. In 
several locations, these symbols ace clustered or 
are spaced along a particular route; however, no 
pattern could be discerned. Several attempts were 
directed toward isolating a relation between loca
tion and severity of erratic reporting. These at
tempts were not successful. 

The major conclusion tnat can be drawn from Fig
ure 3 is that erratic reporting of accidents appears 
to De widespread in all categories. Further inves
tigation would be necessary to determine whether t he 
deviation at specific locations is due to fluctua
tions in traffic volume or local law enforcement 
policies. 

Effect of City Size 

A brief investigation was conducted to determine 
whether city size contributed to deficient reporting 
practices. The majority of Alabama cities are 
small: one-third have populations under 500; one
half have less than 1000. It would seem that the 
large number of small cities would contribute to 
erratic reporting. 

Cities with erratic accident reporting and cities 
with nonercatic reporting were compared as to size. 
The two were virtually the same, which indicates 
that the ci.ties with erratic reporting were a rep
resentative sample of all Alabama cities. No rela
tion between accident reporting and city size could 
be established from the data gathered for this 
project. 

CONCLUSIONS DRAWN FROM YEAR-TO-YEAR REPORTING 

Accident data for a five-year period. were compiled 
foe each Alabama city. Each city's record was ex
amined tor signs or irregular reporting oy u .. iny d 

subjective scale to establish the degree of erratic 
behavior. The following conclusions were reached: 

1. Approximately one-fourth of all Alabama cit-
ies displayed erratic patterns in the 
ported traffic accidents during the 
1979. Five percent of all Alabama 
serious discrepancies in the number 
reported over the five-year period. 

number of re
peciod 1975-

cities showed 
of accidents 

2. During the 1975-1979 period, 8.5 percent of 



Transportation Research Record 910 

Figure 3. Locations of Alabama cities with erratic accident histories. 
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all Alabama cities showed ser~s accident reporting 
discrepancies. 

3. Approximately one-fourth of Alabama county 
rural areas displayed erratic accident reporting 
patterns during the period. 

4. Rural area accident reporting was less er
ratic than city accident reporting. Although the 
percentage of jurisdictions with erratic patterns 
was the same for both groups (28 percent), there 
were no severe discrepancies in the rural area 
classification. 

5. Traffic engineers and others performing 
safety studies must be very careful in using acci
dent data for a specific location because one
seventh (5 percent + 8.5 percent) of all Alabama 
cities have seriously erratic accident histories. 
It is recommended that several years of data be 
checked to ensure that data were reported uniformly 
and that they accurately represent a specific lo
cation. 

6. Erratic reporting of traffic accidents does 
not seem to be strongly linked to the size or loca
tion of Alabama cities. 

SUMMARY 

The literature review indicated that many research
ers have found bias and inconsistency in traffic 
accident data. None of the previoui; studies docu
mented the consistency of reporting from location to 
location or from year to year. 

Desirable variables were identified for use in 
the regression analysis. The majority of these var
iables were not readily available for Alabama cit
ies, so three data files were developed: county, 
rural, and city. Because there were few variables 
in the city data set, the other two files were sub
jected to extensive analysis techniques. Strong 
relations were detected for both data files. Popu
lation was shown to be the best single-variable pre
dictor model, giving excellent values for the mea
sures of effectiveness. 
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Five years of accident data were screened to 
evaluate consistency in year-to-year reporting of 
accidents. About one-fourth of all Alabama cities 
and one-fourth of the rural areas were found to 
report erratically. The inconsistency in rural 
reporting was mild, but the reporting of at least 
one-seventh of all cities was seriously erratic • 
The reporting in these cities was so inconsistent 
that it might seriously bias the results of any 
safety studies in which it was used. 

At the close of the initial phase of the project, 
there were two significant findings. Strong re
gression relations had been identified between popu
lation and traffic accidents. This indicated that 
statistical methods might be successful in identify
ing jurisdictions that do not do an adequate job of 
accident reporting. The second finding was conclu
sive proof of erratic year-to-year reporting. For 
the first time, the magnitude of the inconsistencies 
was documented. 

Succeeding portions of the research project are 
to be directed toward regression of city data, iden
tification of reasons for deficiencies, and recom
mendations for improving future reporting of acci
dent data. 
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Application of Microcomputer Technology to Local 

Accident Problem Identification 
DAVID B. BROWN AND CECILW. COLSON 

The potential for implementing a microcomputer-based problem identification 
system in small to medium-sized cities is explored in terms of the City Acci
dents RAPID Evaluation (CARE) system. The benefits of such a system are 
examined. One primary benefit is overall data improvement for all applications. 
The capabilities of CARE are explained in terms of a user-oriented menu-
driven operating system. Example outputs are presented along with the meth
odology for their generation. Finally, soma technical sp~ifications are provided 
to illustrate considerations required for actual installation. 

Problem identification is an essential part of the 
design of an optimal safety system at all levels 
(l). NHTSA has recognized the criticality of per
f~cming systematic problem identification and has 
incorporated this as a requirement for each state 
highway safety plan (HSP) Clrll· But problem iden
tification is also essential at the local level for 
local countermeasure implementation. In fact, the 
closer to the source of the problem the process of 
problem identification and evaluation is performed, 
the more effective it will be. For example, if 
local law-enforcement officers knew the locations in 
their city where accident rates are high as well as 
the times and types of accidents at those locations, 
they would then be in a position to implement selec
tive enforcement countermeasures. 

The benefits of having a local problem identifi
cation capability are obvious. Being able to obtain 
information for specific problem subject areas (such 
as accidents involving alcohol or pedestrians) or 
specific locations gives the local decisionmaker the 
information needed to develop an optimal allocation 
of resources. A few years ago, it was not economic
ally feasible to provide direct on-line query capa-

bility to a small town. Now, however, with the ad
vances made in microtechnology, every city and town 
of any reasonable size can take advantage of the 
tools that have been developed. One of the major 
benefits of distributed problem identification will 
be the tremendous increase in accuracy of the rec
ords themselves as local police realize the impor
tant role that accident records can play in counter
measure development. 

City Accidents RAPID Evaluation (CARE) C.!l is a 
microcomputer-based system that enables city offi
cials to quickly retrieve information stored in 
their accident records. The users of CARE need no 
formal training in computer hardware or software 
since no knowledge of computers is required. The 
various options of CARE are incorporated into menus 
that thoroughly guide the user in obtaining the 
desired output. By following the directions given 
on these menus, all output required can be readily 
obtained at the terminal and/or on a printer. 

CARE is patterned af tec Records Analysis foe 
Problem Identification and Definition (RAPID) (2_), a 
system developed for statewide . accident problem 
identification that has been installed in Alabama, 
Kentucky, South Carolina, Tennessee, and Delaware. 
The differences between CARE and RAPID are as fol
lows: 

1. CARE is designed to operate on its own dedi
cated hardware, a microcomputer in the $10 000-
$15 000 price range, whereas RAPID requires a large 
system because of the large subsets necessary for 
statewide application. 
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2. CARE is designed to provide problem identifi
cation for a moderate-sized city, whereas RAPID is 
generally applied statewide. 

3. CARE will generally be based on the most re
cent three years of accident data, whereas RAPID 
problem identification generally uses one year of 
data. (Informal studies in Alabama have shown that 
three years provides an optimal balance between data 
completeness and timeliness.) 

4. Because of the local application, variables 
used for statewide research will generally be ex
cluded from CARE. The CARE variables are only those 
that have application to local decisionmaking. 

CARE provides the following capabilities directly 
to the user: 

1. The user can create a subset of the city's 
accident records according to any logical specif ica
tion, such as all pedestrian accidents, alcohol-re
lated fatal accidents, motorcycle accidents at a 
given intersection, e~c. 

2. The user can obtain labeled frequency distri
butions for the accident subset chosen. Note that 
the production of total citywide frequency distribu
tions (for all variables) falls within this capabil
ity. Any or all variables (such as time of day, day 
of the week, weather, etc.) can be selected by the 
user on-line. 

3. Labeled histograms (graphs) of any frequency 
distribution produced by capability 2 can be ob
tained. 

4. Fully labeled cross tabulations for any of 
the variables for subsets produced by capability 1 
can be obtained. 

5. The user can find high accident locations ac
cording to user-specified criteria [a "location" is 
specified by road code(s) and/or mileposts]. The 
interactive nature of this task enables the user to 
try any number of alternative criteria in order to 
obtain the number and the type of high accident 
locations desired. 

6. The user can obtain frequency distributions 
for any variable for locations found by capability 5 
to be high accident locations or for any other loca
tion specified by the user. 

7. The user can obtain the accident report num
bers for any subset of the accident records so that 
the hard copy for particular types or locations of 
accidents can be retrieved. 

Although the capabilities of CARE are quite 
sophisticated, they can be obtained by anyone by 
merely selecting an option on a menu. To understand 
the capabilities of CARE, it helps to follow the 
flow of data from the origin to the final CARE out
put report. Suppose that a pedestrian accident oc
curs in a specific city, injuring a child on his or 
her way to school. This accident is recorded on a 
standardized form by an officer of the local police 
department. This hard-copy form is sent to a cen
tral point in the state for data entry. It, along 
with thousands of other records, becomes part of the 
state's accident records data base, which is gener
ally stored on tape. 

The accident records data base described above is 
generally not constructed with problem identifica
tion in mind. In fact, it contains virtually all of 
the codeable elements from the accident records. 
Many of these are not required for problem identifi
cation work, and generally they are not in a form 
that is compatible with problem identification. For 
example, the pedestrian's actual age will probably 
be coded on the tape whereas age intervals (e.g., 
0-4, 5-7, 8-9, 10-15, 16-21, etc.) would be much 
more useful for problem identification and cross 
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tabulation. In addition, certain calculations and 
other data manipulation might be required for prob
lem identification. For this reason, it is essen
tial to reformat and modify this data base before 
trying to use it for problem identification. 

To resume the trace of the data, a program is now 
run to create a new tape which is totally compatible 
with CARE formats and objectives. (The original 
tape remains unaffected and may be used for other 
purposes.) It is important to note here that CARE 
can work on any properly formatted data base. The 
arrangement, number, or type of variables is totally 
flexible and may be specified by the user during the 
development of the BASE program. At this point, the 
records for the particular city to be considered are 
selected from the reformatted tape and downloaded 
onto the microprocessor hard disk. This new subset 
of data that resides on the hard disk is called the 
CARE Master Data Base. For cities in the 20 000 to 
40 000 population grouping, this will produce from 
3000 to 7500 records for a three-year time period. 
For larger cities, fewer years of data will be suf
ficient for problem identification purposes. 

Residing in a small subset on the microprocessor 
hard disk, the data are now ready for quick process
ing through any of the CARE processing options: 
frequencies, histograms, or cross tabulations. They 
can also be processed through high accident location 
determination and reporting modules. 

For example, suppose that the pedestrian accident 
above has caused considerable pressure in a given 
city for an increase in the number of school cross
ing guards. In order that these additional guards 
be placed where and when they can be most effective, 
a report consisting of the age distribution of the 
pedestrian accidents in that city over the past 
three years by severity, day of the week, pedestrian 
sex, and pedestrian action is required. Further, 
the specific locations at which the 7- to 9-year-old 
age group had accidents and the times at which these 
accidents occurred will be useful in making tactical 
decisions. With CARE this information is readily 
available, and it can be printed out for a report in 
a matter of a few seconds after the request is 
made. Similarly, any other classification of acci
dents can be studied in detail by using CARE. 

CARE OPERATIONS 

An overview of the CARE functions can easily be ob
tained because CARE is totally menu driven. This 
means that option lists appear on the terminal that 
thoroughly guide the user in obtaining every CARE 
output. No supplementary documentation is required 
to use the system, and no knowledge of computers or 
data processing is required. To illustrate this 
concept, consider the CARE supervisory menu (SM) 
shown in Figure 1, which will appear on the terminal 
screen when the system is turned on. The top row of 
keys on the terminal are function keys labeled Fl, 
F2, ••• Fll. The user merely pushes the key that 
corresponds to the desired function on the menu. 
The following summary illustrates the CARE capabili
ties. 

SM-Fl - CARE Logic Specification 

The SM-Fl option enables the user to specify any 
subset of records. Standard subsets such as pedes
trian, speed, or alcohol will appear immediately as 
on the menu shown in Figure 2. The user can sub
divide the data into any combination of these stan
dard subsets--for example, speed and fatal accidents 
involving alcohol. The menu also gives the user the 
ability to combine subsets. For example, all acci
dents that are either bicycle or pedestrian related 
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Figure 1. CARE supervisory menu. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• 
• ,., - Cll! LOGIC SPZCIFIClTIDI 
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• P9 - BITCH tOClTIOI IIFOlftlTIOI (PS) • 

PIO - CARI ftlIITllAICI REIO 
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• PUICTIOI •> • 
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Figure 2. CARE logic menu. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • 
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• DIC - BICYCLE RELATED ACCIDENTS • 
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• Pl-DOWN P2-UP Fl-SELECT P~-DNS ELECT Pl 1-EMD • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

can be examined concurrently. All of this is per
formed by entering options specified at the bottom 
of the menu. Once the given subset of the records 
is determined, the user is queried for a title. 
This title will appear at the top of every page of 
output generated on the printer. After these speci
fications, the system returns control to the super
visory menu, The logic and the title specified will 
remain in effect until Fl is entered once again from 
the supervisory menu. 

SM- F2 - Frequency Distributions, Histograms 

Once the user specifies the subsets to be processed, 
the next step is to designate the processing 
desired. This option enables tabular sununaries of 
any of the variables in the CARE master data base to 
be returned to the screen or printer in the form of 
frequency distributions. There is also the option 
to generate a graphical picture of any of these 
frequency distributions. If a hard copy of the 
variable list ( t he choi ce of variables and their 
numbers) is not available, the user can obtain a 
quick listing of these on the screen or the printer 
merely by pressing the appropriate function button 
given on the menu. 

SM-FJ - Cross Tabulations 

The SM-F3 option is another processing option that 
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can be applied to any subset specified by SM-Fl. 
When the cross-tabulation option is selected, the 
user will be queried for a pair of variables. The 
system will then print out the cross tabulation on 
the line printer, after which another pair of vari
ables may be entered. 

SM-F4 - F i nd High Accident Locations 

The SM-F4 function is used to find high accident 
locations that may be hazardous or might need atten
tion because of the volume of traffic. The objec
tive of SM-F4 is to find locations that either have 
a high total frequency of all accidents or have a 
high frequency of a given type of accident (e.g., 
pedestrian, injury, or any other of the logical 
qualifications specified in SM-Fl). The user is 
queried for the minimum number of accidents needed 
to qualify a location for this category. An entry 
of l will generate all locations. Once specific 
locations are found, frequency distributions and/or 
accident numbers for any of the locations can be 
generated by following the instructions given. 

SM- FS - Specific Location I nformation 

The SM-PS function is used to obtain detailed infor
mation on a location-by-location basis. It comple
ments SM-F4, which finds the high accident loca
tions. Once specific locations are found, the next 
logical step is to determine the details, such as 
weather, roadway condition, lighting, and time of 
day, at that location. When SM-FS is selected, the 
user will be queried for the location to be pro
cessed. A selection may then be made of any of the 
variables in the data base. Abbreviated frequency 
distributions (i.e., without percentages) will be 
listed for these variables. This printout can then 
be used for an on-site investigation. Accident num
bers can also be obtained within this option. 

SM-F6 - De t ermi ne Accident Numbers 

Accident numbers are required to obtain the hard
copy original of the accident report. These are of 
obvious value in investigating high accident loca
tions. However, quite often specific information 
that has not been entered into the computer system 
will be required from the hard copy for a subset of 
accidents. For example, a recent request was made 
for the names of all children between the ages of 6 
and 10 who were injured in pedestrian accidents in a 
given local area. CARE can be used to obtain the 
subset through logic specification (SM-Fl). Once 
this has been specified, SM-F6 will return the acci
dent report numbers for all accidents in the sub
set. Accident numbers can also be obtained by loca
tion within SM-F4. 

SM- F7 - Batch Freguencies (P2) 

The SM-F7 function enables frequency distributions 
and histograms to be generated on a production basis 
rather than on-line. The system will query for as 
many variaoies as ~he user aesires tu in~ut. vaLia
ble ranges may be input as well as individual varia
bles to save time in data entry. Once all variables 
are entered, the system will produce all frequency 
distributions and/or histograms requested. 

SM-F8 - Batch Cross TabuJ.ations (F3) 

Cross tabulations can also be obtained in a batch 
mode to save user time. In this case, the user will 
be quer i ed for all variables for which cross tabula
tions are required. 
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SM-F9 - Batch Location Information (FS) 

In cases where several variables for a large number 
of locations are to be output, this batch option for 
specific location information will be used. 

SM-FlO - Care Maintenance Menu 

A number of "housekeeping" chores must be performed 
to keep the CARE system operating properly. For ex
ample, adding a new road code requires an addition 
to the road name file. Similarly, each year (or 
more frequently) new data will be added to the sys
tem and this requires the execution of certain util
ity programs. SM-FlO presents the user with an en
tire menu of these maintenance items. 

SM-Fll - Legoff/Return to CP/M 

The SM-Fll function makes possible a systematic 
shutdown of the system, which is necessary to pro-

Figure 3. CARE frequency analysis. 
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Figure 4. CARE frequency histograms. 
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tect data on the hard disk. It also makes possible 
a convenient exit to CP/M so that the hardware can 
be used for systems other than CARE. 

EXAMPLE CARE OUTPUTS 

Frequency Distributions, Histograms 

When function F2 is entered from the supervisory 
menu, the CARE frequency menu will appear immedi
ately. To specify a variable, the user merely in
puts the variable number for which a frequency dis
tribution is desired. The frequency distribution 
will appear on the screen in a matter of seconds. 
The listing on the screen is similar to that shown 
in Figure 3. (The example shown is for the city of 
East Greenford for the 1979-1981 period. The title 
input during SM-Fl was "Alcohol Injury Accidents 
Study," and the logic is for ALC and EMS--i.e., al
cohol-related accidents that resulted in one or more 
injuries.) A message at the bottom of the screen 
tells the user to press any key to generate the 
histogram. When this is done, a histogram similar 
to that shown in Figure 4 will appear on the 

Figure 5. CARE cross-tabulation analysis. 
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screen. The user is given the option to print none, 
one·, or both of these outputs to the printer. Re
gardless of which of these opt i on s is chosen, the 
system then retur ns to the variabl e query and will 
follow through this same procedure with the next 
variable specified. 

Cross Tabulations 

When the cross-tabulation function is selected, the 
system immediately queries the user for the pair of 
variables for which cross tabulations are required. 
It then calculates the cross tabulation for the sub
set as define·d in the logic specified in SM-Fl. An 
example of cross tabulations is shown in Figure 5. 
Every attempt has been made to keep the CARE outputs 
to report-sized documents. The system will flip
flop variables and use compressed pr int when neces
sary to accomplish this end. 

Find High Acc.ide nt Locations 

The SM-F4 function provides the mechanism by which 
high accident locations can be found. Whatever 
logic was specified within SM-Fl will form the basis 
for determining the type of location under consider
ation. After specifying whether intersection or 
nonintersection accidents are of concern, the user 
is immediately queried for the number of accidents 
that will determine a high accident location. This 
is followed by a query for printed or screen out
put. The system will then respond by listing all 
locations that meet all of the criteria specified. 

Figure 6 shows the output generated from a typi
cal high accident location run. 

By following the directions given below the list
ing, the user can put the system into a "frequency" 
mode . In this mode, frequency distributions can be 
obtained for any of the locations on the screen. 
These are obtained by moving the cursor to the line 
listing the desired location and pressing the proper 
function key. The user will then be queried for the 
variable desired. Thus, any item of information for 
a specific location is at the fingertips of the user. 

TECHNICAL SPECIFICATIONS 

CARE can be applied in any pol,itical subdivision 
that has from a few hundred to tens of thousands of 
accidents per year. Hardware should be chosen to 
provide the degree of service desired. This will 
depend heavily on the number of records to be stored 
and processed. A minimal configuration consists of 
a 5-megabyte ( 5 million bytes) hard disk and a 64K 
central processing unit with terminal and printer. 
This will support a city that has approximately 2500 
accidents/year, assuming three years of accident 
data are to be maintained on-line. The cost _of such 
hardware is about $10 000. For a larger number of 
accidents and faster service, microcomputers of the 
16-bit word length variety, which range in cost up 
to $30 000, can be configured. 

Implementation of CARE for a political subdivi
sion will require more than just the purchase of 
iJctLU.WdLt:: c1.11U 

•• ,! _ _ ... _ .... _ .... ~-- -I: 
\.UC .LllQ\,.Q.&...LG!o...&.VU V.I. 

In addition, an interface program is required to es-

Transportation Research Record 910 

tablish the data base for the political subdivision 
under consideration. This is no great problem for 
those states that perform data entry of all record
able accidents. First, a program would be written 
to pick off and convert the appropriate records and 
variables from the state master tapes to the format 
required by CARE. This would be performed on a 
mainframe to minimize cost and save time. The sec
ond step would involve a downloading of the data 
from the mainframe to the micro. Standard programs 
for this are available and quite reliable. 

In the case where the state data entry is not 
sufficient for the needs of the city, a program 
would be developed to perform the data entry local
ly. The expense of such a program is nominal com
pared with the cost of the ongoing data entry ef
fort. However, many cities may opt for continual 
local data entry to ensure the integrity of their 
data. 

CONCLUSION 

Space does not permit all of the CARE features to be 
explained here. Rather, the objective is to demon
strate the reality of microcomputer-based systems 
for local problem identification. At the inception 
of the CARE system design and development project, 
the objective was to develop software on state-of
the-art hardware, looking some four or five years 
into the future when hardware development would pro
duce a machine that was both fast enough and in the 
price range to make local problem identification 
feasible. When the software was developed and 
tested, it was found that there was no need for lo
calities to wait: Hardware and software technology 
is now more than adequate for the task. This is not 
to say that there is no room for further innova
tion. Every attempt will be made to keep CARE cur
rent with the most recent advances in microtech
nology. 
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Evaluation of Accident Reporting Histories 

C.O. WILLIS, JR., DANIELS. TURNER, AND CECIL W. COLSON, JR. 

Research was undertaken to identify jurisdictions in Alabama whose accident 
reporting histories do not match the anticipated trends of the community and 
to suggest reasons for deficiencies in accident reporting. Correction of these 
deficiencies is expected to result in improved data analysis for all future safety 
investigations and evaluations. The sequence of research actions included a 
literature review, selection of variables for detailed study, statistical analyses, 
and site studies of several cities found to deviate from the expected accident 
pattern. The field studies (along with an examination of accident records) 
served as the basis for the recommendation of guidelines and policies to improve 
the quality of Alabama traffic accident data. Thirteen specific recommenda· 
tions were developed to alleviate existing problems in reporting accidents and 
to guard against the recurrence of these problems. Implementation of these 
recommendations will result in a more reliable accident data base for use in 
safety studies. This in turn will result in more efficient use of safety funds . 

Historical accident data are a significant source of 
information used by engineers to establish safety 
programs and implement safety countermeasures. Local 
governments, through their law enforcement agencies, 
gather these data during accident investigations. 
The state of Alabama has adopted a standard accident 
reporting device and has mandated accident investi
gation training for all enforcement officials. In 
spite of these uniformity measures, differences 
exist in accident report data due to differences in 
the policies and procedures of local enforcement 
agencies. 

Reliability in both the quality and the quantity 
of accident reports expected from any jurisdiction 
greatly increases the value of the data base used 
for safety studies. On the other hand, data dis
crepancies or deficiencies reduce the credibility of 
such studies and hinder the effort to make the best 
use of safety funds. This paper and the paper by 
Turner and Mansfield in this Record discuss research 
undertaken to identify jurisdictions in Alabama 
whose accident reporting histories do not match the 
anticipated trends of the community and in turn to 
suggest reasons for deficiencies in accident report
ing. Correcting these deficiencies is expected to 
result in improved data analysis for all future 
safety investigations and evaluations. 

The sequence of research actions included a 
literature review, selection of variables for de
tailed study, statistical analyses, and site studies 
of several cities found to deviate from the expected 
accident pattern. The field studies (along with an 
examination of accident records) served as the basis 
for the recommendation of guidelines and policies to 
improve the quality of Alabama traffic accident data. 

LITERATURE REVIEW 

A literature review was an ongoing, continuous ele
ment of the research project. The preliminary por
tion of the literature review had three purposes: 

1. To document the nature of the existing prob
lem, 

2. To identify previous research of a similar 
nature, and 

3. To identify and designate variables to be 
considered in the statistical analysis. 

The reasons for conducting a literature review 
are obvious. Such a process can eliminate the du
plication of effort and can also be used to guide 
the research in that previous research efforts can 
be used to identify those procedures that should be 

developed further and those that should not be con
sidered further. 

This review was concentrated at two levels: 
First, contacts were made with government agencies 
such as the u.s. Department of Transportation (DOT) 
and the Alabama Highway Department and within 
various agencies in the State of Florida (due to tqe 
location of the available project staff) • The sec
ond level involved an intensive screening of current 
technical literature and periodicals applicable to 
the transportation field. 

Nature of the Existing Problem 

There are inherent weaknesses in traffic accident 
data. Council and others (1) cite examples includ
ing collection practices, reporting methods, data 
bias, and the nature of accidents. The collection 
and reporting problems are of interest to this re
search effort. The first specific example focuses 
on inconsistent reporting due to reporting threshold 
variation. The 1961 Alabama law that governs ac
cident reporting is as follows: 

Section 7 . WRITTEN REPORTS OF ACCIDENTS. Every 
law enforcement officer, who in the regular 
course of duty, investigates a motor vehicle ac
cident, either at the time of and at the scene of 
the accident or thereafter by interviewing par
ticipants or witnesses shall, within 24 hours 
after completing such investigation, forward the 
necessary completed written report or copy there
of of such accident to the Director on the uni
form accident report form supplied by the Direc
tor. 

Section B. ACCIDENT REPORT FORMS. (a) The Di
rector shall prepare and upon request supply to 
police departments, coroners, sheriffs, garages, 
and other suitable agencies or individuals, uni
form accident report forms required hereunder. 
The required written accident report to be made 
by persons involved in accidents and by investi
gating officers shall call for sufficiently de
tailed information, to disclose with reference to 
a traffic accident, includ i ng but not limited to 
location of accident, probable cause, injuries to 
persons, property damage, deaths of persons, 
registration of vehicles involved including li
cense numbers, name, address and driver's license 
number of operator, highway design and mainte
nance (including lighting, markings, and road 
surface), and names and ·addresses of witnesses. 
(b) Every accident report required to be made in 
writing shall be made on the uniform accident 
form approved and supplied by the Director and 
shall contain all available information required 
therein. 

Section 12. DIRECTOR TO TABULATE AND ANALYZE 
ACCIDENT REPORTS. The Director shall tabulate 
and analyze all accident reports, and shall pub
lish annually or at more frequent intervals sta
tistical information based thereon as to the 
number and circumstances of traffic accidents. 
The Director shall make available to the State 
Highway Director all accident reports so that he 
may obtain sufficient detailed information so as 
to provide data for surveillances of traffic for 
detection and correction of high or potentially 
high accident locations. 
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The law establishes criteria for reporting and 
processing but does not establish a quantitative 
value that mandates reporting. According to in
formation from the International Association of 
Chiefs of Police, in Alabama all accidents resulting 
in $50 or more in property damage are usually re
ported. The $50 value is a generally accepted rule
of-thumb based on insurance reporting requirements. 

This is a very low value in comparison with those 
of other states. The low threshold calls for re
port i ng of practically all acci dents and can lead to 
the floodi ng of accident files with data on minor 
(often insignificant) collisions. At the same time, 
the very low threshold can lead to abuse and disre
gard for the reporting level. Repair values are of
ten estimated at the accident scene by investigating 
officers, and it is not unusual for the cost to be 
underestimated to spare the driver the trouble of 
filing a report if no injuries are encountered. This 
leads to a consistency problem in that scores of 
low-cost incidents are reported at one location and 
very few at another. 

A second consistency problem in reportinq arises 
from a failure to investigate accidents properly. 
Researchers know that only a portion of the acci
dents that actually happen are reported (2). Only 89 
percent of insurance-reported accidentS" were re
ported by police in one case and only 47 percent of 
motorcycle accidents in another (3,4). 

This compares with other researchers' estimates 
that as many as three out of four accidents go un
reported (5). An investigation of acc i dents in 
Sweden raised serious doubts about the acc uracy of 
road accident statistics in the reporting of fatali
ties and in)uries (6). A study in Virginia (7) 
found that accident data were not suitable for a de
tailed study due to (a) problems in format, (b) in
sufficient information, and (c) inconsistencies in 
coding. 

A prominent reason for lack of proper reporting 
is the secondary importance of accident investiga
tion in comparison with the multitude of other law 
enforcement duties. At least one study has been 
conducted to determine whether off-the-scene sources 
could supply accident data and thus reduce the of
ficer's time at the site (B). A number of r e liable 
off-scene data items were -identified; however, the 
technique was not shown to be cost effective and has 
not been widely adopted. Accident investigation must 
still compete for the officer's time and attention. 

There are several other common reporting diffi
culties, including (a) cross-jurisdictional differ
ences in investigation or processing due to varying 
criteria and (b) management that may place minimal 
emphasis on accident reporting. Another important 
factor may be lack of proper training of enforcement 
officers. There is evidence that simple items such 
as the interviewing style of the investigating of
ficer have a pronounced effect on the accuracy of 
the data (9). 

To summarize the nature of the existing problem, 
there are a number of documented reasons for dis
crepancies in highway accident data. There are rea
sons to suspect that some of these deficiencies 
exist in Alabama accident records. Routine safety 
studies have uncovered cases in which Alabama data 
did not seem to represent accurately the situation 
under investigation. In several cases, consultants 
have called discrepancies to the attention of the 
Alabama Highway Department. 

Similar Previous Research 

At the federal level, the literature review first 
concentrated on FHWA and, within that agency, on the 
Office of Research. This office was identified as 
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one that would have current information on similar 
research efforts, published and unpublished, that 
have received federal funding. 

The contacts resulted in the identification of 
very few previous research projects similar to this 
effort. some work was found in the same broad area. 
A number of research efforts were identified in 
which causal effects of accidents have been iso
lated. In general, however, these efforts were de
signed to relate particular types of accidents at a 
specific location to their causal effects. 

One study that was conducted by the University of 
Maryland was typical of the type of previous re
search efforts that were uncovered in this phase of 
the literature review. In that study, the objective 
was to determine in a number of corridors in Mary
land whether differences in accident rate could be 
related to changes in the speed limit on Maryland 
highways or whether other causal effects could be 
identified. The result of the research was that the 
noted decline in accidents was related primarily to 
an increase in overtime work by safety officials and 
secondly to the reduced speed limit. Neither of 
these items appears to be directly applicable to the 
current study. 

The objective of the research effort discussed in 
this paper is to relate historical accident trends 
to some characteristics of the jurisdiction that re
ports the accidents. This would imply that gross 
measures of socioeconomic activity that could be 
identified at a county or city level should be re
lated to the accident experience. The results of 
the contacts at the federal level were that at this 
time no similar research could be identified that 
would assist this effort. Contacts within the Ala
bama Highway Department and the Florida DOT did not 
disclose any evidence of pertinent research efforts. 

Personnel within FHWA pointed out that automobile 
insurance companies apply different rate structures 
in different cities. With this in mind, contacts 
were made at the Off ice of Research of the Insurance 
Institute for Highway Sa f ety. These contacts did 
not produce records of any research efforts that 
could be directly related to the stated objectives 
of this project. 

Contacts were then made with a number of insur
ance companies and insurance regulation agencies in 
both Alabama and Florida to discover whether data 
available from the insurance companies in Alabama 
could be used to satisfy the objectives of this re
search. The contacts in the insurance industry led 
to the conclusion that in Alabama insurance rates 
are determined within geographic boundaries based on 
the experiences and dollar losses resulting from the 
accidents in t .hat area. The larger companies in the 
state determine these rates based on the records of 
their own customers, whereas the smaller companies 
depend on independent rating offices to provide suf
ficient data to make the ratings. Typically, the 
rates are determined based on dollar losses per cus
tomer. The Farm Bureau firm, for example, uses five 
different ratings within the state. 

Although the rating system used by the insurance 
industry does not directly relate to the objectives 
vf thio :~~~g:ch, it d~~~ ~=~~!:~ :~ :!t~:~:ti~: 
means of analysis. Specifically, some relation 
should be expected between a high accident rate for 
a city and the insurance rating that the city might 
be assigned. In other words, in those cities where 
either unusually high or low accident reporting 
trends have been noted, the insurance rating should 
indicate the same trend. The rating could be re
viewed to determine whether there is a correlation 
between the reported accident history and the data 
used in determinin9 the insurance rating. 

To summarize this portion of the literature re-



Transportation Research Record 910 

Table 1. Variables used in regression analysis. 

Data Item 

Population 
1970-1977 
1980 

Law enforcement officers• 
Uniformed 
Civilian 

Traffic accidents, 1975-1979 
Total miles of paved highway 
Miles of state and federal route 
Miles of Interstate high way 
Miles of county road 
Square miles of land area 
Urban and rural land 
Urban, agricultural, and 

other land 
Automobile registrations, 1978 
Driver licenses, 197 8 

Gasoline tax allocation, 1979 

Source 

Alabama Municipal Data Book (21) 
Alabama Municipal Journal Gil-

Crime in Alabama (23) 
Crime in Alabama (23) 
Alabama Highway Department (24) 
Alabama County Data Book (25) 
Alabama County Data Book (25) 
Alabama County Data Book (25) 
Alabama County Data Book (25) 
Alabama County Data Book (25) 
Alabama County Data Book (25) 
Alabama County Data Book (25) 

Alabama County Data Book (25) 
Total licenses issued (renewalsand new appli

cations), 1977, 1978, 1979, and 1980, 
Alabama Department of Public Safety 

Gasoline tax distribution spread: Oct. 1, 
1978-Sept. 30, 1979, Alabama Treasurer's 
Office 

8 Sheriff's office employees and city police department employees were separated and 
placed in the appropriate data sets. 

view, no suitable work of a similar nature could be 
located. Neither the literature review nor contacts 
with various government agenc i es identified previous 
research that could be used for specific guidance in 
the current study. 

Accident Prediction Variables 

The bulk of previous research into accident-related 
factors has been oriented toward isolating the ef
fect of specific items at specific roadway loca
tions. Geometric features, traffic control devices, 
and other items were studied extensively. some of 
these studies suggest pertinent techniques for in
vestigation of areawide accident rates, however. One 
variable that could be used is the volume of traf
fic. Kihlberg and Tharp (5) pointed out that aver
age daily traffic (ADT) is one of the best indica
tors of accident potential for the various cate
gories of highways. Other researchers echo their 
findings and have been able to establish very spe
cific relations between ADT and accidents, especial
ly for intersections (10-12). 

Other areawide variables were harder to locate. 
cooper (13) suggested that the level of law enforce
ment activity could be a major factor in reducing 
accidents, but the Alabama Office of Highway and 
Traffic Safety has found that there are not enough 
enforcement officers in the state to continuously 
monitor the known hazardous locations (14, p. 10). 
Thus, reductions in accidents achieved by assigning 
officers to specific locations are probably tempo
rary and could disappear when the officer moves to a 
new location. 

Byun, Mcshane, and Cantilli (15) suggest that 
societal and other forces exert influence on the 
number of accidents in a given area. They indicate 
that the current trend of population aging will in
crease accidents . They also see the urban-rural 
split as important and point out that a significant 
change in the mode of travel can alter accident pat
terns and rates. 

In summary, only a few var !ables have been shown 
to be applicable to accident prediction on an area
wide basis. These are traffic volume, population 
characteristics, rural-urban split, and transporta
tion mode. This does not mean that other variables 
are not related to areawide accident rates but that 
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such related factors have not been identified to 
date. 

RESEARCH PROCEDURES FOR THE STUDY 

The statistical procedures used in this investiga
tion were regression and confidence band analyses. 
Both techniques are accepted and conunonly used by 
the traffic engineer. Regression techniques are 
presented in many engineering textbooks, and com
puter-assistance packages have been developed to 
make application easier (16-18). For example, Bel
mont (19) developed a regression equation to predict 
the accident rate based on ADT and roadway median 
width. Turner, Fambro, and Rogness (20) developed 
regression equations in Texas to warran~addition of 
paved shoulders to two-lane roads based on accident 
rate. Regression equations were developed in a 
similar manner during this research to predict the 
number of accidents associated with Alabama cities. 

The second statistical technique used was the 
confidence level analysis. This technique was used 
to identify cities whose accident levels fell out
side of expected limits. High-rate and low-rate ac
cident cities could be identified during the re
search by denoting data points that fell outside of 
specified confidence bands. 

SELECTION OF REGRESSION VARIABLES 

A list of desirable data items to be used in a re
gression analysis was prepared. These data items 
include variables that are associated with accident 
histories and are related to population characteris
tics, driver characteristics, and roadway character
istics. It became apparent that some of the most 
desirable data items were not available for the in
dividual cities. However, many of these variables 
were applicable to counties and were found to be 
readily available. 

At this point, the data were placed in three 
categories: county, city, an<! rural. The county 
classification was used for variables applicable on 
a countywide basis, including both urban and rural 
areas. Examples include the number of vehicle 
registrations and the number of driver licenses. The 
city classification was restricted to data appli
cable to incorporated cities in the state. One ex
ample is the census data used to establish the popu
lation. The final classification, rural, was used 
to handle data items that were only applicable to 
areas outside incorporated cities. For example, the 
rural population for a specific county would be the 
county population minus the population of all in
corporated areas. 

After the data analysis was finished, the city 
data classification contained only three data items 
(see Table 1). These were population, the number of 
law enforcement officials, and the number of traffic 
accidents for each year from 1975 through 1979, The 
number of law enforcement officers was for 1979, and 
was subclassified as uniformed or civilian members. 
The population figures for 1977 were estimates pre
pared by the Bureau of the Census, based upon exten
sion of 1970 census data (21). These figures were 
compared with more recent -;$timates ( 26) and with 
1 980 census figures (22) when they beciiii"e available 
later in the investigation. where necessary, the 
original 1977 population estimates were adjusted to 
reflect the growth trend shown by the most recent 
data. It would have been convenient to use 1980 
population; but 1980 accident data were not avail
able at this stage of the study. The 1977 popula
tion figure was used because accident data were 
available for that year and because there were 
several sources of population data that could be 
used to cross check and verify the estimates. 



22 

The rural data file was similar to the city file 
in that very few variables were available. The only 
two items included in the final data set were 1977 
population and the number of traffic accidents for 
the same year. 

The most comprehensive data set was for entire 
counties. There were at least seven variables with 
strong potential for use as accident predictors. 
Several of thes·e variables included excellent sub
classifications, such as the breakdown of highway 
mileage. 

EVALUATION OF FIVE-YEAR RECORD 

After the data were gathered, the consistency of 
year-to-year accident reporting was investigated for 
various jurisdictions. The initial research tech
nique involved a manual screening of accident rec
ords for the five most recent years. The objective 
was to identify those jurisdictions with erratic ac
cident reporting patterns. 

Classification Criteria 

To quantify any discrepancies noted during the re
view of accident data, subjective criteria were 
formulated and placed in the three categories de
scribed below. 

Category 1 

Category 1 was reserved for the mildest types of er
ratic accident histories. In general, a city with 
some unusual occurrence in accident reporting would 
be placed in this category whether the city had any 
control over the erratic reporting or not. 

It is important to remember that accidents are 
random events governed by the laws of probability 
and that unusual patterns are possible and normal 
under the laws of probability. Therefore, a city 
could receive a category 1 accident history rating 
due to one year with an unusually large number of 
accidents even though random chance rather than the 
city's reporting procedures caused the erratic pat
tern. Not all of the cities on the category 1 list 
could be termed deficient in reporting practices. 

Category 2 

The next classification applied to cities with more 
erratic accident reporting than the first category. 
Although there was the possibility that such devia
tions were the result of random chance, it was much 
more likely that improper reporting caused the prob
lem. 

Category 3 

Ci ties that experienced the most severe dev~ations 

and the most erratic patterns of accident reporting 
were placed in category 3. The patterns are so un
usual and pronounced that they are almost certainly 
due to variances in reporting practices. This type 
of pattern is obvious from the number of accidents 
occurring in consecutive years. 

Results of the Manual Evaluation 

The 67 county rural areas and all 423 cities were 
subjected to manual review based on the criteria 
outlined above. Since the criteria were subjective, 
two independent reviews were conducted to offset any 
bias on the part of the reviewer. A summary of the 
findings is presented in Tables 4 and 5 and shown in 
Figure 2 in the paper by Turner and Mansfield in 
this Record. These findings are summarized as 
follows: 
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1. Approximately one-fourth 
cities displayed erratic patterns 
reported traffic accidents during 
1979. 

of all Alabama 
in the number of 
the period 1975-

2. Five percent of all Alabama cities had very 
serious discrepancies in the number of accidents re
ported over the five-year period. 

3. During the 1975-1979 period, 8.5 percent of 
all Alabama cities had serious accident reporting 
discrepancies. 

4. Approximately one-fourth of Alabama county 
rural areas displayed erratic accident reporting 
patterns during the period. 

5. County rural accident reporting was less er
ratic than city accident reporting. Although the 
percentage of jurisdictions with erratic patterns 
was the same for both groups (28 percent), there 
were no severe discrepancies in the county rural 
classification. 

6. Traffic engineers and others performing 
safety studies must be very careful in using acci
dent data for a specific location since one-seventh 
(5 percent + 8.5 percent) of all Alabama cities have 
seriously erratic accident histories. It is recom
mended that several years of data be checked to en
sure that data were reported uniformly and that they 
accurately represent a specific location. 

7. Erratic reporting of traffic accidents does 
not seem to be strongly linked to the size of Ala-
bama cities. 

In addition to the manual review, a statistical 
technique (coefficient of variation) was used to 
identify cities with erratic year-to-year reporting 
patterns. The analysis confirmed the presence of 
many jurisdictions with substantial variation in re
porting. Although most of these cities were small, 
at least four of them were large enough to report 
more than 100 collisions/year. 

REGRESSION OF 1977 COUNTY AND RURAL DATA 

A comprehensive research procedure was developed and 
applied to the data in the county and rural files. 
Various combinations of variables were tested to 
determine the strongest possible model. Outliers 
(locations whose data values behaved unusually) were 
removed from the analysis to isolate their exact ef
fects. The regression of county and rural data is 
discussed in detail in the paper by Turner and Mans
field in this Record. 

REGRESSION OF CITY DATA 

1977 Data 

One of the primary objectives of the project was to 
identify a relation between accidents in Alabama 
cities and some predictor variable. Toward that 
end, a regression analysis was performed on the city 
data set by using the same comprehensive techniques 
that had been applied to rural and county data pre
viously. Pertinent findings include the following: 

1. Most Alabama cities are small; more than 80 
percent o:C tilem Dave less t:.han 5UUU p~upi.~. T:i1t:: i:t::w 

large Alabama cities dominate the numerous small 
cities during a normal regression analysis. 

2. Prediction equations for small cities were 
improved by using disjoint population groupings 
rather than the entire population of Alabama 
cities. Five population groups were established: 
0-1000, 1000-5000, 5000-10 000, 10 000-50 000, and 
> 50 ooo. 

3. Population was used as the independent vari
able based on the findings of previous regression of 
rural and county data sets. 
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Table 2. Designated regression results by population group for cities. 

Population Group Regression Equation 

().1000 
1000-5000 
5000-10 000 
10 000-50 000 
>50 000 

Accidents= 0.010 47 x population+ 0.5134 
Accidents= 0.035 82 x population -39.234 
Accidents= 0.041 33 x population - 66.834 
Accidents= 0.053 18 x population -212.284 
Accidents= 0.058 52 x population- 540.770 

Table 3. Regression summary for 1980 accident data. 

Population No. of 
Group Cities R2 SE Intercept Slope 

All cities 424 0.989 52 110.589 -65.490 0.051 27 
1-1000 211 0 .060 29 11.441 +0.666 0.011 48 
1000-5000 133 0.310 82 43.581 -21.365 0.027 24 
5000-10 000 42 0.223 12 119.560 -107.046 0.047 48 
10 000-5 0 000 33 0.848 13 217.618 -144.609 0.046 36 
;.SO 000 5 0.994 67 359.220 -712.208 0.055 43 

t-Sta-
tis tic 

199.616 
3 .662 
7.687 
3.389 

13.157 
23.653 

4. Because several cities were known to report 
accidents in an erratic manner, regression studies 
were performed on average five-year reporting levels 
in addition to 1977 reported levels . 

5. outlier cities were removed from the data set 
to improve the regression and were not included in 
the final regression formulas. 

6. After a comprehensive analysis, predictive 
formulas were developed for each of the population 
groups (see Table 2). The independent variable was 
population, the dependent variable was average five
year accidents, and outliers were omitted to produce 
the best-fit equations. 

1980 City Ac c i dent Data 

At the point in the research project when 1980 data 
became available, the scatterplot and regression 
analysis was repeated for each of the five popula
tion groups by using the 1980 accident reports and 
1980 census population data. The 1980 data were not 
greatly different from the 1977 data. 

The regression of 1980 data is summarized in 
Table 3. Th~ regression equations are comparable to 
those specified previously in Table 2. The five
year-average equations in Table 2 are preferable to 
the single-year formulas in Table 3. 

CONFIDENCE BAND INVESTIGATION 

Once the regression models were adequately fit, a 
second statistical technique was used to construct 
the equation of the surface that describes the mean 
number of accidents for a city of selected char
acteristics. For linear regression, this surface 
approximates symmetrical lines straddling the desig
nated regression curve. It is possible to associate 
a designated level of confidence with given values 
above or below the regression curve by determining 
whether the values fall within the confidence 
bands. Confidence bands were constructed for the 
various population groups by using the following 
equation: 

Y± [t(df, a /2)(SE) V(l/N)+ (X0 -X)2 /dx2
] (!) 

where t(df, a/2) is taken from the appropriate t
table and 

Y = predicted mean value at point X0 , 

df degrees of freedom = N - 2, 
a 1 - confidence interval, 

SE • standard error from the regression, 
N number of cities in the sample, 

x0 
2 population at the point in question, 
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X mean of the population values in the sample, 
dx 2 = (N - 1) sx 2 , and 

Sx • standard deviation of population values in 
the sample. 

A computer-assisted confidence interval analysis 
was performed on each of the five population 
groups. Confidence intervals of 80, 90, and 95 per
cent were applied during these analyses. Data for 
1977, 1975-1979 (five-year average), and 1980 were 
scrutinized by using the equations developed for 
five-year-average data, as summarized in Table 2. 
In addition, 1980 data were subjected to a study 
based on 1980 regression equations. In summary, the 
five population groups were subjected to four sepa
rate analyses of three confidence levels each. This 
three-way tabulation resulted in 60 separate appli
cations of the computer program. 

The extremely thorough study was undertaken for 
several reasons: 

1. It was necessary to examine each of the popu
lation groups because grouped data yielded the best 
regression results. 

2. Multiple confidence levels were used to rank. 
Alabama cities in relation to accident overreporting 
or underreporting. The cities that lay outside of 
the highest confidence levels exhibited the most 
severe reporting problems. Those at the next level 
were not quite as severe, and so forth. The ranking 
of cities allowed the project staff a great deal of 
leeway in identifying trends and selecting cities 
for further study. 

3. Regression equations developed for various 
years were compared with several years of data to 
remove the overriding influence of one bad year and 
to identify those jurisdictions that exhibited poor 
reporting practices year after year. 

The results of the multilevel approach indicated 
that 65 cities fell outside of 90th percentile con
fidence bands during one or more applications of the 
computerized procedure. 

DETERMINING REASONS FOR DEFICIENCIES 

After the designation of certain Alabama cities as 
chronically underreporting or overreporting acci
dents, attempts were made to categorize and isolate 
the reasons for the reporting abnormalities. These 
efforts included a telephone questionnaire ad
ministered to a select group of police chiefs, a 
comparative analysis of accident records, and site 
visits. 

Telephone Survey 

The telephone survey was conducted prior to the 
field visits to identify problem areas common to 
underreporting (or over reporting) jurisdictions. The 
problem areas could then be subjected to intensive 
scrut iny at each field site rather than being iden
tified after the study had closed. The telephone 
survey would provide insight into the type and 
amount of data to gather during field studies in 
order to maximize the project results. 

A questionnaire was prepared to allow an examina
tion of items that were likely to influence the 
number of reported accidents. Items such as changes 
in the city's administration or policies, traffic 
volumes, training of the police chief or police 
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force, the chief's perception of the accident situa
tion, the city's investigating and reporting prac
tices, handling of private-property collisions, and 
identification and correction of high accident loca
tions were addressed by the survey. 

Sites were selected from outlier cities by using 
the confidence band analysis. Where possible, four 
overreporting cities and four underreporting cities 
were selected from each of the population groups 
used in the regression analysis. No cities with 
more than SO 000 people fell outside the confidence 
bands, so the largest population group was excluded 
from the study. Four outlier sites were not avail
able in all cases, so only 25 cities were selected 
instead of the desired 32. Another group of 25 
cities were selected as control sites. These sites 
fell along or near the regression curves. For each 
population class, the number of control sites was 
balanced against the number of outlier sites. 

The police chief for each city in the study was 
contacted via telephone. The objectives of the 
project were explained and the interviewer posed 
questions to the chief. In the larger police forces 
with well-defined functional divisions, the head of 
the traffic division was also interviewed. The 
respondent was allowed a great deal of freedom in 
answering because of the variety of city sizes and 
police department organizational structures. As the 
interview progressed, additional topics were intro
duced as necessary to expand the material contained 
in the original questionnaire or to explore situa
tions unique to the city being studied. Where per
tinent, the chief's comments were recorded for amp
lif ication. The results of these contacts are 
SUJTUnarized below: 

1. A great number of cities have changed mayors 
or police chiefs in the last five years, as evi
denced by a 70 percent turnover rate for small 
cities. The change of administrators undoubtedly 
caused some changes in policies, which contributed 
to irregularities in accident reporting patterns. 

2. Control cities had the most stable adminis
t .rators. There were fewer changes and consequently 
fewer irregularities in reporting. 

3. The majority of police chiefs had received 
some form of accident training, and approximately 90 
percent of their police forces had received accident 
investigation training within the past five years. 
Law enforcement personnel would appear to be suffi
ciently trained to handle accident reporting ade
quately. 

4. The unknown factor in accident training is 
the scope and intensity of the curricula offered by 
Alabama law enforcement academies. An investigation 
of the material offered by the academies may be in 
order. 

5. The police chiefs in cities that underre
ported accidents appeared to be less knowledgeable 
of the local accident situation than their counter
parts in overreporting cities. 

6. The police chiefs in overreporting cities had 
the strongest grasp of the local accident situation. 

7. Many small cities tend to depend on neighbor
ing cities or the local Department of Public Safety 
(DPS) for assistance in investigating and reporting 
accidents. 

B. Forty percent of the underreporting cities 
responded that they withhold some or all of their 
accident reports instead of forwarding them to the 
DPS. 

9. A large number of cities, of all sizes and in 
all three reporting groups, fail to mail completed 
accident reports to the DPS within 24 hours after 
completing the investigation. 
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10. Almost all cities in the study maintain their 
own files of completed accident reports. 

11. Very few private-property accidents are re
ported to the DPS. 

12. There are many different policies for inves
tigating private-property accidents and much concern 
on the part of police chiefs. Many progressive de
partments have developed their own form for such 
investigations. usually, this form is provided for 
drivers to swap information. 

13. Standardization of private-property accident 
policies would appear to be highly desirable. For 
example, "semipublic" areas such as shopping center 
entrances could be treated by use of a standard form 
for drivers to use in swapping information at the 
scene. 

14. Comments compiled during the survey indicated 
a high degree of group uniformity within each of the 
three separate reporting levels used in the study 
(underreporting, overreporting, and control). 

15. Common factors for control cities seemed to 
be (a) good cooperation with neighboring jurisdic
tions: (b) a knowledgeable, well-trained staff and 
an interested, aggressive police chief; and (c) a 
well-defined system for handling private-property 
accidents. 

16. Common factors for underreporting cities 
seemed to be failure to mail all reports to the DPS 
and a lack of emphasis on the part of police chiefs. 

17. Common factors for the over reporting cities 
included (a) high traffic volumes, (b) a system for 
private-property accidents, and (c) an aggressive 
program to abate the accident situation. 

Field Studies 

After certain cities had been identified as chroni
cally overreporting or underreporting accidents and 
after the telephone survey had provided some insight 
into reasons for atypical reporting, a program of 
site visits was conducted to identify specific defi
ciencies. 

A questionnaire was devised to standardize the 
questions asked during field visits and to provide 
consistency in the manner in which the questions 
were asked. The questionnaire was designed to pro
vide a comprehensive picture of the total accident 
reporting operation at each of the field visit loca
tions. Three general areas of interest were ad
dressed by the interview form: 

1. Questions asked of the police chief--Ques
tions that expanded on the telephone interview were 
asked to assess the police chief's knowledge of the 
causes of local accidents (high traffic volumes, new 
developments, commuting patterns, etc.) to determine 
investigative policies and to examine accident 
record processing. 

2. Alabama Uniform Traffic Accident Report 
(AUTAR) processing system--The interviewer observed 
actual processing of accident records at the field 
study sites. Questions were directed to the police 
dispatcher and file clerk, who are heavily involved 
in overseeing accident investigation and processing 
of AUTARs. 

3. Questions asked of an investigating offi
cer--Questions asked of an investigating officer 
were designed to supplement the responses of the 
police chief and to provide another view of depart
mental policies. 

Candidate cities for field visits were designated 
in a meeting of the project principal investigator 
and the Alabama Highway Department project monitor. 
A classification matrix was created with four popu
lation groups (0-1000, 1000-5000, 5000-10 000, and 
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10 000-50 000) and three accident reporting classes 
(underreporting, control, and overreporting). One 
city was selected for each cell of the matrix. Be
cause one of these cells was empty (underreporting 
with a population of 5000-10 000), only 11 cities 
were designated to receive visits. Cities were noti
fied in advance of the proposed visit of the general 
nature of the interview and of the personnel who 
should be made available for the interview. Each of 
the 11 cities selected for field visits was in the 
sample previously used for the telephone survey. 

The field visits were accomplished between 
October 14 and October 30, 1981. In general, the 
procedure consisted of an interview with the police 
chief in which the 36 questions were asked from the 
questionnaire. The interviewer then met with the 
dispatcher and the file clerk to ask the questions 
specified for these personnel. An important part of 
this portion of the interview consisted of observing 
the procedures used in recording and filing accident 
records. The final phase of the field visit in
volved interviewing an officer actually involved in 
investigating accidents. 

The responses obtained during the field visits 
were compiled by both reporting characteristic 
(underreporting, over reporting, or control) and by 
city size grouping. The relatively small number of 
cities in the sample limits the degree of confidence 
that may be placed in any statistical inferences 
drawn from the data. Because of the small sample 
sizes, it is not possible to arbitrarily ascribe ob
served characteristics to the entire population of 
Alabama cities. Care should also be taken in as
cribing results to the city population for various 
reporting characteristics or population groups. 

In spite of the limitation imposed by the small 
sample sizes, the field survey performed a valid 
function by documenting various details of accident 
investigation and reporting for a wide range of con
ditions. A number of interesting trends and results 
were observed. The responses received during the 
interview can be sununarized as follows. 

1. The high turnover rate among administrative 
personnel was documented. The field visits indi
cated a higher rate of change for overreporting 
cities than had been disclosed by the telephone sur
vey. 

2. Police chiefs were found to have less acci
dent training than street officers. A high percent
age of all policemen have received accident train
ing, but the quality of this training is unknown. 

3. Street officers were generally unaware of how 
accident data are used for engineering purposes and 
did not gather data with such uses in mind. 

4. Many police chiefs were not aware that acci
dent sununary report3 are prepared by the Alabama 
Highway Department. The majority of the chiefs did 
not know how to use such reports to alleviate haz
ardous roadway situations. 

5. Chiefs in overreporting cities seemed to have 
a clearer knowledge of the accident situation than 
chiefs in underreporting cities. 

6. Reporting thresholds were discovered in 
several cities. Although departments may not have 
formal thresholds, some officers report that they 
decide at the accident scene whether or not the col
lision is worth reporting. 

7. Not all cities were in compliance with re
quirements to mail all AUTARs to DPS within 24 hours 
of completing an investigation. Some cities simply 
do not mail in the reports, whereas other cities de
lay their mailings. 

8. Police chiefs and other departmental em
ployees were not always in agreement regarding de
partmental policies. Conflicting responses were 
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given concerning the presence of written instruc
tions at the site, investigating private-property 
accidents, threshold values, and how rapidly AUTARs 
were forwarded to DPS. 

9. Instances were documented in which population 
was not an appropriate factor to use in predicting 
accidents. Three of the overreporting cities were 
found to have accident problems based on other fac
tors. 

10. Little contact was observed between DPS and 
local police departments. It appears that a feed
back mechanism is necessary to edit and control the 
quantity and quality of local accident reports. 

RECOMMENDATIONS 

An extensive research effort was conducted to iden
tify jurisdictions that reported accidents in an ab
normal manner. At the conclusion of the study, such 
locations had been identified. The following list 
of reconunendations has been prepared to alleviate 
existing problems and guard against their reoccur
rence: 

1. Those cities designated by this research as 
chronic atypical reporters should receive individ
ual visits in the near future to identify sp~cific 
causes for overreporting or underreporting. 

2. The regression/confidence band analysis 
should be repeated at regular intervals as reliable 
population data become available. This study has 
proved that regression based on population is a good 
way to identify cities that need to improve their 
reporting. 

3. A follow-up study should be conducted on 
those cities with erratic five-year reporting his
tories. The reason for variability should be iden
tified in each case, and countermeasures should be 
suggested. 

4. A program should be developed to evaluate the 
quantity of annual accident data submitted by the 
various jurisdictions. The mechanism should iden
tify year-to-year variance. For example, a simple 
computer program could edit each year's accident re
ports and flag cities that show a large change in 
the number of reported accidents. 

5. A mechanism should be developed to evaluate 
the quality of each item of accident data submitted 
by the various jurisdictions. For example, a simple 
computer program could edit reporting character is
tics (such as percentage of injuries and wet or dry 
pavement) and flag those jurisdictions with ab
normal patterns. 

6. Before accident data are used for future 
safety studies, the number of accidents reported by 
any jurisdic;:tion should be compared with tabulated 
values to determine the validity of the data. 

7. An abnormally large number of cities report 
no accidents or very few accidents. These jurisdic
tions fall within the confidence band and are sta
tistically satisfactory; however, they should be 
examined to determine whether they are properly re
porting all accidents that actually occur. 

B. Law enforcement academy curricula should be 
reviewed in the area of accident investigation and 
reporting. Officers should be aware of how data are 
used in engineering work and of the necessity for 
data to be of uniform quality. 

9. Police chiefs are not totally aware of the 
accident situation or of the sununary reports and 
other devices available to assist them in identify
ing and alleviating hazardous situations. A train
ing program should be instituted to improve their 
knowledge of the overall accident situation, high 
accident locations, summary reports, and abatement 
of the accident problem. 
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10. Almost all cities expressed concern about 
private-property accidents . A fu ll-scale study 
should be c onduc ted to establish a statewide policy 
to provide uniformity, Perhaps a "driver swap" form 
might be provided for use by all cities. 

11. Reporting of accidents in the police juris
diction should be standardized. All law enforcement 
officials should be aware that rural street codes 
and location codes should be used for accidents 
within the police jurisdiction. 

12. Reporting thresholds, both official and im
plied, were found to exist. A uniform treatment is 
necessary if accident data are to be meaningful. Law 
enforcement officials should be made aware that such 
thresholds are not condoned under existing statutes. 

13. Lines of communication should be developed 
and maintained between the DPS and local jurisdic
tions. The high turnover among administrators 
causes constant change at the local level. The DPS 
must continually emphasize reporting requirements 
and the reasons for them to ensure that accident 
data are consistent and of high quality, 

Implementation of these r ecommendations will re
sult in rapid improvement in the quality and quan
tity of accident data. Safety studies based on a 
more reliable data base will result in better use of 
safety funds. In turn, the citizens of Alabama will 
benefit from an enhanced roadway environment. 
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Accident Model of the Traffic Mix: Use of Vehicle Miles 

to Predict Accidents 

THIPATAI CHIRACHAVALA AND JAMES O'DAY 

Information on vehicle miles of travel for any two classes of vehicles (e.g., cars 
versus trucks or vehicles with drunk drivers versus vehicles with nondrunk drivers) 
can be used together with accident frequency to develop an accident prediction 
model based on the mix of traffic on roadways. As an illustration, a model was 
developed to predict the proportion of many possible accident configurations 
involving cars and trucks (single·car accidents, car·truck accidents, etc.), taking 
into account the effect of environmental factors such as road class and time of 
day . Extension of this model to include any number of factors other than road 
class and time of day is possible. Useful applications of the model include 
assessment of the relative highway safety of any two vehicle classes that may 
possess different accident characteristics, assessment of environmental factors 
that affect the highway safety of these vehicles, and quick input for evaluating 
policy options concerning of the use of certain types of vehicles. 

An accident is considered a single event even when 
it involves more than one vehicle. Vehicle involve
ments in accidents, on the other hand, are counts of 
the number of vehicles involved in accidents. Vehi
cle involvements in accidents are usually specified 
by type of vehicle--i.e., car involvements, truck 
involvements, etc. Therefore, "accidents" and "ve
hicle involvements" are different concepts and 
should not be used interchangeably. For example, 
the number of accidents in 10 collisions, each in
volving 2 cars, is 10 whereas the number of car in
volvements in those accidents is 20. 

Vehicle miles of travel is a common measure of 
exposure. The rates (involvements per vehicle mile 
of travel) provide a more useful comparison of the 
accident experience of the vehicles than the number 
of involvements alone. The use of exposure informa
tion is not, however, restricted only to the rates 
comparison. It can be used together with accident 
information to develop an accident model that per
mits some inference regarding the nature of acci
dents. Th is paper presents a method for achieving 
such a goal by using an example of cars versus 
trucks. 

Highway accidents can be categorized as single
vehicle, two-vehicle, or more-than-two-vehicle 
crashes. For traffic consisting of passenger cars 
and trucks only, the possible accident configura
tions are (a) single-car (SC) , (b) single-truck 
(ST) , (c) car-car (CC), (d) car-truck (CT) , (e) 
truck-truck (TT), and (f) multivehicle (CCC, CCT, 
TTT, CCTT, cccc, etc.). 

Accidents involving more than 
relatively rare: They typically 
cent or less of total accidents. 
fore, neglected in developing the 
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two vehicles are 
account for 5 per

They were, the re
model. 

Scott and O'Day (_!) showed that, if involvements in 
accidents of both cars and trucks were assumed to be 
proportional to their respective miles of travel, 
the probability that an accident-involved vehicle 
(V) was a truck would be equal to the proportion of 
vehicle miles accumulated by all trucks and the same 
for cars. Thus, for a population consisting only of 
cars and trucks, 

P(V = truck Ian accident) = T (!) 

and 

P(V = carlan accident)=(! - T) (2) 

where T is the proportion of truck mileage and 
(1 - T) is the proportion of car mileage. 

If the proportion of single-vehicle accidents is 
represented by S and therefore the proportion of 
two-vehicle accidents by (1 - S), then the propor
tions of oneand two-vehicle accident configurations 
are given by 

Proportion of SC accidents= S (! - T) 

Proportion of ST accidents= ST 

Proportion of CC accidents=(! - S) (! - T)2 

Proportion of CT accidents= 2 (I - S) T (I - T) 

Proportion of TT accidents= ( I - S)T2 

(3) 

(4) 

(5) 

(6) 

(7) 

These five proportions sum to 1.0 (crashes involving 
more than two vehicles are neglected) • 

The limitation of the above model arises from its 
assumption that the chance of involvement in an ac
cident is the same for a car and a truck. That is, 
if the car mileage were equal to the truck mileage, 
the frequencies of their involvements would also be 
equal. The model does not allow for the fact that 
trucks and cars might have different potential for 
being involved in an accident due to different vehi
cle and/or driver characteristics. In the situation 
where this assumption is not justified, the model 
will no longer be valid. This has led to the devel
opment of a more general model that does not require 
such a stringent assumption. This general model 
will be referred to as the accident model of the 
traffic mix. 

MODEL DEVELOPMENT 

Accidents can be viewed as the result of "failures" 
in a system comprising the vehicles, the drivers, 
and the environment. To be useful, an accident 
model ought to reflect such a relation. 

~he accident model of the traffic mix is a mathe
matical representation of the probabilities of the 
occurrence of various possible accident configura
tions. In considering an example of cars versus 
trucks, the rationale for such a model is that acci
dent involvements of cars and trucks are some func
tion of their individual characteristics (which col
lectively reflect the vehicle and/or the driver 
characteristics), mileage, and environmental fac
tors . That is, P(V = car1an accident) = £(charac
ter i stics of cars, car miles, environment): and 
P (V = truck 1 an accident) f (character is tics of 
trucks, truck miles, environment). 

In developing an accident model based on the 
above assumption, a two-stage modeling procedure was 
introduced. The first stage derives an accident 
model of the traffic mix, assuming that the car and 
truck involvements are some function of their indi
vidual characteristics and their respective mile
age. The second stage incorporates the environmen
tal factors into the model externally. The two 
stages are discussed below. 
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Stage 1 

It is assumed that 

P(V =car Ian accident)= W 1 (! - T) (8) 

and 

P(V = trucklan accident)= W2 T (9) 

where W1 and W2 are cons tants representing the 
involvement propensity of cars and trucks, respec
tively. 

If S represents the proportion of single-vehicle 
accidents and (1 - S) the proportion of two-vehicle 
accidents, then the proportions of the five accident 
configurations involving cars and trucks are given by 

Proportion of SG-l!l;cidents = S (I - T)/(1 + aT) (10) 

Proportion of ST accidents= S (! + a)T/(1 + aT) (11) 

Proportion of CC accidents=(! - S) (! - T)2 /(1 + bT)2 (12) 

Proportion of CT accidents= 2 (! - S)(l + b) T (1 - T)/(1 + bT)2 (13) 

Proportion of TT accidents= (! - S) (1 + b) 2 T2 /(1 + bT)2 (14) 

Th~ sum of the proportions is 1.0. 
The constant a is the difference between the 

truck involvement rate (per mile of truck travel) 
and the car involvement rate (per mile of car 
travel) for single-vehicle accidents, expressed as a 
percentage of the car involvement rate, or 

a= (truck involvement rate - car involvement rate)/car involvement rate (15) 

a nd the cons tant b is the difference between the 
truck involvement rate and the car involvement rate 
for two-vehicle accidents, expressed as a percentage 
of the car involvement rate, or 

l;> =(truck involvement rate - car involvement rate)/car involvement rate (16) 

In this model, the proportionality constant, W1 
in Equation 8, is equal to 1. W2 in Equation 9 is 
equal to (1 + a) and (1 + b) for single- and two-ve
hicle accidents, respectively, which allows the 
truck involvement rate relative to the car involve
ment rate to be different for single-vehicle and 
two-vehicle accident configurations . In the circum
stance where a and b are equal, the model as repre
sented by Equations 10-14 still holds. When the ac
cident involvement rates of both cars and trucks are 
equal, both a and b will be zero and Equa t i ons 10-14 
simplify to Equat i ons 3-7. The refore , the model 
p roposed earlier by Scott and O'Day (.!_) is a special 
cas e of the general accident model of the traffic 
mix. 

Stage 2 

The model as represented by Equations 10-14 is then 
applied to each of the cells (or subsets) created by 

- . - · . . ... . . ' -- __ ___ .._ _ .. ~--tne cross c..Lass1.1:1.ca~.iun u.L \.lit: euv"'"v1m1cuL.a..L .a.c;a"" 

tors. There may be any number of such variables. 
For each cell, two independent estimates of a are 
obtained from Equations 10 and 11 and three indepen
dent estimates of b from Equations 12-14. Unique 
cell estimates of a and b are then determined as a 
function of the environmental factors. The follow
ing model estimation illustrates this point. 

MODEL ESTIMATION 

The following model estimation is based on a popula-
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tion of vehicles consisting of cars and trucks. The 
environmental factors considered were road class and 
time of day. These two factors have been cited in a 
number of past studies as having an important effect 
on accident rates. For example, Herd and others (_£) 
reported that on rural roads the overall accident 
rate (accidents per vehicle mile of travel) was 
higher at night than due ing the day. His reported 
ratio of the night-to-day accident rates was great
est for rural expressways (1. 98) and smallest for 
four-lane roads (1. 4 7) • The accident rate at dusk 
was reported to be higher than that at dawn. The 
rate for fatal accidents was also reported to be 
higher at night. 

The model estimation involves the following steps: 

1. The accident and exposure data are cross
classified by road class and time of day. Let the 
rows represent the various time-of-day periods and 
the columns the various categories of road class. 

2. The model as represented by Equations 10-14 
is applied to the data. For each cell, the esti
mated values of a can be obtained by solving Equa
tions 10 and ll and the estimated values of b by 
Equations 12, 13, and 14. Because all of the fac
tors that affect the occurrences of different acci
dent configurations can never be accounted for in 
modeling, the two estimated values of a from Equa
tions 10 and ll may not be exactly identical, though 
they will be closei the same applies to the three 
estimated values of b from Equations 12-14. As a 
result, each combination of road class and time of 
day will have two independently estimated values of 
a and three independently estimated values of b. 

3. The unique cell estimates of a and b as well 
as the effects of road class and time of day can be 
determined as follows. Define 

a+++= p;I Lj Lie ll;jk }/IJK 
a;.++ = {Li Lie a;ik} /JK 

a+j + = (;L1 Lie auk} /IK 

where 

I 2 number of rows, 
J • number of columns, and 
D number of a in each cell (i,j), which is 2. 

We have 

llf = a+i+ - a+++ 

'Yij = ai;+ - ai++ - a+;+ +a+++ 

(17) 

(18) 

(19) 

where aii+ is the 
(i,j). Therefore, 

average value of a for cell 

a;.i= a++ + +ar +fJf +16 (20) 

Similarly, for b with I rows, J columns, and K 3, 

ar = b;++ - b+++ (21) 

Pt= b+i+ - h+++ (22) 

1B= b1i+ - b1++ - b+i+ + b++ + c23) 

where bij+ is the average b for cell ( i, j) • 
Therefore, 

The results of the model 
represented by Equations 17-24. 

estimation are 
The values of aij 
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and bij are therefore the unique cell estimates of 

the model parameters a and b, road class and time of 
a a a b b 

day having been accounted for. ai' Bj' yij' a1, Bj' 

and y~j estimate the main effect of time of day, the 

main effect of road class, and their interactions on 
a and b, respectively. 

APPLICATION OF THE MODEL 

Possible applications of the accident model of the 
traffic mix include the following: 

1. The model can be used to assess the relative 
involvement rates of any two different classes of 
vehicles that have different characteristics, taking 
into account the effect of any number of environmen
tal factors. This will help minimize the undesira
ble "Simpson's Paradox" caused by confounding fac
tors not otherwise considered. 

2. The model can be used to predict the reduc
tion (or the increase) in the number of accidents 
that results from altering the travel pattern (or 
the amount of travel) of some vehicles on certain 
roads and at certain times of day. These results 
can then be used as input for evaluating various 
highway-safety policy options concerning the use of 
certain types of vehicles. 

CONCLUSIONS 

The accident model of the traffic mix as developed 
might be expected to predict well when applied to a 
traffic situation in which the mix of any two dif
ferent vehicle classes and the overall traffic vol
ume are relatively uniform. The model can poten
tially be extended to include any number of environ
mental factors without altering the basic model 
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presented in Equations 10-14. These factors are in
corporated into the model in such a way that they 
partition the accident and exposure data into cells 
with relatively uniform traffic mix and overall 
traffic volume. The factors that can be included in 
the model, of course, depend on the level of detail 
of the available exposure and accident data. The 
stability of the estimated model for prediction de
pends on the ability to search for environmental 
factors that strongly influence the accident rates 
of the vehicle classes being investigated. The 
reliability of the estimated model is a function of 
the accuracy in measuring exposure. Future research 
efforts should therefore also be directed to acquir
ing reliable exposure data with a greater level of 
detail than is generally available now. Further
more, there is a need for compatible definitions of 
the variables in both the accident and exposure data 
sets. 

Computer programs to perform model estimation and 
prediction are available at the University of Michi
gan Transportation Research Institute in Ann Arbor. 
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Microcomputer-Based Traffic Records System 

for Small Police Agencies 

WILLIAM E. KELSH 

In Virginia, there are many small cities, towns, and counties that maintain 
manual traffic records systems to meet their traffic safety data needs. Of 
these, the larger localities have a sufficiently high number of motor vehicle 
crashes and traffic violations to justify the need for automated record-keeping 
systems. However, the high cost of computer hardware and required technical 
expertise have discouraged these localities from acquiring the record management 
capability they need. The advent of the microcomputer has "now brought so
phisticated record-keeping technology within reach of even the smallest bud· 
gets. Still, lacking the staff support and the required applications software, 
most localities are unable to take advantage of the benefits of the new technol
ogy. In an effort to solve the problem, the Virginia Highway and Transporta
tion Research Council, with funding support from the Virginia Department of 
Transportation Safety, has developed a model user-oriented local traffic records 
software system for small localities. The system accepts, stores, and recalls 
data for accidents and traffic offenses rapidly, accurately, and inexpensively. 
With further development, it will have the capability to be run on most cur
rently marketed microcomputers. 

An effective local program for reducing traffic ac
cidents requires the capability to (a) identify 

traffic safety problems, (b) develop and implement 
appropriate countermeasures, and (c) evaluate the 
results of the chosen strategies. To achieve this 
capability, localities must keep records on the in
cidence of motor vehicle crashes and violations of 
traffic ordinances. 
organized so they 
analyzed. 

Further, these records must be 
can be easily accessed and 

Localities also need to keep traffic records for 
the efficient management and operation of safety 
programs. Clearly, the key to maximizing the use of 
limited resources is information about the nature 
and scope of the traffic safety problem to be ad
dressed. With this information, traffic safety 
administrators presumably can direct their resources 
toward the most serious problems or toward those 
problems that have the highest potential for payoff. 

Finally, during these times of economic hardship 
for local governments, it is important for traffic 
safety officials to be able to justify traffic 
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safety programs that compete for a share of the 
local budget or to obtain grant money from other 
sources. Again, traffic records are essential be
cause they are the source of the information needed 
to support the requests for funds. 

Many localities lack the capability to store, 
recall, and analyze traffic records for application 
to safety programs. This is particularly true of 
the smaller communities that lack the wherewithal to 
develop sophisticated and often expensive record
keeping systems. It would appear that this is an 
activity for which federal and state agencies could 
render assistance. However, such federal and state 
involvement has been and continues to be extremely 
limited. Direct federal involvement has been prin
cipally confined to improving state record-keeping 
systems through the NHTSA state and community high
way safety grant program. The federal government 
has indirectly assisted some of the larger locali
ties by providing grant money to pay for development 
of systems: however, many of the smaller localities 
cannot take advantage of this aid because the amount 
of money available for grants is limited and a grant 
requires a substantial local matching contribution. 

In Virginia, the state provides no direct finan
cial assistance to localities for traffic records 
but does provide some traffic safety statistics 
based on data reported to the Department of State 
Police. This information is of limited use, how
ever, because (a) the data are not location spe
cific, (b) they are up to 18 months out of date by 
the time they are received, (c) the reports do not 
cover accidents that are not legally reportable, (d) 
the report formats are too highly aggregated to be 
useful for detailed analysis, and (e) the quality of 
the data is suspect because state quality control is 
somewhat lax. Finally, neither the federal nor the 
state government keeps comprehensive statistical 
data on traffic violations. 

The problems facing the smaller localities that 
desire to enhance their record-keeping capabilities 
are twofold: they lack the technical expertise to 
develop a system, and they lack the money to pur
chase the required equipment and services. It would 
appear that an appropriate so.lution to their prob
lems would be the development of a model micro
computer-based system for traffic records that would 
be both productive and inexpensive to procure and 
maintain. Because little attention has been given 
to meeting this need of small localities, the devel
opment and implementation of such a system would be 
a novel and significant solution. 

Thus, the goal of the project reported here was 
to design, develop, and implement a model micro
computer-based traffic records system (MTRS) for 
small localities. It was planned that the MTRS 
should provide the capability to enter, edit, store, 
and recall data on traffic accidents and violations 
on demand in a variety of formats. The system 
should be user-friendly and reasonably efficient 
with respect to response time and storage of infor
mation, require little or no maintenance, and above 
all be conceptually simple and practical to use. In 
addition, because the intent was to develop a model 
system, it should De ciesigneci ou i:.i1ai: c:1uy dtp~1.ut'&. .L

ately qualified and needy locality could implement 
it with minimal effort. 

MTRS PROJECT DESCRIPTION 

The project began in April 1981 with a review of 
available microcomputer technology. This was fol
lowed by selection of a pilot implementation site in 
June 1981 and the hardware purchase in October 
1981. The MTRS was implemented in the Staunton, 
Virg.inia, Police Department (SPD) in March 1982. 
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The project is now in the testing and evaluation 
phase. 

Pilot Implementation Site 

It was clear that, if the major goal of ensuring 
practicality for the system was to be attained, the 
MTRS should be implemented in a suitable locality on 
a pilot basis. The SPD agreed to participate in the 
project. It is believed that the operational set
ting of !:he pilot MTRS is typical of that of most 
small localities in Virginia. The SPD has a staff 
of 46 full-time uniformed personnel and a civilian 
support staff of 10. The 1978-1981 accident and 
traffic arrest patterns for the city, which has a 
population of 25 000, are indicated below (the data 
were obtained from the SPD manual record-keeping 
system) : 

No. of Traffic No. of Motor Vehicle 
Year Summons Issued Crash Investigations 
1978 NA 803 
1979 NA 840 
1980 NA 691 
1981 1939 696 

Before the introduction of the MTRS, the SPD had 
no automated system for processing accident or traf
fic summons statistics nor any imminent prospects of 
obtaining this capability. It did, however, main
tain a manual record-keeping system for both traffic 
accidents and arrests. This function was the re
sponsibility of one full-time clerk. A limited 
range of reports, including monthly and annual acci
dent and traffic arrest summaries, were produced 
from the manual statistical tallies. The hard cop
ies of all accident reports and traffic citations 
were also kept on file for reference and distribu
tion to appropriate interested parties. 

Limitations of SPD System 

The basic deficiency of the SPD' s manual system was 
that a great deal of information was retained on 
file but little was used. In addition, the periodic 
reports issued were too highly aggregated and too 
limited in scope to be of use in the planning and 
allocation of police resources; Another deficiency 
was that the manual system was labor-intensive and 
prone to error. Finally, the record-keeping system, 
although fairly current, was unresponsive to ad hoc 
information needs. The preparation of nonstandard 
reports was extremely time-consuming because all 
work had to be done by hand. Thus, all but the most 
urgent requests for data were discouraged. It was 
clear that a more productive, accurate, and effi
cient means for gathering and analyzing traffic 
safety statistics was desirable. 

Data Elements Captured by MTRS 

The MTRS captures and reporto on data from two 
forms: the Virginia uniform traffic summons and the 
Virginia FR-300P police accident report form. After 
negotiation w.iti1 i.in:~ 5rU, \,.;t::LLai1-1 ~ato. cl~iii~l.tS ",,_,,_..,. 
selected from these forms for inclusion in the MTRS 
data files. The following accident data base ele
ments were selected: 

l. FR-300P report number: 
2. Date of accident (month, day, and year): 
3. Day of the week: 
4. Hour of the day; 
5. Weather conditions: 
6. Investigating officer badge number: 
7. Location and/or patrol zone: 
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8. Number of vehicles involvedi 
9. Vehicle type(s), each vehicle; 

10. Vehicle speed(s), each vehicle; 
11. Vehicle maneuver(s), each vehicle; 
12. Type of collision; 
13. Number of pedestrian(s) and bicyclist(s) 

injured or killed; 
14. Age of pedestrian(s) and bicyclist(s) in

jured or killed, each pedestrian; 
15. Sex of pedestrian(s) and bicyclist(s) in-

jured or killed, each pedestrian; 
16. Pedestrian actions, each pedestrian; 
17. Pedestrian drinking, each pedestrian; 
18. Number of vehicle occupants killed or in

jured, each vehicle; 
19. Safety equipment used, each occupant; 
20. Age and sex of occupants injured or killed, 

each occupanti 
21. Driver age, each driveri 
22. Driver sex, each driveri 
23. Driver action, each driver; and 
24. Driver drinking, each driver. 

The traffic summons data base elements selected were 
as follows: 

1. Traffic summons report number, 
2. Date of offense (month, day, and year), 
3 . Day of the week, 
4. Hour of the day, 
5. Whether an accident was involved, 
6. Court to which referred, 
7. Number of violations, 
8. Violation type(s), 
9. Violator's age, 

10. Violator's sex, 
11. Officer badge number, 
12. Weather conditions, and 
13. Location and/or patrol zone. 

These elements were selected to meet the following 
information needs: 

1. For accidents--(a) Date, time , and 
(bl severity, (c) contributing factors, 
police investigation activity; and 

2. For traffic violations--(a) Date, 
location, (b) selected characteristics 
tions, (cl selected characteristics of 
and (d) police arrest activity. 

MTRS Hardware 

location, 
and (d) 

time, and 
of viola
violators, 

The MTRS was implemented on an Ohio Scientific In
dustries (OSI) C-3 OEM microcomputer, which featured 
48K Static RAM, 6502A CPU, 2.2-MHz clock, dual 8-in 
floppy disks (single-sided), a total of SOOK bytes 
of secondary storage, a 9600-baud Microterm ACT-SA 
CRT terminal, and an 80-cycle/s Epson MX-80 
printer. The C-3 OEM comes standard with the manu
facturer's OS-65U Ver. 1. 3 operating system, which 
features microsoft interpreted BASIC. Because of 
the overhead associated with the operating system 
and the language interpreter, only 24K of main 
memory is available for user programs. The total 
purchase price for this unit, including related 
supplies, was $7300. 

Overview of MTRS Functions 

The MTRS provides the capability to enter, edit, and 
store encoded descriptions of each traffic accident 
and arrest. It features the capability to link 
traffic incidents (accidents or violations) to 
street locations and to individual officers. It can 
also produce a variety of fixed-format reports based 
'on key file variables. 

• 
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The MTRS is a menu-driven, interactive software 
system designed to permit even the novice to add and 
extract traffic safety information with minimal 
effort. After insertion of either volume 1 or 
volume 2 (software diskettes) in the computer's A 
drive, followed by a reset, a system master menu is 
displayed on the CRT console. After the display, 
the system prompts for a selection. Depending on 
the choi ce, the system either displays another menu, 
informs the user of a required disk change or inser
t ion, or begins to prompt the user for specific 
information. This continues until all the parame
ters necessary to perform a task are identified. 
After completion of each task, the system returns to 
the menu last displayed. Each menu is back-linked 
to its parent menu and ultimately to the master menu. 

By using this menu scheme, the user may move 
around among any of the subsystems. For most func
tions the user never has to issue an operating sys
tem command. The user does, however, have to con
tend with the operating system in three situations: 
(a) the initial creation of data disks for MTRS 
files, (bl preparation of backup copies of MTRS 
files, and (c) dumps of MTRS files. However, OS-65U 
system functions are also implemented in a menu
driven scheme similar to that of the MTRS; thus, 
little user knowledge of system details is required 
for any task. 

The MTRS is divided into three subsystems: the 
accident subsystem, the traffic summons subsystem, 
and the auxiliary file s ubsystem. Each subsystem 
consists of a data f ile, file maintenance software 
module(s), and one or more report-producing pro
grams. The software is physically divided among two 
diskettes, volumes 1 and 2. Volume 1 contains all 
auxiliary file subsystem data and programs in addi
tion to all accident subsystem and traffic summons 
subsystem software that requires access to any of 
the auxiliary files. Volume 2 contains only acci
dent subsystem and traffic summons subsystem soft
ware. Because of their size, the accident records 
and the traffic summons data files reside on sepa
r ate diskettes; thus, the entire system resides on a 
total of four 8-in diskettes. 

MTRS File Desc r i p tio ns 

The MTRS software system revolves around creating, 
maintaining, and accessing data in the files listed 
below: 

File 
Accident records 
Traffic summons 
Officer badge 
Street index 

Length (K bytes) 
230 
230 

7 
32 

The file sizes given are those of the Staunton 
files. There are no software restrictions on the 
length of these files. 

The accident records file (ARF) contains encoded 
values for each of the elements contained in the 
listing of accident data base elements given previ
ously, organized in hierarchical, sequential rec
ords. Each accident case is represented by one 
master record, up to 10 vehicle/driver records, up 
to 10 injured occupant records per vehicle, and up 
to 3 injured pedestrian or bicyclist records. Table 
l gives the layouts for each of the various record 
types. Up to approximately 1000 accident cases may 
be accommodated in the ARF. 

The traffic summons file (TSF) contains encoded 
values for each of the elements contained in the 
listing of traffic summons data base elements given 
earlier, organized into sequential records. Each 
TSF record may accommodate as many as 3 violations 
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per arrest incident (multiple summonses may be 
issued by the arresting officer). The record layout 
for the TSF is given in Table 2. As many as 3000 
traffic summons records may be accommodated in the 
TSF. 

The officer badge file (OBF) contains the badge 
number and name of each police officer in the SPD, 
organized as an indexed sequential (ISAM) file. 
Badge numbers and names of as many as 150 police 
officers can be accommodated. This file is used to 
check the validity of badge numbers entered in the 
ARF or the TSF and to provide alphabetic counter
parts for the badge numbers for certain outputs. 

Table 1. ARF record layout. 

No. of 
Element Positions Data Type Possible Values• 

Master record 
Record type 2 Alpha A= master 
Report number 5 Numeric actual 1-9~99 

Location type 2 Alpha I = intersection, 
S =segment 

Street index 
#1 4 Numeric code 100-999 
#2 4 Numeric code 100-999 
#3 4 Numeric code 100-999 

Month of accident 3 Numeric actual 1-12 
Day of accident 3 Numeric actual 1-31 
Year of accident (last two 3 Numeric actual 1-99 

digits) 
Day of week 2 Numeric code 1-7 
Hour of occurrence 3 Numeric actual 1-12 
Minute of occurrence 3 Numeric actual 00-59 
AM or PM 2 Numeric code 1 =AM,O=PM 
Zone of occurrence 3 Numeric code 1-28 
Weather conditions 2 Numeric code 1-7 
Bad~e number 4 Numeric actual 1-150 
Nu~ber of vehicles 3 Numeric actual 1-10 
Number of pedestrians 2 Numeric actual 1-3 

Driver /vehicle record layout 
Record type 2 Alpha V =vehicle 
Vehicle type 2 Numeric code ,1-7 
Vehicle speed 2 Numeric code 1-5 
Vehicle collision type 3 Numeric code 1-13 
Vehicle maneuver 3 Numeric code 1-15 
Age of driver 3 Numeric actual 1-99 
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The record layout for the OBF is also given in Table 
2. 

The SIF contains the street name and a thr,ee
digit code (index) in the range 100-998 for each of 
the 450 streets in Staunton, organized as an ISAM 
file. As many as 899 street names and indices can 
be accommodated. Like the OBF, the SIF is used to 
check the validity of encoded accident locations in 
the TSF or the ARF and to provide alphabetic coun
terparts to the street codes for certain outputs. 
The record layout for the SIF is aiven in Table 2. 

No . of 
Element Positions Data Type Possible Values• 

Sex of driver 2 Alpha M= male, 
F =female 

Driver alcohol involvement 2 Numeric code 1-4 
Driver action 3 Numeric code 1-18 
Driver injury 2 Numeric code 1 =killed, 

2 =injured, 
3 = not injured 

Driver restraint use 2 Numeric code 1-6 
Number of vehicle occupants 3 Numeric actual 1-10 

killed or injured 
Occupant record layout 

Record type 2 Alpha O= occupant 
Occupant age 3 Numeric actual 1-99 
Occupant sex 2 Alpha M =male, 

F= female 
Occupant injury 2 Numeric code 1 =killed, 

2 =injured 
Occupant restraint use 2 Numeric code 1-6 

Pedestrian record layout 
Pedestrian type 2 Alpha P or B = pedestrian 

or bicyclist 
Pedestrian age 3 Numeric actual 1-99 
Pedestrian sex 2 Alpha M = male, F = female 
Pedestrian alcohol involve- 2 Numeric code 1-4 

ment 
Pedestrian injury 2 Numeric code I= killed, 

2 =injured 
Pedestrian action 2 Numeric code 1-7 
Vehicle hit by 3 Numeric actual 1-10 (vehicle 

number) 

a For numeric-type elements, O = Unknown/not stated/missing, deleted/not applicab1e; for alpha-type elements, U = unknown/not stated/missing/not applicable. 

Table 2. Record layouts for TSF, OBF, and SIF . 

No. of Possible No. of Possible 
File Element Positions Data Type Values• File Element Positions Data Type Values• 

TSF Report number 5 Numeric actual 1-9999 Violation 
Location type 2 Alpha I =intersection; Zone 3 Numeric actual 1-28 

S =segment Month 3 Numeric actual 1-12 
Street index Day 3 Numeric actual 1-31 

#I 4 Numeric code 100-999 Year (last two digits) 3 Numeric actual 1-99 
#2 4 Numeric code 100-999 Day of week 2 Numeric code 1-7 
#3 4 Numeric code 100-999 Hour of occurrence 3 Numeric actual 1-12 

Court of reculll 2 Alpha G ~ genernl Minute of occurrence 3 Numeric act11RI 00-~9 

district, AM or PM 2 Numeric code 1 =AM, 
J =juvenile O=PM 

Violation Weather conditions 2 Numeric code 1-7 
#I 3 Numeric code l·IM wnetner accicienr reiared L. AiviJ.a .l - , .... ~, 

#2 3 Numeric code 1-18 N=no 
#3 3 Numeric code 1-18 OBF Badge number 4 Numeric actual 1-150 

Total violations 2 Numeric actual 1-3 Officer name 21 Alpha Any string 
Badge number 4 Numeric actual 1-150 
Violator SIF Street index 4 Numeric code 100-999 

Sex 2 Alpha M= male, Street name 21 Alpha Any string 
F =female 

Month of birth 3 Numeric actual 1-12 
Day of birth 3 Numeric actual 1-31 
Year of birth (last 3 Numeric actual 1-99 
two digits) 

' a For numeric-type elements, 0 =unknown/not stated/missing, deleted/not applicable ; for alpha-type elements1 U =unknown/not stated/mlssing/not applicable. 



Transportation Research Record 910 

Overview of Major MTRS Funct i ons 

MTRS programs can be categorized broadly as file 
maintenance software or report-generating software. 
File maintenance programs and their basic functions 
are summarized in Table 3 and the report-generating 
programs and their basic functions in Table 4. To 
better illustrate how the MTRS works, several ex
ample functions are discussed in detail below. 

Traffic Summons and Accident File Maintenance 

ACENTR and TSENTR are the ARF and TSF maintenance 
JllOdules. Each program has three major components: 
(a) a data element input and edit component, (b) an 
element verification feature, and (c) a record dele
tion facility. The data element entry and editing 
portion prompts the user with a series of questions 
regarding each of the elements to be entered in the 
file. The order of the questions occurs in direct 
correspondence with the locations of the data ele
ments on the source report forms. Each element is 
edited at the time of entry for validity and, in 
some cases, for consistency with other elements. To 
speed the entry process, system prompts are brief, 
usually 5-6 words in length. If the user is at a 
loss as to what is a legal response, he simply hits 
<CR> in response to any system prompt to produce 
a brief description of the response options. The 
original prompt is then reissued by the system. In 
this way, the user can teach himself how to enter 

Table 3. MTRS file maintenance and supervisory software. 

Program 
Name 

ACENTR 
TSENTR 
EDOBF 
EDSIF 
lJTIL 

BEX EC 

Description 

ARF editing routine: add/verify/delete accident case data 
TSF editing routine : add/verify/delete traffic summons data 
OBF editing routine : adds, deletes , modifies, lists OBF records 
SIF editing routine : adds, deletes, modifies, lists SIF records 
General file maintenance utility : initializes ARF, TSF, OBF, 

and SIF prior to first use ; copies ARF and TSF; physically de
letes "deleted" records 

Simulates menu scheme; initializes system; sets up printer and 
console; toggles certain system features; calls required 
programs 

Table 4. MTRS report-producing software. 

Program 
Name Description of Program 
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data simply by respond i ng to all system prompts with 
a <CR>. 

The element verification portions of ACENTR and 
TSENTR permit modification of any element entered 
during the session for each incident before its 
entry in the file. After the last system prompt for 
data, the program displays all of the elements 
entered for this case and asks whether they are cor
rect. If not, the user may specify the element(s) 
he wishes to change (one at a time) i the system 
reissues the prompt for each element, edits the 
response as before, and returns to the verification 
mode with the now modified element displayed as 
prescribed. This procedure may be repeated as often 
as necessary. Eventually, the data will be made 
correct and the user may release the case to be 
written to the disk file or reject the case. In the 
latter situation, no data are written to the file 
and the program returns to its parent function menu . 

ACENTR and TSENTR also permit deletion of a 
record (by report number only). When the record is 
found, its report number field is set to zero, which 
signifies that the record is no longer valid. 
(Report-generating programs skip over all deleted 
records.) The rest of the data in the now deleted 
record remain intact. The result of this procedure 
is that, over time, garbage records will accumulate 
in the files as deletions are made. The garbage 
accumulation problem is handled by execution of the 
program UTIL, which cop i es an accident or traffic 
summons file from one disk to another while elimi
nating deleted records as it proceeds. The fre
quency of use is left to the user and depends on the 
frequency of record deletions. 

Auxiliary File Maintenance 

The programs EOOBF and EDSIF provide for the addi
tion, deletion, or modification of records in the 
OBF and SIF, respectively. In addition, these pro
grams can produce a listing of the contents of these 
files in a directory format. All file transactions 
result in physical changes on the diski thus, no 
garbage records accumulate in these files as in the 
ARF or the TSF. Records in both files consist of a 
numeric element (badge numbers or street index) fol
lowed by an alpha element (officer name or street 

ACACTV Produces report of accident investigation frequencies by month of year, time of day, day of week, accident severity, and total investigations For given 

TSACTV 
HILOC 
HILST 
ACLOC 

TSLOC 
A CG EN 

TSGEN 

ACAGSX 

TSAGSX 

ACALSP 

TSVIOL 

ACPED 

AC REST 

officer 
Produces traffic arrest frequencies by month of year, time of day , day of week, court of record, violation type, and total arrests for given officer 
Identifies streets with more than mean number of traffic incidents 
Produces report of details for locations of incidents occurring on high-incident streets 
Produces report of accident frequencies by month, time of day, day of week, driver action, severity, weather conditions, collision type, vehicle maneu

ver, and total crashes at given location 
Produces report of traffic arrest frequencies by month, time of day, day of week, court of record, violation type, and total violations at given location 
Produces report of accident frequencies by month, time of day, day of week, severity, driver action, weather conditions, collision type, location type , 

and total crashes 
Produces report of traffic arrest frequencies by month, time of day, day of week, court of record, total violations , violations by type, and weather 

conditions 
Produces report of frequencies of accidents involving at least one driver with age and sex characteristics specified by the user by month, time of day, 

day of week, severity , driver action, location type , collision type, weather conditions, and total crashes 
Produces report of traffic arrest frequencies of drivers with age and sex characteristics specified by the user by month, time of day, day of week, court 
of record , violation type, weather conditions, and total violations 

Produces report of frequencies of accidents involving at least one driver with user-specified alcohol involvement characteristics and/or at least one vehi
cle traveling at user-specified speed by month, time of day, day of week, severity, driver age, driver sex, collision type, weather conditions, and total 
crashes 

Produces report of traffic arrest frequencies for user-specified violation type by month, time of day, day of week, court of record, driver age , driver 
sex, weather conditions, and total violations 

Produces report of frequencies of pedestrian-involved accidents by month; time of day; day of week; severity; pedestrian action, age, sex, and alcohol 
involvement; vehicle maneuver, vehicle type, and total crashes 

Produces report of occupant restraint use in injury and fatal crashes by occupant type, age, sex, and type of restraint used 
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name) • Thorough edit checking is provided at the 
time of entry on the numeric element: however, the 
alpha element is checked only for length (fewer than 
20 characters). Thus, it is up to the user to spell 
names properly, include punctuation, etc. It is 
also left to the user to make sure that there are no 
duplicate names in these files. 

Traffic Summons Subsystem Report Generation 

Six types of traffic summons reports can be produced 
by the MTRS: 

1. General traffic arrest statistics, 
2. Officer activity statistics, 
3. Statistics by age and sex of violator, 
4. Statistics by type of violation, 
5. High-incidence locations, and 
6. Traffic arrests at particular locations. 

Each report-producing program permits the user to 
restrict the report content based on the value of 
certain key variables in the file. All reports can 
be restricted to any of Staunton's 2B patrol areas, 
restricted to any block of contiguous months of the 
year, and routed to the CRT console or Epson 
printer. The printer output is formatted slightly 
differently f rom CRT output in that relative per
centages are computed in addition to the frequencies 
for each variable. A sample traffic summons sub
system report is shown in Figure 1. 

Accident Records Subsystem Reports Generation 

Eight types of accident reports can be produced by 
the MTRS: 

Figure 1. Sample traffic summons subsystem report 
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1. General accident statistics, 
2. Officer activity statistics, 
3. Statistics by driver age and sex, 
4. Statistics by alcohol and speed involvement, 
5. Pedestrian and bicyclist accident statistics, 
6. Occupant restraint use in accidents, 
7. High-accident locations, and 
8. Accident statistics at particular locations. 

As in the traffic summons subsystem, the report 
content may be restricted based on the value of key 
file variables. In addition, reports may be re
stricted to patrol areas or blocks of contiguous 
months and may be routed to the CRT console or 
printer. A sample accident records subsystem report 
is shown in Figure 2. 

FUTURE DIRECTIONS FOR MTRS 

Because of funding limitations, full development of 
the MTRS concept was not achieved in the first
generation model. An application for the funding of 
a second-generation development effort is pending 
approval by the Virginia Department of Transporta
tion Safety. The most important area in need of 
attention is system transportability. Because the 
system was initially developed for the OSI hardware 
and operating system, its diskettes cannot be read 
by non-OSI hardware. This means that any locality 
that desires to obtain the system will have to 
either purchase OSI equipment or convert and enter 
the source code from hard copy. The latter would be 
very time-consuming because the MTRS consists of 
several thousand lines of BASIC code. 

STAUNTON POLICE DEPARTMENT 
TRAFFIC SAFETY INFORMATION SYSTEM 

MAY .c., 1982 --------~-----
ACCIDENT INVOLVE~? 

A.11 . NWMBER 

12-2 5 
2-4 12 
4-b 0 
6-e 24 
e-10 0 
10-12 l 

VIOLATIONS BY LOCATION 

VIOLATIONS ON AUGUSTA ST. 

MONTH OF VIOLAT;QN 

-NUMBER 

MAR 
APR 

17 
34 

TOTAL 51 

TIME OF 

PCT. 

'ii.BO 
23.52 
o.oo 
47.05 
o.oo 
1.'i'b 

TOTAL 

DAY 

P.M. 

12-2 
2-4 
4-6 
6-B 
B-10 
10-12 

51 

PCT. 

33.33 
66.66 

___ , ______________ _ 
DAY OF WEEK 

NUMBER PCT. 

MON 20 39.21 
TUE 18 3'5.29 
WED 1 1.96 
THU ;z 3 .~:z 

FRI 2 3.92 
SAT 3 5.88 
SUN 5 9.80 

TOTAL 51 __ ...__ ______________ , ___ _ 
COURT REFERRED 

NUMBER PCT . 

DENERAL DISTRICT 50 
JUVENILE 1 

TOTAL 51 

98.03 
l.'16 

NUMBER 

0 
0 
~ 

0 
6 
l 

PCi. 

o.oo 
0.00 
3.92 
(1.00 
11. 76 
1. 96 

D. U. I. 
RC:Ct '. LESS 
FAIL STOP 
FAIL oeEv 

DP.IVIrJG 

YES 
NO 

TOTAL 

FOR POLICE 
HI WAY 1'1ARt<lNG 

OEFE!:TIVE VEH. EQUIP 
FAILED TO YIELD 

NUMBER 

50 

51 

VI OLATION TYPE 

NUMBER 
4 
0 
0 
3 
2 
0 

FAIL TO ~~EEP PF:DPER LOOKOUT 1 
NO / EXP. INSP. STICKER 
ND/IMf-'ROPER REGISTRATION 2 
NO CITY TAG 0 
NO STATE TAG 1 
NO OPERATOR~S LICENSE 2 
HIT A~~O RUN 0 
SPEEDING 2" 
DRi')E ON SUSPENDED LIC. l 
IMPROPER TURN 0 
FOLLOWED TOO CLOSELY 0 
ALL OTHERS 5 

TOTAL 51 

PCT. 

l.'i'6 
98.03 

PCT. 
7.84 
o.oo 
o.ou 
5.88 
3.92 
o.oo 
1. '16 
1.96 
3.92 
o.oo 
1.96 
3.92 
o.oo 
~6.86 

1. 96 
o.oo 
o.oo 
9.80 

--------------------·--------
WEATHER CONDITl~NS 

CLEAR 
CLOUDY 
FOG 
MIST 
RAHHNG 
SNOW!NG 
!lLEETING 

TOTAL 

NUM9ER 

28 
18 
0 
0 
:s 
0 
0 

49 

PCT. 

57.14 
36.73 
o.oc 
O.t;JO 
Q..12 
o.ov 
o.oo 

TOTAL V!OLAl'IOMS ~1 

TOTAL VIOLATORS 44 
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Figure 2. Sample accident records subsystem report. 

STAUNTON POLICE DEPARTMENT 
TRAFFIC SAFETY INFORMATION SVST.EM 

GENERAL ACCIDENT STATISTICS 

C ITV WI DE LEVEL 

MONTH OF ACCIDENT 

NUMBER PCT. 

MAR 
APR 

42 
40 

TOTAL 82 

51.21 
48. 7 8 

MAY 2, 1992 

35 

ANIMAL 0 
BICYCLE 0 
PEDESTRIAN :! 
TRAIN <i 
FIXED OBJECT 11 
NON COLLISION 0 
OTHER 3 

------------·---
ACCIDENTS BY WEATHER CONDIT:~NS 

NUMEER PCT. 

CLEAR 49 59.7:5 
C~OUOY 20 :?4.J9 
FCG ( • 0.0,) 
Ml ST 4 4.EP 

------------·---------·-----~--~----------------- RA IM ING 7 a.5= 
TIME OF DAV 

A.M. NUMBER PCT . P.M. NUMBER 

12-2 8 10 .25 12-2 6 
.2-4 :5 6.41 2-4 7 
4-o (I o. OC1 4-6 10 
6-8 7 8.97 6-8 7 
8-10 6 7.69 e-10 7 
10-1:? 10 l:t: . 82 10-12 ~ 

TOTAL 78 

-------------------------------------
DAV OF WEEK 

NUMBER PCT . 

MON 14 17 . 07 
TUE 17 20 .73 
WED 10 12 . 19 
THU 10 12.19 
FRI 1::? 14.63 
SAT 9 10.97 
SUN 10 12.19 

TOTAL 82 

ACCIDENTS BY TYPE OF LOCATION 

INTERSECTrON 
SEGMENT 

TOTAL 

NUMBER PCT. 

3 ::? 
4 3 

75 

42.66 
57.33 

PCT . 

7.69 
8.97 
12.82 

SNOWI!'"G 
SLEETI NG 
OTHER 

TOTAL 

::? ~-~3 
0 0.00 
(i 0.00 

e .. 97 ----- --·--- - ----------, ----------
S. 97 ACCIDENTS BY DRIVER ACTION 
6.41 

O.U. I. - <Cl 
RECKLESS DRIVING - <Cl 
DISREGARD HIWAV MARt'. ING - <Cl 
SPEEDING - <Cl 
HIT AND RUN - <C> 
FOLLOWED TOO CLOSEL V - < C; 
FAILED TO YIELD - <Cl 
FAIL KEEP PROPER LOCKOUT - <C> 
IMPROPER TURN - <Cl 
OTHER IMPROPER DRIVING - <Cl 
IMPROPER TURN - <NC> 
TOO F='AST FOR COl'JD. - CNC) 
DISREGARD HIWAY MARKING - <NC> 
FOLLOWED TOO CLOSEL V - <NC l 
FAILEO TO YIELD - (NCJ 
DRIVER INATTEMTION - <NC> 
OTHER 

NUMBER 

12 
13 
2 
<) 

3 
7 

0 
3 
4 

13 

ACCIDENTS EY SEVERITY 

NUMBER PCT . 

0 o. oo 
10 12 . 19 ----------------------------·--·--·------------ - - ------,-- .. 

FATAL CRASHES 
INJ • CRASHES 
PDO CRASHES 72 e 7 .BO 

ACCIDENTS BY COLLISION TY?E 

NUl1ilrn 

AUTO 77 
TRUCK 4 
MOTORCYCLE I 
i"10PED <) 

COMMERCIAL BUS 0 
SCHOOL. BUS 0 

Another required enhancement of the first-genera
t ion MTRS is the removal of all hardware-dependent 
code, such as screen cursor control commands, idio
s yncratic POKES and PEEKS, and nonstandard BASIC 
commands. These changes, combined with a conversion 
of the MTRS to a standardized operating system (such 
as CP/M) , would greatly ease the burden of trans
ferring MTRS code from one machine to another. 

A second area for consideration is the removal of 
restrictions on the complexity of accident cases 
(e.g. , restrictions on the number of vehicles, pas
sengers, and pedestrians). This will require a 
redesign of the accident data entry module to free 
memory for storage of intermediate data. 

A third area for further development is the en
hancement of response times for system output. 
Several approaches are available: (a) conversion of 
the system to a compiled language , (b) restructuring 
the accident and traffic summons file to permit 
faster access to records of interest, and (c) use of 
preprocessing techniques at the time of data entry 
to hasten data interpretation at report production 
time. 

A final area for investigation is the expansion 
of system capabilities to include full location 
editing at the time of data entry, incorporation of 

TOTAL CRASHES 82 

------------------------------·-----
TOTAL >:ILLEC 0 
TOTAL INJURED 14 

traffic count data for use in normalization of acci
dent distributions for comparison purposes, expan
sion of the data element list to include more traf
fic engineering elements (roadway characteristics, 
traffic control, etc.), incorporation of a multiyear 
analysis capability, and inclusion of basic statis
tical functions (and perhaps graphics) to help 
localities scientifically evaluate traffic safety 
countermeasures. 

CONCLUSIONS 

The application of microcomputer technology to the 
traffic records needs of small-city police agencies 
appears to offer a practical solution to their in
formation storage, management, and analysis prob
lems. The MTRS produces a variety of outputs that 
are useful in monitoring general accident and traf
fic arrest levels; identifying the geographic dis
tribution of accidents and traffic arrests; pin
pointing the months, days of the week, and hours of 
the day when most accidents occur and traffic ar
rests are made; examining the characteristics of 
certain classes of accidents and traffic arrests 
that are of common and continuing interest to all 
safety agencies; and monitoring the field perfor-
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mance of officers assigned to traffic duties . In 
addition, the widespread availability of low-cost 
hardware brings the costs of microcomputer tech
nology within reach of all but the smallest com
munities. 

Such a purchase is even more sensible with the 
growing availability of software such as the MTRS. 
Coupled with modern management techniques, the in
formation produced by the MTRS can enhance the effi
ciency and productivity of police agencies, provide 
support for justifying programs, and help to reduce 
the incidence of motor vehicle accidents and traffic 
violations. 
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In spite of the success of the first generation 
of MTRS, work remains to be done to make it an even 
better product. Areas that need to be investigated 
include improvement of the transportability of the 
software, removal of all software restrictions C!>n 

accident case complexity, enhancement of system re
sponse times, and expansion of system capabilities 
to incorporate traffic engineering and statistical 
functions. 

Publication of this paper sponsored by Committee on Traffic Records. 

Systematic Procedure for Incorporating Exposure Factors 

in Truck Accident Analysis 

SNEHAMAY KHASNABIS AND T.R. REDDY 

The development and testing of a methodology for assessing the involvement 
rate of trucks in highway accidents are described. Existing procedures for 
incorporating exposure factors in truck accident analysis have been reviewed 
and their merits and demerits are discussed. Three alternative approaches for 
analyzing truck accidents are discussed, and approach 3 is identified as the most 
logical one based on its ability to incorporate exposure factors for arriving at 
appropriate measures. In the suggested methodology, a set of three vehlcle
aocid nt C<.lt Dories are identified: truck·only accident (TOA), passenger·car-' 
only accident (POA), and combined accident (CA). A procedure for develop
ing rates (accidents per vehicle mile of travel) for each category is defined that 
incorporates appropriate exposure factors . To chock tho validity of tho pro
posed approach, Michigan accident data for e 10-year period (1970-1979) have 
been used -as a case study. Standard statistical techniques (ANOVA and t-test) 
were applied. A comparison of accident data among TOAs, CAs, and POAs in
dicated that there is a significant difference in fatal, personal-injury, and prop
erty-damage accident rates when the three vehicle categories are considered to
gether. When a comparison is made between TOAs and POAs, TOA rates are 
significantly higher for fatal and property-damage accid~nts. In addition, the 
CA category, which comprises a significant number of trucks, has generally a 
higher accident rate compared with others. Overall, trucks appear to have ex· 
perienced a higher accident rate. 

Passenger cars and trucks are the prime users of 
hignway facilities. For example, during the year 
1977, a total of 65 000 million venicle miles of 
travel (VMT) was generated by all motorized vehicles 
in tne state of Micnigan, approximately 11 33S by 
trucks and 49 000 by passenger cars <l>· Thus, ap
proximately 93 percent of all travel in the state is 
attributable to trucks and passenger cars alone, and 
the remaining 7 percent of the travel is generated 
by other vehicles, including buses, motorcycles, and 
other commercial vehicles. Furthermore, the fact 
that the relative proportion of travel for these ve
hicle categories has remained uncnanged during tne 
past 10 years indicates that the year 1977 is typi
cal in this respect. 

The relative involvement rate of trucks and pas
senger cars in the incidence of highway accidents 
has been a topic of research interest for a number 
of years. In Michigan in the year 1977, a total of 
636 259 vehicles were involved in all highway acci
dents--91 000 trucks and SOS ODO passenger cars. 
This indicates that more than 9S percent of all ve
hicles involved in acci~ents were either trucks or 
passenger cars <ll . A review of the national acci-

dent data base for the year 1977 shows that the same 
proportion generally holds true when all accidents 
on the nation's highways are considered <ll. Table 
1 gives the data compiled for the nation and for 
Michigan. Furthermore, when one considers fatal ac
cidents alone, similar trends generally hold true 
when nationwide data are compared with Michigan 
data. As Table 1 indicates, approximately 1 11 per
cent of all vehicles involved in fatal accidents in 
Michigan in 1977 were trucks and 62 percent passen
ger cars . Corresponding figures compiled on a na
tionwide basis are 22 and 67 percent, respectively. 

PROBLEM STATEMENT 

The intent of the above discussion was to present 
some basic accident and exposure data and to demon
strate that the state of Michigan is typical of most 
states in the nation relative to highway accidents 
and that in terms of both travel and accidents the 
role of trucks is significant. However, little re
search reported in the literature addresses the 
question of whether trucks are carrying a heavy or 
light share of highway accidents. The purpose of 
this paper is to develop and test a methodology for 
assessing the relative involvement of trucks in 
highway accidents. 

As a part of this methodology, one must establish 
at the outset an appropriate measure that can be 
used to compare accident experience by different ve
hicle categories over an extended time period. The 
development of such a measure appears to be a sim
plistic taski however, certain conceptual and opera
tional problems must be resolved when the objective 
is to separate accident data into two or more veni 
cle categories (i.e., trucks, passenger cars, 
etc.). The problem arises from an apparent lack of 
agreement among traffic experts as to what consti
tutes exposure to accident, particularly when a com
parison of accident data by different vehicle cate
gories is involved. Although limited research in 
the area of exposure estimation has been reported in 
the literature, there is little agreement among re
searchers on now to incorporate exposure factors in 
accident analysis (3-5) . 

The problem addressed in this study is the ques-
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tion of exposure factors in analyzing accident data 
for the purpose of assessing the involvement rate of 
trucks in the incidence of overall highway acci
dents. This paper is presented in two separate sec
tions. First, the development of a methodology for 
considering exposure factors in truck accident anal
ysis is presented. Next, the application of this 
proposed method is demonstrated by using the Michi
gan data base. The data sources for this study are 
publications of the Michigan Department of State 
Police (.!_) and the U.S. Department of Transportation 
(DOT) (~), earlier work reported by Khasnabis and 
Atabak (~,].l , and other work (.!!_-10) • 

TRADITIONAL APPROACH 

The measure used in most accident studies can be de
scribed as follows: 

Accident rate = number of accidents/VMT (!) 

Note that the denominator of Equation l is de
signed to discount the effect of varying amounts of 
travel generated in different facilities and has 
commonly been referred to as "exposure." Implicit 
in the designation of VMT as exposure is the premise 
that the more the amount of travel generated on a 
given facility, the greater the amount of risk or 
exposure to accidents to which the vehicles on the 
facility are subjectedi therefore, the rate must re
flect the effect of varying amounts of travel. 

The above rate is quite appropriate in comparing 
accident data for different types of facilities or 
different locations. However, certain problems in 
logic would appear if one were to use the same mea
sure in comparing accident data for different vehi
cle categories. By extrapolating the above defini
tion, the rate for trucks can be defined as 

Truck accident rate =number of accidents in which trucks were involved 

7 VMT generated by trucks (2) 

The use of the above measure implies that, on a 
given facility or a network containing a number of 
facilities, exposure to accidents for a given type 
of vehicle (trucks in this case) is caused by travel 
generated only by that type of vehicle. However, if 
one departs from the original concept of exposure 
and redefines exposure as opportunity for interac
tion between different types of vehicles, the use of 
an alternative measure for exposure might appear ap
propriate. 

It can be argued that exposure to acc"ident for a 
particular vehicle type i is created not only by 
travel generated by type i itself but also by travel 
generated in part by all other types of vehicles 
present in the traffic stream. For example, refer
ring back to the 1977 truck accident data base in 
Michigan, a total of 84 640 truck accidents was re
corded in the state, where a truck accident is de
fined as one that involves at least one truck. Note 
that these truck accidents involved approximately 
90 000 trucks and 63 000 nontrucks, mostly passenger 
cars. An argument could be made that truck acci
dents are, at least in part, the result of conflicts 
between trucks and nontrucks (as exemplified by the 
involvement of 63 000 nontrucks). Thus, the measure 
used should reflect the exposure effect of these 
nontrucks or, alternatively, the rate should have in 
the numerator those accidents that involved only 
trucks. 

Another difficulty associated with the tradi
tional approach is related to the use of the term 
"truck accident." A truck accident is generally re
ferred to as one that involves at least one truck. 
By the same token, an accident that involves at 
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least one passenger car is a passenger-car acci
dent. The question remains as to how to treat an 
accident between a truck and a passenger car. These 
questions are addressed below. 

METHODOLOGY 

In this research, three possible approaches for in
corporating exposure factors in truck accident anal
ysis were originally developed. 

Approach l 

Approach l requires the categorization of the acci
dent data into truck accidents (accidents involving 
at least one truck) and passenger-car accidents (ac
cidents involving at least one passenger car). 
Next, the percentage of passenger cars in truck ac
cidents is computed, and the VMT attributable to 
passenger cars is included in the denominator along 
with the VMT for trucks. A similar procedure is 
followed for including truck VMT in the compilation 
of the passenger-car accident rate. This rate can 
then be written as 

Truck accident rate= number of accidents involving at least one truck 

7 (VMT by truck + contribution of VMT by 

passenger cars) (3) 

It was also postulated that the contribution of 
VMT by passenger cars could be estimated as a frac
tion of all passenger-car VMT, prorated for the num
ber of passenger cars involved in truck accidents 
and the number of all passenger cars involved in all 
accidents. For example, in the year 1977, 505 000 
passenger cars were involved in all accidents, and 
59 000 of these were involved in truck accidents 
(11.7 percent). Thus, method l calls for including 
11.7 percent of passenger-car VMT in the denominator 
of truck accident rate. 

Note that the purpose of including the contribu
tion of VMT by passenger cars in Equation 3 is to 
add a surcharge to the exposure, attributable to the 
increased opportunity of interaction resulting from 
the presence of other vehicles in the traffic 
stream. It should also be noted that, in computing 
the accident rate for passenger cars, a similar con
tribution by trucks in the VMT attributable to the 
truck-car accidents needs to be added. 

This method was not adopted, however, because of 
one inherent deficiency. The comparison of the ac
cident rates for the two vehicle categories by this 
method does not ensure the use of two mutually ex
clusive data bases. The rates for both trucks and 
passenger cars included accident data from the other 
vehicle category, which resulted in some overlap in 
tne sample space. Specifically, an accident between 
a truck and a passenger car would be accounted for 
in both categories by this method. 

Table 1. Comparison of vehicle involvement in highway accidents in U.S. and 
Michigan in 1977. 

All Accidents Fatal Accidents 

Vehicle Category U.S. Michigan U.S. Michigan 

All vehicles 29 900 000 636 259 63 700 3037 

Trucks 
Number 4 700 000 91 000 14 100 532 
Percent 15.7 14.3 22.l 17.5 

Passenger cars 
Number 23 900 000 505 000 42 900 1874 
Percent 79.9 79.4 67.3 61.7 

Trucks and passenger 95.6 93.7 89.4 79.2 
cars combined (%) 
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Approach 2 

Approach 2 required the development of a rate based 
on a numerator containing the number of vehicles in
volved in accidents rather than number of acci
dents. This approach would represent a significant 
departure from the traditional approach used in most 
accident analysis, where the number of accidents (as 
opposed to the number of vehicles) has been used in 
the numerator. Thus, according to this approach, 

Truck involvement rate =number of trucks involved in accidents 

+ total truck VMT (4) 

Note that Equation 4 would automatically ensure 
the use of mutually exclusive data bases and there 
would be no overlap of sample space in the two rates 
to be compared. However, the method totally disre
gards the concept of the opportunity for interaction 
(between different vehicles) by separating trucks 
and passenger cars in the two distinct categories. 
The 1977 data base for Michigan shows that, of a 
total of 374 751 highway accidents, 84 640 accidents 
involved at least one truck (te r med "truc k acci
dent"). These truck accidents involved approxi
mately 90 000 trucks and 60 000 passenger cars, 
whereas the remaining 290 111 nontruck accidents in
volved 505 000 passenger cars and only 40 000 other 
vehicles (the majority of which are trucks). 

It was felt that the use of vehicles in the nu
merator (as opposed to accidents) would inflate the 
rate for passenger cars due to the simple fact that 
most multivehicle truck accidents involve passenger 
cars as the other vehicle whereas most multivehicle 
passenger-car accidents involve another passenger 
car. Thus, because it was believed that the use of 
vehicles would have a tendency to overly exaggerate 
the adverse role of passenger cars in highway acci-
dents in comparison with trucks, this approach was 
not pursued. 

Approa_ch 3 

Approach 3 is an outgrowth of approach l and is an 
attempt to develop an analysis procedure by using 
mutually exclusive data bases with the provision 
that no overlapping sample space is considered. It 
was believed that the only way to avoid the use of a 
nonmutually exclusive data base would be to compare 
three sets of accident rates, even though the objec
tive is to compare accident involvement by two types 
of vehicles. The following three rates were devel
oped: 

Truck-only accident (TOA) rate= number of accidents involving trucks only 

+(Ft x truck VMT) (5) 

Passenger-car-only _ number of accidents involving passenger cars only 
accident (POA) rate - + (F c x passenger car VMT) ( 6) 

Combined accident _ number of accidents involving all other vehicles 
(CA) Rate - + VM'l' attributable to all other vehicles (7) 

where Ft is the ratio of the number of trucks in
vuiveci in aii ~i-ucK acci<ients ~o ~he numbec oi al.l. 
vehicles involved in all truck accidents, and F0 
is the ratio of the number of passenger cars in
volved in all nontruck accidents to the number of 
all vehicles involved in all nontruck accidents. 

In Equation 5, the numerator is the number of ac
cidents in which all of the vehicles involved were 
trucks as opposed to the definition used in Equation 
3, where any accident involving at least one truck 
is to be included. Thus, an accident involving a 
truck and a passenge r car , o r a t r uck a nd a mot or
cycle, is to be excluded from the numerator accord-
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ing to the new definition of TOA. The numerator 
would include single-truck or multiple-truck acci
dents (i.e., truck-fixed object and truck-truck). 
The same procedure would be used in deriving the 
rate for passenger cars given in Equation 6. 

The advantage of using this numerator is that, 
because accidents involving a given type of vehicle 
are analyzed, the question of opportunity for inter
action with other types of vehicles (and associated 
difficulties with exposure estimation) does not 
arise. Each of the three categories to be compared 
would thus represent mutually exclusive data bases 
with no overlap in the sample space. 

It should also be noted that the denominators in 
Equations 5 and 6 represent the fraction of VMT (of 
the given type of vehicle) that is attributable to 
the fraction of the accident being considered in the 
numerator. The factors Ft and F0 in these two 
equations are designed for the purpose of transform
ing the denominator at the same base as the numera
tor. The factors Ft and Fe were derived as the 
ratio of vehicles of a given kind involved in a par
ticular type of accident and all vehicles involved 
in the given accidents. Thus, 

Ft =number of trucks involved in all truck accidents 

+ all vehicles involved in all truck accidents 

Fe =number of passenger cars involved in all nontruck accidents 

+ all vehicles involved in all nontruck accidents 

(8) 

(9) 

Both the numerator and the denominator of the last 
rate (Equation 7) are the complements of the acci
dents and exposures, respectively, considered to
gether in Equations 5 and 6. Thus, all accidents 
and exposure data not considered in the previous two 
equations a re c ont a i ned in the last equation, which 
thus essentially represents a catch-all category. 
This category is specifically developed to preclude 
the use of overlapping sample space and to overcome 
the difficulties of estimating exposure associated 
with opportunities for interaction with other types 
of vehicles. 

Figure 1 shows a flowchart depicting the process 
discussed above (approach 3) , the method used in 
this study. Note tnat the process starts with con
sideration of all accidents and exposure data, se~ 
quentially progressing toward the goal of developing 
accident rates that constitute mutually exclusive 
data bases. Also note that the proposed approach 
lends itself to application through the use of data 
bases commonly available in most states. 

CASE STUDY RESULTS 

Approach 3 was used with the Michigan data base with 
two specific objectives in mind: 

1. To demonstrate the applicability of the meth
odology and 

2. To determine whether there is any significant 
difference in the accident experiences of the three 
vehicle classes (i.e., trucks only, passenger cars 
onl y, and a ll ocner ven1c.1.es) as ret.1.ected by the 
10-year data base (1970-1979). 

Availability of the necessary accident and exposure 
data and our familiarity with such a data base are 
the two primary reasons for selecting Michigan data 
for this study. 

Standard statistical techniques were used to test 
the significance of difference between the mean 
rates. The null hypothesis tested was that there is 
no significant difference between the rates. The 
acceptance of this hypothesis would indicate the ab-
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Figure 1. Flowchart of proposed methodology (approach 3). 

TRUCK OtlLY 
~CCIOENTS (TOA' s 

TOTAL ACCIOEtlTS 

COMBINED 
ACCIDENTS 
- (CAyl 

C0t181NEO 
ACCIDENTS 
( CANl) 

COMBINED 
ACCIDENTS 
-(CA's) 

PASSENGER CAR 
ONLY ACCIDENTS 
- ("roA' s) 

MEASURE OF 
EFFECTIVENESS OF 

CA' s 

MEASURE OF 
EFFECTIVENESS OF 

TOA' s 
(MOETOA) 

*VMT - Vehicle Miles of Travel.__ _____ __, 
(MOE CA) 

Table 2. Number of accidents involving trucks and all other vehicles and cor-
responding VMT data: 1970-1979. 

Type of Accident VMT (000 OOOs) 

Year Fatal PI PD Total Truck Non truck 

Accidents Involving Trucks 

1970 363 9 620 22 935 32 918 7 301 
1971 354 11 183 29 884 41 421 7 726 
1972 390 15 245 39 792 55 427 8 948 
1973 420 16 146 42 874 59 440 9 119 
1974 345 14 837 43 408 58 590 9 225 
1975 363 15 932 45 108 61 403 9 616 
1976 433 19 125 54 801 74 359 JO 644 
1977 492 21 939 62 209 84 640 II 335 
1978 546 24 828 67 268 92 642 12 132 
1979 511 25 174 65 487 91 172 13 301 

Accidents Involving All Other Vehicles 

1970 1500 92 258 187 039 280 797 45 894 
1971 1536 89 264 181 794 272 594 47 848 
1972 1607 98 428 204 283 304 318 48 896 
1973 1529 94 139 195 756 291 424 49 328 
1974 1306 80 536 184 331 266 173 46 522 
1975 1248 82 305 188 604 272 157 46 644 
1976 1297 87 938 202 006 291 241 50 993 
1977 1249 87 670 201 192 290 111 53 518 
1978 1156 89 440 205 954 296 551 51 475 
1979 991 85 320 188 970 275 281 48 308 

Note: PI = personal injury and PD= property damage. 

sence of any significant difference, and the rejec-
tion would indicate otherwise. 

Table 2 gives the basic Michigan accident data in 
four severity categories--fatal, personal injury 
(PI) , property damage (PD) , and total--for the two 
basic venicle categories (trucks and nontrucks) 
along with the VMT information. Table 3 gives the 
development of the data for the three categories 
(trucks only, passenger cars only, and combined) for 
one given year (1977) by using the procedure de
scribed above. Similar tables for each of the 10 
years were developed as a part of this study but are 
not given here for the sake of brevity. Table 4 
summarizes all of the annual accident rates (ex
pressed in number of accidents per million VMT) by 

TOTAL VMT* 

w·· TRUCK VMT 

VMT TOA' s 

_ _J 

MEASURE OF 
EFFECTIVENESS OF 

POA' s 
(MOEPOA) 

ilON TRUCK VMT ~ 

VMT POA' s 

Table 3. Summary of accident data for 1977 developed by using proposed 
methodology (approach 3). 

Category Fatal Pl PD Total 

Total accidents 1438 111 880 261 286 374 604 
Truck accidents (TA - 84 640) 
TOA 254 13 119 36 988 50 361 
CAT 169 9 987 24 122 34 278 

Nontruck accidents 
(NTA- 289 965) 

POA 870 81 811 185 961 268 642 
CANT 145 6 963 14 215 21 323 

Total CA= (CAT +CANT) 
Accident rate• 

314 16 950 38 337 55 601 

TOA 0.0436 1.95 5.48 7.4736 
POA 0.0201 1.65 3.75 5.4201 
CA 0.0402 1.98 4.51 6.5302 

Note: A·r = CA 1uiSociated \Vith trucks (trucik a.raldCnts - truck~only accidents) and 
CANT K CA associated with nontruck Yehfc1u (nontruck ciccidcncs - pas
senger-car-only accidents). 

aVMTs for TOA, POA, and CA were calculated as 6748, 49 580, and 8525, respec
tively, by using the procedure described in the text. The Ft and Fe values for the 
year 1977 were estimated as 0.5953 and 0.9264, respectively. Accident rate for 
each category was obtained by dividing the number of accidents by the corres
sponding VMT. 
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the same four severity groups for each of the three 
vehicle classes. These rates were then subjected to 
standardized statistical testing procedures to de
termine the presence or absence of any significant 
difference. Two types of tests were conducted and 
these are briefly described below. 

Test 1: Difference Between Mean Accident 
Rates for the Three Vehicle Categories 
Considered Together 

In test l, the null hypothesis tested was as follows: 

(µTOA)i = (µroA)i = (µcA)i (JO) 

where 

(µTOA) i mean accident rate for TOA for severity 
type i, 

(µpoA) i mean accident rate for POA for severity 
type i, and 

(µcA) i mean accident rate for CA for severity 
type i. 
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Table 4. Accident rates by severity and type of vehicle. 

Accident Rate (accidents/million VMT) 

TOA CA POA 

Year F PI PD Total F PI PD Total F PI PD Total 

1970 0.0493 1.33 3.13 4.5093 0.0391 1.89 3.37 5.2991 0.0284 2.08 4.02 6.1284 
1971 0.0481 1.46 3.87 5.3781 0.0454 1.91 3.59 5.5454 0.0261 1.84 3.83 5.6961 
1972 0.0450 1.70 4.43 6.1750 0.0425 2.09 4.06 6.1925 0.0274 2.02 4.18 6.2274 
1973 0.0473 1.79 4.68 6.5173 0.0435 2.13 4.04 6.2136 0.0255 1.89 3.99 5.9055 
1974 0.0323 1.62 4.69 6.3423 0.0371 1.89 4.07 5.9971 0.0224 1.70 3.99 5.7124 
1975 . 0.0372 1.66 4.68 6.3772 0.0401 1.88 4.24 6.1601 0.0208 1.74 4.07 5.8308 
1976 0.0420 1.81 5.13 6.9820 0.0350 1.90 4.46 6.3950 0.0216 1.72 3.97 5.7116 
1977 0.0436 1.95 5.48 7.4736 0.0201 1.65 3.75 5.4201 0.0402 1.98 4.51 6.5302 
1978 0.0457 1.96 5.62 7.6257 0.0402 1.95 4.80 6.7902 0.0213 1.74 3.99 5.7513 
1979 0.0402 1.81 5.00 6.8502 0.0317 1.89 4.43 6.3517 0.0199 1.77 3.91 5.6999 
Total 0.4307 17.09 46.7 l 64.2307 0.3747 19.18 40.81 60.3648 0.2536 18.48 40.46 59.1936 

Mean 0.0431 1.71 4.67 6.4231 0.0375 1.92 4.08 6.0365 0.0254 1.85 4.05 5.9194 

Table 5. ANOVA results comparing accident 
Type of Source of Sum of Calculated rates for all three vehicle categories. Accident Variation Squares df Mean Square F-Ratio8 Conclusion 

Fatal Total 0.003 53 29 Reject null hypothesis 
Between 0.001 65 2 0.000 826 11.88 (significant difference) 
Within 0.001 88 27 0.000 069 5 

PI Total 0.89 29 Reject null hypothesis 
Between 0.27 2 0.14 5.92 (significant difference) 
Within 0.62 27 0.02 

PD Total 9.41 29 Reject null hypothesis 
Between 2.70 2 1.35 5.44 (significant difference) 
Within 6.70 27 0.25 

Total Total 11.88 29 Accept null hypothesis 
Between 1.87 2 0.94 2.52 (no difference in accident 
Within 10.01 27 0.37 rates) 

a Critical F·value for 29 df@ <l'. = O.OS = 3.35: If Fca1 pi. Fcrit• reject null hypothesiS i if Fcal < Fcrit• accept null hypothesis. 

The results of the analysis of variance (ANOVA), 
based on the data f com Table 4, are given in Table 
5. Note that at the 5 percent level of significance 
the Fcalc value for fatal, PI, and PD accidents 
exceeded the Fcrit value of 3.35 at (2,27) df, 
which indicates that the null hypothesis is to be 
rejected. Simply stated, there is a significant 
difference in the accident rates studied. In addi
tion, the data in Table 5 indicate that, when all 
accidents are studied together (i.e., the "total" 
category) , there is no significant difference be
tween the rates of these three vehicle groups. 

Test 2 : Difference Between Mean Accident Rates 
for Vehicle Ca t ego ries Compared oy Pai r s 

Because test 1 indicated the presence of a signifi
cant difference, the purpose of test 2 was to estab
lish more clearly which pairs of the vehicle cate
gories were significantly different in terms of 
accident experience. Essentially, three sets of 
null hypotheses were tested: 

(11) 

(12) 

(13) 

Tne t-test of means was used for this purpose. At a 
5 percent level of significance and 18 df, the 
tee it value was established at 2 .101 from standard 
statistic al tables. If the tcalc value exceeded 
the tcr it value, the null hypothesis was to be re
jected, which would indicate the existence of a sig
nificant difference between the two sets of means. 

on the other hand, the acceptance of the null hy
potnesis (when tcalc is less than tcritl would 
suggest the absence of any significant difference. 

The data in Table 6, which compares TOA and POA, 
indicate that in cases of fatal and PD accidents TOA 
rates are significantly higher, whereas in the other 
two cases (PI and total) no major difference is ob
served. The data in Table 7 indicate that TOA rates 
are significantly lower than CA rates for PI acci
dents and that in all three remaining categories no 
major difference is observed between TOA and CA. 
Table 8 compares POA and CA and the data indicate 
that CA rates are significantly higher for fatal and 
PI accidents but that there is no perceptible dif
ference in the other two categories. 

CONCLUSIONS 

This study was conducted as part of an unsponsored 
research project at the Department of Civil Engi
neering, Wayne State University, in 1981-1982. The 
objective of the study wa15 to develop a procedure 
for evaluating the relative role of trucks in high
way accidents and to demonstrate the feasibility of 

Three separate approaches have been presented in 
this paper, and special emphasis has been given to 
how to incorporate exposure factors in truck acci
dent analysis. Approach 3, which calls for categor
ization of accident data in three vehicle groups 
(TOA, POA, and CA), was selected as the most logical 
approach, the one that appropriately assigns expo
sure factors ~o each vehicle group. The case study, 
conducted by using the Michigan accident data base 
for the 10-year period 1970-1979, led to the follow
ing conclusions: 
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1. When all three vehicle categories are con
sidered together, a significant difference in the 
fatal, PI, and PD accident rates is observed. 

2. In the case of fatal and PD accidents, TOA 
rates are significantly higher than POA rates. This 
fihding appears intuitively logical because all TOAs 
include primarily rollovers, jackknife situations, 
and similar severe single-truck accidents, and 
truck-truck accidents are likely to be rare. 

3. In case of PI accidents, the rate for TOA is 
significantly lower than that for CA. 

4. The CA vehicle category has a significantly 
higher accident rate than POA for fatal and PI acci
dents. The reader should note that a majority of 
the CAs are likely to be car-truck accidents and 
that motorcycles, buses, and other nontruck vehicles 
would contribute an insignificant fraction of the 
CAs. 

5. Overall, trucks involved in accidents appear 
to have a significantly higher fatality rate, as ex
hibited in the comparison of TOA versus POA and POA 

Table 6. Student's t·test results of comparison of accident rates between TOA 
and POA vehicle categories. 

Mean Rate 
Accident 
Type TOA POA teal 

a Conclusion 

Fatal 0.0428 0.0231 9.34 Reject null hypothesis 
(TOAs higher) 

PI 1.71 1.82 -1.36 Accept null hypothesis 
(no difference) 

PD 4.67 3.97 2.94 Reject null hypothesis 
(TOAs higher) 

Total 6.4275 5.8121 2.01 Accept null hypothesis 
(no difference) 

a tcrit for 18 df@ Cl!= 0.05 = 2.101: Jf teal ;;io tcrit• reject null hypothesis; if teal 
.;;;:; tcrit• accept null hypothesis. 

Table 7. Student's t·test results of comparison of accident rates between TOA 
and CA vehicle categories. 

Mean Rate 
Accident 
Type TOA CA teal 

a Conclusion 

Fatal 0.0425 0.0390 1.59 Accept null hypothesis 
(no difference) 

PI 1.71 1.94 -3.32 Reject null hypothesis 
(TOAs lower) 

PD 4.67 4.14 2.00 Accept null hypothesis 
(no difference) 

Total 6.4275 6.1170 0.95 Accept null hypothesis 
(no difference) 

8 See Table 6. 

Table 8. Student's t-test results of comparison of accident rates between POA 
and CA vehicle categories. 

Mean Rate 
Accident 
Type POA CA teal 

a Conclusion 

Fatal 0.0231 0.0390 -9.04 Reject null hypothesis 
(POAs lower) 

PI 1.82 1.94 -2.40 Reject null hypothesis 
(POAs lower) 

PD 3.97 4.14 -1.18 Accept null hypothesis 
(no difference) 

Total 5.8121 6.1170 -2.00 Accept null hypothesis 
(no difference) 

3See Table 6. 
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versus CA. (Note that the CA vehicle category com
prises a significant number of trucks.) 

6. The proposed approach uses the concept of op
portunity for interaction in determining exposure 
measures and results in the use of mutually exclu
sive data bases in truck accident analysis. Fur
thermore, tne procedure lends itself to application 
through the use of commonly available data bases, as 
demonstrated oy the Micnigan case study. 

7. Although the proposed methodology is feasible 
and can be applied to any data base, conclusions 1-5 
are valid only for Michigan data. 
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Discussion 

Benjamin V. Chatfield 

The authors have selected a timely subject on which 
enlightenment is badly needed. Measures of exposure 
are complex and not well understood by most of us 
who are involved in the analysis of accident data. 
Sources of reliable information on exposure are hard 
to find. If the state of the art is to improve, 
papers of this sort must be given more attention. 
They should not languish on the shelf because poten
tial users of tne proposals they contain are uncer
tain about their merits. If the proposals are good, 
they should be used: if not, their deficiencies 
should be clearly identified to expedite development 
of better proposals. 

Measures of exposure are commonly used as the de
nominator in computing accident rates. These rates 
are used most often as indexes or as probabilities. 
(It has been noted by others that all probabilities 
are rates but not all rates are probabilities.) As 
indexes, rates may be relatively insensitive to ap
proximations and other assumptions made in quantify
ing the numerator and denominator as long as the 
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methods used are consistent. On the other hand, 
wnen rates are interpreted as probabilities for the 
purpose of analysis, the results may be very sensi
tive to minor differences in the way approximations 
and assumptions are made. In such cases, it is nec
essary to consider what the limitations of validity 
may be. 

In their paper, Khasnabis and Reddy clearly in
tend that the rates they define be interpreted as 
probabilities. The conunents that follow are meant 
to refer only to rates in tne probability context. 

After pointing out problems with current prac
tice, the authors set up three clearly defined ap
proaches to the resolution of these problems. Al
though they deal witn trucks and passenger cars, the 
methods they propose could apply as well to any two 
categories of road venicle (large car-small car, 
truck-motorcycle, etc.). Currently decreasing pas
senger-car sizes and increasing truck sizes make tne 
relative roles of different vehicle categories a 
matter of major concern . 

In dealing with rates as probabilities, exposure 
may be thought of, for example, as the number of at
tempts to travel a vehicle mile without becoming in
volved in an accident (El. Some of tnese attempts 
will fail (Fl and some will succeed (SJ . From the 
basic axioms of probability tneory, E = F + S or, 
stated another way, (F/E) + (S/E) = 1. If the acci
dent involvement rate (F/E) is to be regarded as a 
probability, the sum of successful attempts and 
failures must be equal to the total number of at
tempts. 

Two aspects of the approaches described by the 
authors warrant particular consideration. The first 
deals with the treatment of failures in the numera
tor of rates. The second relates to the measure of 
exposure in the denominator. 

First , an attempt has failed i n t he example above 
when there is an involvement in an accident. Using 
accidents in place of involvements in the numerator 
in computing a rate violates the axioms of probabil
ity theory if there are multivehicle accidents. In 
such a case, the rate understates the probability 
that an attempt will fail. This understatement is 
inconsistent with the requirement that the sum of 
the probabilities of success and failure be equal to 
one. It would be useful to determine under what 
circumstances, if any, this inconsistency alone may 
invalidate conclusions based on the authors' ap
proaches 1 and 3. 

Second , the measures of exposure in approaches l 
and 3 may not be valid. In approach 3, vehicle 
miles of exposure are divided into three distinct 
parts that are used in computing rates. The denomi
nator used in computing each rate includes vehicle 
miles of travel by passenger cars or trucks or 
both. If these denominators are regarded as the 
number of attempts to travel a vehicle mile without 
an accident involvement, it is difficult to under
stand why none of the failures in the first two 
groups involves both trucks and passenger cars and 
why all tailures in the third group occur in multi
vehicle accidents in which two or more types of ve
hicles are involved. Why is a unit of truck expo
sui:e .in tia~ i:iaiLU yiuu1:1 l1:::i:i:i li~cly tv i:CDU.lt i ii a 
single-vehicle accident than a similar unit of expo
sure in another group? There may be interpretations 
of these exposure measures for which the rates are 
valid as defined, but these interpretations are not 
readily evident and should be explained. 

In their paper, Khasnabis and Reddy appear to 
have made an implicit assumption that passenger cars 
and trucks are both traveling in the same environ
ment. Under these circumstances, approach 2 may be 
promising. Instead of dividing accidents into cate
gories such as truck only, passenger car only, etc., 
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it might be productive to ask questions such as the 
following: 

1. Is an attempt to drive a truck a given dis
tance more likely to result in a single-vehicle ac
cident than an attempt to drive a passenger car the 
same distance? 

2. Is an attempt to drive a truck a given dis
tance more likely to result in a collision in which 
the second vehicle is a passenger car than an at
tempt to drive a passenger car the same distance? 

One of the biggest problems in comparing the rela
tive safety of various types of vehicles is the lack 
of adequate exposure data. Part of the reason for 
this lack of data is the current confusion about 
what data are needed and how they are to be used. 
Development of easily applied er i ter ia for distin
guishing between valid and invalid exposure measures 
would be a major advance in the state of the art of 
accident analysis. New approaches such as those 
suggested by the authors should be analyzed more 
rigorously to resolve technical matters and to en
sure that when good approaches are developed they 
are recognized. 

Authors' Closure 

We greatly appreciate Chatfield's thoughtful and 
constructive conunents on our paper. we fully agree 
with him that measures of exposure are not well un
derstood and that reliable exposure data are diffi
cult to find. The basic purpose of the paper was to 
address the above two issues. Specifically, the ob
jectives of the paper were twofoid: 

1. To demonstrate the complexity involved in 
measuring exposure in situations in which a compari
son of the accident involvement rates of different 
types of vehicles is desired and 

2 . To identify and evaluate different procedures 
that can be used in such comparisons. 

In more specific terms, the procedures presented 
were directed toward comparing historical accident 
experiences of trucks and passenger cars. However, 
as Chatfield points out in his discussion, the meth
ods proposed could also be applicable to any two ve
hicle categories (e.g., large cars versus small cars 
and trucks versus motorcycles) . 

Chatfield raises the question that in cases of 
multivehicle accidents the rate that uses accidents 
in the numerator may understate the probability that 
an attempt to travel a vehicle mile without an acci
dent will fail. In such cases, the sum of the prob
abilities of successes and failures indeed may not 
be equal to unity . we agree with the comment and 
would suggest that the definitions of success and 
failure may have to be modified so that the basic 
axioms of probability are satisfied. As the discus-
---.L. __ ,:_..__ ... . ~ &.. .L. i,. __ _ 
~ .... ._ t' ..... ~ ...... ~ ......... '"', ... . ~\:;;; &. .; 

in this area before the question can be satisfactor
ily resolved. 

Our choice of approach 3 was based on the need to 
create mutually exclusive data bases so that the 
overlapping of sample spaces could be avoided during 
the comparison of accident data. To this end, ap
proach 3 nas more merit than approach 1. (It may be 
recalled that approach 3 is an outgrowth of approach 
1.) Specifically, an accident between a truck and a 
passenger car would be accounted for in both acci
dent categories--namely, truck rate and passenger-
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car rate--in approach 1. On the other hand, these 
combined accidents are accounted for in the third 
category in approach 3. 

Regarding Chatfield's comment on why "all fail
ures in the third group occur in multivehicle acci
dents," tne third vehicle category itself is the 
multivenicle category that includes accidents in
volving trucks and passenger cars and is therefore 
the logical category in which these combined acci
dents could be considered. As Equations 5 and 6 in 
the main body of the text show, accidents involving 
trucks only and passenger cars only are captured in 
the first two rates. Furthermore, in each of the 
three rates in approach 3, the VMTs used in the de
nominators represent our best estimate of the expo
sure attributable to the accidents included in the 
corresponding numerator. Further insights into and 
better understanding of t~e exposure phenomenon 
through future research could lead to better esti
mates in this regard. 

Chatfield suggests that approach 2 may be more 
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promising when one considers the assumption that 
passenger cars and trucks are both traveling in the 
same environment. We fully agree with the comment 
and believe that further research is indeed neces
sary before a complete evaluation of approach 2 can 
be made. Our decision to discard approach 2 was 
made primarily on intuitive grounds. Specifically, 
it was believed that the use of vehicles (involve
ment rate) in the numerator would tend to overexag
gerate the adverse role of passenger cars in highway 
accidents simply because of the vast majority of 
passenger cars in the distribution of the entire ve
hicle population. One could also argue that, 
because passenger vehicles represent the vast major
ity, the corresponding accident rate should be in
f lated accordingly. Again, approach 2 requires fur
ther investigation before one can justify the 
rationale of computing the rates for the purpose of 
comparison. 

Publication of this paper sponsored by Committee on Traffic Records. 

The Promise of New Technology: Implications for 

Traffic Record Systems 

WILLIAM W. STENZEL 

Despite the technological revolution that is occurring with the availability of 
easy-to-use, low-cost, small computers, the development of automated traffic rec
ord systems for small police agencies will be a difficult task. The history of data
processing use by law-enforcement agencies over the past 15 years is reviewed, 
and it is concluded that the record is less than remarkable. Police data-processing 
projects usually take longer than predicted, cost more than estimated, and 
produce less than expected. Unrealistic expectations, infatuation with equip· 
ment, and the absence of quality software are identified as key factors contrib
uting to these failures. A dramatically changing data-processing marketplace 
will produce future problems for small agencies that plan to automate traffic 
record systems. In an analogy between books and their contents and computers 
and software, it is noted that, just as the major production cost of every book 
today is the cost of authorship, the major cost of automation has become the 
development of quality computer programs and not the machines they are de
signed to run on. Faced with a marketplace that will be cluttered with dozens 
of data-processing vendors who may not offer adequate service after a sale, the 
acquisition of appropriate software and support will continue to be difficult for 
small agencies getting into data processing for the first time. 

The electronic revolution is upon us. From digital 
watches to video recorders, cordless telephones, 
programmed microwave ovens, and diagnostic readouts 
in the dashboards of cars, a new and sometimes over
whelming, sometimes frightening technology is with 
us at every turn. Like it or not, it is a technol
ogy on which we are quickly becoming dependent. For 
example, without microprocessors, the U.S. telephone 
system as we know it today could not operate. 

Perhaps the most exciting and remarkable innova
tion of this age is the development of general-pur
pose programmable microprocessors or microcom
puters. I am using the word computer in the way 
that many people have always thought of computers-
that is, large, oversized pieces of equipment. In 
reality, the basic characteristics of room-sized 
mainframes can not be constructed into briefcase
sized personal computers. Those characteristics 
include a central processing unit (CPU), data input-

output devices, and some form of off-line data
storage capability. The Timex Sinclair ZlOD, which 
sells for about $100, is generally identical to the 
CDC Cyber 205. Both have the ability to follow a 
sequence of instructions supplied by the user as 
long as the instructions are formulated according to 
a precise set of rules. The only limitation to what 
can be accomplished by these instructions (code) is 
the imagination and programming skills of the user. 
(My purpose at this point is to stress the func
tional similarities of large and small computers. 
Functional similarity, of course, is not synonymous 
with performance similarity. The Cyber 205 is capa
ble of billions of arithmetic operations per second; 
the capability of the Sinclair is much less.) 

Despite their current performance limitations, 
small computers are rapidly becoming as common as 
hand-held calculators because of their low cost and 
small size. For the first time, a computer is a 
practical reality for almost everyone. If the past 
few years have taught us anything, it is that noth
ing is more uncertain than long-range forecasts of 
new technology. Despite the difficulty of tracking 
future trends, a few cautious predictions can be 
made. New technology over the next few years will 
succeed in cramming more and more circuitry into 
smaller and smaller volumes for remarkably little 
increase in cost. One tangible fallout of this 
trend will be the increased capability and use of 
hand-held computers that are no larger than the cal
culators people now carr.,. in their vest pockets or 
purses. In fact, it is becoming increasingly evi
dent that the only true limits to further size re
ductions may be human characteristics (e.g., finger 
size). 

Equally important will be 
virtually unlimited off-1 ine 
extremely low cost. In fact, 

the accessibility of 
storage capacities at 

it is possible that 
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the use of storage capacity as an indicator of the 
capability of a computer system may soon lose its 
meaning completely. Once megabyte levels of storage 
become available, how significant will another 10 or 
20 million bytes be? These advances will represent 
a continuation of the technology breakthroughs that 
started in the mid-1960s, became visible to most 
people by the mid-1970s, and are continuing today. 
The question is not when this technology will occuri 
it is happening now. The questions are: How will 
this new technology affect our lives and our soci
ety? What social impacts will the widespread use of 
computers have on our society? How will it alter 
the way in which we perceive the world around us? 
Will it alter how we communicate with one another 
and how we design solutions to social and economic 
problems? 

The word used most often in discussing the new 
technology of microprocessors is promise--the prom
ise of less work, more productivity, more informa
tion, more leisure time, and so on. The promise of 
small computers has also been advanced for traffic 
safety. One scenario sounds something like this: 
Low-cost computers will be used to support compre
hensive traffic record systems to provide adminis
trators, planners, engineers, and enforcement per
sonnel with information to administer programs, 
design roadways, and enforce traffic laws in the 
most effective ways possible. Information about 
roadway characteristics, accident types, and en
forcement activities will be instantly retrievable 
in whatever form is desired. Just push the right 
buttons and all knowledge is possible. Clerks, file 
cabinets, and report delays will be things of the 
past. 

But is all what it appears to be on the surface? 

PURPOSE AND ASSUMPTIONS 

The focus of this paper is on the emerging use of 
small computers for automated traffic record sys
tems. The purpose is to highlight and examine some 
of the issues that may significantly affect the man
ner in which traffic record systems are implemented 
and used on small computers. A small computer is 
arbitrarily defined here as any system that sells 
for less than $20 000. It is assumed that agencies 
(or subunits within agenci~s) that use small com
puters have limited in-house data processing (DP) 
experience to draw on or limited access to such 
experience within the agency. This assumption is 
based on my experience with many small law-enforce
ment agencies. In addition, the following assump
tions are made: 

1. Most small agencies are unprepared for the 
technological changes that will occur throughout the 
remainder of this decade. 

2. New technologies are being promoted and sold 
(and bought) as solutions rather than as components 
or tools to be used in finding solutions. 

3. Appropriate attributes and characteristics 
for traffic record systems for small agencies are 
still largely undefined. The concept, much less the 
11 ~'='• r:-if '3~C"i~i0!! ~·..!P!?0!'t: 5~1 5t-e-!!!5 f0!' t!'~ffi'.:' !'~'.:'0!'~5 

within law-enforcement agencies is virtually an un
explored area. 

4. The availability of federal support for the 
development of systems an~ purchase of equipment 
will be limited throughout this decade. 

HISTORY OF POLICE USE OF DATA PROCESSING 

It will be useful to draw on several lessons from 
the history of computer implementation and use by 
law-enforcement agencies in the 1970s. The applica-
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bility of these lessons to traffic records stems 
from several similarities between what has happened 
in the recent past and what will occur over the next 
few years. 

Except for a few departments, the vast majority 
of police agencies in this country are quite small. 
(The average department in the United States has 
only 10 or 11 officers.) The promise of computeri
zation in the late 1960s and early 1970s had the 
same Camelot-like quality that is perceptible 
today. Fifteen years ago, few departments had seri
ously examined their information needs in terms of 
overall department objectives. Most often, manual 
record systems reflected years of patchwork evolu
tion with little direction or documented rationale. 
The emergence and growth of the Law Enforcement 
Assistance Administration (LEAA) was marked by a 
parallel growth in the availability of federal dol
lars for equipment, including computers. Although 
some departments implemented automated systems with 
few problems, honest appraisals of the experiences 
of most agencies have led many observers to the fol
lowing conclusions about the implementation and use 
of automated record systems within police agencies: 
(a) it takes longer than expected: (b) it costs more 
than estimated: and (c) it produces less than 
promised. 

In a recent article in Police Magazine (~) , I 
noted the following: 

Some [police) departments have spent millions of 
dollars buying and installing elaborate data pro
cessing machinery, but have spent years trying to 
get their systems ••• in operating order. Others 
bought the systems with federal funds, and never 
even attempted to make efficient use of them. 

A number of reasons have been identified for the 
slow pace of automation within the police commu
nity. The following are the most frequently cited: 

1. Unrealistic expectations--Perhaps more than 
any other reason, a basic lack of knowledge among 
senior-level officers about what computers can and 
cannot do has contributed to the underlying problems. 

2. Infatuation with equipment--Also contributing 
to the failures of the past was the ability of com
puter vendors to capitalize on the fascination and 
trust exhibited by many law-enforcement officials 
regarding new types of equipment and hardware. some 
of the most damaging stories cited by critics of the 
LEAA are related to instances of equipment "over
kill" made possible by abundant federal dollars 
(e.g., the purchase of an antiriot vehicle by a 
small department in central Iowa). These actions 
reveal a belief (or hope) in the simple answer 
neatly packaged in the "right" piece of equipment-
that is, a belief that "if I only had the right 
tool, I could do the job." It does not take a 
gigantic leap of imagination to see the consequences 
of such attitudes for data processing. 

3. Inadequacy of police-specific softwar@--
Although there are thousands of police agencies in 
the United States, the total market represented by 
i .... _ ......... c ..... --. .... - ........ .1- .: .... __ ,_J...: ...... , •• ___ ,, m'L.--- --- _e __ 
............ .._ ...... ~ ........ .._ .............. ..L ........ ..;.. ........... ..L .. 1;;" .... l ""'lllU...L...L.• .Lll'l;.L.'1;; g.1.-.;:;, ......... .... 

example, more than 5 times as many hospitals and 
more than 50 times as many hotels in this country as 
there are police agencies. As a result, the law
enforcement community has never attracted, and 
likely never will attract, significant commercial 
interest. In addition, support for the few software 
packages that were developed was often marginal at 
best. To fill this gap, many larger departments and 
regional information systems developed their own 
software, financed largely with federal dollars. In 
general, however, acquisition and use of software by 
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the law-enforcement community have been haphazard at 
best. 

ANALOGY OF INFORMATION TRANSFER 

Many of the foregoing problems with the implementa
tion and use of small computers can be more easily 
seen by using an analogy that relates computer hard
ware and software to books and their contents. A 
book can be thou~ht of as consisting of two parts. 
One part consists of the materials that make up its 
physical components--that is, paper, ink, covers, 
glue, etc. Collectively, these parts can be called 
the hardware of a book. The second part of a book 
is obvious but more difficult to define: it con
sists of symbols and diagrams and the sequence of 
their presentation, which completes the transfer of 
information from author to reader. These symbols 
and their sequence represent the software of a 
book. Different written languages and dialects are 
paralleled in the world of computers by different 
programming languages and dialects within generic 
programming languages. 

With this analogy in mind, it is useful to trace 
briefly the history of the production and use of 
books in order to understand better the management 
and social issues that may accompany the democrati
zation of computer use in the 1980s. The pivotal 
event was the invention of movable type by Johann 
Guttenberg in the 15th century. Before that time, 
the production of each book--the hardware--was an 
enormously expensive operation. Each volume was 
created by copying one page at a time by hand. As a 
result, few books existed and each was highly val
ued. Because there was little access to books, lit
eracy was not considered an important survival skill 
and only a small portion of the population could 
read or write. In Western civilization, most books 
contained religious themes and the clergy assumed 
the role of interpreting the meaning of the written 
word for the general population. 

Following Guttenberg' s invention, the nature of 
bOOk production and authorship changed dramati
cally. Because multiple copies of identical pages 
could now be produced in a fraction of the time that 
it used to take, the cost of producing individual 
books dropped sharply. Books became more widely 
available and literacy more common. However, lit
eracy was still restricted primarily to wealthy. 
Barriers to universal literacy were the absence of 
public education and resistance of religious and 
government leaders, who feared that placement of 
books directly in the hands of the people would 1ead 
to misinterpretation of important works. 

The next phase began in the mid-19th century and 
continues today. The dominant features are univer
sal literacy and the mass availability of low-cost 
books. Key stimulants in this phase have been the 
availability of publicly supported education and 
continued reduction in production costs with the use 
of soft-cover books. 

The latter phenomenon deserves special comment. 
Although soft-cover books, mostly in the form of 
pamphlets, first appeared shortly after the inven
t ion of movable type, their distribution was lim
ited. Pamphlets were used primarily for the distri
bution of information on current political and 
religious issues. In the last half of the 19th cen
tury, as more people learned to read, enterprising 
publishers quickly filled the public's appetite for 
entertainment by producing penny novels and adven
ture stories. The low-brow quality of these pulp 
booklets and magazines became associated with soft
cover books in general. It has only been in the 
past 20 years that the distinctions between soft 
cover and hard cover have disappeared. Today, al-
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most every book is available in either form. 
One final dramatic change over the past 500 years 

of book production should be noted. Before the in
vention of movable type, almost all publishing costs 
were for the production of the hardware of books. 
Today, the overwhelming cost i tern of every book is 
the cost of authorship, the software. 

With this brief history as background, we can now 
examine the development of computer sys~ems over the 
past 40 years. The early years, up to the 1960s, 
were characterized by the development of large, ex
pensive computers. Few were built and each required 
special installation and maintenance. Few people 
knew how to operate them or how to write programs 
for them. Rapidly, a new class of technicians 
emerged with a variety of titles--e.g., programmers, 
systems analysts, and information specialists. They 
became the human link, the interpreters, between the 
computers and the end users. 

Beginning in the early 1960s, the development of 
transistors and other new technologies produced dra
matic changes. Computers became smaller, less 
costly, and more powerful. More and more applica
tions and users emerged as small agencies found that 
they could, for the first time, afford data process
ing. Although computer literacy slowly increased 
among users, data-processing professionals continued 
to serve as the key link between the hardware and 
the user. 

The third phase of development began in the mid-
1970s and continues today. This period is charac
terized by the development of microprocessors, chip 
technology, and low-cost portable computersi a rapid 
growth in computer literacy among users; and the 
proliferation of new programming languages designed 
for user-programmers. The most significant change, 
however, has been the dramatic change in the rela
tive costs of hardware and software. In the future, 
software costs will represent the major component of 
every automated record system. 

Whereas the history of book production and use 
and that of data-processing development exhibit many 
similarities and in turn suggest many generaliza
tions, the following observations are most important: 

1. The data-processing industry has undergone 
tremendous changes. In a development that parallels 
the dramatic changes that occurred as universal lit
eracy and low-cost soft-cover books became reali
ties, the DP industry will soon find itself serving 
marketing dictates driven by the proliferation of 
millions of low-cost personal and small business 
machines. 

2. The management of data-processing resources 
will change. Because more end users will have di
rect access to computing power through microcom
puters and intelligent terminals, the interpreter 
role of the data-processing center will diminish and 
the need for information centers to facilitate user 
programming and processing will grow. 

3. Market imperatives will relegate discussions 
about quality languages and efficient operating sys
tems to the background. The driving forces will not 
be controllable by DP professionals, who criticize 
the widespread use of primitive languages. 

4. Despite claims to the contrary, more quality 
programs and applications will emerge. Although 
personal computers purchased from discount elec
tronic and department stores will be described as 
mere toys, the availability of useful home and desk
top planning tools will legitimize the use of ma
chines that cost less than $1000. 

IMPACT OF SMALL COMPUTERS ON DEVELOPMENT OF 
'rRAFFIC RECORD SYSTEMS 

The issues raised above suggest several factors that 
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will influence how automated traffic record systems 
will be used on small computers: 

1. The complete service orientation of the rela
tively small number of hardware vendors of the past 
decade will change significantly. Consumers will 
find that, as more computer services and equipment 
are offered , through retail stores and mail-order 
houses, the warning, "buyer beware," will be more 
relevant than ever. 

2. Most user agencies that attempt to automate 
their record systems in the future will be small and 
will have little data-processing experience or on
staff expertise. 

3. The rapid development of new technology will 
precipitate organizational pressures within many 
agencies that will be aggravated by differences in 
education and experience such as those characterized 
in the table below: 

Decade in Which 
Age Education was 

Position (:z'.ears) Com12leted 
Senior management 50-60 1950s 
Middle management 40-50 1960s 
Senior staff 30-40 1970s 
Junior staff 20-30 19B0s 

Whatever the pace of technology change, the manage
ment structure of most organizations still evolves 
on roughly a 40-year cycle. As technological ad
vances occur at a rate that is significantly more 
rapid than this, organizational pressures are pro
duced as entry-level personnel view upper management 
as outdated. It is important to note that pressures 
induced by rapid technological change are in addi
tion to the normal push-pull relationship that al
ways exists between senior management and junior 
staff members. 

To catch a 9limpse of the unexpected turns in the 
road ahead, we must examine the implications of 
small agencies, organizational <;ieneration gaps, a 
consumer-driven marketplace, and a rapidly changing 
technology. What do these hazards portend for agen
cies that will attempt to implement traffic records 
on a small computer? It will probably mean a number 
of problems exacerbated by unrealistic expectations 
about the implementation process and the final bene
fits of the system, a significant reduction in ven
dor support, and a haphazard process of software 
development. 

On,r eaUstic Expect ations 

The problem of unrealistic expectations was identi
fied earlier as having been a major factor in the 
lackluster history of computer development in the 
law-enforcement community. It is not unreasonable 
to believe that the staffs of many small agencies 
will encounter problems in the future because of 
unrealistic expectations about the implementation 
and uses of an automated traffic record system. A 
number of indicators support this view. 

Staff Experience 

Ideally, in an agency that is implementing a record 
system, the process will be coordinated by individ
uals who are familiar with the operations and needs 
of the agency and who have specific training and ex
perience in the design, implementation, and opera
tion of an automated system. However, as the number 
of agencies considering automation increases, the 
likelihood that such specialists will be found on 
staff decreases. As a result, it will be necessary 
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to assign these responsibilities to regular staff 
persons who, while knowledgeable about traffic rec
ords, often have limited knowledge about data pro
cessing. This scenario will become increasingly 
common as more and more small police agencies at
tempt to implement automated systems. 

In an article cited earlier (1), I examined the 
state of the art of data processin g in policing and 
concluded that, in most cases, police do not fully 
utilize the computers they have because they do not 
understand what computers can do. The article 
quotes the chief of a large eastern police depart
ment as follows: "A lot of law enforcement agencies 
have little or no idea what computers can do for 
them and don't even know what questions to ask." 
When this lack of understanding is coupled with an 
abiding faith in equipment (such as computer hard
ware) to solve problems, the opportunities for un
realized expectations become obvious. 

Vendor Oversell 

As the computer market becomes more diverse and di
rected toward mass commercial operations, the number 
of retail distributors will increase dramatically. 
This, in turn, will result in greater competition 
between vendors. Although such competition will 
keep prices down, it will also require novice buyers 
to deal with vendors who increasingly may be willing 
to promise whatever is necessary to sell the prod
uct. Oversell tactics will also be encouraged by 
the increasing number of novice users and the de
crease in vendor follow-up support (discussed fur
ther below) • 

Need for Automation 

In many smaller agencies, manual record systems have 
evolved haphazardly without any overall plan or di
rection. Automation is often mistakenly viewed as a 
way to fix record system ptQblems. In many agen
cies, however, the most pressing need is not to im
plement an automated system but ' rather to make a 
realistic assessment of what problems exist in the 
current system, what the system is used fQr, and 
what alternative solutions (including automation) 
exist. Preliminary investigations by the Northwest
ern University Traffic Institute suggest that well
designed manual systems can handle the traffic rec
ord needs for approximately BO percent of all police 
agencies in the United States. For another 15 per
cent of departments, the decision whether to auto
mate depends on a number of factors, including the 
number and kinds of reports wanted, the availability 
of existing hardware, and anticipated growth pat
terns for the jurisdiction. The recommended methods 
of accident data collection for police agencies, 
based on the volume of accident data reporting, are 
cited below: 

No. of Accidents 
and Citations 
Reported 12er Year 
0-39§9 
4000-9999 
>10 000 

Estimated 
Percentage 
of Agencies 
BO 
15 

5 

Recommended 
Techniques 
Manual Automated 
x 
x x 

x 

What is important to note is that for these agen
cies the benefits derived from automation are not 
likely to include significant cost savings. As a 
result, even the most successful implementations 
will have to be evaluated on the basis of measures 
that are traditionally difficult ,to capture quanti
tatively ir service-oriented agencies, such as pro
duc t ivity, efficiency, access to more data, and in
creased accuracy. This suggests that, for these 
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Figure 1. Alternatives of software development expressed as a continuum of 
possibilities. 

Adopt 
existing 
system 

Hore responsive 
to agency needs 

More programm1 ng 
required 

Deve 1 op 
completely 
new system 

agencies, automating record systems is a venture in 
which tangible measures of success will be difficult 
to document. 

Less Vendor Support 

The changing market for computer sales will cause 
fundamental changes in the traditional form of sup
port that end users have learned to expect from 
hardware vendors. The days of IBM-type cradle-to
grave care are over for all but a few large custom
ers. The decreasing margin on unit sales will drive 
most hardware vendors to emphasize high-volume sales 
tactics with minimum support. Although warranties 
will still provide hardware maintenance, traditional 
vendor support for planning implementation, software 
development, and operator training will be increas
ingly less common or will only be available at addi
tional cost. 

Although the number of full-service vendors will 
decrease, consumers will have no problem finding 
vendors. The proliferation of new businesses in the 
data-processing industry will be one of the major 
business stories of the 1980s. This growth will be 
a mixed blessing for buyers. Although increased 
competition holds down costs, prospective users will 
be faced with a virtual army of sellers from which 
to select. Unlike more established industries, the 
data-processing field has established a disturbing 
pattern of volatility in which companies fail and 
new ventures arise on a monthly basis. It has been 
estimated (~) that two out of every three vendors in 
business in 1981, representing all facets of the DP 
industry, will be out of business by 1985. 

Perhaps the most telling commentary on the chang
ing nature of the customer-vendor relationship is 
the fact that the fastest-growing facet of the in
dustry is client-vendor litigation. Discussing this 
phenomenon in a June 1981 article in Computerworld, 
Johnson ( 2) offered several reasons for increas<'d 
li tigatiom 

l. Disagreements based on the expectations of 
the customers--an increasing problem because vendors 
are offering less support and customers are less 
knowledgeable; 

2. Machine reliability--a growing problem be
cause of the proliferation of small machines used in 
uncontrolled environments; 

3. System performance--user expectations based 
on vendor oversell; 

4. The nature of the computer industry--numerous 
small, under-capitalized companies; and 

5. The fact that the industry is not renowned 
for its sales ethics (questionable ethics are not 
restricted to vendors; widespread software piracy by 
microcomputer users is an insidious industry 
problem). 

Complexities of Software Development 

The decade of the 1980s will require extensive re
training for most persons who have grown up envi
sioning a piece of equipment whenever computers are 
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discussed. In the years ahead, the importance of 
hardware will diminish for most users. Although 
paper computers have not been predicted yet, throw
away computers have. It has been forecast that the 
low cost of computer hardware will produce a more 
calculator-oriented approach to system acquisition; 
that is, the primary question will be whether the 
machine can support the software applications pack
age that has been selected. If it cannot, a dif
ferent machine will be considered. 

The reason for this change is quite simple: the 
cost of computer hardware will become increasingly 
insignificant compared with the cost of software 
development. For this reason, it will become in
creasingly important for users to understand the 
complexities and difficulties of software acquisi
tion. Returning to the book analogy presented ear
lier, it will require that users learn to look be
tween the covers of the book before they buy; the 
outside cover (i.e. , the hardware) will become in
creasingly less important. 

Who will develop small-computer software in the 
future? Although programming and systems analysis 
skills will still be needed, the DP professional may 
not be. The skills of the programmer and systems 
analyst will be used by increasing numbers of non-DP 
professionals. These skills will include the ac
tivities described briefly below. 

Learning to Describe Agency Software Needs 

It is not enough to say that the agency needs a 
traffic record system. To describe adequately the 
kinds of software required, it is necessary to ar
ticulate the goals and objectives of the system-
that is: What is it supposed to do and why? The 
process of answering these questions will stimulate 
the examination of several other issues: 

1. What are the problems with the current system? 
2. What alternatives are available to correct 

these problems? 
3. What are the likely costs of and payoffs from 

implementing each alternative? 
4. Why is automation the preferred alternative? 

Learning to Shop for Software 

There are several approaches that can be used to 
acquire software. Each represents certain risks and 
disadvantages. As expected, mi.ni.mi.zi.ng the risks 
requires that an agency be willing to compromise on 
the final product it obtains. The alternatives of 
software development·can be conceptualized as a con
tinuum of possibilities characterized by the use of 
an existing system with no changes at one end and 
the development of a completely new system at the 
other end, as shown in Figure l. As the diagram 
indicates, more programming effort is required in 
moving from left to right on the continuum. It is 
also true that programming is expensive and time
consuming and that it involves greater risk because 
the end product may not be what was expected. The 
advantages associated with various alternatives are 
discussed below. 

Adopt an Existing System 

The first alternative, adopting an existing system, 
assumes that virtually no programming changes are 
made. It has the significant advantages of low cost 
and--if the system can be observed in operation in 
another agency--minimum risk. The major drawback is 
the fact that there is no capability to tailor the 
system to the particular needs of the department. 
In fact, if the new system requires significantly 
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different kinds of information, the implementation 
process may require considerable redefinition of 
data collection forms and procedures. 

Modify an Existing System 

Like the first alternative presented above, the sec
ond approach, modifying an existing system, assumes 
that a system is modified to satisfy department 
needs. Tailoring, of course, requires programming 
additions, deletions, and changes. The extent of 
these changes determines the cost and risk in
curred. A key decision is who will do the program
ming. Options include using in-house personnel or 
contracting with a software consultant. 

Again, both options present unique problems. In
house personnel may be knowledgeable about the 
agency but may not be as technically competent as a 
consultant. In turn, consultants may have consider
able data-processing experience but may lack spe
cific knowledge about traffic records. Another 
potential disadvantage with consultants may be total 
cost if the project takes longer than expected, a 
common (almost certain) occurrence in software de
velopment. 

Tailor a Generic Records System 

At the price of losing some flexibility, it is pos
sible to adapt a generic data base management system 
to the terminology and format required for a traffic 
record system. This tailoring may not involve as 
much risk as modifying an existing system because 
generic record systems are usually designed to be 
user-tailored when first implemented. A more risky 
approach is modification of a data base management 
system originally designed for a different applica
tion. Often these systems are promoted by manage
ment consulting firms that tend to minimize the ac
tual programming required for the modifications. 
Effective use of a consulting firm requires that the 
user agency and the consultant specify in written 
form what the final system must be able to do, the 
schedule for completion of the project, and the 
total cost. 

Develop a New System 

The most ambitious approach is the development of a 
new system. This alternative offers the greatest 
opportunity to obtain a product that is consistent 
with the needs of the agency. Although this may be 
an important issue, its value must be weighed 
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against the risks and costs involved. The key is
sues to be considered are how closely the automated 
system should emulate the current manual system and 
who should design and program the new system. on 
the surface, using an existing manual system as the 
model for an automated system seems simple. But it 
must not be assumed that an inadequate manual system 
will be miraculously corrected when it is auto
mated. The usual result of such an approach is an 
ill-designed system that makes the same mistakes as 
the manual system but at a much faster rate. To be 
successful, this approach requires that an agency 
objectively assess the strengths and weaknesses of 
its manual system and aim to retain the strengths 
and redesign the weak points. The creation of a 
completely new system represents risks that few 
agencies should take. The uncertainties involved in 
the design, cost, and schedule of any software proj
ect make this an extremely risky approach. An 
agency should not consider in-house development 
unless it has highly capable, experienced personnel 
who can be committed to the project. 

CONCLUSIONS 

It is clear that within the next decade most agen
cies concerned with the use of accident and law
enforcement records will, regardless of their size, 
have access to computers for the storage and analy
sis of data. What is also likely is that the pro
cess of acquiring and using these automated systems 
will not be as easy as advertised. The lack of 
data-processing experience among the personnel of 
small agencies, coupled with dramatic changes in the 
marketplace, will make the automation of record sys
tems a risky and difficult process for many agen
cies. However, if agency administrators are alert 
to the pitfalls cited in this paper, the task of 
automation can be accomplished with realistic expec
tations and maximum payoff to the agency. 
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Application of Small Computers to Traffic Records 
Systems in Small Communities 

RONALD C. PFEFER AND BRODERICK E. REISCHL 

The application of small computers to traffic records systems in small communi
ties is investigated. The study is based on an assumption that small computers 
(micros) are useful for the management and analysis of traffic records in com
munities of 5000-100 000 population. Factors bearing on the apparent hesitancy 
of small communities to use small computers for traffic records are examined. 
It is concluded that the volume of traffic records generated by small communi
ties is within the capacity of present small computer systems and that the sys
tems are adequate in terms of secondary storage, primary memory, speed, and 

input-output devices. Costs are modest. It is suggested that available generic 
software has not been exploited for traffic records management and that, with 
some exceptions, there is a lack of specialized applications software for traffic 
analysts. Remaining barriers to the use of small computers include data-quality 
concerns, organizational issues, justification of purchase, acceptance of the 
equipment by agency personnel, and management problems. Adoption of small 
computers for traffic records systems will depend on how these issues are 
resolved. 
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In the past five years, economically priced small 
computers have become widely available. There were 
an estimated 1.3 million small computers in homes in 
the United States in 1981, an estimated 800 000 of 
which were bought that year. In addition, it is es
timated that there are now 200 000 microcomputers on 
desktops in large corporations (1) • 

In 1982, the National Safety -Council Traffic Rec
ords Committee for Data Analysis conducted a survey 
that provided responses from 63 users in 29 states 
(2). When respondents were asked what system or de
vices were used for various types of analyses, the 
microcomputer was mentioned 29 times out of a total 
of 332 responses (8.7 percent). The respondents who 
mentioned using small computers were almost exclu
sively from law-enforcement agencies in California 
and Illinois. The sampling and the questionnaire 
design do not allow adequate control to make valid 
conclusions. But the results provide some indica
tion of the limited extent of current use of small 
computers in traffic records. Although better data 
are not available on the extent to which the small 
computer is in use in state and local government, 
extensive contacts with police and the transporta
tion engineering community indicate that there is a 
lag in the use of these machines. 

It is assumed that the small computer can be use
ful to police and the transportation engineering 
community in their common effort to enhance highway 
safety. This assumption led to the analysis of one 
application of the small computer to the traffic 
records system of a small community. The purpose of 
the analysis was to determine whether technological 
barriers could be identified and specific applica
tions evaluated. 

FORMAT FOR ANALYsis 

The format selected for analyzing small-computer ap
plications to traffic records involved the specifi
cation of three basic hypotheses related to the 
technological issues: 

1. The hardware is inadequate. 
2. The software is inadequate. 
3. The costs are too great. 

Although there exists a multitude of other issues, 
these were selected for immediate focus. Certainly 
there are a number of human factors and organiza
tional issues involved in applying new technology. 
Some of these are addressed later in this paper. 

In dealing with the technological issues, it is 
necessary to examine the current trends in small 
computers in sufficient detail to determine the 
status of key attributes in relation to traffic rec
ords systems requirements. First, however, some of 
the key parameters involved are defined. 

Small Community 

The small community represents the greatest pool of 

Table 1. Motor vehicle accidents reported during 1981 by Illinois 
communities. 

No. of 
Accidents• 

0-399 
400-999 
1000-2999 
3000-4999 
Total 
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potential users of the small computer. In Illinois, 
for instance, whereas the state has accident data 
for 258 communities in the 5000-100 000 population 
range, it has data for only 3 cities with popula
tions greater than 100 000 (see Table 1). Among the 
possible safety applications, the traffic records 
system probably represents the greatest data-han
dling test of the small computer. 

Traffic Reco rds System 

System Elements 

A traffic records system is generally considered to 
include the following elements or files: accident, 
vehicle, driver, citation, roadway, and control de
vice. These can represent substantial quantities of 
data and, where automated, are generally considered 
feasible for operation only on mainframes. 

Although the files listed above are considered 
desirable for a comprehensive system, many small 
communities currently maintain only an accident file 
(if any) on an automated basis. Even in cities with 
populations greater than 100 000, citation, roadway, 
and other files may not be automated. Therefore, 
for the purposes of this paper, the core system 
needed for a small community to conduct effective 
safety analyses is considered to include the acci
dent and citation files. 

Volume of Data 

As previously noted, Table 1 gives the most recently 
available accident frequencies for Illinois communi
ties in the 5000 to 100 000 population range. Ac
cidents are related to community size. The table 
indicates that all cities with less than 10 000 
population had fewer than 1000 accidents/year and 
that all cities with more than 40 000 people had 
more than 1000 accidents/year (the maximum was about 
5000 accidents) . 

Data-storage requirements for these accidents are 
determined not only by the number of records in the 
system but also by the length of each record. Record 
length, in turn, depends on the number of data ele
ments in each record and the coding conventions that 
are used for data entry. The digitizing of loca
tions, dates, times, etc., can substantially reduce 
the size of fields. The judicious limitation of 
data elements can be even more important. Because 
few communities are likely to use identical record 
formats, how are the length parameters for a typical 
traffic record to be determined? 

To obtain information on the length of a record, 
two systems are used to represent upper and lower 
bounds. Washington State has an elaborate coding 
scheme for accident records processed by its main
frame computer <l>· The coding is so detailed that, 
in the event of a "collision with a pedal-cyclist," 
the system can provide separate tabulations for 
"unicycles," "bicycles," and "tricycles." Each ac
cident record takes 212 bytes of storage. (A byte 

No. of Communities by Populationb 

5000-9999 10 00().39 999 40 000-100 000 Total 

No. Percent No. Percent No. Percent No. Percent 

77 91.7 39 26.5 0 0 116 45.0 
7 8.3 83 56.5 0 0 90 34.9 
0 0 25 17.0 20 74.l 45 17.4 
0 0 0 0 7 25.9 7 2.7 

84 T47 27 ill 
QJ\ccident data are from the Illino is Department of Transportatfon. 
bJ>u pulation data are from the 1980 U.S. Census. 
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can be considered as the amount of computer storage 
necessary to hold one character of information.) The 
Washington State coding scheme was used as an indi
cator of the upper limit for record size. 

A lower boundary for accident record size was de
rived from a report that proposed a record format 
for the city of Newport News, Virginia (_!). The 
coding scheme captured the essentials of an accident 
record in 24 data elements coded into a total of 50 
characters. As a consequence, 50 bytes/record was 
taken as a reasonable lower boundary for the size of 
a collision record. 

A desirable system would contain three years of 
historical accident files and a current year-to-date 
file. This would result in a maximum of four years 
of accident data on file at any time. 

The discussion to this point has assumed a single 
basic file type, although a hierarchical file design 
may be desired. In such a case, the record is seg
mented into a master file, a vehicle file, and occu
pant-pedestrian files. In addition, a location in
dex file is required for locational analyses. 

Figure 1 translates the basic file type defined 
above into data storage requirements. Hierarchical 
file structures and a location index file will add 
some storage requirements (say, SOK, where K • 1024 
bytes) , but the range shown is considered sufficient 
as an estimate of system requirements for accident 
data. The range of annual accidents shown in the 
graph is likely to be representative of cities with 
populations of up to 200 000 to 250 000. 

Accident records have been noted above as only 
one part of a comprehensive traffic records system. 

Figure 1. Data storage required for accident records. 
10,000 
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The citation record has been identified above as the 
other element of a core safety analysis subsystem. 
Citation files are to be distinguished from the 
driver file, which is a history of individuals 
usually maintained by the state motor vehicle de
partment for licensing and other purposes. The ci
tation file contains records of traffic offense ac
tions taken by the police officer. Typical data 
elements for a local citation file would include the 
location, type, time, and date of the offense. In
dividual driver and disposition data are of interest 
administratively but are not essential for safety 
analyses in general. 

Estimating the number of citations in a commu
nity, especially in relation to the population, is 
not a simple task due to lack of data. Experience 
has shown, however, that the number of citations can 
be related to the number of accidents as a crude in
dication of the level of enforcement activity. A 
general rule of thumb used in the law-enforcement 
community is that a ratio of 20 citations/injury ac
cident represents a point of diminishing returns. On 
the other hand, 8-10 citations/injury accident rep
resents a reasonable level of effective enforcement 
action. If one takes into account property-damage
only accidents, it is reasonable to expect ratios of 
10: 1 and 3: l as bounds. Although these are not 
well- documented values, they do make it possible to 
estimate a reasonable range for data storage re
quirements. 

It is believed that only a single year's citation 
history needs to be on file for most analyses. The 
greater number of citations per year, compared with 

Note: Requirements based upon 
3 year historical file 

Figure 2. Data storage required for accident and cita· 
tion records. 
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accident frequencies, provides an adequate statis
tical base if maintained on an annual basis. Current 
enforcement activity can be compared with accident 
histories to determine whether enforcement actions 
are appropriate and how they may be planned for the 
future. In addition, comparisons between enforce
ment and current accident patterns can be made to 
evaluate effectiveness. Figure 2 shows a graphic 
summary of the data storage requirements necessary 
to add a citation file to the previously defined ac
cident file. 

Small Computers 

It is necessary to have some understanding of what 
is being referred to under the classification of 
small computer. In general, in this paper a small 
computer is one that costs between $2500 and 
$20 000, including peripheral devices. This is a 
general definition because distinctions at this time 
are fuzzy and the technology is changing rapidly. 

The remainder of this paper examines each of the 
hypotheses in the light of available information. 

HYPOTHESES TO BE TESTED 

The background given above allows an analysis of the 
technological issues around which the hypotheses 
have been formulated. 

Adequacy of Hardware 

Primary Memory 

Primary memory is one of the principal characteris
tics that distinguish small and large computers. In 
large measure, primary memory is determined by chip 
technology. Eight-bit chips simply do not have the 
direct addressing capability of 16-bit chips, which, 
in turn, lack the addressing capability of 32-bit 
chips, and so on. The vast majority of small com
puters in use today are based on 8-bit technology, 
but 16-bit machines such as the IBM PC and the TRS 
16 have been enthusiastically received. 
National Semi-Conductor and other chip 
have developed 32-bit microprocessors. 
permit not only greater memory capacity 
more versatility. 

Recently, 
designers 

This will 
but also 

There is a general disposition among computer 
enthusiasts that memory is good and the more the 
better. In the early days of computers, primary 
memory was extremely expensive and memory, beyond 
the essential requirements, represented a consider
able cost burden for a computer system. Widely used 
small-computer business systems typically have 48K 
or 64K memory for 8-bit equipment. The newer ma
chines offer 128K to 256K, and some go higher. 

The impact of memory size will vary according to 
the principal use made of the equipment. Large data 
bases, involving matrices of substantial dimensions, 
will rapidly eat up memory. Compared with 48K or 
614K machines, systems with 256K and 512K memory are 
more desirable for data base management because they 
permit reasonably large files to be manipulated en
tirely within internal memory. The payoff is 
greater processing speed and more convenience in 
file maintenance. When a file does not fit into the 
machine--as frequently happens with machines with 
limited primary memory--then the file must be seg
mented. Portions of the file must be moved back and 
forth between the computer and secondary storage de
vices. 

Currently, small computers have many times the 
memory of the second-generation mainframes that were 
used by large corporations in the early 1960s. 
Those corporations processed files that exceeded the 
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primary memory available then. The current 64K- to 
512K-capacity range is adequate for the file sizes 
shown in Figures l and 2. 

Secondary Storage 

The secondary storage capabilities of the small com
puter represent a key potential constraint, given 
the above discussion on data storage requirements. 
As indicated in Figure 1, maintaining an automated 
accident records system in most communities ,in Illi
nois requires secondary storage of 1000 to 4500 
Kilobytes ( l to 4. 5 megabytes) , depending on the 
level of detail maintained. The lower limit is 
within the current floppy disk technology, and the 
upper limit is well within the current hard disk 
technology. Figure 2 shows that the impact of adding 
a citation file results in 3.5 to 11 megabytes of 
secondary storage. Once again, this is well within 
current hard disk technologies. 

Large (8-in) floppy disks can now hold more than 
l megabyte of data (double sided, double density). 
Increases in floppy storage capacity are announced 
monthly. Hard disk drives are commonly available in 
5-, 10-, and 20-megabyte capacities. Moreover, sys
tems can be configured with several drives so that 
80 megabytes are commonly advertised. The cost of 
the drive is also becoming less and less of a fac
tor. At present there is extreme competition among 
drive manufacturers. Apple Computer, for example, 
which originally listed its 5-megabyte drive at 
$4000, has reduced the price to $2900, and knowl
edgeable commentators predict even further reduc
tion. Furthermore, hard disk technology is develop
ing at a fast pace: a 100-megabyte drive is 
currently in the experimental stage. Secondary 
storage is definitely adequate for the needs identi
fied here. 

Speed 

Machine Aspects 

Small computers can sometimes seem aggravatingly 
slow. Sorting of large files may take an unreason
ably long time on a microcomputer. This can be the 
case even when the computer has sufficient primary 
memory to accommodate the entire file internally. 
Are small computers too slow to be used for the 
analysis of local traffic records? 

Careful examination of the speed issue suggests 
that small computers are slow only in a relative 
sense--i.e., compared with their mainframe counter
parts. Moreover, the apparent lack of speed is of
ten traceable to factors other than the computer it
self. For example, the 6502 chip is a popular 8-bit 
microprocessor used in Apple, Atari, Commodore, and 
a variety of other microcomputers. The slowest 6502 
instruction executes in 7 µs with a 1-MHz clock 
<2• pp. 30, 31, and 87). By mainframe standards, 
this is not fast, but it permits the computer to 
perform an enormous amount of processing in the time 
that would normally be required for a mechanically 
based peripheral device to perform a task. Computer 
execution times are infinitesimal compared with disk 
drive access times and the time it takes printers to 
generate output. Because the computer must wait for 
the peripherals, programs that frequently access 
secondary devices indeed run slowly, but the fault 
is not with the computer. 

Other speed considerations relate to the soft
ware. Small-computer programming technique fre
quently leaves much to be desired. In-house soft
ware development often results in routines that are 
not optimized. The programs work, but not effi
ciently. 
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Recursive routines such as sorts can result in 
long processing delays if the routines are not care
fully selected. For example, a bubble sort is often 
used in software that is developed in-house. The 
bubble sort is notoriously slow in comparison with 
other sort techniques, such as a shell sort. 

For comparison purposes, 200 random numbers were 
generated and subjected to a bubble sort and a shell 
sort. These were run by using an interpreted BASIC 
language on an Apple microcomputer. By the crude 
measurement of a stopwatch, the bubble sort executed 
more than eight times slower than the shell sort. 
Programming technique, rather than the machine it
self, is often a major factor in the apparent lack 
of speed associated with small computers. 

The selection of a programming language is 
another software area that contributes to the appar
ent lack of speed of small computers. BASIC is 
probably the most widely used language in the micro 
field, but it is an interpreted language that re
quires the machine to translate each instruction at 
every step of the program. In a loop, some incred
ible inefficiencies are encountered. Every instruc
tion in the loop must be retranslated at every loop 
cycle. The time consumed in interpreting program 
instructions can be enormous in terms of both rela
tive and real time. A routine that uses nested 
loops to count from 255 down to zero 255 times will 
execute in machine language in 329 ms (_~). The same 
logic written in Applesoft BASIC takes approximately 
2 min, 32.3 s to execute based on stopwatch timing. 

The bottom line is that lack of speed is usually 
not so much a limitation of the computer as a limi
tation imposed by peripherals and by the software 
typically associated with small computers. On both 
fronts, much is being done to resolve the problems. 
Several software houses now market compilers for 
BASIC. Compiled BASIC runs 3 to 10 times faster 
than interpreted BASIC if the claims of software 
vendors are taken at face value. In addition, popu
lar brands of microcomputers are often supported by 
various applications programs and utilities that 
make use of efficient machine language routines. 

The problem of peripheral performance time has 
been approached in several ways. Printer speeds 
have increased, and logic-seeking print heads are 
more widely available. Print buffers now permit 
computers to pass relatively large quantities of 
output to the printer and then get on with their 
computational tasks without having to wait for the 
printer to do its job. There has been even more 
progress with secondary storage access. Win
chester-type hard disk drives, now commonly avail
able at affordable prices, operate much faster than 
drives for floppies. Data transfer speed has been 
substantially increased. Bubble memory in the form 
of cards, called semi-disks, disk emulators, or a 
variety of other names, has become available. Be
cause bubble memory is nonvolatile, these cards 
store data in much the same way as a disk, but they 
have eliminated the mechanical aspects of storage 
access. Access is done at electronic speeds. 

Cost and Turnaround Aspects 

If one were to ask why speed is important, the reply 
would probably involve two major concerns: (a) com
puter time costs money and (b) the results are 
needed as soon as possible. Each of these is impor
tant when one considers using small computers in 
lieu of, or as a supplement to, mainfra~es. 

The cost of computing (as opposed to the cost of 
computers) is low with the small computer. The 
machine costs are relatively minimal for the small 
computer in comparison with the mainframe (cost is 
discussed further later in this paper) . As a re-
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sult, small-computer use generally does not involve 
an amortization and maintenance fee. The mainframe 
represents a major capital investment and mainte
nance cost, which is often passed on to the user on 
a time-in-use basis. Thus, whereas speed is often 
cost to the mainframe user, it is not to the user of 
the small computer. However, it should be recog
nized that, in some government accounting systems, 
an agency may not bear any cost of computing on a 
central mainframe system. In such cases, not only 
is speed not an issue but the capital cost of a 
small computer in that agency's budget would become 
an extra burden. 

Another side of the speed-is-cost issue is the 
personnel time that may be required. The small com
puter, if significantly slower than the mainframe, 
is also usually much closer at hand. Thus, although 
a technician or professional may be running a pro
gram that takes a significant amount of time, the 
machine can usually crank along on its own while the 
user does other tasks nearby. 

Another issue is the speed that the user experi
ences. This is often termed turnaround time--that 
is, the time required from the moment a question i s 
formally asked to the moment of delivery of the data 
needed to answer the question. Although this does 
not apply to regularly scheduled computer reports, 
it does have application to frequent, unscheduled 
needs. This has been a problem in government en
vironments where central data processing groups are 
understaffed and computing facilities are used by 
many different agencies, and levels, of the local 
government. In that context, the safety analyses 
desired are often of low priority and thus response 
is not quickly forthcoming. Time-share systems have 
helped overcome this to a certain extent. However, 
in comparing the small computer with the mainframe, 
a l though c entral processing speeds may not be com
parable, turnaround times may be1 in fact, the small 
computer may be superior in some cases. 

Output Devices 

The mainframe computer can generate reports on a 
cathode ray tube (CRT or television screen) and on 
paper. It can produce graphs of all sorts, includ
ing bar charts and pie charts. It can even create a 
collision diagram for an intersection, and all at a 
level of sophistication that is camera-ready - for re
port reproduction. Is it possible that these report 
generative features discourage the use of small com
puters? In general, the answer must be no. Small 
computers designed for general business and scien
tific use have the ability to drive the same output 
devices as the mainframes. Although the prices of 
such peripheral devices are high relative to the 
cost of the central processing unit, they are well 
within the reach of the budgets of small communities. 

Output devices for small computers include CRTs 
(with or without color), printers (of varying qual
ity), plotters (with or without multicolor output), 
modems (for data transmission), synthesized speech, 
and other audio formats. 

The key output devices applicable to traffic rec-
~==:: ::~/::t~=:: ~=e C~'!'e,. ~!'i~te~!!, :!.!!~ p!'='tt~!'~- ~~T 

units are especially important in running programs 
where user interaction is involved. It is often de
sirable to go through report design interactively 
for a particular problem. This can be done on the 
machine by using the CRT as the user prompter. 
Monitors with a 10- or 12-in screen and white-on
green or white-on-black image can be purchased for 
less than $125 and are quite adequate for most ap
plications. Most small computers can be connected 
to standard television sets with an inexpensive 
device. 
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Figure 3. Example of small·computer 
and plotter output. 
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Printers represent a more substantial investment 
but are essential to obtain information in a form 
that can be easily disseminated. Small computers 
can drive a wide variety of printers. The most 
economical are the dot-matrix type. Some dot-matrix 
printers can be used to create graphics outputs as 
well as letters. The more sophisticated of these 
approach letter quality. True letter quality is 
achieved, however, by driving , an electric type
writer, which is slow, or a daisy-wheel printer, 
which can provide speed and selection of type 
fonts. Excellent dot-matrix printers are available 
for less than $10001 a good letter-quality printer 
will range in price from $3000 to $6000, and more 
expensive printers are also available. 

Plotters are also available for small computers. 
They provide better resolution and flexibility than 
printers with graphics capabilities and can be use
ful if a significant volume of output is desired in 
the form of maps, diagrams, and graphs. An example 
of a plotter-generated spot map is shown in Figure 
3. Plotters can produce report-quality graphics and 
can do it in multiple colors. They can be purchased 
for prices starting at $1500. 

Input Devices 

Input devices for small computers include keyboard, 
magnetic disks and tape cassettes, analog devices, 
modem (data transfer), paper tape, light pen (CRT), 
digitizer (graphics tablet) , capacitance-sensitive 
screen, punched cardreader, speech recognition de
vices, and mark-sense devices. 

The key input devices applicable to the traffic 
records systems include the keyboard and magnetic 
disks. Modem (telecommunication) units, analog de
vices, paper tape, digitizers, and light pens also 
have potential application. It is important to note 
that accident and citation records must be keyed in 
for the mainframe (whether through a card keypunch 
or direct entry) as well as for the small com
puter. The large computer appears to offer no par
ticular advantage with regard to input and output 
capabilities. 

Adeguacy of Software 

Most mainframe traffic records systems software has 
been developed by state and large-city data-process-
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ing units and their contractors. Some commercially 
developed systems have been applied in more than one 
context, but these systems are generally custom 
built. One major exception is the Accident Data and 
Analysis System (ADAAS) developed for NHTSA by the 
University of Michigan to be a general-service sys
tem for traffic accident records users (6). The 
ADAAS system is accessed via remote termin'il on an 
interactive, time-share basis. Several state, city, 
county, federal, and research accident data bases 
are currently on the system. Agencies are charged 
for the system on an as-used basis. 

The mainframe traffic records systems vary in ac
cessibility and user friendliness. Some, such as 
ADAAS, are end-user operated and oriented. Others 
are batch process only, using predefined and inflex
ible report formats. Some have exceptional graphics 
capabilities whereas others have none. 

Programming Languages 

Small computers are supported by most major program
ming languages, including FORTRAN, PASCAL, COBOL, 
and BASIC. There are perhaps more dialects of these 
languages than one finds in the mainframe arena. 
The unfortunate result of the proliferation of di
alects is that present software is not readily 
transferable from one machine to another. However, 
language standardization in the small-computer field 
has not been so out of control that the situation is 
hopeless. In addition, both hardware and software 
manufacturers are creating new means to achieve 
interchangeability of all types of software. 

Generic Software 

There are two general software areas that are of 
interest to local police and engineering safety 
planners: generic programs and special-application 
software. In the first category are included 
generalized data-base management routines and common 
statistical tests. These may be termed generic 
software in the sense that they have been developed 
to meet a variety of user needs. A generic data
base management program, for instance, can be used 
in a retail or manufacturing environment for inven
tory control. It can also be used in a mail-order 
business for customer records. It could be used by 
an engineering or police agency for maintaining 
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traffic records. Generic statistical packages do 
much the same thing with commonly used statistical 
tests: They permit the statistical analysis of a 
wide range of data that could reflect sales and 
marketing figures, survey responses, or traffic ac
cident experience . 

One of the valuable aspects of generic software 
is that most of the packages presume little tech
nical knowledge of computers on the part of the 
user. This is not to say that the programs are al
ways simple to run. (There are books written by 
third parties to help users learn some of the more 
popular generic packages.) Generic software pack
ages such as VISICALC and DB Master commonly sell 
from about $50 through $500. Although the applica
tion of some of these packages seems appropriate in 
the traffic records area, little has been done to 
test them. Furthermore, it should be remembered 
that, although these are general-applications pack
ages, once they are acquired they can be used for 
other purposes, such as administrative records. 

Special-Applications Software 

Special-applications software would be that designed 
specifically for traffic r ecords use. Although some 
of this can be developed by an agency's own data
processing peo.Pl e (in-house), ot.hers--both commer
cial and government--have developed spec ial applica
tions software that can be applied in more than one 
agency context. The deve l opment of p rograms in
house is an option that, e xcept for unus ual cir
cumstances, is usually not cost effective. Never
theless, some in-house program development is prob
ably inevitable once a small computer is installed 
on-site. The few agenc ies that have made use of 
small computers have already developed some home
grown appl ications sof tware. In some case s, local 
university students and f aculty have provided able 
assistance. For the most part, however, these pro
grams are developed for a specific use by an amateur 
programmer. Although they may be quite adequate for 
that user, in that context, the program design 
usually does not contain the error tr.apping, adapt
ability, and user friendliness desired for general 
use, nor is it normally documented adequately so 
that others may independently operate the package. 

Software specifically developed for small com
puters, to conduct traffic records analyses, is just 
beginning to become available commercially. These 
programs are limited primarily to acc ident records 
and street and co nt rol-device inve ntor ies. Little 
has been developed in the public domain. One excep
t ion is the City Accidents Rapid Evaluation (CARE) 
system deve loped by Auburn University for the state 
of Alabama <2• p. 43) • Th is s ys tem downl oads a 
city's accident records from the state tape to a 
hard disk, after special reformatting to reduce file 
size. The user is then presented with a choice of 
11 actions, including identification of high-acci
dent-rate locations, frequency distributions, and 
cross tabulations. The system has certain limita
tions, but it demonstrates the potential for appli
cation of a small computer in an interactive mode. 

Although the CARE system was developed ior u~~ uy 
cities in a particular state, it is being marketed 
commercially for general use. Other accident and 
citation analysis programs exist for small computers 
developed in-house. Those of which we are aware 
generally exhi bit the limi tations of i n- house-de
veloped software noted above . There is some promise 
of more generally usable packages, as exhibited by a 
recent report of a small-agency system now being 
tested (B, p. 102). The system consists of accident 
records,-citation records, street index , and office r 
badge files created in a hierarchical structure. 
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The prog ram al l ows the user t o s elec t among a number 
of predesigned reports i nvol ving general and loca
tion-specif ic acc i de n t and cit ation summa r i es as 
well as identification of h i gh-accident-rate loca
tions and officer activity summaries. The system is 
designed to accommodate app r oximately 1000 accidents 
and 3000 citations. Deve loped as pa.rt of university 
student course work, the system is being tested in a 
city with a population of 20 000. 

It is interesting to note tha·t, while this rela
tive paucity of development has occurred on the 
traffic records side, police crime records applica
tions and traffic engineering applications have been 
developing at a rap i d ra t e . The E>OSSE-- .system is a 
crime records ana l ys is sy s t em developed by the U.S. 
Depa r tment o f Jus tice for use by s mall departments 
on mi nicompute rs and microcomputers. I t was de
veloped to mee t t he g rowing demand by a· variety of 
local police agencies around the country. An even 
greater flurry of activity has occ urred in the 
transporta t i on planni ng and t r affic engineering 
areas of applicat ion f o r small compu t ers. A brief 
analysis of an UMTA status document (~) shows the 
extent of the development effort: 
No. of Items 

Topic Are a 
Transportation planning 

Data management 
Travel demand 
Design and evaluation 

Public transportation 
Planning and design 
Operations 

Transportation design and operations 
Data management 
Signal analyses 
Design 
Accident analyses 

Total 

Developed or 
in Process 

7 
10 

B 

11 
12 

7 
8 
l 
2 

66 

In sununary, it may be said that software avail
ability and design may represent past barriers to 
the use of the small computer in the traffic records 
area. Generic packages have not been tested in .this 
context. Applications software developed in-house 
is generally c ostly, and what is done is usually 
limi ted. Conune r cially developed, or public domain, 
packages exist but are of recent vintage and not 
widely tested. Although these may represent past 
barriers, the trend of the art is such that hence
forth there should b.e no hesitancy by an agency to 
venture into such an application. Key attributes 
that must, however, be built into the new software 
developments are end-user orientation and friendli
ness so that the package can be readily adapted for 
individual agency use and used by personnel for whom 
the computer is an unknown that is feared. 

The issue of cost is the one that initially uttracts 
attention to the small computer. In view of the 
fact that the small systems currently available can 

basic safety analyses to be conducted in a small 
community, the relatively low initial investment re
quired makes them attractive to agencies with no 
other readily available automation option. Table 2 
gives examples of two levels of systems that might 
be appropriate for this application. It demon
strates that such systems are well within the bud
gets of small agencies. 

Of course, there are costs other than those for 
the basic system. Space, materials, maintenance, 
and personnel costs are all involved. In general, 
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Table 2. Attributes of small computer systems for traffic records applications. 

Element 

Primary storage 
Secondary storage 
Printer 
Plotter 
Monitor 
Software• 

Lower Bound 

8 bit, 64K 
Two floppy disk drives 
Dot-matrix 

No color 
Utilities, data base, 

electronic worksheet 

$2500 

Upper Bound 

16 bit, 512K 
Hard disk, 20 megabytes 
Daisy wheel 
Multicolor 
Color 
Utilities, data base, 

electronic worksheet, 
word processor, statis· 
tical analysis, graphics 
generator 

$20 000 

aAs.wmu engineering applications software available in public domain. 
bAppro:idm.111t~. 

these costs are also considerably less than those 
for mainframe systems. The space required is no 
more than that needed for a normal enclosed worksta
tion . The price of the materials required is com
parable to that of many other types of electronic 
office equipment. Maintenance can be obtained on a 
contract basis, as with other office equipment, and 
at comparable fees. Personnel requirements are not 
nearly so demanding as for mainframe systems. Small 
computers and the related software are generally de
signed for an untrained end user. The personnel who 
maintain the system need not be data-pr ocessing pro
fessionals, but they do require some special train
ing, which is often available through dealers, local 
community colleges, or other adult education pro
grams. 

CONCLUSIONS 

The preceding discussion has demonstrated that hard
ware is not the issue in considering the use of 
small computers for operating a basic traffic rec
ords system in a small community. Certainly, there 
is a need for improved software that can be operated 
by personnel with no special training and can be 
adapted to meet a variety of needs. The costs as
sociated with the acquisition and operation of the 
small computer are well within the budget levels of 
small agencies, especially when the small system is 
to replace a ma inframe service for which the agency 
is bearing the costs . 

Data Quality 

There are, however, a number of other organizational 
and human-factors issues that, although a subject 
for another paper, one must consider. One of the 
key factors in achieving a useful system is the pro
vision of accurate data in the form, and at a time, 
that is appropriate to aid in making the decision 
for which it is needed. Consideration of this fac
tor points to the recurring problem of technology 
outpacing human capabilities in such areas as data 
input a nd dec isionma king . The quality a nd accuracy 
of acciden t data are below the qua lity and accuracy 
obta inable f r om the reporting s ys·tems . Thi s is ex
acerbated by the declining resources available to 
police agencies for data collect ion. Reduced report
ing levels , reduced tra ffic-law enforcement, train
ing, and general deemphasis on traffic-law enforce
ment due to community emphasis on crime control are 
a result. 

Another aspect of the data-quality issue is the 
manner in which the data are reported to end users. 
As in many other fields subject to the control of 
data-processing professionals, data are often re
ported in forms not readily understood , or used, by 
the decisionmakers and their technical advisors. Re-
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ports from such systems ha ve been highly inflex
ible. Systems are needed t hat produce reports de
signed to answer the questions at hand. Some of 
these may be recurring quest i ons , justifying 
regularly generated, standardized ou tput. But the 
unique request must be provided for in order to en
courage creativity among safety analysts by r emoving 
barriers to the accessing of information. So me of 
this is being achieved on mainframes, but apparently 
not enough. Consider the case of a large brokerage 
firm (large data files needed), as reported recently 
(10, p. 15): 

Three hundred employees at Merrill Lynch, Pierce, 
Fenner & Smith ••• have bought personal computers 
to help them in research work, analysis, adminis
tration and customer support. The company does 
not buy the personal computers for its employees, 
but when many of them started investing in their 
own equipment, it decided to help the process. 
One reason ••• why micros are so popular at Mer
rill Lynch as well as other companies is that 
centralized data-processing departments cannot 
satisfy all the needs of individual employees. 
When an executive devises a new, computerized way 
to manage a portfolio, he or she can try it out 
on a personal computer without running into de
lays that are often associated with centralized 
data-processing departments. 

Multiple Applications 

It may sometimes be difficult to justify the pur
chase of a unit with a price tag in the $5000 to 
$20 000 range for a single dedicated purpose. The 
small computer, however, offers the option of mul
tiple uses within an agency. The generic software, 
noted above, offers the agency the potential of a 
sophisticated word processor and a aata-base manager 
for personnel a nd other applications, plus any spe
cial applications for which programs may be de
veloped. This flexibility may be an important fac
tor in considering this type of investment. 

Management Barriers 

Even if the feasibility question is not an issue, 
there may remain barriers within management to the 
use of the small computer. This may arise for 
several reasons, such as lack of willingness to deal 
with something not well understood, seeing the small 
computer as a toy (confusing the $300 Atari with the 
$5000 TRS 80), concern over the loss of control with 
decentralized computing, and resistance from the 
centralized computing facilit~, which may see this 
as a threat to its existence rather than a new op
portunity for service. 

Personal Barriers 

Although the programs for small computers are de
signed for the end user and attempt to be friendly, 
there exists the fact that a computer is involved, 
This is enough to discourage many people because the 
machine is associated with the mysterious black 
boxes of the past. The potential user often asso
ciates use of such a machine with highly mathe
matical, technical competence. Thus, even when such 
a person can be convinced to try the computer, it is 
approached with a fear of failure. When the small 
computer is applied to the traffic records function, 
the system should be developed to allow clerical 
operators to be employed and to allow for technical 
analysts within the agency to use the system. Thus , 
the ultimate acceptance of such a system may depend 
on overcoming these personal barriers. 
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Need for Management 

A recent article by one of the most respected mem
bers of the data-processing community (11) contained 
the following observations: 

The language and software for creating commercial 
DP [data processing] applications are really im
proving and will continue to do so. Nonpro
cedural languages and facilities now permit many 
applications t o be created without conventiona l 
p r og rnrnming a nd in some cases per-mit t hem t o be 
o reated by end users. The i mage Of a com
puterized corporation of t he near f ut ure wh i ch 
the r eade r s hou l d keep i n mind is one i n wh ich 
many people are creating and adjusting the elec
tronic procedures. They have user-friendly soft
ware that enables them to do this rapidly. Inex
pensive computers are spreading and there is a 
terminal on most desks. The challenge for both 
DP and corporate management is: How do you con
trol this environment? The most important aspect 
of control is coordinating the data used. If this 
is not done, there will be a Tower of Babel ef
fect. 

As the small computer becomes wide·ly used, its 
use, even more than the introduction of other elec
tronic office devices, can have a marked impact on 
personnel activities and office layout and organiza
tion. The effective implementation of these systems 
requires sound management. There are many pitfalls 
in implementing a small computer system ( 12) • The 
age of application of this new technology has just 
Degun but it will soon De in full bl oom. If the po
t e ntial is not recognized anq_ planned for, by inno
vat ive management with in an agenc y, 1ater pressur e s 
for its installation will make the transition much 
more difficult. The process should be begun now. 
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Evaluating and Planning HOV Lane Enforcement 

JOHN W. Bl LLHEIMER, JULIET McNALL Y, AND ROBERT TREXLER 

The different high-occupancy-vehicle (HOVI strategies introduced on California 
freeways in recent years have Included riuorved ramps, preferential lanes, and 
bypau lanes at metered ramps. Several factors have frustrated efforts to on· 
force the traffic laws mat accompany these strategies; these include personnel 
limitations, enforcement priorities, public hostility, confusion, and physical 
constraints imposed by the geometry and engineering features of specific proj
ects. As a consequence, violations have increased on certain types of HOV 
lanes. A summary is presented of the results of a two-year study designed to 
measure and evaluate 1fle effect of different enforcement options, engineering 
futuret, and educational programs on violation ra tes for various tronJpOrtotlon 
system mnnagement freeway 1trategies and trace tho resulting impact of these 
violation rates on safoty. freeway performanca, and public attitudes. During 
the •tudy, statistics woro as.sembled on viol at.ion rates, enforcement levols, and 
operating performnnce on Callfomla HOV lanes; drivers were surveyed; special 
design features wore Investigated; and d lfferen1 levels nnd c:ombinationt of 
routino and special enforcermnt actlvlties were tested on a variety of HOV 
lanes. Violation rates were measured before, during, and after the assignment 
of Highwny Patrol officers to enforce specific HOV lanes and metered frcow:iy 
mmps, accident levels wore recorded boforo and after the in•tallation of HOV 

lanes, the benefits and costs of HOV lane enforcement were analyzed, and the 
results of the analysis were used in recommending a program of future enforce
ment for California HOV lanes. 

Adequate control of violation rates on preferential 
high-occupancy- vehicle (HOV) faci lities r equ i res an 
effective mi xture of enforcement, engineer i ng des ign 
changes, and public education. Although past oper
ating exper i ence has g i ve n t he Califor ni a Department 
of Trans por tation (Calt.rans ) and the California 
Highway Patrol (CHP) a numbe r of ins ights regarding 
the potential effectiveness of different enforcement 
strategies, engineering changes, and education pro
grams, this experience has not been documented with 
the quantitative precision necessary to identify the 
appropriate levels and mixture of these factors 
needed to obtain adequate motorist compliance. 
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The purpose of the study described in this paper 
was to provide a detailed, quantitative, and objec
tive assessment of the effects of different enforce
ment options, engineering features, and educational 
programs on violation rates for various transporta
tion system management (TSM) freeway strategies and 
to trace the resulting impact of these violation 
rates on safety, freeway performance, and public 
attitudes. 

STUDY OVERVIEW 

The investigation described in this paper covered 
nearly two years and followed a detailed study de
sign laid out by SYSTAN, Inc., in June 1979 <.!> . 
Interim reports were prepared after the sixth and 
twelfth months (2,3); the results obtained through 
the first six mo"°'i'.iths were published in an earlier 
paper (_!) • This paper summarizes the contents of 
the final project report (5) and covers the full 
span of the project, including the implementation 
phase; preenforcement and postenforcement surveys; 
four waves of special enforcement activities; inves
tigations of special design features, safety as
pects, and the costs and benefits of TSM project 
enforcement; and the development of a recommended 
program of future enforcement for California HOV 
lanes. 

Projects Evaluated 

Main-Line HOV Lanes 

In the case of main-line HOV lanes, the different 
engineering options evaluated were limited to the 
major projects currently in place on California 
freeways. These projects include the nonseparated 
right-of-way on US-101 in Marin County north of the 
San Francisco Bay Area; the preferential lane of 
Interstate 580 in Alameda County, which is separated 
from regular traffic by a buffer lane; and the 11-
mile San Bernardino Busway east of Los Angeles, 
where the preferential lane is separated from gen
eral traffic by concrete barriers on the western end 
of the freeway and by a buffer shoulder and pylons 
on the easternmost 7 miles of the project. Detailed 
descriptions of each of these projects can be found 
in the study design <.!>· 

Ramp Bypass Lanes 

In the case of ramp bypass lanes, the full spectrum 
of lane designs represented on California freeway 
ramps was tested to determine the impact of design 
characteristics on enforcement and violations . 
Existing bypass lanes were classified in groups 
according to a number of important geometric fea
tures, design choices, and performance characteris
tics, including the availability of a refuge area, 
the visibility of the enforcing officer, and the 
current violation rate. More than one-third of the 
more than 130 ramp bypass lanes operating in Los 
Angeles at the start of the study were analyzed in 
detail along with all bypass lanes in San Diego and 
the San Francisco Bay Area. In addition to the 
variety of characteristics available for analysis on 
existing ramps, certain innovative engineering op
tions were tested during the study, including 
metered HOV bypass lanes, special signing and strip
ing, and separated HOV bypass lanes. 

Other Projects 

A small sampling of metered ramps without bypass 
lanes was also investigated, as were the preferen
tial lanes at the toll plaza of the San Francisco
Oakland Bay Bridge. 
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Enforcement Options 

Different levels and combinations of routine and 
special enforcement were tested to ascertain their 
effectiveness in controlling violations both on 
newly opened projects and on those that had been 
operating for some time. CHP officers were as
signed, singly or in teams, to particular bypass 
lanes and other HOV projects for a specified number 
of days over periods of 1, 4, or 12 weeks. Typi
cally, special enforcement assignments covered the 
entire peak commuting period for 1, 2, or 4 days/ 
week. Particular attention was paid to the behavior 
of motorists after special enforcement activities 
ceased. In addition, an enhanced version of routine 
enforcement was studied in which every beat officer 
on duty during the morning and evening peaks was 
instructed to spend 10 min/day on ramp enforcement. 

Data Collection Patterns 

A typical pattern of field observations for a spe
cific HOV project is shown in Figure 1. The pattern 
called for two or three days' observation of viola
tion rates before the introduction of special en
forcement activities and then as many as five 
observations during the two months after these ac
tivities. Four waves of special enforcement were 
scheduled on ramp bypass lanes, and at least two 
separate waves were tested on each main-line HOV 
lane. 

HISTORICAL ENFORCEMENT LEVELS AND VIOLATION RATES 

Table 1 summarizes key California HOV projects dur
ing the study implementation phase, before the 
introduction of any special enforcement programs. 

Enforcement Levels 

Past citation rates on main-line HOV lanes ranged 
from a low of 4 tickets/weekday on 1-580 in Alameda 
County to 14 t .ickets/weekday on the San Bernardino 
Bul!lway. The CHP had historically relied on routine 
enforcement to control violation rates on Alameda 
County I-580 and assigned motorcycle officers to 
special enforcement duties during the evening peak 
on US-101 in Marin County. On the San Bernardino 
Busway, a combination of routine and special en
forcement had been used in which special units were 
assigned intermittently to lane enforcement. 

Violation Rates 

The percentage of vehicles using California main
line HOV lanes illegally during the spring of 1980 
ranged from 8.8 percent on the San Bernardino Busway 
to 30. 5 percent on the controversial Alameda County 
1-580 diamond lanes. Occupancy violations on the 
shoulder-separated right-of-way of the San Bernar
dino Busway averaged 7. 3 percent of all vehicles in 
the lane during the morning peak and 10.5 percent of 
all vehicles in the afternoon. These violation 
rates were lower still (estimated at 3-4 percent) on 
the portion of the busway where a physical barrier 
makes lane switching impossible. Violation rates on 
the San Bernardino Busway and Alameda County I-580 
had not increased appreciably over prior measure
ments, but the 21.5 percent violation rates recorded 
on Marin County US-101 represented an increase over 
the 5-15 percent violation rates reported roughly 
one year earlier. 

Ramp Meter Bypass Lanes 

Enforcement Levels 

In the past, the CHP had applied a policy of rela-
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tively low-priority, routine enforcement to bypass 
lanes, using available personnel to enforce the lane 
restrictions in addition to regular patrol duties. 
As the number of bypass lanes in Los Angeles ex
ceeded 150, however, the supply of bypass lanes in 
some CHP command areas actually outnumbered the 
supply of officers available for all patrol duties 
during the peak traffic periods. As a result, the 
average number of occupancy citations issued per 
bypass lane was slightly more than one per week at 
the start of this study. 

Violation Rates 

Under the prevailing enforcement policy, violations 
increased annually on most ramp meter bypass lanes 
in the Los Angeles area, and bypass lanes that had 
been operational for several years had significantly 
higher ramp violation rates than newly opened lanes. 

Before the start of this study, the average lane 
violation rate for a sampling of 39 metered ramps 
with HOV bypass lanes in the Los Angeles area was 
37.7 percent, appreciably higher than the comparable 
violation rate on any main-line HOV project in Cali
fornia. This corresponded to an average ramp viola
tion rate of 12.8 percent. In Los Angeles, the 
relative number of vehicles using bypass lanes il
legally ranged from 13.4 percent on one heavily en
forced ramp (Colorado Boulevard on LA-5) to more 
than two-thirds of all vehicles in the bypass lane 
on the Western Avenue ramp to the westbound Santa 
Monica Freeway. 

In San Diego, where the peak traffic periods are 
shorter, meters are traffic-responsive, and the HOV 
lanes themselves are meter-controlled, HOV lane vio
lation rates were found to be considerably lower 

Figure 1. Typical pattern of field observations. 
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(averaging 19. 5 percent on a sampling of seven HOV 
bypass lanes, a 3.0 percent ramp violation rate. 

Ramp Meter Violation~ 

The number of drivers who ignore meter restrictions 
by running the red light is relatively low and is 
not considered to be a major problem by either Cal
trans or the CHP, particularly because such viola
tions tend to occur when traffic volumes are low and 
ramp queues are short or nonexistent. In Los Ange
les, the level of meter violations is significantly 
higher on ramps without bypass lanes than on ramps 
with such lanes (3.8 percent versus 1 percent of all 
vehicles on the ramp) because the bypass lane itself 
provides a convenient pathway to those potential 
violators who might otherwise simply run the red 
light. 

Bridge Toll Plaza 

The lowest lane violation rate recorded on any HOV 
project in California was the 5. 4 percent violation 
rate on the San Francisco-Oakland Bay Bridge, which 
consistently offers carpoolers substantial time sav
ings of 4-5 min in addition to a toll-free trip 
across the San Francisco Bay. 

ENFORCEMENT IMPACTS 

Ramp Meter Bypass Lanes 

Special Enforcement Activities 

Four waves of special ramp enforcement activities 
were scheduled in Los Angeles, San Diego, and San 
Jose between June 1980 and August 1981. During each 
enforcement wave, officers were assigned to particu
lar ramps for a specified number of days each week 
for periods of l, 4, or 12 weeks. These special 
assignments were applied randomly and interspersed 
with periods of routine enforcement that lasted at 
least 9 weeks. The composite results of each wave 
of enforcement are summarized in Table 2. 

The first wave of enforcement was easily the most 
effective in reducing violation rates. During the 
first wave, special enforcement activities proved 
successful in reducing occupancy violations on 
almost every ramp where they were tried. Even the 
lowest levels of special enforcement (one officer, 
one day per week, for four weeks) had a significant, 
measurable impact in lowering violation rates (see 
Figure 2). Moreover, violation rates tended to 

Table 1. HOV project violation rates and routine enforcement levels: base period, spring 1980. 

Violation Data Enforcement Data Operating Data 

Lane Violation Ramp or Freeway Past Citation Apprehension Avg HOV Time Savings 
Project Rate(%) Violation Rate(%) Rate (no./ day) Rate(%) (min during peak hour) 

Main-line HOV lanes 
Nonseparated lanes 

Marin IOI 21.5 11.6 2.6 N" 
Santa Monicab 15.1 1.0 55 5-6 

Separated lanes 
Alameda 1-580 30.5 2.5 0.8 N" 
San Bernardino 8.8 10.8 3.3 5-7 

Metered ramps 
Without bypass lanes 3.8c 3.8c NA NA NA 
With bypass lanes 

0 .27d Los Angeles 37 .7 12.8 0.18 1.3 
San Diego 19.5 3.0 0.07d 0.24 0.4 

Exclusive HOV bridge lane 
San Francisco·Oakland Bay Bridge 5.4 0.7 2.4 I.I 4-5 

8Negligible, average less than 20 s. bProjec t djscon t jnued. c Meter violation rate . dPer ramp per day . 
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remain low for as long as four to eight weeks after 
the cessation of special enforcement activities. 

Although the relative effectiveness and residual 
impact of special enforcement diminished somewhat 
after the first wave, heavier enforcement levels 
(enforcement two or more times a week) still caused 
violation rates to decline (see Figure 3) , and the 
lower enforcement levels (enforcement once a week or 
less) generally managed at least to keep rates from 
rising and maintain earlier reductions. 

Table 2. Composite impacts of successive special enforcement waves. 

Ramp Violation Rate(%) 

Enforcement Period 
No. of 

Wave Time Period Ramps Before During After Change 

First June-September 1980 37 11.8 7.6 7.9 -32.7 
Second September-December 27 8.9 7.8 7.9 -12.2 

1980 
Third January-April 1981 34 8.7 7.1 7.4 -14.3 
Fourth May-August 1981 32 8.6 6.7 7.2 -16.9 

Figure 2. Composite enforcement impacts: low enforcement levels. 
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Figure 3. Composite enforcement impacts: high enforcement levels. 
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At the close of the fourth wave, violation rates 
on the ramps subjected to special enforcement stood 
at 6. 5 percent, a 45. 4 percent reduction below the 
11. 9 percent rate that characterized those ramps at 
the start of the study. In all, almost 10 000 cita
tions were issued during special ramp enforcement 
efforts, and the number of violations on the average 
ramp dropped by 72 violations/day. The median span 
of time before violation rates approached preen
forcement levels was two weeks after the later waves 
of enforcement compared with eight weeks after the 
first wave. 

Special Enforcement Tactics 

The most popular and effective tactic for enforcing 
ramp bypass lanes required that officers park their 
vehicles beyond the meter and assume a stationary 
position in order to wave violators over to a safe 
refuge area where a citation could be issued. Of
ficers who were able to stand out of the view of 
potential violators issued more citations per day 
than officers who assumed more visible positions. 
Some officers appreciated the extra marg'.n of safety 
afforded by in-view enforcement, however, and these 
officers tended to be no less effective in reducing 
violations. Violations were somewhat slower in 
returning to preenforcement levels when enforcement 
officers took up less visible positions. 

Enforcement tactics involving vehicle pursuit 
were much less efficient than stationary enforcement 
in generating citations, reducing violations, and 
providing a cautionary example to other ramp users • 

Effect of Violation Levels 

Special enforcement was most effective on ramps 
where violation rates were medium or high to begin 
with (see Figure 4). On ramps where violation rates 
were already low (i.e., less than 6.5 percent), spe
cial enforcement was less effective in reducing 
occupancy violations further and violation rates 
returned to preenforcement conditions much faster. 
This suggests that there is a practical limit on the 
reductions that can be brought about by enforcement 
and, consequently, that special enforcement efforts 
should not be made in an attempt to make tolerably 
low violation rates lower still. 

The need to relate enforcement levels to existing 
violation rates underscores the need for close, con
tinuing cooperation between the enforcement agency 
and the agency responsible for maintaining, operat
ing, and monitoring ramp meter bypass lanes. 

Duration of Special Assignments 

Twelve-week periods of enforcement were not found to 
be significantly more effective than four-week peri
ods either in reducing violations further or in gen
erating longer residual impacts. The diminished 
effectiveness of longer periods of enforcement, 
coupled with the lessened impact of later waves of 
special enforcement and the difficulty of driving 
ramp violation rates below 4 or 5 percent, suggests 
that enforcement impacts are subject to a law of 
diminishing returns. 

Number of Officers 

Assigning two officers to a single ramp was almost, 
but not quite, as effective as assigning a single 
officer for twice as many days (see Figure 5). On 
some heav:ily violated ramps, the officers preferred 
working in pairs so that fewer violators went un
ticketed and help was close at hand in the event 
that apprehended drivers became unruly while waiting 
to be ticketed. 
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Figure 5. Effect of multiple officers. 
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Impacts on Traffic Flow 

As special enforcement encouraged more single
occupant automobiles to Join the metered queue 
rather than use the HOV lanes illegally, queue 
lengths grew and the average delay encountered by 
drivers entering Los Angeles freeways rose from 45 
to 54 s. In addition, special ramp enforcement ac
tions were found to reduce speeds on adjacent free
ways by between 20 and 30 percent in the vicinity of 
tne ticketing activity. 

Start-Up Strategies 

Start-up enforcement strategies were tested by se
lecting matched pairs of newly opened ramp bypass 
lanes similar in geometric configuration and en
forcement visibility and initiating special enforce
ment activities on one ramp of each pair while re
stricting the other ramp to low-priority routine 
enforcement. Special enforcement activities lasted 
for four weeks and were repeated quarterly on cer
tain ramps. After one year of ramp operation, ramps 
that received special enforcement during the opening 
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weeks had significantly lower violation rates than 
their opposite numbers. The composite ramp viola
tion rate on ramps with special enforcement was 7.3 
percent compared to a rate of 14.0 percent on con
trol ramps exposed only to routine enforcement. 
Figure 6 shows violation rates measured during the 
first year of operation for a matched pair of bypass 
lanes on the San Diego Freeway in Los Angeles. 

Special enforcement activities should be initi
ated immediately after a ramp is opened and be con
tinued for at least two days a week during the first 
month of operations. If an initial grace period is 
desired, it should last no more than a week and 
should generally not be publicly announced. Offi
cers should be present throughout that week to issue 
warnings, answer questions, and instill a degree of 
respect for the HOV restrictions. 

Routine Enforcement 

In the absence of special enforcement, routine en
forcement proved to be an ineffective means of con
trolling ramp violation rates. Under a policy of 
routine enforcement, ramp violation rates in Los 
Angeles had risen steadily before the start of this 
study. Attempts to increase routine enforcement 
levels by requiring officers to spend 10 min each 
day on ramp enforcement also proved ineffective. 
Such efforts produced a low level of citations, were 
difficult to direct and control, were unpopular with 
some officers, and tended to encourage one-shot en
forcement tactics that involved pursuit rather than 
a sustained effort from a stationary position. 

Routine ramp enforcement can be effective if ap
plied in conjunction with special enforcement in a 
selective enforcement program. Violation rates rose 
relatively slowly during the periods of routine en
forcement between special enforcement sessions on 
sample ramps. As drivers became aware of special 
enforcement activities on sample ramps, moreover, 
violation rates dropped on other routinely enforced 
ramps. On six Los Angeles ramps subjected only to 
routine enforcement, violation rates dropped 20 per
cent between the first and fourth waves of special 
enforcement. 

MAIN-LINE HOV LANES 

Special Enforcement Activities 

Two waves of special enforcement activities were 
scheduled on each main-line HOV lane in California 
between May 1980 and June 1981. During the first 
wave, from two to four additional officers were 
assigned to each project for a two-week period in 
May 1980. During the second wave, a similar number 
of officers were assigned to enforcement throughout 
either the morning or evening commuting hours (but 
not both) for a period of four weeks. 

The first wave of special enforcement reduced 
violation rates significantly on all three proj
ects. Violation rates on both Alameda County I-580 
and the San Bernardino Busway remained lower than 
preenforcement levels for at least eight weeks, when 
the summer vacation period began. On US-101 in 
Marin County, there were large reductions in viola
tion rates during both the morning and evening peaks 
even though special enforcement activities were only 
scheduled during the evening commuting hours. The 
percentage reduction, however, was smaller in the 
morning, and conditions returned to normal faster. 

On both I-580 and the San Bernardino Busway, the 
second enforcement wave reduced violation rates dur
ing both commuting periods even though special en
forcement was limited to the evening peak in Alameda 
County and the morning peak on the San Bernardino 
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Figure 7. Impact of meter rate on ramp violations. 
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Busway. Violations returned to preenforcement 
levels within two to six weeks after special en
forcement ceased. For the morning peak in Alameda 
County and the evening peak on the busway, however, 
these violation levels were significantly lower than 
those measured a year earlier at the start of the 
study, In Marin County, violation rates fluctuated 
wildly after the second enforcement wave and reached 
levels considerably higher than those measured be
fore enforcement. During the morning peak period, 
which had received only relatively low levels of 
routine enforcement throughout the study, violation 
rates on US-101 had doubled by the close of the 
study. There was no significant increase during the 
evening peak, during which there were h i ghe r le.vels 
of routine enforcement than on any o the r HOV project. 

The results of the study suggest that a program 
of selective enforcement in which a month of special 
enforcement is undertaken at relatively infrequent 
intervals can control violation rates on main-line 
HOV lanes as long as routine enforcement is not 
neglected during the intervening periods. Routine 
enforcement levels averaged 2 citations/peak period 
on I - 580, 4/period on the San Bernardino Busway, and 
nearly 11/period during the e vening peak on US-101. 
It is cost effective to concentra t e special enforce
ment during any month in a single peak period as 
long as neither peak is neglec t e d in the long run. 
Enforcement should be concentrated most of ten in the 
direction that least interferes with traffic flow. 

Impact of Enforcement on Traffic Flow 

When main-line lanes are congested, special enforce
ment activities can cause further traffic disruption 
as gawkers slow to observe ticketing activities. To 
minimize the effect of these activities on main-line 
flow, special enforcement officers should avoid 
bunching together, limit stacking so that no more 
than one car is waiting to be ticketed at any time 
(in addition to the vehicle being cited), re l ease 
cited motorists into the busway rather than into the 
main-line lanes , and avoid pursuing violators across 
several lanes of traffic. 

DESIGN IMPLICATIONS 

Several aspects of HOV project design have a criti
cal bearing on enforcement and violation rates. 
Foremost among these are the need for collaboration 
between design and enforcement agencies early in the 
planning process and the need for adequate refuge 
areas to support field enforcement activities. 
Early collaboration between design and enforcement 
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agenc ies will (a) o pen a channel of c ommunication 
and promote cooperative re lations , (b) ensure that 
enforcement costs will be reflected in budget pro
jections and alter native s a na lysis, (cl inco rporate 
enforcement requirements in pro ject design, and (d) 
provide advance warni ng so that field o fficers can 
be a lerted to special enforcement requirements. 
Adequate refuge areas for apprehending and ticketing 
violators are essential for the safe and efficient 
enforcement of ramp meter bypass lanes, main-line 
HOV lanes, and exclusive lanes to toll plazas. 

.Ramp Meter Bypass Lanes 

Impact of Design on Violations 

Delay 

Driver delays on metered ramps are a function of 
both queue lengths and the designed metering rate. 
Little correlation was found between the duration of 
these delays and ramp violation rates. Although 
violation rates under conditions of routine enforce
ment increased slightly with the delay in the queue, 
increasing to an average of 19 percent for delays of 
2 min, the violation rate recorded for delays of 
less than 20 s was a still formidable 12 percent. 
Because drivers tended to overestimate the time to 
be saved by using the ramp bypass lanes, even the 
shortest delays were accompanied by significant vio
lation rates. Short delays were not uncommon on Los 
Angeles and San Diego ramps: the majority of the 
data points recorded by roadside observers showed 
delays of less than 20 s. 

Metering Rate 

Although violation rates varied widely and unpre
dictably with ramp conditions, there was some evi
dence to suggest that drivers' perceptions of delay 
stemmed not so much from the queue length as from 
the metering rate. Given the same delay, drivers 
appeared to be more willing to stay in a long queue 
that was moving relatively fast than in a short 
queue that was moving slowly because of a long red 
phase in the meter cycle (see Figure 7). 

Visibility 

Geometric conf.igurations that hid patrol officers 
from the view of potential violators contributed 
surprisingly little to the effectiveness of enforce
ment activities. Special enforcement actions taken 
from hidden positions had slightly longer residual 
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impacts than enforcement actions taken in full view 
of motorists entering the ramp. From the standpoint 
of reduced violation rates, however, the differences 
between the results of ramp enforcement actions 
taken from visible and nonvisible positions were 
neither striking nor statistically significant. 
Visible enforcement proved to be nearly as effective 
as nonvisible enforcement, and many officers felt 
that added visibility increased the safety margin 
associated with roadside enforcement. 

Special Striping 

During the first six months of bypass lane opera
tion, sample ramps with bold stripes painted to form 
a continuous diamond pattern had significantly lower 
violation rates than ramps with conventional strip
ing. As time went on, however, the deterrent effect 
of special striping apparently diminished, and after 
nearly two years of operation comparison tests 
showed no significant difference between violation 
rates on routinely enforced ramps with and without 
special striping. The first wave of special en
forcement caused violation rates to drop appreciably 
on ramps with and without special striping, and the 
presence of special striping apparently had little 
impact on violation rates during and after special 
enforcement activities. 

Deli neat ors 

Candlestick delineators separating the HOV lane and 
general traffic lane had no measurable effect on 
violations, and the short life span of the delin
eators made their use expensive as well as inef
fective. 

Trapping Ramps 

Certain ramp designs have the potential for trapping 
law-abiding drivers against their will in reserved 
lanes, particularly when left turns are permitted 
from a surface street onto a ramp where the left
hand lane is reserved for buses and carpools. Vio
lation rates are almost universally higher on these 
ramps when the right-hand lane overflows onto the 
surface street so that left-turning vehicles are 
trapped in the carpool lane. Such "trapping" de
signs pose special problems for both drivers and 
enforcing officers and should be avoided if possible. 

Problems are minimized on such ramps, and viola
tion levels respond to enforcement efforts, when 
overflows are infrequent and relatively few auto
mobiles make the turning movement that springs the 
trap. When most of the vehicles entering a ramp 
make the turning movement that can potentially leave 
them trapped in the carpool lane, however, violation 
rates are not likely to respond to enforcement. In 
such cases, carpool restrictions should be avoided 
and all lanes should be opened to general traffic. 

Metering HOV Lanes 

Violation statistics in California provide no strong 
support for or against metering the HOV lane it
self. With pretimed meters, more drivers run the 
red signal when both lanes are metered (3 percent 
versus 1 percent of all drivers on ramps with an 
unmetered bypass lane) because the HOV lane no 
longer provides a convenient avenue around the 
metered signal. Meter violations are not noticeably 
higher when both lanes are metered with traffic
responsive meters because the meters tend to be in
operative during slack periods when meter violations 
would be highest. Enforcement actions are somewhat 
simpler and safer when both lanes are metered be-
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cause occupancy violators are generally traveling 
slower after stopping to observe the red signal. 

Impact of Violations on Freeway Performance 

Less than 20 percent of the drivers using ramp by
pass lanes illegally do so through maneuvering that 
could represent a direct safety hazard to other 
drivers. By us i ng bypass lanes illegally, however, 
all violators represent an indirect threat to the 
long-term time savings, accident relief, and other 
benefits obtainable through metered ramp control. A 
sensitivity analysis undertaken on a model of a 
single roadway, the Santa Monica Freeway, suggested 
that violations are likely to have a disproportion
ate impact on these benefits. 

The relation of ramp violations to freeway flow 
is heavily dependent on the characteristics of the 
individual roadway, the number of ramps provided 
with bypass lanes, and the metering strategy se
lected. In most cases, however, the following gen
eral design procedures should limit the adverse im
pacts of ramp violations on freeway flow: 

1. Designers should treat the possibility of 
violations explicitly and assume that a violation 
rate of 5 percent will exist on all ramps provided 
with HOV bypass lanes. Metering rates should be set 
to accommodate this level of violations. 

2. Sensitivity analyses should be undertaken to 
identify those critical ramps (generally those ramps 
just upstream from bottlenecks) on which violations 
are likely to have the most negative impact on free
way flow. On these ramps, designers should either 
provide no HOV bypass lanes or build into the meter
ing rate a safety factor greater than the 5 percent 
level suggested above to offset the adverse impacts 
of violations. 

Main-Line HOV Lanes 

Hours of Operation 

On US-101 in Marin County, violations tend to 
cluster on the fringes of the morning and evening 
operating hours; a high proportion occur just after 
restrictions come into play at 6 :00 a.m., again at 
4:00 p.m., and just before restrictions are removed 
at 9:00 a.m. and 7:00 p.m. In the case of I-580 in 
Alameda County, preferential lane restrictions begin 
officially on Monday at 6:00 a.m. and are legally in 
force until Friday at 6:00 p.m. However, an unusu
ally high proportion of violations occurs between 
6:00 p.m. and 7:00 p.m. every weekday, which sug
gests that a large number of drivers wrongly in
terpret the operating hours to be 6:00 a.m. to 6:00 
p.m., Monday through Friday . In this case, a sig
nificant proportion of peak-period violations could 
be eliminated by either redesigning the signs or 
changing the operating hours. 

On the separated right-of-way of the San Bernar
dino Busway, violations during the evening peak 
coincide with peak traffic volumes whereas viola
tions during the morning peak are concentrated dur
ing the first hour of lane operations, when darkness 
and CHP shift changes combine to create a lull in 
enforcement activities. 

The limited number of projects examined provides 
little insight into the question of whether all-day 
operation is preferable to peak-period operation for 
main-line HOV lanes. The opening of such lanes to 
all-day operations is not likely to increase either 
violation level or enforcement requirements appre
ciably and may simplify signing problems and reduce 
confusion during the changeover times. At the same 
time, it is impossible to enforce occupancy restric-
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Table 3. Accident rates on main·line HOV lanes . 

Morning Peak Evening Peak 

Increase over Before Increase over Before 
Before HOV Period(%) 
(accidents 
per million First 

lane Type Project vehicle miles) HOV Year 

Nonseparated Marin County US-101 1.71 -17 
Santa Monica Freeway 1.36 +201 
San Francisco-Oakland Bay 4.86 +210 

Bridge Toll Plaza 
Buffered Alameda County 1-580 1.50 -40 

San Bernardino Bu sway, 1.72 -20 
eastern segment 

Physically separate San Bernardino Bus way, 1.1 5 -21 
western segment 

tions after dark, and the additional hours of HOV 
lane operation at times when there is no time ad
vantage to be gained from using the lane are not 
likely to encourage many additional carpools. 

Refuge Area 

Both the San Bernardino Busway and I-580 have ade
quate refuge areas either on the buffer strips sepa
rating the preferential lanes from general traffic 
or on the median. The absence of such areas on 
US-101 highlights the need for suitable refuge areas. 

On US-101, the lack of buffers separating the 
carpool lane from general traffic, coupled with the 
narrowness of the lanes and the absence of a median, 
made it necessary for officers to escort violators 
across heavy traffic to issue citations on the 
shoulder of the roadway. Because patrol cars had 
particular difficulty making the maneuvers needed to 
pursue and apprehend violators under these circum
stances, motorcycle patrols had to be used for spe
cial enforcement. In this case, then, certain proj
ect design features made enforcement difficult and 
required the use of special officers. Surveys 
showed, moreover, that the need to issue tickets on 
the shoulder of the roadway at a location well re
moved from the preferential lane left many drivers 
unaware that the lane restrictions were actually 
being enforced. 

Lane Separation . 
By the close of the study, it appeared that the 
degree of separation between general traffic lanes 
and the preferential lanes had a measurable impact 
on violation rates. Lane violation rates were low
est ( 3-4 percent) on the lightly enforced western 
section of the San Bernardino Busway, where a physi
cal barrier made lane switching impossible, and con
siderably higher (27 percent) on heavily enforced 
Marin County US-101, where there was no separation 
whatever between preferential and general lanes. 
Violation rates were also low ( 7 percent) on the 
buffer-separated portion of the San Bernardino Bus
way. Violation rates were highest (36 percent) on 
the lightly enforced buffer-separated lanes of the 
controversial I-580 project in Alameda County. 

SAFETY IMPLICATIONS 

Metered Ramps and Bypass Lanes 

For a sample of freeways under ramp control, acci
dent rates on the freeways alone dropped 10. 4 per
cent, from 1.15 to 1.03 accidents/million vehicle 
miles, after the introduction of ramp metering. At 

Before HOV Period(%) 
(accidents 

Subsequent per million First Subsequent 
Years vehicle miles) HOV Year Years 

-39 4 .18 +122 +62 
1.76 +221 

+56 

-79 1.67 -11 -29 
-15 1.24 +94 +36 

-29 2.34 -22 -39 

the same time, accident rates on the ramps increased 
significantly, nearly tripling during the first year 
of meter control. Whereas accident rates dropped in 
subsequent years on ramps without bypass lanes, 
accidents on bypass ramps showed no sign of de
cline. Accident rates appeared to be highest and 
most persistent on ramps with high violation rates. 

Even with the increases associated with metering 
and bypass lanes, the annual incidence of ramp acci
dents was relatively infrequent, averaging one peak
period accident every three years on a ramp with a 
bypass and one peak-period accident every four years 
on a metered ramp without a bypass. This increase 
was not sufficient to offset the decline in freeway 
accidents associated with ramp control. Total sys
tem accidents after ramp metering amounted to 1.28 
accidents/million vehicle miles, a decline of 4.5 
percent below premetering accident rates. (Acci
dents were measured during the peak periods of traf
fic flow and meter operations.) 

Main-Line HOV Lanes 

Table 3 summarizes accident statistics for several 
main-line HOV projects in California. Accident 
levels increased dramatically during the first year 
of operations on those three projects--US-101 in 
Mar in County, the Santa Monica diamond lanes, and 
the San Francisco-Oakland Bay Bridge Toll Plaza-
where there was no separation between the HOV lane 
and general traffic lanes. Although accident rates 
subsequently declined on US-101 and the Bay Bridge, 
these rates remained significantly higher than pre
project levels five years after project implemen
tation. 

On the two projects where the HOV lane was sepa
rated from general traffic either by a buffer lane 
or a physical barrier--Alameda County I-580 and the 
San Bernardino Busway--there was no upward surge in 
accident rates during the first year of project 
implementation. In fact, accident rates have de
clined steadily on all sections of the San Bernar
dino Freeway since the implementation of the bus
way. No trends are discernible on I-580, where the 
relatively low accident levels fluctuate from year 
to year. 

The increases in accident rates that accompanied 
barrier-free preferential lanes raise serious ques
tions regarding the suitability of this design in 
certain settings. These questions appear to exist 
whether the lanes are created by reserving an exist
ing lane, as was done on the Santa Monica Freeway, 
or by creating an entirely new lane, as was done in 
Marin County. Short segments of barrier-free HOV 
lane operation--as on toll plazas, ramps, and free
way-to-freeway connectors--are not likely to gen-
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erate accident increases great enough to offset the 
benefits of the carpool lane itself. Long stretches 
of barrier-free main-line HOV lanes operating next 
to stop-and-go traffic, however, can easily cause 
unacceptable increases in accident rates. 

DRIVER ATTITUDES 

Survey Results 

Surveys mailed to a sample of single drivers, car
poolers, ~nd carpool lane violators on 13 sample 
projects before and after special enforcement activ
ities led to the following conclusions regarding 
driver attitudes. 

General Attitudes 

Although the differences between violators, carpool
ers, and general users on a particular project are 
few and generally predictable, there are major dif
ferences in the attitudes and perceptions of users 
of individual projects. This was especially true on 
the main-line HOV lanes. All classes of drivers on 
the controversial I-580 project in Alameda County 
viewed the preferential lanes unfavorably. Drivers 
using US-101 in Marin County, the San Francisco
Oakland Bay Bridge, and the San Bernardino Busway 
were generally more tolerant of HOV projects: rela
tively few drivers on these three projects opposed 
the idea of more freeway lanes for carpools. Among 
the users of ramp bypass lanes, San Diego drivers 
viewed the idea of dedicated freeway lanes more 
favorably than Los Angeles drivers. 

Perceptions of Enforcement 

Drivers are significantly more aware of in-place, 
in-view enforcement than of enforcement that re
quires pursuit and ticketing on freeway shoulders. 
This distinction was particularly evident before 
special enforcement activities were initiated. 

On the San Bernardino Busway, where violators are 
usually apprehended and ticketed in the buffer lane 
in full view of passing motorists, only 13 percent 
of all respondents said they had never seen the CHP 
ticketing violators. On Marin County US-101, how
ever, where the CHP must escort violators to the 
side of the freeway before issuing tickets, 22 per
cent of all respondents reported that they had never 
seen an occupancy citation issued. On one San Diego 
ramp that had an ample refuge area where CHP of
ficers could stand and wave over violators in full 
view of other drivers, 25 percent of all respondents 
reported that they had never seen a citation issued 
for illegal use of the carpool lane. On a nearby 
ramp with a scanty refuge area that forces officers 
to pursue violators and issue tickets some distance 
from the ramp, the corresponding percentage was 70 
percent. 

Although special enforcement activities signifi
cantly improved driver awareness of enforcement on 
the surveyed projects, a surprisingly high percent
age of drivers using the ramps with bypass lanes 
remained oblivious to the presence of enforcement. 
After three waves of

0

special enforcement, between 15 
and 45 percent of the drivers on the sample ramps 
reported that they had never seen a driver ticketed 
for using the bypass lanes illegally. More than 
two-thirds of all drivers surveyed felt that en
forcement levels "stayed about the same" during the 
year of special enforcement. 

Drivers themselves perceive a need for more en
forcement. Only about 10 percent of the drivers 
interviewed before the first wave of enforcement be
lieved that current enforcement levels were suffi-
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cient. This was uniformly true on all projects sur
veyed except Alameda County I-580, where 33 percent 
of the respondents believed that there was no need 
for the CHP to enforce more often. 

Perceptions of Ramp Metering 

Ramp users have mixed feelings regarding the bene
~its of ramp metering. Although more than two
thirds of all drivers believed that metering had 
improved flow, less than 21 percent believed that it 
had shortened their individual trip times. 

Perceptions of Violations 

Drivers tended to overestimate low violation rates 
and underestimate high violation rates. Although 
drivers appeared to be sensitive to major improve
ments in the violation picture, they were not likely 
to detect changes in the range below a 25 percent 
lane violation rate (or a 6.5 percent ramp violation 
rate). 

Most drivers feel that HOV lane violations are a 
minor problem. Drivers on the San Bernardino Busway 
and the Guadalupe Expressway felt that violations 
represented a more serious problem than did drivers 
on other projects, whereas drivers on I-580 in 
Alameda County were less concerned than other 
drivers about the presence of violators. Forty
three percent of the I-580 respondents thought that 
violators were no problem whatsoever, which presum
ably reflects the adverse media publicity and public 
hostility directed toward that project. 

Perceived Time Savings 

Violators, carpoolers, and general drivers alike 
greatly overestimate the average time savings af
forded by HOV lanes (see Figure 8). This tendency 
to perceive greater time savings in the carpool lane 
undoubtedly makes the carpool lanes appear more 
attractive to drivers than to statisticians compar
ing raw numbers, and indicates that there may be a 
psychological advantage in providing a carpool lane 
even when the available time savings appear min
imal. The illusion of greater time savings also 
helps to explain the relatively high violation rates 
observed on ramps in the face of negligible delays. 

Driving Records 

HOV lane violators are likely to have poorer overafl 
driving records than nonviolators. An examination 
of driver records on main-line freeway lanes, 
bridges, and other HOV projects that serve drivers 
from a wide range of geographic areas showed that 
HOV lane violators on these projects had signifi
cantly worse driving records than nonviolators. On 
ramp bypass lanes that serve narrowly circwnscribed 
geographic areas, however, few differences were 
found between the driving records of violators and 
nonviolators using a particular ramp. Nonetheless, 
comparisons among different ramps showed a strong 
correlation between the records of all drivers using 
the ramp and the ramp violation rate: The worse the 
driving record, the higher was the ramp violation 
rate. 

Repeat Violations 

The relatively low incidence of repeat violations 
over short periods suggests that HOV lane violation 
rates tend to reflect the actions of a large number 
of drivers transgressing at infrequent intervals 
rather than the day-to-day actions of a small group 
of repeaters. There was, however, a small group of 
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Figure 8. Actual and perceived HOV lane time savings. 
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persistent repeaters on certain projects who managed 
to remain undaunted by the first year of special 
enforcement. 

PUBLIC INFORMATION 

Med i a Coverage 

Media coverage of California's HOV projects has 
tended to be sporadic and generally negative. Nega
tive coverage has peaked during election years and 
has tended to focus on individual projects rather 
than on the concept of preferential lanes. In Los 
Angeles, the Santa Monica Freeway diamond lanes were 
mauled by the media whereas the San Bernardino Bus
way, further east on the same Interstate route, has 
generally been treated fairly and favorably. In the 
San Francisco Bay Area, Alameda County I-580 is the 
focus of predominantly negative press coverage and 
hostile public opinion whereas Marin County US-101 
goes virtually unnoticed and the Bay Bridge toll 
plaza receives moderately favorable coverage. 

Although it is impossible to quantify the impact 
of media coverage and public attitudes on violation 
rates, it is worth noting that the two California 
HOV projects that have received the most favorable 
press notices--the San Bernardino Busway and the San 
Francisco-Oakland Bay Bridge--have the lowest lane 
violation rates of all the projects included in this 
study. On the other hand, if media popularity were 
the sole criterion governing HOV lane compliance, 
the Santa Monica diamond lanes would have been 
packed bumper-to-bumper with violators. As it was, 
lane violation rates on this manifestly unpopular 
project fluctuated between 10 and 20 percent, well 
below the levels recorded on ramp bypass lanes, 
US-101, and I-580. 

Educat i on Campaigns 

Education campaigns aimed at instructing the public 
regarding HOV lanes make use of many channels, in
cluding news releases, media campaigns, ramp and 
freeway handouts, driver education courses, public 
speeches, mailed brochures, freeway signs, and the 
driver's handbook published by the Department of 
Motor Vehicles. These campaigns tend to be con
centrated at the beginning of a project to announce 
the opening date, explain the purpose of the proj
ect, and outline proper use of the new facility. 

As with media coverage, it is difficult to gauge 
the impact of education campaigns on violations. An 
informal poll of violators taken by CHP officers 
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revealed that relatively few apprehended violators 
( 15 percent of those surveyed) pleaded ignorance of 
the law, which suggests that existing education pro
grams have· at least made noncarpoolers aware of the 
illegality of using the lanes. A previous study by 
Caltrans concluded that freeway handouts had little 
impact on violation rates. 

As part of the current study, it was determined 
that a two-month radio and television campaign using 
public service announcements had no impact on ramp 
violation rates in the San Diego area. Although 
effective public information programs are essential 
at the time a project is introduced and may increase 
public acceptance during the life of the project, 
there is no evidence to date that they are able to 
affect violation rates. 

PROPOSED ENFORCEMENT PROGRAM 

A consideration of the effects of different enforce
ment options and design features on HOV project vio
lation rates and the resulting effect of violations 
on freeway performance, safety, and public attitudes 
led to the development of a proposed enforcement 
program for HOV projects on California freeways. 
The proposed program was designed to keep both the 
costs of enforcement and the resulting violation 
rates within reasonable bounds. 

Ramp Meter Bypass Lanes 

Criteria for Tolerable Violation Rates 

The task of keeping violation rates within reason
able bounds implies an ability to determine a toler
able or acceptable violation rate. Criteria for 
establishing tolerable ramp violation rates would 
include safety, freeway operations, public atti
tudes, legal integrity, and practicality. This 
study has provided insights into the impact of vio
lations on several of these important criteria. 

Safety 

Less than 20 percent of the drivers who use ramp 
bypass lanes illegally do so through maneuvering 
that presents a direct safety hazard to other driv
ers. However, there is some statistical evidence 
that accident levels are significantly higher on 
ramps with high violation rates. Furthermore, in
creased violations reduce the effectiveness of the 
ramp metering system and tend to nullify the freeway 
accident reductions that result from entry control 
(discussed further in the following paragraph) • 
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Figure 9. Ramp enforcement program. C.ALTRANS Violation 
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Figure 10. Average benefits and costs 
per ramp for metered-ramp/bypass-lane 
configuration. 

INITIAL INVESTMENT 
$ 27,000 (ramp meter) 

4,000 (bypass lane) 

TOTAL INVESTMENT: 
$31,000 

ANNUAL COSTS 
$1,500 (operations) 

3,000 (maintenance) 
235 (pawcr) 
481 (lncre=d ramp accidents) 

$336 to $2,6!\4 
(traffic disruption resulting 
from enforcement) 

$838 to $8,549 
(out-of-pocket 
enforcement costs) 

TOTAL COSTS: 

AVERAGE ANNUAL BENEFITS 
$9,255 (improved freeway travel times) 

815 (reduced freeway accidents) 
717 (priority entry time savings) 

$1,577n (savings per new carpaol formed) 

Violation Rate 
High 
Medium 
Low 

(Overtime) (New Personnel) 
$ 6,054 to $ 6,281 

TOTAL BENEFITS: 
$10,787 + $1,S77n 

(where n = number of new 
carpools formed) 7,495 to 8,177 

10,535 to 11,858 

Freeway Operations 

By using bypass lanes illegally, all violators 
threaten the time savings, accident reductions, and 
other benefits obtainable through metered ramp con
trol. For any particular freeway, the impact of 
violations on freeway flow will depend on roadway 
characteristics, the number of ramps provided with 
bypass lanes, and the metering strategy selected. A 
sensitivity analysis of a single freeway, however, 
suggests that ramp violations can have a dispropor
tionate impact on freeway flow. Violation rates of 
20 percent on the sample freeway brought about a 34 
percent reduction in passenger time savings. Viola
tion rates of less than 10 percent had a less pro
nounced impact. 

Public Attitudes 

The majority of the public regards ramp violations 
as a minor problem and tends to overestimate low 
violation rates and underestimate high violation 
rates. Drivers are not likely to be sensitive to 
changes in ramp violation rates below the 6. 5 per
cent range. Law enforcement agencies should be 
alert to public complaints about violation rates, 
however, and respond with special enforcement when 
such complaints are aired. 

Practicality 

It is virtually impossible to get ramp violation 
rates significantly below 5 percent, even with rela
tively heavy levels of enforcement. These violation 
rates should definitely be tolerated; in fact, 
metering strategies should be designed to accommo
date a 5 percent violation rate. 

Program Description 

In the light of these conditions, a proposed en
forcement program was designed to meet the following 
objectives: 

l. Reduce violations dramatically on ramps with 
violation rates greater than 12 percent (particu
larly on ramps with violation rates in excess of 20 
percent) , 

2. Control violation rates and achieve further 
reductions on ramps with violation rates between 6.5 
and 12 percent, and 

3. Maintain violation levels on ramps with low 
violation rates (less than 6.5 percent) through a 
program of routine enforcement and a minimum amount 
of special enforcement. 

An overview of the proposed ramp enforcement pro-
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gram is shown in Figure 9. The proposed program 
combines the annual monitoring of violations wi th 
scheduled applications of special enforcement in
terspersed with long stretches of routine enforce
ment: 

1. Ramps with medium and high violation rates 
require twice-yearly applications of four-week peri
ods of special enforcement. 

2. Ramps with low violation rates (6.5 percent 
or less) will receive relatively low levels of spe
cial enforcement once a year. 

3. Newly opened bypass lanes will receive four 
weeks of special enforcement at the levels recom
mended for ramps with medium and high ~iolation 

rates during the first month of operation. 

The proposed program will require the following 
commitments of officer time: 

Level of 
Violation 
Rate 
Low 
Medium 
High 

Enforcement (h/year) 
Rou tine Special Total 

6 16 22 
7 48 55 

48 96 144 

The enforcement levels recommended on ramps with 
medium and high violation rates are analogous to 
those that proved effective in reducing violation 
rates on comparable ramps during this study. As the 
proposed enforcement program progresses, it is an
ticipated that more and more ramps will be shifted 
into the low category, where they will require mini
mum attention. 

Costs 

The costs of the proposed program amount to an aver
age of $1365/ramp if current officers receive over
time pay for spec i al enforcement and $2000/ramp if 
new personnel are hired specifically for the program. 

Operational Benefits and Costs 

The out-of-pocket costs of the proposed enforcement 
program are roughly commensurate with the societal 
costs incurred in delays and increased freeway acci
dents if violations are not controlled. Figure 10 
shows an overview of the average costs and benefits 
associated with a single metered-ramp/bypass-lane 
combinat ion . (The costs and benefits s hown in Fig
ure 10 reflect ave rage values t hat assume that all 
ramps have an equal impact on freeway flow. This is 
not the case, and it is possible that a low level of 
violations on a few critically positioned ramps 
could negate most of the positive benefits of ramp 
metering . ) 

Even if a bypass lane generates no additional 
carpools, the average annual benefits from install
ing a ramp meter and bypass lane comfortably exceed 
the average annual costs of ramp operations and en
forcement on all but high-violation ramps. Although 
the effectiveness of ramp bypass lanes in encourag
ing the formation of new c a r pools is not well under
stood, even a modest degree of success in this area 
will generate enough benefits to offset both the 
cost of enforcement and the initial investment in 
the average bypass lane. 

Main-Line HOV Lanes 

Criteria for Tolerable Violation Rates 

As in the case of ramp meter bypass lanes, questions 
of safety, freeway operations, and public attitudes 
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have been explored in attempting to define a toler
able violation rate for main-line HOV lanes. 

Safety 

Although it is impossible to correlate accident 
rates with violation rates on any of the main-line 
projects, the practice of illegally weaving in and 
out of a main-line lane creates a direct safety 
hazard. Unsafe weaving has been and should continue 
to be the primary focus of officers assigned to HOV 
lane enforcement. 

Freeway Operations 

The practical capacity of a main-line HOV lane is 
estimated to be 1400 vehicles/h. Except for a 1-h 
period during the morning peak on the San Bernardino 
Busway, existing violation rates could increase sub
stantially on all California main-line projects 
without substantially affecting flow in the carpool 
lane. 

Violators do not improve general traffic condi
tions appreciably by leaving the main-line flow to 
enter the HOV lane. During congested periods, 
latent demand easily replaces the small number of 
violators drawn off into the carpool lanes. At less 
congested times, the potential for improvement is 
minimal. 

Public Attitudes 

Even on I-580, where publ ic sentiment runs heavily 
against the HOV lane, most freeway user s still think 
that the use of the HOV lane by violators is at 
least a minor problem. Drivers tend to overestimate 
violation rates on most main-line projects. 

On the San Bernardino Busway, the tolerable lane 
violation rate is strictly defined by operational 
considerations to be 16 percent or less during the 
morning peak period. At other times, the violation 
rate could be greater from an operational stand
point. Realistically, a tolerable violation rate 
should be set at 10 percent or less at all times to 
keep violations from increasing beyond their present 
level and prevent the pool of violators from in
creasing to a point where morning-peak violation 
rates could hamper busway operations . For the other 
projects, the suggested acceptable violation rate is 
the current normal level. Thus, the main goal of 
the proposed program is to keep violations from 
increasing to a point where complaints from the 
public become common and mass disobedience to the 
law becomes apparent. 

Program Description 

The proposed program of enforcement for California's 
main-line HOV lanes is summarized in Table 4. This 
program is aimed at maintaining main-line HOV viola
tions at current levels or lower and represents 
little change from existing levels on the San 
Bernardino Busway and the San Francisco-Oakland Bay 
Bridge. On Alameda County I-580 a small i ncrease in 
special enforcement is suggested , whereas less 
enforcement could probably be used on Marin County 
US-101 without incurring adverse effects. 
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Table 4. P;oposed enforcement program: main·line HOV 
lanes and San Francisco-Oakland Bay Bridge. 

Route 

Marin County US-IOI 

Alameda County l-580 
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Person Hours per Year 

Special Routine 
Enforcement Enforcement Total Total Cost($) 

4800 .• 4800 111 600 (overtime) to 
180 000 (new personnel) 

64 384 448 10 070 
San Bernardino Busway 448 1920 2368 53 328 
Son Francisco-Oakland 

Bay Bridge 

aNegligible. 

A steering conunittee composed of representatives 
from the CHP, Caltrans, the Office of Traffic 
Safety, and the public at large was responsible for 
overall project guidance and for approving the 
products of major project t asks . In add i tion to 
J.E. Smith, other members of t he steering c ommittee 
were William Oliver of the CHP Sacramento Office, 
David Roper of Caltrans District 07, William Schaef
fer of the Caltrans Sacramento Office, Thornton 
Piersall of the League of California Cities, David 
Grayson of the Automob ile Club of Southe rn Cali
fornia, and G. Van Oldenbeek of the Office of Traf
fic Safety. Valuable contributions were also made 
by Jesse Glazer of Crain and Associates and Adolf D. 
May of the Institute of Transportation Studies, Uni
versity of California. 
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Evaluation of Boise Selective Traffic Enforcement Project 

GREGORY J. SALi 

Boise, Idaho, Implemented a Solective Traffic Enforcement Program (STEP) in 
October 1979. Before that t ime, the city typically had one of the worst acci· 
dent rates in the state. The objective of the program was to reduce the number 
of injury accidents occurring in Boise. The program included both enforcement 
and a media information campaign to deter accidents. An impact evaluation · 
was performed to determine what reduct ions had occurred during the first 22 
months of implemenllltion. A multivariate time series design wos used, and a 
comparison group was selected. The Box.Jenkins t echnique was used. The 
analysis idon li'flo<J a 1ilatlstlcally >ignlflcant reduction of 1 ~ injury accident./ 
month for Boise. Thb represents a 17 percent reduction from the base period. 
No significant reduction occurred in the comparison group. An estimated 
$1 600 000 in accident coJts was avoided, and the total program cost was 
$788 000. Both traditional enforcement and media influence were determined 
to be essential elements of this succestful program. Improved coordination and 
communication with other local agencies are also believed to have contributed 
significantly to the program. 

The r~sults of an impact evaluation of the first 22 
months of a Selective Traffic Enforcement Project 
(STEP) implemented in Boise, Idaho, on October 1, 
1979, are presented in this paper. The project was 
partially supported by federal highway s a f ety funds 
under Section 402 of the Surface Transpor tation 
Assistance Act of 1966. The project evaluation was 
undertaken by the Idaho Office of Highway Safety. 
The methodology used in the study was selected to 
provide answers to the following questions: 

1. Has there been a measurable reduction in 
injury accidents that can be correlated with imple
mentation of STEP in Boise? 

2. If such a reduction did occur, can it be 
reasonably attributed to STEP? 

3. What were the relative cost savings to Boise 
citizens? 

REVIEW OF LITERATURE 

Identifying effective elements of STEP has been a 
matter of national concern since passage of the 
Highway Safety Act of 1966. That Act provided fed
eral funds for implementation of improved police 
traffic- enforcement routines that would be effect i ve 
in reducing the number of traffic accidents. This 
review addresses several evaluations that deal with 
the traditional enforcement model Of compliance 
(i.e., strict sanctions induce high compliance) and 
the contextual model of compliance (i.e., compliance 
is influenced by the attitudes of peers and by 
social norms) • 

The traditional enforcement model was explored by 
Hauer and others (_!.) in a study that examined speed 
reductions induced by conspicuous enforcement (a 
clearly visible, stationary police cruiser). The 
study involved four experimental l ocat ions, each 
paired with a corresponding control sit e . Two dif-
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ferent levels of conspicuity and durations of en
forcement were tested. The authors concluded that 
conspicuous enforcement resulted in marked reduc
tions in average speed at and near the site of en
forcement. In fact, this improved compliance 
yielded an average speed that was close to the 
posted speed. The study by Hauer and others also 
provided a valuable discussion of both distance and 
time halo effects. Although the study admirably 
addressed compliance responses to enforcement, it 
did not address the link between improvements in 
compliance and changes in accident experience. 

The relation between traditional enforcement and 
accident experience was discussed by Hauer and 
Cooper (±_). Using four years of computerized acci
dent records, they estimated expected accident rates 
for 1800 locations. The estimates accounted for 
trends and seasonal variations. In addition, a 
high-accident-location (HAL) list was issued every 
28 days giving the 20 street sections that had the 
largest number of accidents during the prior obser
vation period. The officers were asked to devote 
special enforcement attention to those sections. As 
a result, during each observation period some sec
tions received higher-than-normal enforcement. It 
is not clear from the report whether or not the 
officers were advised of the driver actions that 
were contributing most heavily to accidents. For 
the sections that appeared on the HAL list, accident 
experience after increased enforcement was compared 
with expected accident experience. Hauer and Cooper 
reported that after a section appeared on the HAL 
list there was a statistically significant reduction 
in the number of accidents and concluded that the 
reductions were related to increases in enforcement. 

The contextual model of compliance was discussed 
by Kohfeld and LiKens Cl>• who attempted to contrast 
the relative impacts of traditional enforcement and 
contextual efforts on compliance. The compliance 
data studied were quarterly 55-mph compliance data 
for Missouri. Enforcement data were the quarterly 
speed citations reported by the State Highway 
Patrol. The media (contextual) measure was col
lected from the State Library clipping service and 
an independent search of major St. Louis and Kansas 
City newspapers. The statistical method used was 
regression analysis. Based on these analyses, the 
authors reached the following conclusions: 

1. The traditional model of enforcement and com
pliance is weak. In fact, ticketing (enforcement) 
follows noncompliance instead of compliance follow
ing enforcement. 

2. The contextual model of media influence and 
compliance is strong. In other words, what matters 
most in securing compliance is widespread public 
attention to proscribed behavior. 

They further suggested that public attention should 
be assigned a central role in any theory of compli
ance. 

The authors assumed that driver perception of 
certainty of enforcement was directly proportional 
to the number of speed arrests. This is an un
founded assumption because the number of tickets 
does not necessarily represent the level of enforce
ment. This assumption could likely have resulted in 
the authors' conclusion that speed arrests follow 
noncompliance instead of compliance following speed 
arrests. A better measure for enforcement would 
have been hours of patrol. Such a measure is prob
ably available and might substantially alter the 
authors' conclusions. Despite the deficiency in the 
enforcement model, the authors' conclusions on the 
contextual model seem entirely valid. 

Bensen (_!) reported the results of a counter-

69 

measure that included both traditional enforcement 
and contextual influences. His study involved a 
before-and-after analysis of two North Dakota coun
ties. No comparison group was cited. The enforce
ment project also included extensive coordination 
with other public agencies such as the prosecutors 
and the courts. A correlation study revealed an 
inverse relation between levels (hours) of enforce
ment and numbers of accidents. Bensen stressed the 
importance of quality rather than quantity of en
forcement (tickets). He concluded that a well
planned public information program coupled with a 
highly conspicuous enforcement effort (well-marked 
police vehicles) will improve compliance and reduce 
accidents. 

There is considerable support for the contention 
that both traditional enforcement and contextual 
efforts are important contributors to an effective 
highway safety program. Improved interagency coor
dination and communication also appear to aid such a 
program. 

BACKGROUND AND PROJECT DESCRIPTION 

Boise is a rapidly growing community of about 
100 000 people <2>· It is the state capital and is 
by far Idaho's largest city. Before the implementa
tion of STEP, Boise routinely ranked either first or 
second in the state for injury accidents per thou
sand people. This problem was compounded by the low 
manpower level of the Boise Police Department 
(BPD). Boise had about 1.3 officers per thousand 
people, much lower than the national average of 2.3 
officers per thousand people for cities of compar
able size (~). Furthermore, because the BPD had not 
assigned specific responsibility for traffic en
forcement to any division or section, traffic en
forcement was relegated to random responses to traf
fic accident problem areas. There was no accident 
records system that would allow the BPD to identify 
times or areas with high accident rates or typical 
accident causation factors. These limitations com
bined to inhibit the city's ability to respond ef
fectively to its traffic accident problems. 

To address these problems, Boise implemented a 
STEP project. Eight officers were hired in addition 
to the 4 officers already on staff to form a 12-man 
STEP unit, which was supervised by 3 sergeants. The 
supervisors divided the unit into 4 teams, which 
were assigned to specific geographic areas. This 
induced a "beat pride" and encouraged the individual 
officers to become familiar with the particular 
problems of their areas of responsibility. It also 
produced a competitiveness among the officers to see 
whose area would have the most improvement. An 
accident and enforcement records system was estab
lished to aid in problem identification. Additional 
enforcement was focused on problem locations at the 
times when accidents typically occurred, and offi
cers gave special attention to the types of driver 
violations that were resulting in accidents. 

The Boise STEP project also included a strong 
public information and education component. The 
public was advised of hazardous locations, the types 
of unsafe driver actions that were observed there, 
and the type of enforcement activity that would be 
used to discourage such actions. Media coverage was 
extensive. Radio gave the most complete coverage: 
three local radio stations carried STEP advisory 
messages twice daily. Presentations were made for 
local driver education classes to reach newly li
censed drivers and for local civic action groups to 
reach the older drivers. The public information and 
education efforts successfully portrayed the BPD as 
being genuinely interested in safety instead of just 
writing tickets. 
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Figure 1. Design of evaluation procedure for Boise STEP. 

Independent Variables Dc pendcni. Va rU ble 

Exposure (Vl1T) 

·~ 
Boise Injury accidents 

Boise Step Intervention • -----· ******** 

EJtposure (VKT) • 

~ . ···-=· '"'"cy k<"-" 
BOise Step Intervention • 

Effective liaison was also established with the 
Fourth District Magistrate Court, the Ada County 
Highway District, and the Boise School District. 
These improved lines of communication proved very 
beneficial. The Magistrate Court streamlined its 
citation-handling procedure, which was critically 
important because STEP resulted in a twofold in
crease in citations for hazardous moving viola
tions. The BPD pointed out several locations where 
engineering deficiencies contributed heavily to 
accidents. Prompt attention to these areas by the 
Ada County Highway District often significantly 
reduced the workload of the BPD. As mentioned ear
lier, BPD contributions to driver-education classes 
concentrated attention on unsafe driver actions. 

Intermediate-level evaluation data are not com
plete because the BPD did not have a citation record 
system before implementation of STEP. The BPD esti
mated the number of citations for hazardous moving 
violations for calendar year 1978 at 10 157. The 
estimate was based on radio clearance codes. The 
number of citations for hazardous moving violations 
issued in calendar year 1980, the first full year of 
implementation, was 23 641; 1981 yielded 20 677 
citations. This indicates about a 100 percent in
crease in enforcement activity; however, this might 
oe questioned oecause it is based on an estimated 
activity level for 1978. 

Another indicator of increase in enforcement ac
tivity is the annual number of arrests issued by the 
BPD for driving under the influence (DUI), as re
ported in the Idaho Uniform Crime Report for the 
years 1975-1980 C.ll • A corresponding value was re
ported by the BPD for 1981. The problem of driving 
and alcohol was identified as one of Boise's most 
significant problem areas and is probably a good 
indicator of overall enforcement activity both be
fore and after STEP was implemented. 

The table below gives the number of DUI arrests 
for 1975-1981: 

No. of No. of 
Year DUI Arrests Year DUI Arrests 
1975 415 1979 769 
1976 404 1980 1468 
1977 515 1981 1824 
1978 501 

It is significant that 415 of the 769 DUI arrests 
made in 1979 were made in the three-month period 
after the implementation of STEP. This implies 
nearly a 200 percent monthly increase in DUI en
forcement activity after implementation of STEP in 
Boise. Both DUI arrests and citations for hazardous 
moving violations indicate a sharp rise in the BPD's 
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vverall enforcement activity coincident with STEP 
implementation. 

METHODOLOGY 

All accident data used in this study were retrieved 
from the Idaho Transportation Department (ITO) acci
dent data base. This is the official state accident 
data base, and all Idaho jurisdictions contribute to 
it. Injury accident data were used because a change 
in the reporting level for property-damage accidents 
occurred during the study period, which made the 
data on total accidents less reliable. 

Exposure data in terms of statewide vehicle miles 
of travel (VMT) were also collected from ITO. The 
actual values were derived from fuel consumption and 
yearly average fuel economy figures. 

Monthly data were collected for each variable . 
The study period was from January 1974 through July 
1981. This provides a 22-month intervention period 
and a 69-month ba-se--period. A lengthy base period 
was selected for the analysis because of the rela
tively low monthly values for Boise injury accidents. 

Design 

The evaluation uses a quasiexperimentally inter
rupted time series design. A comparison group was 
used to help predict what might have happened in 
Boise without the implementation of STEP. Selection 
of a comparison location was difficult because Boise 
is unique in Idaho due to its population and urban 
makeup. Comparable cities in other states are no 
better because virtually all northwest regional 
cities of this size have experienced some effects of 
highway safety programs during the study period. 
The comparison group finally selected was all of 
Idaho except those jurisdictions that had an impact
type highway safety project during the study pe
riod. This group is referred to as non-STEP. Ad
mittedly, this group is not an ideal comparison 
group oecause of differences in population, urban
rural makeup, and exposure, but it is still believed 
to be the best available indicator for what might 
have happened in Boise without STEP. 

Analysis of Boise and non-STEP data pointed out a 
need to relate injury accidents to some risk or ex
posure variable. Monthly statewide VMT was selected 
as the best available measure of exposure. 

The evaluation designs for Boise and the compari
son group can be modeled as shown in Figure 1. 

Analysis Technique 

The Box-Jenkins time series approach (_!!.) was used to 
estimate transfer function and time series parame
ters. This technique accounts for the dependent
series seasonal and trend characteristics and 
thereby provides accurate estimates of the relations 
of dependent series to independent series. To quan
tify the impact of the STEP period on Boise and non
STEP injury accidents, this research considers zero
order transfer functions in multivariate models. 
The general form of the model is 

where 

(I) 

monthly injury accidents at time period ti 
function that relates the independent vari
able Xt to the dependent variable Yti 
monthly exposure (VMT) ; 
impact of Boise STEP--i.e., average monthly 
change in Yti 
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It dummy variable for presence of Boise STEP 
(when t < 69, I = O; otherwise, It l) I 
and 

Nt = noise, stochastic background variation. 

The t-test is used to determine parameter signif
icance. Parameters are accepted at the 95 percent 
confidence level. 

RESULTS 

Findings 

Exposure Series 

Figure 2 shows the exposure series used in these 
analyses. The intervention point is referenced in 
the figure. Note the large jump in exposure in 1978 
and then a return to pre-1978 levels. This trend 
also appears in Boise and non-STEP data. 

Figure 2. Exposure series (VMTI. 
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Table 1. Exposure data. 

JAN?B 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

JAN'1 

VMT 

1974 1975 

384 410 
366 350 
438 411 
454 434 
492 496 
503 524 
570 572 
599 599 
515 517 
522 528 
446 432 
446 428 

JAN?B 

DATE 

1976 

415 
387 
464 
484 
516 
586 
599 
615 
572 
545 
483 
477 

7l 

Monthly values for Idaho VMT for the period Jan
uary 1974 through July 1981 are given in Table l. 
The data were derived from annual VMT, average an
nual fuel economy, and monthly fuel consumption. 
The univariate time series model for the data is: 

(0.08) (0.05) 
(I - B)(i -B12)Z1 =(l - 0.59B)(l -0.8B 12)a1 

where 

monthly VMT, 
back-shift operator, and 
noise. 

(2) 

Strong seasonality is obvious. No deficiencies were 
discovered in residual analysis. 

Boise Series 

The Boise series is shown in Figure 3. Again, the 

JAN19 JANBO JANBI JANB2 

1977 1978 1979 1980 1981 

380 482 507 474 478 
407 451 477 452 414 
475 558 524 504 452 
509 542 523 493 489 
512 612 557 539 509 
576 660 625 533 628 
610 696 654 615 575 
640 751 693 628 
558 641 595 574 
545 625 592 600 
486 576 545 477 
479 530 478 496 



72 

intervention point is referenced. As in the ex
posure data, there is a large jump in 1978 and then 
a return to pre-1978 levels. Note, however, the 
obvious shift in level after the intervention, which 
is clearly below any prior study level. 

Table 2 gives the monthly values for injury acci
dents in Boise for the period January 1974 through 
July 1981. The univariate time series model for the 
data is 

(0.07) (0.04) 
(I - B)(l - B12 ) Zt =(I - 0.74B)(l -0.87B12)at 

where 

Zt monthly Boise injury accidents, 
B back-shift operator, and 

at noise. 

The model indicates a highly seasonal series. 
deficiencies were discovered in residual analysis. 

Figure 3. Boise series (injury accidents). 
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Table 2. Boise injury accident data. 
No. of Injury Accidents 

Month 1974 1975 

January 63 67 
February 83 63 
March 77 75 
April 86 95 
May 77 91 
June 97 99 
July 82 81 
August 84 75 
September 103 JOO 
October 70 94 
November 91 75 
December 81 89 
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The final multivariate model of the Boise series 
is 

(0.024) (-2.7) (0.09) 
Y1 =0.117X1 - 14.0611_ 3 +[(I - 0.66B12)/(l - B12)]a1 (4) 

where 

Boise injury accidents for time period t, 
exposure (VMT) for time period t, 
presence of intervention in time period t, 
back-shift operator, and 
noise component of Yt after explained vari
ance is removed. 

Note that the term Nt of the general model is equiv
alent to the expression ((1 - 0.66B 12 )/(l - B12 )lat. 

The standard error of each parameter estimate is 
indicated in parentheses above the estimate. A de
lay of three months was identified for the impact of 
STEP, as indicated by the term It-3. All parame-

I 
I 
:1 

l" .T 

1: ,,. 
:a 
111 
'T ii 
•O 
iK 

i 
JRN19 JAN&D JRN&l JRN82 

1976 1977 1978 1979 1980 1981 

87 65 77 89 71 54 
73 70 80 69 69 61 
79 78 99 97 69 65 
94 90 93 81 70 66 
99 87 102 110 82 92 

110 102 Ill 99 92 80 
89 95 Ill 86 84 80 
89 87 124 87 71 
90 79 90 96 71 
86 92 107 83 85 
92 74 110 79 70 

102 92 114 91 72 

• 
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Figure 4. Non-STEP series (injury accidents). 
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Table 3. Non-STEP injury accident data. 
No. of Injury Accidents 

Month 1974 1975 

January 369 359 
February 261 339 
March 353 330 
April 343 337 
May 443 429 
June 473 478 
July 481 556 
August 528 580 
September 533 440 
October 472 411 
November 467 430 
December 497 412 

tee estimates were significant at the a < 0.01 
l:evel. ResidLJal analysis revealed no model def i
c iencies. 

Non-STEP Series 

Figllre 4 shows the comparison group, the non-STEP 
series. As before, the intervention point is refer
enced, bllt this time there is no obvious shift in 
level after the intervention. In fact, these data 
closely follow the exposu.re data. 

Table 3 gives monthly injLJry accident data for 
non-STEP Idaho communities for the period January 
1974 through JLJly 1981. The univariate time series 
model for the data is 

{0.08) (0.04) 
(1-B){l - B12)Z1 ;(1-0.69B)(l -0.87B12 ) •t 

where 

monthly non-STEP injury accidents, 

(5) 

1976 

343 
310 
281 
340 
422 
462 
527 
537 
491 
531 
410 
391 

1977 1978 1979 

403 363 457 
319 373 364 
416 425 381 
449 451 403 
463 535 462 
571 534 480 
587 629 548 
557 592 551 
526 547 562 
483 518 522 
442 538 470 
472 494 486 

back-shift operator, and 
noise. 

1980 1981 

396 404 
338 323 
388 388 
458 346 
487 482 
466 467 
560 601 
544 
480 
445 
415 
455 

Strong seasonality is obvious. No deficiencies were 
discovered in residual analysis. 

A model similar to the Boise mllltivariate model 
was selected for this series. The model is 

(0.09) (I 0.5) (0.09) 
Yi; 0.46X1 - 8.011_ 3 +((I - 0.7B12)/{l - B12

)] a1 (6) 

where 

non-STEP in)ury accidents for time period t, 
exposure (VMT) for time period t, 
presence of intervention at time period t, 
back-shift operator, and 
noise component of Yt after exp~ained vari
ance is removed. 

Note that the term Nt of the general model is equiva
lent to the expression [(l - 0.7B 12 )/(l - B12 )lat. 
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The sta ndard error of each parameter estimate is 
indicated in parentheses above the estimate. Both 
the exposure parameter and the seasonal moving aver
age parameter are significant at the " < 0. 01 
level. The estimate for the reduction due to It 
is not significant and so must be eliminated from 
the model. Residual analysis revealed no model 
deficiencies, 

I n terpretat i o n of Findings 

After implementing its STEP program, Boise sustained 
a reduction of 14.1 injury accidents/month. A total 
of 268 injury accidents were forestalled over the 
study period. The observed three-month delay in 
this reduction is entirely reasonable when one con
siders start-up time for public information and 
liaison activities. It is interesting to note that 
there was an immediate sharp increase in the tradi
tional enforcement component (ticketing), but ap
parently this effort by itself did not achieve imme
diate reductions in accidents. It was not until the 
public information and liaison activities were under 
way that the maximum reductions occurred. 

There was no significant reduction in injury 
accidents for the non-STEP group during the period 
of intervention in Boise. This was the expectation 
and is entirely logical because there was no addi
tional effort to reduce accidents in these areas. 

CONCLUSIONS 

The Boise STEP achieved its objective of reducing 
injury accidents. It is reasonable to · attribute 
these reductions to implementation of STEP because 
no such reduction was observed where STEP was not 
used. Increases in traditional enforcement at HALs 
and activity in the contextual areas both appear to 
be important elements of this successful program. 
In addition, coordination activities with other 
agencies, specifically the local court and the local 
engineering jurisdiction, facilitated accident re
duction by improving communications. This allowed 
all agencies concerned to develop and pursue common 
highway safety objectives. 
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Cost-Effectiveness 

The monthly reduct i on in Boise injury accidents was 
14.1. This represents about a 17 percent reduction 
from the base period average. The cumulative reduc
tion over the study period was 268 injury acci
dents. Based on the Boise base period injury sever
ity distribution, this yielded an estimated economic 
cost savings of $1 600 000, an estimate calculated 
from National Safety Council estimating procedures. 
The total cost of implementation for the study 
period was $788 000. This yields a favorable bene
fit-cost ratio of 2 . 0. In other words, for every 
dollar spent $2 was saved. 
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Analysis of Selective Enforcement Strategy Effects on 

Rural Alabama Traffic Speeds 

JAMES N. HOOL, SAEED MAGHSOODLOO, ANDREW D. VEREN, AND DAVID B. BROWN 

A study is described that was undertaken to examine the effects of patrol tactics 
on vehicle speeds, to identify the best patrol tactics of those studied, to identify 
general speed trends over time, and to examine the effects of an areawide selec
tive enforcement program implemented by the Alabama State Highway Patrol. 
Both two- and four-lane roads were examined. Six patrol tactics were investigated
four single-vehicle tactics and two dual-vehicle tactics. All data were gathered 
from a radar-equipped van operated in a moving mode. Vehicle speed character
istics examined included mean speed, 85th percentile speed, and speed variance. 
Mean speeds were more affected by patrol tactics than were 0.85 percentiles or 
variances. Statistically significant reductions in average speeds were obtained 
with all tactics that used marked patrol vehicles. The largest reductions in aver-
age speed occurred with the stationary tactic. Significant reductions in 0.85 per
centile speeds were obtained for all tactics on the four-lane road but for none 
of the tactics on the two-lane road. Variances were generally not affected on the 
four-lane road, whereas on the two-lane road they increased for five of the six 

tactics studied. Overall, the most effective tactic was the marked stationary 
vehicle. The unmarked patrol vehicle, even when issuing citations, had little, if 
any, effect on the speed parameters. A greater halo effect on speeds occurred 
on the two-lane than on the four-lane road. The general areawide selective en
forcement program may have reduced mean speeds on the four-lane road but did 
not affect speeds on the two-lane road. No trends or cumulative effects on 
speeds were found during the three-month selective enforcement period. 

An investigation of the short-term effects of a 
selective enforcement (SE) program on rural highway 
vehicle speeds in Alabama is des~ribed in this 
paper. A dual-lane highway (US-280) and a four-lane 
Interstate (I-85) were studied, and for each type of 
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highway one continuous 12-mile segment of exper i
mental highway and a 12-mile segment of matching 
control highway were examined. The speed limit 
throughout all segments studied was 55 mph. Control 
segments were selected based on topographic, prox
imity, and speed profile characteristics. Average 
daily traffic (ADT) on the selected roadways was as 
follows: 

Roadway 
Two-lane experimental 
Two-lane control 
Four-lane experimental 
Four-lane control 

ADT 
(no . of vehicles) 
6300 
3540 
9430 
9500 

The formal SE program operated from October 1 to 
December 31, 1979, and was implemented through the 
Opelika Post of the Alabama State Highway Patrol. 
The program involved the use of $35 354 of federal 
funds for overtime employment of 28 officers for a 
total of 3721 hr. Funding was provided by NHTSA 
through the Alabama Office of Highway and Traffic 
Safety. overtime functions during the SE period 
consisted of saturation enforcement along particular 
roadway segments, establishing roadway check sta
tions, spot announcements on broadcasting media, and 
so on. The study was designed to provide informa
tion for decision making about patrol tactics to use 
for traffic law enforcement (.!_-19) • 

Data were collected from July through December in 
the following time phases: a baseline (B) phase 
from July 26 to September 9, a phase preceding se
lective enforcement (PSE) from September 10 to 30, 
and the SE phase. These phases were chosen as an 
integral part of the overall study design, which is 
discussed later in more detail. The B period was 
used to establish vehicle speed characteristics be
fore implementation of the formal SE program and use 
of patrol tactics. The succeeding PSE period was 
used to examine the effects of the patrol tactics 
used before (and hence independent of) the later SE 
program and also to establish any trends in vehicle 
speed before the SE program that were unaffected by 
patrol tactics. Finally, the SE period was used to 
examine the general effect of the SE program both 
with and without patrol tactics. 

The objectives of the investigation were 

1. To determine whether the SE program had any 
overall effect on vehicle speeds, 

2. To determine the effect on vehicle speed of 
each patrol tactic used in the PSE period, 

3. To determine the effect on vehicle speed of 
each patrol tactic used in the SE period, 

4. To determine the halo effect for the "single 
stationary marked patrol vehicle" tactic in the PSE 
and SE periods, 

5. To compare the effects of patrol tactics used 
in the PSE period, and 

6. To compare the effects of patrol tactics used 
in the SE period. 

Six patrol tactics were examined for objectives 
2-61 these represented combinations of single, dual, 
stationary, and moving patrol vehicles. The tactics 
used on the experimental roadway segments are dis
cussed in detail later. 

PATROL TACTICS STUDIED 

The six patrol tactics used were standard tactics 
commonly used by police agencies: 

1. Single stationary marked patrol vehicle (SSM), 
2. Single moving marked patrol vehicle (SMM), 
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3. Single stationary-moving marked patrol ve
hicle (SSMM), 

4. Single moving unmarked patrol vehicle (SMU), 
5. Dual moving marked/moving unmarked patrol 

vehicles (DMM/MU) , and 
6. Dual stationary-moving marked/moving unmarked 

patrol vehicles (DSMM/MU) • 

Any marked patrol vehicle used in a tactic was 
operated in the interior 6-mile portion of each 
12-mile experimental segment used in the study. 
When unmarked cars were used, they were operated 
over the entire segment length. These were standard 
units operated by uniformed troopers. Some marked 
cars were equipped with mobile radar units. The 
unmarked car always operated in its standard man
ner. During all work with marked cars, citizens 
band Channel 19 was monitored and occasionally used 
for communication by both the patrol vehicle and a 
continuously moving data collection van. For each 
free-flowing vehicle observed from the van, 14 vari
ables were recorded. Traffic citations were issued 
when necessary, and, when a car was called on an 
emergency, data collection was suspended. The tac
tics used are described below. 

Single statioruu:y Marked Patrol Vehicle 

In the SSM tactic, the marked patrol vehicle was 
parked for a 30-min time interval at a randomly se
lected milepost and was faced in a randomly selected 
direction (north, south, east, or west). At the end 
of 30 min it was moved to another location. During 
a typical data collection session, three stationary 
locations were observed. Radar was occasionally 
used. 

Single Moving Marked Patrol Vehicle 

A standard moving mode was used--i.e., a 40- to 
45-mph patrol speed. On the four-lane experimental 
roadway ( 4E) , the SMM operated on both the inside 
and outside lanes. Radar was occasionally used, but 
the distinction between use or no use was not made. 
The officer was free to issue traffic citations. 

Single Stationary-Moving Marked Patrol Vehicle 

The SSMM was a combination of the SSM and SMM. The 
vehicle was stationary for 5-min intervals at ran
domly selected mileposts facing randomly selected 
directions. Radar was occasionally used. 

Single Moving unmarked Patrol Vehicle 

In the SMU tactic, an unmarked car was used in its 
standard operating mode. It would cruise as traffic 
dictated until a suspected speeding vehicle was ob
served traveling in the same direction. It would 
then verify the pace of the suspected speeding vehi
cle, which would then be apprehended. 

Dual Moving Marked/Moving Unmarked Patrol Vehicles 

One marked car using the SMM mode and one unmarked 
car using the SMU mode constituted the OMM/MU tac
tic. Both vehicles were used simultaneously. 

Dual Stationary-Moving Marked/Moving 
Unmarked Patrol Vehicles 

one marked car using the SSMM mode and one unmarked 
car using the SMU mode constituted the DSMM/MU tac
tic. Both vehicles were used simultaneously. 

TYPES OF VEHICLES OBSERVED 

Table 1 gives a breakdown of the number of vehicles 
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Table 1. Number of vehicles obseiYed during study by road and vehicle type. 

Automobile General Truck 18-Wheeler 

Roadway No . Percent No. Percent No. Percent 

Four-lane control 2 733 59.9 566 12.4 1053 23.l 
Four-lane experimental 7 305 64.1 1732 15.2 1878 16.5 
Two-lane control 1 622 71.S 429 18.9 110 4 .9 
Two-lane experimental 4 267 69.S 1246 20.3 312 5.1 
Total 15 927 3973 3353 

Table 2. Study design. 
Baseline PSE Period 

Patrol 
Tactic Two-Lane Four-Lane Two-Lane 

SSM x 
SMM x 
SSMM 
SMU 
DMM/MU 
DSMM/MU 
NPV x x x 
Nole: NPV = no patrol vehicle. 

observed by roadway and vehicle type. Differences 
between two- and four-lane roadways are evident. 
Higher percentages of automobiles and general trucks 
on two-lane roadways indicate the higher proportion 
of commuter and local traffic on these roads. 
Higher percentages of 18-wheelers on four-lane road
ways indicate the larger proportion of commercial 
through traffic on the Interstate highway. 

STUDY DESIGN 

Table 2 gives the study design arranged by time 
phase, roadway type, and patrol tactic. An X indi
cates that vehicle speed (in miles per hour) and as
sociated data (e.g., vehicle type, day of the week, 
time of day, etc.) were collected. Within each of 
the time phases (PSE and SE) , the patrol tactics 
were randomly assigned to experimental roadway seg
ments (i.e., two- or four-lane) and days within the 
first half of the period. The randomization process 
was then repeated for the second half of the period. 

On any given day, only one patrol tactic was ob
served on an experimental segment and its cotre
sponding matching control roadway segment was also 
observed. All observations were made between 1:00 
and 4:00 p.m. During the B period, patrol tactics 
were not used but days for observing roadway seg
ments were randomly selected. A given patrol tactic 
in the PSE period was always equivalent to that used 
in the SE period. However, there was no attempt to 
ensure that other variables, such as the day of the 
week, were equivalent. 

Data were collected continuously over time phases 
B, PSE, and SE. A radar-equipped van was used to 
gather vehicle speed and associated data. The van 
was continuously moving throughout the 12-mile 
length of each studied segment; therefore, at vari
ous times it was either upstream or downstream of 
the patrol vehicles used on experimental segments. 

BASELINE CONTROL VERSUS EXPERIMENTAL 
ROADWAY COMPARISONS 

Speeds on the four-lane control segment (4C) tended 
to exceed those on the respective experiment segment 
(4E). sample means for 4C and 4E were 61.4 and 60.4 
mph, respectively. Standard deviations were 5.80 
and 5.36 mph. Table 3 gives relative and cumulative 
relative frequencies of vehicle speeds by speed 
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Van Other 

No. Percent No. Percent Total 

177 3.9 30 0.7 4 559 
416 3.7 65 0.5 11 396 

73 3.2 34 1.5 2 268 
234 3.8 77 l.3 6 136 
900 206 24 359 

SE Period 

Four-Lane Two-Lane Four-Lane 

x x x 
x x x 

x x 
x x x 

x x 
x x 

x x x 

class. For each class, the cumulative relative 
frequency of 4E exceeded that of 4C (except for the 
>76-mph class interval). 
- The following table gives pth quantile speeds for 
4C and 4E: 

Quantile Eth Quan tile s 2eed !mEh l 
<E> Control Exe;erimental 
a.so 61.0 61.0 
0.60 63.0 62.0 
0.70 64.0 63.0 
0.75 65 . 0 ~4.0 

0.80 66.0 65.0 
0.85 67.0 66.0 
0.90 69.0 67.0 
0.95 71.0 69.0 

The 4C pth quantile speeds at least equaled and in 
all cases but one exceeded corresponding speeds for 
4E. Although quantile speeds were not very dif
ferent, the differences were statistically signifi
cant at a level of significance 0.01 based on the 
Smirnov test (20). 

On 2C and 2E, sample means were 54.5 and 54.2 mph 
and standard deviations were 6.88 and 5.94 mph, re
spectively. Table 4 gives relative and cumulative 
relative frequency of speeds on the two-lane road
ways . The 2C segment had a larger proportion of 
vehicles traveling below 49 mph. However, for all 
higher speeds, 2E had a higher proportion of vehi
cles traveling at or below corresponding speeds; 
e.g., 87.9 percent of all vehicles on 2E were 
traveling less than 61 mph whereas on 2C the figure 
was 84.7 percent. 

The following table gives pth quantile speeds for 
two-lane segments : 

Quantile 2 th guan tile SEeed CmEhl 
<2> Control Exeedmental 
0.50 55.0 54.0 
0.60 56 . 0 56.0 
0.70 58.0 57.0 
0.75 59.0 58.0 
0.80 60.0 59.0 
0.85 61.0 60.0 
0.90 62.0 61.0 
0.95 65.0 64.0 

The 2C pth quantile speeds equaled or exceeded cor-
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Table3. Speed frequencies on four-lane roeds. 

Control Segment Experimental Segment 

Cumulative Cumulative 
Qass Relative Relative Relative Relative 
(mph) Frequency Frequency Frequency Frequency 

1-45 0.3 0.3 0.6 0.6 
46-48 1.0 1.3 1.2 1.8 
49-51 2.5 3.8 3.1 4.9 
52-54 5.1 8.9 7.2 12.1 
55-57 14.9 23 .8 15 .9 28.0 
58-60 20.5 44.3 21.5 49.5 
61-63 21.2 65 .5 22.9 72.4 
64-66 17.3 82.8 15.2 87.6 
67-69 9.4 92.2 8.1 95.7 
70-72 5.0 97.2 3.1 98.8 
73-75 1.2 98.4 0.8 99 .6 
-.. 76 1.6 100.0 0.4 100.0 

Teble4. Speed frequencies on two-lane roeds. 

Control Segment Experimental Segment 

Cumulative Cumulative 
Oass Relative Relative Relative Relative 
(mph) Frequency Frequency Frequency Frequency 

1-45 8.2 8.2 6.6 6.6 
46-48 7.7 15.9 7.3 13.9 
49-51 13.3 29.2 17.4 31.3 
52-54 17.7 46.9 19.5 50.8 
55-57 21.4 68.3 22.8 73.6 
58·60 16.4 84.7 14.3 87.9 
61-63 8.7 93.4 6.8 94.7 
64·66 3.5 96.9 3.5 98 .2 
67-69 1.7 98 .6 1.0 99.2 
70-72 0.9 99.6 0.7 99.9 
73-75 0.2 99.7 0.1 100.0 
-.. 76 0.3 100.0 0.0 100.0 

responding speeds for 2E. Speed differences were 
statistically significant at a O.OS level of sig
nificance. 

RESULTS AND DISCUSSION 

Three vehicle speed characteristics were analyzed: 
mean speed, o.es quantile speed, and speed vari
ance. Data for all vehicle types were collectively 
analyzed. For various subsets of data, the Lillie
fors test (20) was used to test for normality. Due 
to large sa;ple sizes, the tests indicated non
normality for most subsets, although a visual test 
of normality appeared to be reasonable. Therefore, 
parametric statistical tests based on the normality 
assumption were used. Analyses are discussed one by 
one by specific objective. 

Overall Effect of SE Program on Speed 

Objective 1 was to determine whether the SE program 
had any overall effect on speeds. To obtain an 
evaluation independent of the patrol tactics stud
ied, only roads 2C and 4C were evaluated. Two ap
proaches were taken. For each cont.rol road and 
vehicle speed characteristic, the following analyses 
were performed: 

1. A linear regression equation regressing vehi
cle speed characteristics on time was derived by 
using data over the entire study period (i.e., B, 
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PSE, and SE periods) in order to assess any trend 
effects. 

2. Sample data for the combined B and PSE pe
riods were compared with SE period data to test for 
significant differences. 

Hypotheses of zero slope parameters were tested 
for fitted equations. At the O.OS level of signifi
cance, all slope hypotheses were accepted. Based on 
trend analysis, there were no significant speed 
trends that could be attributed to the SE program. 

The t-test was used in one-sided tests of hy
potheses conducted on differences between means 
before and during the SE program. Before and during 
speed variances were compared by using the two-sided 
F-test. An adaptation of the median test (~) was 
used to test differences in a. es quantiles. Hy
pothesis test results are summarized below: 

Sample Level of 
Road Paramete r S tatist ic Sign ificance 
4C"" Means t - -l.7S o.os 

a.es quantiles T "' o.aoos 
Variances F • l.a91 a.OS 

2C Means t - -a.342 
0. es quantiles T ,. a.aaa3 
Variances F ,. l.2a2 a.al 

The alternative hypothesis for means and quantiles 
tests was that the SE period speed was lower than 
the before speed. 

Table S gives summary values for roads 2C, 4C, 
2E, and 4E. The text table above indicates a sig
nificant reduction in the mean speed on 4C and vari
ance on 2C but an increase in variance on 4C. Thus, 
it could be concluded that the overall selective 
enforcement program had only limited success in re
ducing speeds. 

Effect on Speed of Patrol Tactics in PSE Period 

Objective 2 was to determine the effect on speed of 
each patrol tactic used in the PSE period. Hy
pothesis tests comparing B-period speeds with PSE
period speeds were conducted. Calculations were 
similar to those for objective l tests except that 
PSE experimental road data were adjusted by using 
corresponding control road data. Adjustments were 
made to account for any possible shift in speed 
characteristic means between the B and PSE periods. 
The adjustment factors (albeit small) were based on 
data from roads 2C and 4C during the B and PSE pe
riods. Table 6 gives (adjusted) speed summary data 
for the PSE period. 

Twelve hypothesis tests were conducted, one for 
each combination of road, patrol tactic, and speed 
characteristic. For mean and a.es quantile tests, 
the alternative hypothesis was that the speed was 
lower during the PSE period than during the B pe
riod. Variance tests were two-sided. 

Highly significant reductions in mean speeds were 
indicated for both tactics on 2E and 4E. Estimated 
percentage reductions for the four road-tactic com
binations were as follows: 

Road-Tactic Reduction in 
Combination Mean SJ;!eed (%) 
4E, SSM 2.9 
4E, SMM l.a 
2E, SSM 4.6 
2E, SMM 3.9 

The only significant reduction in a.es quantile 
(from 6a.a to se.2 mph) was for the SMM patrol tac
tic on road 2E. The conclusion drawn was that pa
trol tactics were effective in reducing mean speeds 
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Table 5. Summary speed data for objective 1 by road and time phase. 

Speed Data (mph) 
No.of 

Time Obser- 0.85 Standard 
Road Frame vations Mean Quantile Deviation 

4C B 1 065 61.4 67.0 5.80 
PSE 1 346 61.6 67.0 5.50 
B+PSE 2 411 61.5 67.0 5.63 
SE 2 148 61.2 67.0 5.88 

4E B 1 093 60.4 66.0 5.36 
PSE 2 354 59.9 65.0 5.45 
SE 7 949 59.l 64.0 5.34 

2C B 1 128 54.5 61.0 6.88 
PSE 392 53.5 60.0 7.10 
B+PSE 1 520 54.2 60.0 
SE 748 54.1 60.0 6.34 

2E B 944 54.2 60.0 5.94 
PSE 1 267 51.9 58.0 6.29 
SE 3 925 52.4 58.0 6.51 

Total 24 359 

Table 6. Adjusted summary speed data for objective 2 by tactic. 

Speed Data (mph) 
No.of 
Obser- 0.85 Standard 

Road Tactic vations Mean Quantile Deviation 

4E SSM 1059 59.6 65.8 5.59 
SMM 818 59.8 64.8 5.19 

2E SSM 590 52.0 58.2 6.44 
SMM 677 52.1 58.2 6.22 

during the PSE period but that they had little ef
fect on 0.85 quantile speeds and variances. 

Effect on Speed of Patrol Tactics in SE Period 

Objective 3 
each patrol 
statistical 
A total of 
combination 
acteristic. 
data. 

was to determine the effect on speed of 
tactic in the SE period. Procedures and 
tests were the same as for objective 2. 
36 tests were conducted, one for each 
of road, patrol tactic, and speed char-

Table 7 gives relevant speed summary 

Significant reductions in mean speeds resulted 
for all patrol tactics except SMU on 4E. The per
centage reductions are given below: 

Reduction in 
Road 
~ 

Tactic Mea.n s12eed (%) 

SSM 2.6 
SMM 1.5 
SSMM 2.3 
DSMM/MU 2.5 
DMM/MU 1.5 

2E SSM 3.3 
SMM 3.5 
SMU 2.6 
SSMM 2.4 
DSMM/MU 2.2 
DMM/MU 1.3 

Significant 0.85 quantile reductions of 1.8 mph, or 
2.7 percent, were obtained on 4E for all tactics ex
cept SMU, wnich increased. On 2E, however, only 
tactic DSMM/MU resulted in a significantly lower 
0.85 quantile. Variances were mostly unaffected on 
4E except under DSMM/MU, for which a decrease was 
observed. Variances increased on 2E for all patrol 
tactics except DSMM/MU. Thus, the patrol tactics 
used in the SE period clearly had a significant ef
fect on speed. 
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Table 7. Adjusted summary speed data for objective 3 by tactic. 

Speed Data (mph) 
No. of 
Obser- 0.85 Standard 

Road Tactic vations Mean Quantile Deviation 

4E SSM 1378 58.8 64.2 5.13 
SMM 1674 59.5 64.2 5.33 
SMU 1161 60.5 66.2 5.68 
SSMM 1011 59.0 64.2 5.39 
DSMM/MU 1228 58.9 64.2 5.01 
DMM/MU 1497 59.5 64.2 5.38 

2E SSM 571 52.4 58.4 6.78 
SMM 612 52.3 59.4 6.95 
SMU 731 52.8 59.4 6.65 
SSMM 581 52.9 58.4 6.45 
DSMM/MU 816 53.0 58.4 5.77 
DMM/MU 614 53.5 59.4 6.80 

Halo Effect for SSM Tactic in PSE and SE Periods 

Objective 4 was to determine the halo effect for the 
SSM tactic in the PSE and SE periods. The halo ef
fect refers to speed reduction as a function of dis
tance from the patrol vehicle (PV). Subsets of ve
hicle speeds recorded at the PV location and at ap
proximately 1-mile intervals in either direction 
from the PV were created. Vehicle locations were 
accurate to within 0.5 mile. Vehicle direction was 
also noted: primary direction refers to vehicles 
traveling in the same direction that the PV faced 
and secondary direction to vehicles traveling in tne 
opposite direction. 

The halo effect was examined from four per
spectives: 

1. Only vehicles traveling in the primary direc
tion were examined. 

2. Vehicles traveling in the secondary direction 
were considered. 

3. Speeds were combined for both directions by 
their absolute distance from the PV--i.e., relative 
to the PV direction. 

4. Speeds were combined by their relative dis
tance from the PV--i.e., either approaching or de
parting. 

The effects of the PV on mean speed are evident 
in Figures 1-4. Points on the right side of Figures 
l and 4 and on the left side of Figure 2 represent 
vehicles that have passed the PV. Similar effects 
in both the primary and secondary lanes are indi
cated from Figures 1 and 2, with perhaps greater in
fluence in the primary lane. The general effect is 
speed reduction nearest the PV. 

For 4E, the mean speed decreased approximately 
0.15 mph/mile from 5 miles to 1 mile upstream, then 
dropped sharply within 0.5 mile of the PV. Mean 
speeds increased an average of 0. 7 mph/mile after 
vehicles passed · the PV and the halo effect dimin
ished after approximately 3 miles downstream. Mean 
speeds at 4 and 5 miles downstream continued to in
crease above the rather stable approach level, which 
perhaps indicates an effort by some motorists to 
compensate for the temporary speed reduction. 

A different effect occurred on 2E. The mean 
speed gradually decreased as traffic approached the 
PV from 5 miles upstream, then increased very grad
ually from 1 to 5 miles downstream. At 5 miles 
downstream, the mean speed was still lower than any 
of the five upstream mean values. The halo effect 
was at least 5 miles on the downstream side and 
about 3 to 4 miles on the upstream .side. Motorists 
were much more cautious on 2E, perhaps due to a much 
shorter visibility span and lower traffic volumes. 

Effects on the 0. 85 quantiles were similar to 
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effects on the means. No clear-cut effect on speed 
variability could be determined, however. On 4E, 
variability appeared to be slightly more stable 
downstream but not significantly. There was a mod
erate lowering of variance on 2E after vehicles 
passed the PV, particularly at the 2- and 3-mile 
points. 

Comparison of Patrol Tactic Effects on 
Speeds in PSE Period 

Objective 5 was to compare patrol tactic effects on 

Figure 1. Mean spot speed: vehicles traveling in primary direction. 
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speeds in the PSE period. Relative differences be
tween patrol tactic effects were sought by comparing 
all patrol tactics. The 2C and 4C data were used to 
make adjustments to 2E and 4E data. Adjustments 
were made to account for natural day-to-day fluctua
tions in speeds during the PSE period and were based 
on a computed daily index that gave the overall PSE 
speed mean for a particular day. Table 8 gives a 
summary of adjusted data. 

Six statistical tests were conducted, three for 
each experimental road. Tests were for differences 
(SSM versus SMM) in means, 0.85 quantiles, and vari-

Figure 3. Mean spot speed by absolute distance from PV: all vehicles. 
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Table 8. Adjusl!!d summary speed data for objective 5 by tactic. 

Speed Data (mph) 
No. of 
Obser- 0.85 Standard 

Road Tactic vat ions Mean Quantile Deviation 

4E SSM 1059 60.0 65.8 5.63 
SMM 818 60.2 65.6 5.21 

2E SSM 590 51.94 58.3 6.41 
SMM 677 51.86 57.9 6.18 

Table 9. Adjusted summary speed data for objective 6 by tactic. 

Speed Data (mph) 
No. of 
Obser- 0.85 Standard 

Road Tactic vations Mean Quantile Deviation 

4E SSM 1378 58.4 63.4 5.15 
SMM 1674 59.2 64.5 5.32 
SMU 1161 60.3 66.0 5.76 
SSMM 1011 58.8 64.2 5.41 
DSMM/MU 1228 58.5 63.6 4.99 
DMM/MU 1497 59.7 64.5 5.40 

2E SSM 571 51.4 57.9 6.65 
SMM 612 52.9 60.0 7.04 
SMU 731 52.8 59.0 6.65 
SSMM 581 52.6 58.I 6.42 
DSMM/MU 816 52.3 57.4 5.70 
DMM/MU 614 52.5 58.7 6.64 

Table 10. Effectiveness of patrol tactics ranked by speed. 

0.85 Standard 
Road Rank Mean Quantile Deviation 

4E 1 SSM SSM DSMM/MU 
2 DSMM/MU DSMM/MU SSM 
3 SSMM SSMM SMM 
4 SMM SMM DMM/MU 
5 DMM/MU DMM/MU SSMM 
6 SMU SMU SMU 

2E 1 SSM DSMM/MU DSMM/MU 
2 DSMM/MU SSM SSMM 
3 DMM/MU SSMM DMM/MU 
4 SSMM DMM/MU SSM 
5 SMU SMU SMU 
6 SMM SMM SMM 

ances. The only significant differences were on 4E, 
where the 0.8S quantile and variance were lower for 
SMM. Thus, generally no significant differences in 
speed due to patrol tactics were found during the 
PSE period. 

Comparison of Pa t rol Tactic Effects on 
Speeds in SE Period 

Objective 6 was to compare patrol tactic effects on 
speeds in the SE period. Speeds were adjusted in 
the same way as for oDjective S. Table 9 gives a 
summary of adjusted results. All six patrol tactics 
were tested for significant differences between at 
least two. Means, 0.8S quantiles, and variances for 
each road were tested. The one-factor analysis of 
variance was used for means. The quantile dif
ferences test was used for O.BS quantiles, and 
Cochran's test for homogeneity of variances was used 
for variances. 

Significant differences were indicated for all 
speeds on 2E and 4E. A postanalysis of variance 
comparison (ANOVA) of means on 4E, using Scheffe's 
method, yielded the following contrast results at 
the O.OS level of significance: 

(SSM) 

x1 
S8.4 

(DSMM/MTJ) 

XS 
S8.S 
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(SSMM) 

x4 
S8.8 

(SMM) 

x2 
S9.2 

(DMM/MU) 

x6 
S9.7 

(SMU) 

x3 
60.3 

Means underlined by the same line are considered not 
significantly different. Thus, means for SSM, 
DSMM/MU, and SSMM were not significantly different, 
but SSM and DSMM/MU had lower means than SMM, 
DMM/MU, or SMU. The same post-ANOVA analysis for 2E 
gave the following results: 

(SSM) 

x1 
Sl.4 

(DSMM/MU) 

XS 
S2.3 

(DMM/MU) 
x6 

S2.5 

(SSMM) 

X4 
52.6 

(SMU) 

X3 
52.B 

(SMM) 

x2 
S2.9 

Only the mean for SSM was significantly lower than 
means for both SMU and SMM. 

Table 10 ranks patrol tactics for effectiveness 
by speed sample means, 0.85 quantiles, and standard 
deviations by their effectiveness, where a lower 
sample value was considered more effective. SSM and 
DSMM/MU gave the best results overall. Of the four 
single-vehicle patrol tactics, SSM was superior in 
reducing mean speed and 0.85 quantiles on both 
roads. SSM and SSMM were not significantly dif
ferent in mean speeds on either road but were si~

nificantly lower than SMU on 4E. 
SMM and SMU did not do well on a comparative 

basis. This is reinforced when one considers the 
two dual-vehicle tactics. Mean speeds were not sig
nificantly lower under DMM/MU than under either SMM 
or SMU alone. In fact, on 4E, SMM ranked above 
DMM/MU for all speeds. DSMM/MU was relatively ef
fective Dut not in comparison with SSMM. Thus, 
addition of the unmarked vehicle to the stationary
moving mode had little or no effect on reducing 
speed parameters. 

CONCLUSIONS 

The following conclusions were inferred from the 
analyses: 

1. The general areawide SE program may have re
duced mean speeds on the Interstate road studied but 
did not affect speeds on the two-lane road. 

2. Mean speeds were more affected by the patrol 
tactics studied than were 0.85 quantiles or vari
ances. Reductions in mean speeds that were signifi
cant, although small in absolute value, were 
obtained with stationary, moving, and stationary
moving tactics. Reductions in O. 8S quantiles were 
smaller. Variances were not affected on the four
lane road but increased with five of six tactics on 
the two-lane road. 

3. The most effective tactic on four-lane roads 
was the stationary mode. Average reductions in mean 
speed over the experimental segments were estimated 
to be 1.6 mph, or 2.6 percent, and in 0.8S quantile 
l.B mph, or 2. 7 percent. This tactic was signifi
cantly better than the moving or unmarked tactic. 

4. Results were less consistent on the two-lane 
segment, perhaps because of greater variability in 
speed data. In a direct comparison of all tactics, 
however, the stationary mode was superior to the 
moving and unmarked modes. 

s. The unmarked tactic, either by itself or in 
combination with another vehicle, had little, if 
any, effect on speeds. 
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6. There was no significant difference between 
the stationary and the stationary-moving modes. 

7. A greater halo effect occurred on the two
lane road than on the four-lane road. This effect 
extended from 3 to 4 miles upstream to at least 5 
miles downstream from a stationary PV on the two
lane road. On the Interstate segment, venicle 
speeds were affected, to a lesser extent, from 2 
miles upstream to 3 miles downstream from the PV; 
speeds even increased from 3 to 5 miles downstream 
as motorists apparently attempted to make up lost 
ground. 
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Evaluation of the Bonneville County, Idaho, DUI 

Accident Prevention Program 

DAVID R. AMICK AND PATRICIA B. MARSHALL 

The results of an impact evaluation of the first 15 months of an accident preven· 
tion program in Bonneville County, Idaho, are presented. Project Safety is a com· 
prehensive driving under the influence (DUI) program implemented in Bonneville 
County in October 1979. It provided an integrated systems approach to the drink
ing-driver problem by the enhancement of treatment, sentencing and parole, and 
rehabilitation processes. DUI enforcement teams were added to the Bonneville 
County Sheriff's Office and the Idaho Falls Police Department. A public informa
tion component was also developed. Specific personnel were assigned system 
liaison responsibilities. A before-and-after analysis, which included two compari
son locations, used an alcohol proxy measure (nighttime fatal and injury acci-
dents occurring between 8:00 p.m. and 5:00 a.m.) to identify reductions in al
cohol-related accidents. There was a reduction of 4.6 alcohol proxy accidents/ 
month (a total of 64) during the study period. Reductions did not occur in com
parison counties in the alcohol measure, although the direction of daytime acci· 
dent trends was similar for all counties studied. State alcohol proxy accidents 
remained stable during the program period. An estimated $1 million in fatal and 
injury accident costs was avoided during the program period compared with 
actual total project costs of $312 471. The $1 million accident cost estimate ex
cludes probable reductions in property-damage-only accidents. 

The results of an impact evaluation of the first 15 
months of the Bonneville County, Idaho, Project 
Safety program, implemented October 1, 1979, are 
presented in this paper. The program was designed 
to reduce alcohol-related motor-vehicle accidents in 
the county. The results of this study will contrib
ute to the growing body of literature concerning the 
design, implementation, and effectiveness of alco
hol-related countermeasures. The methodology 
adopted was designed to determine the following: 

1. Has there been a measurable reduction in al
cohol-related accidents that can be correlated with 
the implementation of Project Safety? 

2. Is there reasonable evidence to indicate that 
such reductions can be attributed to Project Safety? 

3. What are the cost savings in accident reduc
tion due to Project Safety? 
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REVIEW OF LITERATURE 

Identifying effective methods for preventing alco
hol-related motor-vehicle accidents has been a mat
ter of public concern since the u.s. Department of 
Transportation (DOT) made public evidence that 
showed that greatly increased crash risk was 
strongly associated with drinking while driving, 
even when only moderate drinking was involved (1). 
Since that time, numerous local and national prO"j
ects have been implemented in an attempt to curb the 
drinking-driver problem. Almost all of these ef
forts were supported with federal funding. The 
types of countermeasures studied centered primarily 
on special enforcement campaigns. 

The Alcohol Safety Action Projects (ASAPs) funded 
by DOT and operated during the early 1970s in 35 
cities, counties, and states were the largest ef
forts by far. These programs used a traditional en
forcement concept to provide special enforcement 
directed at the drinking driver and to improve judi
cial and treatment system capabilities to effi
ciently process arrested drivers. "The concept in 
operation represented a major overhaul of the entire 
enforcement system, and it was therefore of a magni
tude and duration that is unique in the history of 
highway safety" (2, p. 4). 

The ASAPs easily demonstrated success in increas
ing intermediate effectiveness indicators such as 
driving under the influence (DUI) arrests and agency 
enforcement levels. Cost-effectiveness was also 
easily demonstrated through the use of improved man
agement techniques, specialized training, and more 
accurate devices for testing alcohol concentration. 
However, "no project reached levels of arrests at 
which deterrence or a clear reduction in accidents 
could be traced definitely to the enforcement count
ermeasure" (±_, p. 6). 

Moderate successes were reported in reducing the 
arrest ratio for social drinkers, as opposed to 
heavy or problem drinkers, through education and 
treatment components of the ASAPs. Special surveys 
for a few specific public information projects pro
duced findings that demonstrated a clear relation 
between exposure to campaign activities and changes 
in knowledge and attitude. Analysts of the national 
ASAP program concluded that public information ef
forts should be significant components of future 
projects. 

Although evaluations conducted at local levels 
failed to reveal conclusive results concerning the 
effectiveness of the ASAP concept, a final evalua
tion conducted by DOT did present enough data and 
analyses that it could be credibly argued that "some 
programs including increased certainty of a legal 
penalty under American law could, in the short run, 
produce declines in drinking and driving and in as
sociated casualties" (3, p. 84). 

Other attempts to -measure the effectiveness of 
enforcement-centered projects have been character
ized by methodological weaknesses. Some of the 
stronger research designs still provide little con
clusive evidence because of study weaknesses. In 
the Stockton, California, Increased DUI Enforcement 
Program <!> , there was a decrease in blood alcohol 
concentrations and reported collisions during the 
program period. Yet control-group comparisons 
yielded ambiguous results and preprogram data were 
limited. The Fatal Accident Reduction Throu.gh En
forcement (FARE) program also reported reduced fa
talities in 44 of 47 project locations (~). Again, 
research results were not completely convincing be
cause of the lack of control sites. 

Studies of nonenforcement components of alcohol 
countermeasures have produced little knowledge about 
the relation between education, treatment, and pro-
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bation and alcohol-related accidents. The Tennessee 
DUI Probation Follow-Up Demonstration Project re
ported that probation, rehabilitation, or their com
bination had no significant impact on rearrest or 
accident rates (~) • A study of education programs 
under the Sacramento, California, Comprehensive 
Driving Under the Influence of Alcohol Offender 
Treatment Demonstration Project <2> showed a signif
icant reduction in DUI recidivism due to the educa
tion of first-offense drunk drivers. The education 
programs had no effect on accident involvement. 

In general, it is commonly believed that alcohol 
countermeasures can be expected to produce reduc
tions in alcohol-related accidents if sites are se
lected that actually have alcohol-related accident 
problems and if the population of the area is large 
enough to provide measurable reduction indicators. 
It is more likely to be successful if the counter
measure is more comprehensive in nature, involving 
enforcement and public information components as 
well as treatment, education, and sanctions. Recent 
findings that only suggest accident reduction are 
expected to be strengthened by continued, careful 
project implementation and evaluation. 

PROJECT SAFETY 

Project Safety provides an integrated systems ap
proach to the drinking and driving problem in Bon
neville County through coordination of prevention 
and education programs, DUI enforcement, sentencing 
and parole processes, and rehabilitation programs. 

Planning for Project Safety began in the spring 
of 1979 in response to the Idaho Health Systems 
Agency plan, which called for a reduction in alco
hol-related accidents. The plan further called for 
the initiation of a demonstration project to reduce 
alcohol-related traffic fatalities. 

In the 1979 Idaho Highway Safety Plan, by use of 
an alcohol proxy measure, Bonneville County was 
ranked number one among all Idaho counties in 1978 
alcohol-related accidents. Fortunately, Bonneville 
County had an alcohol abuse planning group and this 
group was challenged to seek a solution to the prob
lem. The Combined Alcohol Rehabilitation and Educa
tion Services (CARES) policy committee contacted the 
Idaho Office of Highway Safety, requesting funds to 
implement a project to reduce alcohol-related acci
dents. 

The resulting project created a new DUI Selective 
Traffic Enforcement Project (STEP) in both the Idaho 
Falls Police Department and the Bonneville County 
Sheriff's Office, a new probation and parole compo
nent within the county judicial system, and a new 
county staff position for a prevention-education 
specialist who would implement a public information 
campa i gn about the project. The program officially 
began on October 1, 1979. 

The county already had well-established services 
for alcohol education and rehabilitation. However, 
these needed to be linked with the courts and en
forcement in a more purposeful approach in order to 
control the alcohol traffic safety problem. With 
the addition of new staff, this was accomplished. 

In the enforcement area, a two-man DUI STEP was 
created in both the Bonneville County Sheriff's Of
fice and the Idaho Falls Police Department. Each 
STEP team worked shifts and geographic areas that 
were rated high in alcohol involvement. The patrols 
worked at night and during the early morning hours. 
The patrol officers were trained in DUI apprehen
sion. Additional patrol vehicles, a direct breath
t.esting instrument, and video equipment were pur
chased for use on the project. Both law-enforcement 
agencies were located in the same building and were 
able to use the equipment effectively. 
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Figure 1. Bonneville County DUI arrests: 1978· 1980. 55 
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There was a significant increase in DUI arrests 
for both law-enforcement agencies after initiation 
of the project. This was the first time either had 
specifically emphasized DUI detection and arrest. 
This increase was especially noticeable in the 
county, which historically had made few DUI ar
rests. Figures 1-3 show the changes in DUI arrest 
levels at the beginning of and during the program. 
It should be noted that much of the discussion about 
the alcohol problem resulted in increased arrest ac
tivity even before the implementation of the program 
on October 1, 1979, especially in the Bonneville 
County Sheriff's office. 

The number of specialists providing presentence 
and probation services for DUI offenders was in
creased from two to five. The DUI specialists pro
vided the link between the enforcement and judicial 
system and the alcohol-treatment system. Feedback 
was provided to the court on the status of sentences 
involving these services. At the beginning of the 
project, the Alcohol Rehabilitation Association 
(ARA) provided in-patient and intermediate-care al
cohol services. The Idaho Department of Health and 
Welfare provided outpatient and educational ser
vices. 

Available records showed that a 50 percent in
crease in the referral of DUI offenders to treatment 
occurred during the first 12 months of Project 
Safety. There were 399 people referred to treatment 
in the 12 months preceding Project Safety compared 
with 600 people referred in the first 12 months of 
the project. An additional 124 people were referred 
to treatment during the last three months of 1980. 
This evaluation covers the first 15 months of Proj
ect Safety. 
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The final component was a public information pro
gram to educate the public about Project Safety and 
the problem of drinking and driving in the commu
nity. A prevention-education specialist was hired 
to carry out this task. Activities initiated by 
this person included daily reports by several local 
radio stations, profiles of citizens arrested for 
DUI, a "this could be you" type of program, inter
views about Project Safety on local television 
stations, news releases, booths at community events, 
and presentations at the junior high and high 
schools. 

During the first six months of the project, the 
media were supportive and provided considerable cov
erage. As Project Safety continued, the type of 
high-exposure media coverage experienced at the be
g inning of the project was more difficult to ob
tain. A comparison shows that in the first fiscal 
project year, FY 1979/BO, there was considerably 
more media activity than in project year FY 
1980/81. In FY 1979/80, there were 7 television 
stories or interviews, 6 newspaper stories, and 10 
radio interviews plus daily spot announcements over 
five AM/FM radio stations; in FY 1980/81, there were 
2 television stories and 3 newspaper stories plus 
weekly spot announcements over 2 radio stations. 

METHODOLOGY 

Accident Measures 

All of the accident data used in this study were re
trieved from the central traffic accident data base 
maintained by the Idaho DOT. All state j ur isdic
tions are required to provide copies of accident re-
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Figure 2. Idaho Falls DUI arrests: 
1978-1980. 

Figure 3. Total Project Safety DUI 
arrests: 1978-1980. 
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ports to be entered in this data base. An histori
cal examination of the data used in this study 
provided no evidence to indicate significant report
ing problems for fatal or injury accidents during 
the period under study. 

Several types of data might serve as indicators 
of alcohol-related accidents. Police accident re
ports provide information about drivers' alcohol 
consumption levels when breath tests or blood tests 
are administered. Although such data are generally 
reliable, alcohol tests are actually administered 
rarely. In Idaho in 1980, only 2 percent of all 
drivers involved in accidents were given an alcohol 
test. 

Another indicator of alcohol involvement is the 
item "had been drinking• under the category of 
"driver contributing circumstance• on the accident 
report form. This item is marked at the discretion 
of the officer even if a citation is not issued or 
if a test is not administered. This item is also 
infrequently checked (8.5 percent of all drivers in 
1980). Officers are generally hesitant to indicate 
alcohol involvement without concrete evidence. A 
great deal of bias is also introduced because the 
tendency to mark "had been drinking• varies from of
ficer to officer depending on training, experience, 
and personal values. 

The major weakness of these indicators as effec
tiveness measures is their dependence on the offi
cer's experience. It is likely that introduction of 
patrol officers trained in DUI enforcement will 
cause an upward shift in the frequency of alcohol 
testing and an increase in the observation of drink
ing behavior. 

An alcohol proxy measure was developed to deter
mine shifts in accidents believed to be alcohol re
lated. The proxy used in this study differs from 
the alcohol proxy typically used in the NHTSA Fatal 
Accident Reporting System (FARS)--i.e., nighttime 
single-vehicle fatal accidents occurring between 
8:00 p.m. and 4:00 a.m. (~). The proxy measure used 
in FARS would not be a feasible indicator of alco
hol-related accidents in Idaho because there are 
only 330 yearly fatalities recorded statewide. 
Fatal-accident frequencies for counties or cities on 
a monthly basis are simply too small to be used for 
trend analysis. 

The proxy measure used in this study includes all 
nighttime fatal and injury accidents occurring be
tween 8:00 p.m. and 5:00 a.m. Accidents occurring 
on private property are excluded. An analysis of 
Idaho statewide accidents showed that accidents oc
curring during these hours normally involved a 
greater percentage of total drivers being given 
drinking tests (5.0 percent). Such accidents are 
also more frequently described by the officer as in
volving alcohol at some level. In fact, "had been 
drinking• and •inattention" are the most frequently 
cited driver contributing circumstances for night
time accidents. For 23 percent of the drivers, "had 
been drinking• was noted. "Inattentive driving" was 
also noted on the accident report for 23 percent 
(inattentive driving is thought by Idaho traffic 
safety officials to be frequently related to alco
hol). 

The alcohol proxy just described is not to be in
terpreted as the actual number of alcohol-related 
accidents in any area. Instead, it should be used 
only as an indicator that is likely to shift if ac
tual alcohol-related accidents are being affected. 

A major weakness of the alcohol proxy is that it 
does not include all alcohol-related accidents be
cause property-damage accidents are excluded due to 
unreliable reporting. It will therefore be diffi
cult to estimate the complete impact of a DUI pro
gram by using the proxy measure. 
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The evaluation design used here relies on a before
and-after analysis to measure the impact of Project 
Safety. In addition, two comparison counties in 
Idaho were selected to provide information about 
changes in proxy accident trends that occurred dur
ing Project Safety but in counties that did not have 
DUI prevention programs. 

It was critical to determine the effect of gener
ally reduced travel and other unmeasured exposure 
factors on alcohol proxy accident's. It was possible 
that proxy accidents that occurred at night, even 
though they were believed to be largely alcohol re
lated, might be seriously affected by the same vari
ables as daytime accidents. If it were found that 
daytime accident trends were generally not related 
to alcohol proxy accident trends, it would counter 
suggestions that accident reductions in the project 
location were caused by unmeasured exposure vari
ables. Thus, data were also collected in comparison 
counties and in Bonneville County on daytime fatal 
and injury accidents (5:00 a.m. to 8:00 p.m.) to 
suggest overall accident patterns that could have 
affected proxy accidents differently in each county. 

In a further attempt to verify overall accident 
t r ends and their relation to proxy accidents, state
wide injury accidents were used to help corroborate 
relations found in the project county and the com
parison counties. It was believed that this addi
tional step was needed because comparison sites were 
not randomly selected before program implementa
tion. Thus, even though similarity between compar
ison sites and the project county was a serious se
lection criterion, important differences could have 
been overlooked by the researchers. Overall state
wide data could help suggest normal accident trends. 

Comparison Counties and State Data 

The researchers attempted to identify counties as 
similar as possible to Bonneville County. Factors 
considered significant in selecting sites were pop
ulation, rural or urban composition, geography, 
problem size, and existence of DUI prevention pro
grams. The two comparison counties selected were 
Bannock and Twin Falls. 

Bonneville, Bannock, and Twin Falls Counties are 
similar in population, as indicated below: 

Poeulation 
County ~ 1980 Increase (%) 
Bonneville 52 457 65 980 26 . 0 
Bannock 52 200 65 421 25 . 0 
Twin Falls 41 807 52 927 27 0 

According to 1980 census data ( 9) , all three coun
ties experienced approximately the same percentage 
growth in population since 1970. 

Each of the study counties contains one major 
population center that is largely surrounded by very 
small rural communities and open farming country. 
All three have similar open-farmland geographic 
characteristics typical of eastern and southern 
Idaho. Another important common characteristic is 
that the major population center of each county is 
bypassed by one major Interstate highway. The acci
dent frequencies for these counties are also similar. 

All counties have similar estimates of vehicle 
miles of travel (VMT), as indicated in the following 
table (these estimates exclude local roads because 
knowledge of local-road VMT could affect the direc
tion or magnitude of the percentage change from year 
to year) : 
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VMT (000 OOOs) 
County 1979 1980 Chan9e I'! 
Bonneville 317 312 -1. 5 
Bannock 332 329 -0 .9 
Twin Falls 212 214 +0. 9 

There are differences among comparison counties 
in their abilities to address the problem of the 
drinking driver. Bannock County has traditionally 
had an alcohol-treatment program. However, there 
was no specific concentration on DUI enforcement and 
officer training in Bannock County, and there was no 
increase in DUI enforcement personnel levels during 
the Project Safety program. In fact, DUI arrests in 
Bannock County were 14 percent less in 1980 than in 
1979. 

It should be kept in mind that Bonneville County 
also has traditionally had a treatment program. 
This evaluation was conducted to measure the impact 
of an enhanced alcohol accident prevention program. 
Bannock County can be considered as not having a 
program of the type evaluated here because it does 
not have enforcement, public information, and coor
dination components comparable to those of the Bon
neville County program. 

The existence of a Bannock County treatment pro
gram prompted the inclusion of Twin Falls County, 
the third comparison group. Twin Falls County does 
not have a treatment or DUI enforcement program. 
DUI arrests remained stable from 1979 to 1980 in 
Twin Falls County. In addition, Twin Falls County 
does not experience the possible spillover effects 
of the public information component of Project 
Safety. Bannock County receives some of the same 
television and radio information received in Bonne
ville County. The Twin Falls site was needed to 
control for alcohol education information released 
through Project Safety. This precaution was taken 
even though public information without enforcement 
has never been shown to have a direct effect on ac
cident occurrence. 

Figure 4. Analysis procedure. 

Independent Variable Dependent Varhblcs-
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Safety (Impact. Measure) 
lnc.crvent.fon. 
Variable Daytime Accidents 

(Comparison Measure) 

BANNOCK COUNTY 
(Comparison Location A) 
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Variable Daytime Accidents 
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TWIN FALLS COUNTY 
(Comparison Location B) 

Project Nighttime Accidents 
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Intervention 
Variable Daytime Accidents 
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IDAHO 
(Statewide Comparison) 

Project Nighttime Accidents 
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Statewide data were collected in two forms: (a) 
state fatal and injury accidents and (b) nighttime 
fatal and injury accidents. All counties where ac
tive STEPs were in operation were omitted from 
statewide data. Nighttime hours were defined in the 
same fashion as project and comparison group data. 
Figure 4 shows the design approach used in this 
study. 

In all cases, monthly data covered the period 
from January 1975 to December 1980. The Project 
Safety intervention was introduced in October 1979. 

Analysis Technique 

The Box-Jenkins time series approach ( 10) was used 
to determine the time series parameters and transfer 
function estimates for the data. The advantage of 
using the Box-Jenkins approach is that it allows the 
researcher to account for and describe characteris
tics of the data attributable to seasonality or 
trend or both as well as characteristics of the data 
that are correlated with individual or multiple in
dependent variables. The time series model for each 
of the relations to be examined in this study can 
generally be mathematically depicted as follows: 

(1) 

where 

Yt monthly alcohol proxy accidents at time pe
riod t; 
impact of Project Safety, 
monthly change in Yti 
Project Safety intervention 
period t (when t < 58, It 
It = 1); 

i.e., average 

variable at time 
= O; otherwise, 

Nt = noise series, some function of normal inde
pendently distributed error. 

The transfer function parameter (W0 ) may be in
terpreted as the average monthly change in accidents 
during the presence of Project Safety. Nt repre
sents the noise portion of the model for Y t. Nt 
contains seasonality, trend, and other time series 
characteristics of Yt· The final model will also 
include reasonable, identifiable delays in program 
impact that may occur when a program is just begin
ning. 

The t-test statistic was used to determine 
whether or not w0 was different from zero. Sig
nificance was tested at the 95 percent confidence 
level. 

Hypotheses 

The following research hypotheses were tested. 

1. There will be a significant reduction in 
nighttime injury accidents in Bonneville County dur
ing the time Project Safety is in effect: 

W0 (1) < 0 (2) 

where w0 ( 1) is the average monthly change in 
nighttime injury accidents in Bonneville County. 

2. Reductions in nighttime injury accidents in 
Bonneville County will be greater than possible re
ductions in nighttime injury accidents in Bannock 
County, comparison location A, during the program 
period: 

W0 (1) < W0 (2) 

where W0 ( 2) is the average 
nighttime accidents in Bannock 
program period. 

monthly 
County 

change 
during 

(3) 

in 
the 
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Figure 5. Bonneville County alcohol proxy 25 .o 
accidents. 
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Figure 6. Bannock County alcohol proxy 26 
accidents. 
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Figure 7. Twin Fa Us Coi.mty alcohol pioxy accidents. 
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Figure 8. Data sets subjected to time series analysis by use 
of Intervention variable. 
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Figure 9. State alcohol proxy accidents. I BO 
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3. Reductions in nighttime in]ury accidents in 
Bonneville County will be greater than possible re
ductions in nighttime injury accidents in Twin Falls 
County, comparison location B, during the program 
period: 

W0 (1) < W0 (3) (4) 

where W0 (3) is the average monthly change in 
nighttime injury accidents in Twin Falls County dur
ing the program period. 

The relations between the Project Safety inter
vention variable and county daytime and statewide 
measures were examined to help explain relations 
found between Project Safety and nighttime accidents 
in the project and comparison locations. 

RESULTS 

Findi ng s 

Figure 5 shows nighttime injury accidents for the 
project location, Bonneville County. The time se
ries represents monthly accidents that occurred be
tween January 1975 and December 1980. Project 
Safety was implemented in October 1979. 

The mathematical time series (intervention) model 
for the data is presented below: 

(2.2) (0.07) (0.10) 
Yi= - 4.6 Ii -1 + { ((1 - 0.878) (1- 0.62812

)] /((1- B) (1 - B12
)]} ai (5) 

where 

monthly nighttime injury accidents in Bonne
ville County in time period ti 

JAN7B 

DATE 

JAN79 JAN BO JANDi 

intervention effect in time period t: 
back-shift operatori 
white noise component of Yt after the trans-
fer function (-4.6), moving average 
( 1 - 0. B7B) , seasonal moving average 
(1 - 0.62B 12 ), regular difference (1 - B), 
and seasonal difference (1 - B 12 ) compo
nents have been removed from Yti and 

Ni= {[(l - 0.87B)(l - 0.62B12
)] /((! - B)(l - B12

)]} ai 

The standard errors for each of the parameter es
timates are displayed in parentheses above the esti
mates. A delay period of one month was identified, 
as indicated by the term It-1· All parameter es
timates were significant at the a = 0.05 level. 
The t-statistic for the transfer function parameter 
was -2.09. 

A time series (intervention) model was developed 
for comparison location A, Bannock County, and com
parison location B, Twin Falls County. Figure 6 
shows monthly nighttime injury accidents for Bannock 
County that occurred between January 1975 and Decem
ber 1980. The Project Safety intervention variable 
was used in the analyses. A one-month delay period 
was introduced for all comparison locations to be 
consistent with the Bonneville County model. 

The mathematical time series (intervention) model 
for Bannock County nighttime injury accidents i s as 
follows: 

(1.79) (0.12) 
Xi= 0.64 Ii+ ((1- 0.65B 12 )/(1- 8 12)] ai (6) 

where Xt is monthly nighttime injury accidents in 
Bannock County in time period t. 
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Figure 10. State injury accidents. 
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The seasonal moving average parameter was signif
icant at the a 0.05 level. The t-statistic 
( O. 36) for the transfer function parameter was not 
significant. 

Figure 7 presents the monthly time series data 
for Twin Falls County nighttime injury accidents. 
The mathematical time series (intervention) model 
for Twin Falls County nighttime injury accidents is 
presented below: 

(1.2) 
Zi = 4.5 Ii + Ni (7) 

where 
Zt monthly nighttime injury accidents in Twin 

Falls County in time period t and 
Nt at• 

The transfer function parameter was found to be 
significant at the a 0.05 level (t 3.75). 
Seasonal and automobile correlation components in 
the time series were not significant and therefore 
were not included in the model. 

The sets of data shown in Figure 8 were subjected 
to the same time series (intervention) analysis as 
the project and comparison locations by using the 
Project Safety intervention variable. As with the 
previous comparison data, a one-month delay time was 
forced into these models to ensure similar time
per iod comparison. Graphs of these data sets are 
shown in Figures 9-13. 

JAN?B 

DATE 

JAN79 JAN BO JANBI 

Interpretation of Findings 

The results indicated a significant reduction in 
nighttime injury accidents in the project location, 
Bonneville County, during Project Safety implementa
tion. Significant reductions began occurring in 
November 1979. The average monthly reduction from 
the pre intervention level was 4. 6 accidents/month. 
An effort was made to rule out the possibility that 
the above reductions resulted from some factor other 
than Project Safety by examining similar counties 
that did not have a comprehensive alcohol program. 

Reductions in nighttime injury accidents did not 
occur in comparison location A, Bannock County, or 
in comparison location B, Twin Falls County. In 
fact, changes in accident frequencies in the compar
ison groups did not resemble reductions in the proj
ect location, Bonneville County, in direction or 
magnitude. Bannock County nighttime injury acci
dents remained stable during the implementation of 
Project Safety. Twin Falls County actually experi
enced a significant increase in nighttime accidents 
during the project period. The increase in night
time accidents in Twin Falls County was 4. 5 acci
dents/month. 

It was possible that alcohol proxy accidents 
could have been reduced due to statewide travel and 
other factors. However, it was found that alcohol 
proxy accidents did not vary in the same way as day
time injury accidents during the project period. 
State alcohol proxy accidents remained essentially 
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Figure 11 . Bonneville County day- &• 
time injury accidents. 
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Figure 12. Bannock County daytime 
injury accidents. 
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Figure 13. Twin Falls County daytime 
injury accidents. 
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stable during the program period. State injury ac
cidents decreased only slightly during the program 
period. 

Daytime injury accidents in Bannock County de
creased significantly by a monthly average of 6.5 
accidents. Twin Falls County also experienced a re
duction in daytime injury accidents of 6.0 acci
dents/month, although this reduction was not signif
icant at the 0.05 level. Bonneville County experi
enced a significant daytime accident reduction also 
(an average of 7.8 accidents/month). 

Reductions in daytime in)ury accidents in the 
study counties do not appear to be reflected to any 
great degree in state injury accidents. A good deal 
of research remains to be done to determine the rea
son for this apparent difference. Other counties 
included in the state measure used here are gener
ally quite different from the study counties in pop
ulation, size, and geographic makeup. Decreases in 
the study counties must have been offset by in
creases in other counties. No explanation can be 
offered here. 

In general, the study counties did experience re
ductions in daytime accidents that appear to be un
related to trends in alcohol proxy accidents. Alco
hol proxy accidents may be less likely to be 
affected by exposure variables because night driving 
is less likely to include long-distance trips, es
pecially if drinking is involved. The stable or in
creasing pattern of alcohol proxy accidents state
wide and in the comparison counties could be partly 
explained by a weaker relation to exposure factors. 

CONCLUSIONS 

The Project Safety DUI prevention program was im
plemented to reduce alcohol-related traffic acci
dents in Bonneville County through enhancement of 
the alcohol-treatment, enforcement, education, and 
public-information efforts of the county and city 

JAN76 
DATE 

JRN79 JRN60 JRN61 

governments. The program resulted in substantial 
increases in DUI enforcement, public-information, 
and treatment activities. An estimated average re
duction of 4.6 nighttime fatal and injury acci
dents/month occurred during the study period (64 
total accidents) • Reductions began occurring one 
month after the start of the program. A comparison 
with the two other similar counties showed that the 
above reduction was unique to Bonneville County dur
ing the program study period. 

Although a monthly reduction of 4.6 fatal and in
jury nighttime accidents may not appear important, 
it must be remembered that it makes up a 39 percent 
average monthly reduction in the alcohol proxy mea
sure in comparison with the appropriate 12 months 
before Project Safety. Over a 12-month period, it 
represents 55 accidents. By way of comparison, 55 
accidents represents 9 percent of all 1979 injury 
accidents in Bonneville County (607). This study 
did not estimate probable reductions in property
damage-only or private-property accidents. 

It is estimated that a total of 64 accidents were 
prevented during the study period. The total cost 
of the project for that same period amounted to 
$312 471. The estimated cost of the accidents that 
were prevented is $1 million. The benefit/cost 
ratio for Project Safety was approximat~ly 3.2. 
Given the size of the accident problem in Bonneville 
County and the scope of the DUI accident prevention 
program, Project Safety was found to be cost effec
tive. 
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Field Study of Rail-Highway Grade-Crossing Crash Sites 
J.W. HALL 

The results of a study undertaken to determine whether an acceptable level 
of safety has been achieved at the 845 public rail-highway grade crossings in 
New Mexico are presented. Field studies were conducted at 57 rail-highway 
grade crossings where one or more accidents had occurred during a 3C>-month 
period. With few exceptions, these crossings were found to have adequate 
design and operational features. Of the sites studied, 35 percent had active 
traffic-control devices installed after the accident. The project also examined 
the existing grade-crossing inventory data to determine their accuracy. The 
study found numerous errors in the inventory file: Principal deficiencies re
lated to highway volumes and advance signs and markings. Evaluation of the 
data for a limited time period following improvements found an apparently 
significant reduction in crash experience, which was achieved at a cost of 
$35 000/accident. The researchers recommend correction of the few defi
ciencies found in the field study, upgrading of sites that do not meet relevant 
signing and marking standards, updating of the inventory, and more extensive 
use of the crossing identification number on accident r~port forms. 

Traffic accidents that occur at the intersection of 
a rail line and a street or highway are one of the 
enigmas of highway safety. Available statistics in
dicate that such accidents are both rare and se
vere. Their rarity is indicated by the fact that, 
on an annual basis, at the approximately 220 000 
public rail-highway grade crossings in this country 
there are a total of 11 100 accidents, or an average 
of 0.05 accident/public crossing/year (!l. The se
verity statistics are also not surprisingi the re
sult of several 200-ton locomotives pulling a 5000-
ton string of freight cars and striking a 1. 5-ton 
car or pickup is not difficult to predict. What is 
perhaps surprising is that such a collision does not 
always result in a fatality. National data indicate 
that 11 percent of the collisions between trains and 
highway vehicles result in fatalities and that many 
of tne remainder produce occupant inJuries. Al
though they account for less than 0 .1 percent of 
nationwide traffic accidents, collisions with trains 
result in approximately 2 percent of the highway 
fatalities. 

In one sense, the grade crossing is just like any 
other highway intersection where two flows of traf
fic intersect. However, the generally low train 
volumes create a situation in which the approaching 
driver knows that a train may be at the crossing but 
does not expect one to be there while he or she is 
actually at the crossing. In an attempt to improve 
safety at these locations, a variety of static and 
active traffic control devices can be used to warn 

approaching motor is ts and to regulate vehicle tr a f
f ic when a train is near the crossing. Flashing 
lights or gates are preferred treatments, but they 
are expensive, and limited funds for improvement re
strict the number of locations that can be treated 
with these devices. 

Through mechanisms with varying degrees of for
mality, safety improvements at rail-highway grade 
crossings must compete for funding with a variety of 
other highway programs that range from spot improve
ments to new construction. Numerous studies have 
documented the highly favorable measures of cost-ef
f ectiveness for some of these other types of remed
ial actions. However, once the most hazardous grade 
crossings have been improved, it is difficult to 
show a comparable level of cost-effectiveness for 
the remaining crossings. In fact, it is valid to 
inquire whether a point of diminishing returns has 
been reached in grade-crossing safety (~). The ob
jective of this study was to determine whether New 
Mexico and the three principal railroads that oper
ate within it have, through their previous improve
ment programs, reached the maximum practical level 
of safety at rail-highway grade crossings. 

Although New Mexico is the fifth largest state in 
land area, it has only 1960 miles of Class I and 
Class II rail line, barely l percent of the mileage 
in the entire country. The state has 845 public 
rail-highway crossings, approximately 0.4 percent of 
th~ nationwide total. Accident statistics based on 
police reports for the 1961-1980 period show that 
the state averaged 32.5 train-involved acci
dents/year. Annual fatal and injury accidents aver
aged 4 and 10, respectively. Although there was a 
small annual increase in accident experience during 
this period, the increase is apparently less than 
the growth of either rail or highway volumes. A 
1979 tabulation of grade-crossing accidents and in
cidents reported to FRA by the railroads shows that 
New Mexico had 0. 24 percent of the nationwide acci
dents, 0.96 percent of the fatalities, and 0.37 per
cent of the injuries. Although it is risky to draw 
strong conclusions from this data base, it appears 
that the state has fewer but more severe accidents 
than might be expected in view of its relative share 
in the number of crossings. 

In a typical year, less than 4 percent of New 
Mexico's public grade crossings have an accident. 
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As a result, the New Mexico State Highway Department 
uses a hazard index to help in establishing priori
ties for countermeasure implementation. The index 
is a modified version of the New Hampshire method, 
which includes sight distance, train speed, and ac
cident history parameters in addition to the stan
dard parameters of highway and railroad traffic vol
umes and a traffic-control-device factor. Like most 
hazard index methodologies, this procedure calcu
lates a relative value and makes no clear distinc
tion between safe and hazardous. Because the index 
does not predict accidents, it cannot be used in 
traditional forms of benefit-cost analysis <l>· It 
may be useful for setting priorities among potential 
grade-crossing improvements, but it is of minimal 
value in allocating funds among competing safety 
programs. 

In recent years, the Highway Department, using 
this index and input from a diagnostic team, under
took a vigorous program of grade-crossing improve
ments. At approximately 11 percent of the cross
ings, active devices (costing, on the average, 
$60 000) were installed, and, at many others, signs 
and markings were installed or upgraded. Despite 
these improvements, there was an average of 32 acci
dents/year for the 1978-1980 period, which was al
most identical to the experience in the preceding 17 
years. At this point, responsible highway officials 
began to question the results of their efforts and 
to seek a more thorough analysis of the consequences 
of their program. 

STUDY PROCEDURES 

To achieve the objectives of this project, a re
search plan involving computer analysis of National 
Railroad Grade Crossing Inventory data and a field 
study of accident sites was developed and imple
mented. Combined input from both data sources pro
vided a means of evaluating the accuracy of the 
national inventory. 

Data for the initial inventory were collected by 
the railroads and the New Mexico State Highway De-

Table 1. Characteristics of New Mexico grade crossings. 

Characteristic Low High Avg Median 

ADT (no. of vehicles) 5 27 000 1040 100 
Trucks(%) 0 93 8.2 5 
Daily trains 

Day 0 23 5 3 
Night 0 23 4 2 

Train speed (mph) 0 90 42 49 
Number of tracks 

Main 0 3 0.90 I 
Other 0 7 0.56 0 
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partment in 1974. The inventory contains 78 data 
items for each public grade crossing in the state. 
With the notable exception of sight distance, the 
inventory contains information on most of the rele
vant physical and operational features at rail-high
way grade crossings. The seven-digit crossing num
ber provides a means of relating the inventory 
information to other data bases, such as the FRA ac
cident file. At the time of the study, the estab
lished mechanism for updating inventory information 
had been used extensively by the railroads but spar
ingly by the Hignway Department. 

Several Dasie crossing characteristics are sum
marized in Table 1. Traffic volumes at the cross
ings are generally low; only 19 percent have average 
daily traffic (ADT) in excess of 1000 vehicles. The 
comparatively minor nature of many of the roads is 
supported by their functional classification (57 
percent are classified as other local roads) and the 
fact that only half the roadways were paved. The 
busiest rail line has 46 trains/day. The average 
crossing has 1.46 tracks. 

The inventory provides extensive information on 
the type of warning device at the crossing. FRA 
classifies these according to a hierarchy from no 
devices (1) to gates (8), characterizing the cross
ing protection level by the highest level of warning 
device. Table 2 summarizes the highest warning 
level for nine categories of traffic volume. Cross
bucks are the predominant form of traffic-control 
device, accounting for the highest level of protec
tion at 68 percent of the crossings. Active devices 
are in use at 29 percent of the crossings. For 
those crossings with estimated ADT of 1250 or more, 
73 percent nad active devices. In general, higher 
levels of protection are provided at crossings with 
nigher traffic volumes. A separate analysis showed 
a rank order correlation of +O. 57 between traffic 
volume and protection level, which is nighly signif
icant for the sample size. · The correlation between 
number of trains per day and highest level of pro
tection is +O. 3 7, which is also statistically sig
nificant. 

In addition to signs and active devices at the 
crossings, the inventory contains information on the 
use of pavement markings and advance-warning signs. 
The railroad advance-warning sign (Wl0-1) was re
ported at only 168 ( 20 percent) of the crossings. 
Because the sign is placed several hundred feet in 
advance of the crossing, its presence may not have 
been detected by technicians conducting an inventory 
from the tracks. The inventory data indicate that 
61 ( 7 percent) of tne crossings had standard pave
ment markings prescribed for railroad crossings. 
More specifically, 57 sites had the RR symbol on the 
pavement, and 45 provided a stopline. 

The inventory data were analyzed by using corre
lation techniques to determine relations among the 
several variables. This analysis showed that, where 

Table 2. Highest warning level used at crossings by 
No. of Crossings Using Device volume of vehicle traffic. 

Traffic Volume None STOP X-Buck Wigwag• Light Gate Total 

<100 II 2 394 5 7 12 431 
100-200 0 I 62 0 9 IO 82 
200-400 2 I 41 2 14 15 75 
400-625 4 0 20 I II 9 45 
625-1250 I I 20 0 26 18 66 
1250-2500 0 0 15 2 21 19 57 
2500-5000 0 0 9 0 12 19 40 
5000-10 000 0 0 8 0 8 14 30 
>10 000 0 0 7 0 3 9 19 
Total 18 5 576 TO TIT ill 845 

8 Includes bells and highway traffic signals. 
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Table 3. Average rail-highway crossing characteristics. 

Accident 
Characteristic Crossings 

Highway ADT 22008 

Trucks(%) 7.9 
Number of daytime trains 8.o• 
Number of nighttime trains 1.0• 
Total number of trains 15.0• 
Train speed (max mph) 50.2• 
Number of highway lanes l.988 

Number of main tracks 1.12• 
Number of other tracks 0.37 
Total number of tracks 1.49 
Warning device classc 5.988 

Number of crossbucks 0.57 
Number of STOP signs 0.12 
Number of other signs 0.05 
Number of bells 0.61 3 

Num her of flashers 1.45. 
Number of traffic signals 0.11 
Number of gates (red/white) o.54• 

~Sisnlncantly higher at the- ncc.ldcml •fto1 at ex= o.os. 
Signini:antly higher at tha non·ocddon t sites at Cl! = o.os. 

c Fr•>m no warning ( 1) to gates (8). 

Nonaccident 
Crossings 

960 
8.2 
4.7 
3.9 
8.6 

41.9 
l. 75 
0.88 
o.58b 
1.46 
4.86 
0.92b 
O.o3 
0.04 
0.30 
0.62 
0.01 
0.20 

traffic volumes are higher (principally in urban 
areas), there tend to be fewer main tracks, more 
other tracks, and lower train speeds. Crossings 
with higher train volumes tend to have more main 
tracks and higher speeds. Sites with higher train 
speeds generally have more main tracks and a higher 
level of protection, whereas the number of highway 
lanes and other tracks is typically lower. In addi
tion, the protection level was generally higher for 
crossings with more highway lanes, main tracks, and 
other tracks. None of these correlations is partic
ularly surprising . They basically show that more 
important crossings--as reflected by higher volumes 
(trains and vehicles), speeds, and number of 
tracks--are better protected. 

F !ELD STUDIES 

Although the inventory contains a substantial amount 
of information, it is not comprehensive with respect 
to some highway parameters, such as alignment and 
sight distance, which may be significant in causing 
accidents. In addition, because the highway data in 
the inventory had not been updated on a periodic 
basis, the accuracy of some inventory information 
was questionable. In an attempt to address these 
issues, field studies were made at 57 grade cross
ings at which there had been 67 train accidents dur
ing a 30-month period ending in December 1979. Dur
ing the review and analysis of data on grade-cross
ing accidents, discrepancies were noted in the 
number and location of accidents contained in the 
Highway Department and FRA record systems. 

The field measurements and observations were de
signed to verify and supplement the inventory data. 
Observations were used to check inventory data on 
such things as traffic-control devices, number of 
tracks, advance-warning devices, and the presence of 
nearby intersections . Measurements were made of 
roadway alignment, crossing profile, and control-de
vice placement as well as approach and AASHTO Type 
III sight distance. The techniques for making these 
measurements are described in the research report 
(_!) • Supplementary information on the operational 
characteristics of the crossings was provided by the 
Highway Department and the railroads. 

DATA ANALYSIS 

The seven-digit crossing number, an integral part of 
the inventory system, should permit comparison be-
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tween crossings that have experienced train-vehicle 
collisions and those where there were no such acci
dents during the study period. The usual failure of 
tne investigating officer to include this number on 
the accident report complicates the process of de
termining the actual crossing number of the accident 
sites. With the assistance of the Highway Depart
ment files and through the field studies, it was 
possible to maKe a reliable determination of the 
crossing number of the accident sites. Then it was 
a rather straightforward process to compare the in
ventory characteristics of crossings where accidents 
had occurred and those where accidents had not oc
curred. 

Table 3 compares the 1980 inventory information 
for the two categories of crossings. The crossings 
that experienced accidents are clearly more active: 
They have twice the train and highway volume of pub
lic crossings that did not have accidents during the 
study period. They also have significantly more 
highway lanes and main tracks and significantly 
fewer other tracks. Maximum typical train speeds 
are also significantly higher. The protection level 
is higher at the crossings where there were acci
dents, as evidenced by the significantly larger num
ber of bells, flashers, and red-white gates. 

By using the protection factor coefficients used 
in the New Hampshire hazard index (i.e. , 1. 0 for 
signs, 0. 6 for flashing lights, and 0 .1 for gates) , 
the average protection coefficients were found to be 
O. 62 for the crossings with accidents and 0. 82 for 
the crossings without accidents. The values are 
significantly different, verifying what is implied 
in Table 3--that is, that better protection is pro
vided at the crossings where accidents occurred. 
The New Hampshire index for all public crossings 
averaged 2640. For crossings with accidents, the 
index averaged 9030, which is significantly higher 
than the index of 2180 for the crossings without ac
cidents. This finding indicates that, as a group, 
the crossings with accidents, despite their higher 
protection levels, are more hazardous than the much 
larger set of crossings where accidents did not oc
cur during the study period. 

Another item of concern with respect to the in
ventory is the accuracy of the data it contains. 
The basic inventory data were collected in 1974. As 
grade-crossing improvements are made, the railroad 
submits an updated inventory form to the Highway De
partment, which in turn modifies the highway data 
(if necessary) and forwards the information to FRA. 
Of the crossings studied in this research, 25 (45 
percent) were updated since the original data col
lecti9n, mostly in response to improvement in traf
fic-control devices. 

The accuracy of the physical information at the 
site was established by comparing the inventory with 
the conditions actually observed in the field. Of 
the crossings studied in this research, 42 (74 per
cent) exhibited physical conditions in the field 
that differed from those listed in the inventory. 
By far the most prominent error in the inventory is 
its failure to document the actual presence of the 
railroad advance-warning sign (Wl0-1). At nearly 
half the accident sites, the inventory indicated 
that this sign was not present when in fact it was 
placed on one or both approaches. Because the orig
inal inventory data were collected by a team moving 
along the track rather than on the highway, it is 
reasonable to expect that this sign could be easily 
overlooked. The next most common errors involved 
the failure to note the presence of pavement mark
ings, specifically the RR symbol and stoplines. It 
is quite possible that the markings, which have a 
relatively short lifetime, were not in place when 
the inventory was initially conducted. 
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Table 4. Alignment characteristics at accident sites. 

Characteristic Mean Min 

Ouvature 
150 ft"· b 0.48 -15 .51 
50 ft 3 ' b -0.26 -15.42 
Average 0.11 -13.90 
Modifiedc -0.38 ~10.00 
Absoluted 1.40 0 

Gradient 
150 ft" 0.34 - 5.00 
50 rt• 1.47 -2.80 
Average 0.91 -2.40 

Approach profile" 3.17 -1.94 
Departure profile" -3.06 -9.80 
Superelevation 

150 ft 3 1.71 -3.00 
50 ft" 1.96 -3.30 

~ Db:t~ncc In adv:mce or U1c rall tr:i.ck.c. 
CurvC,j 10 thr lr O wett:! 11SsJwtrd pos:i1Jvo CLl§._obraic signs. 

~1"runcaicd 10 valuo.t_ bc lw~en - 10• :md • 10 • 

Max 

21.27 
24.11 
18.63 
10.00 
18.63 

7.60 
7 .20 
5.75 

10.78 
2.84 

7.20 
8.80 

Ab!ioluce vnluc Qf the- a\"or IJC' curvuhu~. 
eE$.t11bJb1h"d from level r6odfnu a t O'e r:'lil nnd 50 ft on either side. 

"Approach" is the direction of the vehicle involved in the acddent. 

Table 5. General characteristics at accident sites. 

Characteristic Sites(%) 

Land use 
Commercial 46 
Farming 45 
Residential 9 

Level of development 
Heavy 28 
Moderate 40 
Light 15 
Undeveloped 17 

Type of area 
b~ ~ 
Su~~m 3 
Town 57 

General approach alignment 
Horizontal 

Tangent 70 
Curve left 14 
Curve right 16 

Vertical 
Level 72 
Upgrade 19 
Downgrade 9 

Protective devices that need physical maintenance 30 
Sites with official, nonrailroad traffic-control devices 43 

According to the inventory guidelines, a nearby 
intersecting highway is one within 75 ft of the 
crossing. This characteristic, which is not likely 
to change much over time, is improperly coded for B 
(14 percent) of the sites. These and other major 
error categories and the number of crossing sites 
(of the 57 sites studied) at which errors were noted 
are given below: 

No. of Sites 
Category 
RR advance-warning sign 

Where Error was Noted 
27 

RR symbol (pavement marking) 
Stopline (pavement marking) 
Nearoy intersecting highway 
Red and white gates 
Bells 
Passing zone markings 
Number of train tracks 
Number of highway lanes 
Miscellaneous 

21 
16 

B 
7 
5 
4 
3 
3 

10 

Miscellaneous includes the presence of 
lights,. crossbucks, STOP signs, other 
signs, and crossing surface characteristics. 

flashing 
(exempt) 
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Table 6. Placement of official railroad traffic control devices. 

Distance from Rail (ft) 
No . of 

Device Sites Avg Min Max MUTCD 

Gates 29 12.8 9 17 lOmin 
Flashers 41 15.6 10 40 IO min 
Crossbuck3 58 16.7 10 51 6-50 
Stop line 25 24.3 14 91 15 
RR symbol 28 207 48 568 Variable 
Begin no passing zone 18 278 84 769 Variable 
RR advance warning sign 37 296 28 769 100-750 

3 Includes crossbucks on active devices. 

The Highway Department was able to provide traf
fic volume data for eight study sites on their road
way system, but reliable traffic volumes for other 
roads were not available. On the state highway sys
tem, current volumes ranged from 66 to 650 percent 
of the values included in the inventory. The cur
rent average highway volume is 121 percent of the 
average volume values from the inventory. Only two 
of the state highway sites for which new volume data 
were availaDle had been updated, both in response to 
tne installation of gates. 

The three railroads that owned the crossings at 
the study sites provided information on their cur
rent operating conditions. In general, the rail
roads have been conscientious in submitting updated 
information for crossings where traffic-control de
vices had been changed. However, the updated infor
mation they had submitted through the established 
channels in early 1981 was not reflected in the in
ventory file used for this research. 

The railroads reported changes in the number of 
daily trains at 26 crossings. These volume changes 
were equally divided between increases and de
creases. Actual current daily volumes ranged from 
47 to 180 percent of the inventory values, and there 
would be a corresponding effect on the value of the 
hazard index calculated for these crossings. In one 
case, daily train movements increased from 36 to 57; 
in two others, the increase was from 46 to 64. 
Other changes in this parameter were considerably 
smaller. It must be noted that some deviation in 
daily train volume is expected, and it would be un
reasonable to expect any inventory to specify pre
cisely a value in which there is such inherent vari
ation. Train speed, which is an important input to 
sight distance calculations, was incorrect in the 
inventory data for 18 crossings. The current speeds 
reported by the railroads were generally lower than 
those shown in the inventory. 

ANALYSIS OF FIELD SITE DATA 

Measurements of the roadway alignment in the direc
tion traveled by the highway vehicle involved in the 
accident are summarized in Table 4. The roads were 
basically tangent; BO percent had a curvature of 
0°. Several of the sites with high curvature 
(>10°) were actually near intersections where the 
vehicle made a turn just before colliding with a 
train. Although the presence of nearby highway in
tersections may affect the safety of a crossing, it 
is quite possible that roadway curvature is not a 
proper measure to use to indicate this influence. 

As expected, the approach gradient on the highway 
was generally positive (at 72 percent of the 
sites). The average value of +1.47 percent, mea
sured at a point 50 ft in advance of the tracks, is 
significantly greater than zero. A level and rod 
were used to establish the profile (average gradi
ent) over the 50-ft sections immediately before and 
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beyond the tracks. These measurements probably give 
the truest reflection of the sudden elevation change 
experienced by a vehicle traversing the crossing. 
The average values of these grades (3.1 percent) 
were virtually identical for the approach and depar
ture sides of the track, although their algebraic 
signs, of course, differed. 

Evaluation was made of the adequacy of sight dis
tance for motorists approaching the track as well as 
for those who are legally stopped at the crossing. 
It was found that 19 crossings (33 percent) had 
s ight distance deficiencies in one or more of the 
quadrants. This statistic may overstate the seri
ousness of the problem, however, because 14 of these 
crossings are controlled by active devices (flashing 
lights or gates ) that can be seen by approaching 
motorists. The presence of these devices signifi
cantly reduces the importance of sight distance 
along the tracks. 

Some general characteristics of the sites are 
summarized in Table 5. Land use was found to be 
predominantly commercial and farming and nearly 
equally divided between these two categories. Al
though nearly 60 percent of the sites were in urban 
areas, less than 30 percent had heavily developed 
land adjacent to the crossing. The general align
ment characteristics of the road over a 0.25-mile 
approach in the direction traveled by the vehicle 
involved in the crash are generally similar to those 
measured at 50 and 150 ft before the crossing. 
Specif ically, 70 percent were tangent and more than 
70 percent were level. Upgrades were found twice as 
frequently on the approaches as downgrades. 

Official railroad crossing traffic control de
vices were positioned by measuring distances from 
the nearest rail. The Manual on Uniform Traffic 
Control Devices (MUTCD) permits some leeway in the 
longitudinal placement of flashers, crossbucks, and 
other devices. Actual placement is determined on 
the basis of factors such as alignment and vehicle 
speed. Table 6 summarizes information on the actual 
longitudinal placement of official railroad traffic 
control devices at the study sites and also identi
fies, for comparison purposes, the standards from 
the MUTCD. Almost all of the devices appear to be 
placed in accord with the standards. 

CROSSING IMPROVEMENTS 

Beginning in 1976, the Highway Department initiated 
an aggressive program of rail-highway grade-crossing 
safety improvements. Since that time, numerous 
crossings have been treated with static devices and 
98 were improved with flashing lights or gates. 
Among the sites with major improvements, accidents 
occurred at 23 during the 30-month study period. At 
3 of these crossings, accidents occurred after the 
installation of gates; the remaining 20 were im
proved an average of 14 months after the accident. 
In several cases, it appears that the improvement 
was planned but not implemented before the date of 
tile crossing accident. The apparent role of acci
dent experience in the selection of crossings for 
improvements would seriously bias a traditional be
fore-and-after study of countermeasure effectiveness. 

Because most of these improvements in traffic 
control devices are reflected in the inventory, the 
current inventory data do not properly indicate the 
crossing conditions at the time of the accident. 
There was no indication that other physical factors, 
such as alignment or sight distance, were changed 
between the time of the accident and the field study. 

At the completion of this study in 1981, it was 
difficult to assess the effect of these improve
ments. Between 1961 and 1976, statewide annual ac
e idents averaged 33. Linear regression analysis of 
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the data for this period showed an average increase 
of 0.76 accident/year. During the late 1970s, while 
improvements were being implemented , accidents aver
aged 31/year . The 95 percent prediction limits for 
1980 accident experience were 41.6 ± 13 .6, and the 
actual number of accidents (31) is within this 
range. The similar limits for 1981 accident experi
ence are 42.3 ± 13.9, whereas the actual accident 
experience was 22, the lowest value i n more than 20 
years. The most r ecent data suggest a significant 
downturn in train accidents despite increases in 
highway and train volumes, and it is logical to at
tribute the change to the crossing improvement pro
gram. 

If the costs of all grade-crossing improvements 
in New Mexico between 1976 and 1980 are amortized 
over a 20-year lifetime, the annual improvement cost 
is approximately $700 000. Assuming the apparent 
reduction of 20 accidents/year," as suggested by the 
predicted and observed values for 1981, the cost of 
eliminating one accident th.rough grade-crossing im
provements is $35 000. Although data for one or two 
more years ace needed to verify these findings, it 
appears that grade-crossing improvements may be more 
cost effective than previou.sly thought. 

CONCLUSIONS 

Although traffic accidents involving trains account 
for only O. 06 percent of highway accidents in New 
Mexico, rail-highway grade crossings have received 
considerable attention in recent highway safety im
provement programs. A computerized study of c ross
ings where accidents occurred showed that they have 
subs tantially higher volumes of train and vehicle 
tra f fic than a set of nonaccident crossings and, de
spite the ir higher protection level, their hazard 
indices are also higher. Field studies of accident 
sites found no consistent pattern of highway defi
ciencies that might contribute to accidents, al
though sev\!!ral sites exhibited adverse alignment or 
poor sight distance. The location of warning and 
traff ic-control devices at these sites was in com
pliance witb existing standards. Inventory data for 
the crossings were often in error. The principal 
deficiency was errors in the highway information. 
For a variety of reasons, including the number of 
parameters included in the inventory data base, the 
timeliness of the data, the failure to update in re
sponse to new signs and markings, and the poor 
quality of volume data on local roads, it can be 
stated with reasonable certainty that the inventory 
has at least one error or omission for each public 
crossing. Probably the most important omission is 
the failure in many cases to include the street name 
at the crossing. Along one major railroad in the 
state, less than half the crossings show a street 
name or highway number for the intersecting road
way. This, of course, makes it difficult to match 
inventory and accident data. Significant errors in 
highway and train volumes were also found in the in
ventory. An FRA report (~) shows that problems with 
the inventory ace not unique to New Mexico. 

Data for the year following completion of the ex
tensive crossing imp.covement program show a signifi
cant reduction in accident experience. This prelim
inary information suggests tbat the reduction is 
being achieved at a cost of $35 000/accident, a val
ue that may be appropriate for those accidents that 
have a severity index of 0.5. 

It is difficult to conclude with certainty wheth
er or not an acceptable level of safety at grade 
crossings has been achieved in New Mexico. Accident 
experience has decreased in the pas t few years at 
these locations. However, the Transportation Sys
tems Center (TSC) accident prediction models (~), 
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wnich rely in part on inventory data, suggest that 
there is still room for improvement. Although 39 of 
the s ites stud i ed i n thi s r esearch were i n t he top 
100 ac co rd i ng to the TSC models , 61 othe r c rossings 
with a n a nnual expec ted accident expe r ience of 
0.07-0.25 have not had a recent accident. According 
to a more traditional index, these 100 crossings are 
more hazardous than the sites studied in this proj
ect. Furthermore, because at 37 of the top 100 
sites crossbuc ks are the highe s t level of p r o t ec
tion, it would appe a r that continued attent i on to 
the problems of grade-crossing safety in New Mexico 
may be warranted. 
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