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I. INTRODUCTION 

A. PURPOSE 

The purpose of this report is to describe the results of a two-year field 
study which evaluated two experimental rear-view mirror systems in 
terms of accident rates. The mirrors were installed on groups of Bell 
Telephone Company vans and aecident rates were compared with those of a 
simllar group of vans equipped with conventional, original equipment 
manufacture (OEM) mirrors. 

B. BACKGROUND 

HIstorically, rear-VIew mIrror systems of small vehicles have consisted 
of left outSIde and center inside mirrors. In makIng left maneuvers, 
therefore, drivers have been able to moniter rearward and left side traffic 
conditIons by employing either or both mirrors and/or direct looks to the 
left and rear. In order to safely initiate right maneuvers, however, direct 
looks to the right and right rear have been essential, rather than 
supplemental. With the advent of vans, whose designs often made it 
impossible to obtain direct visual information of targets in the right 
adjacent lane, a right outside mirror became essential. ThUS, where the 
design of a van does not provide a driver with a total IndIrect field of view 
comparable to that requIred of passenger cars employing inside mirrors, a 
right outside mirror became a requirement under Federal Motor Vehicle 
Safety Standard (FMVSS) 111. Typically, the left and right standard OEM 
mIrrors on vans are plane mirrors,S inches in width and 7 inches in height. 
Aftermarket plane mIrrors (which can also be installed at manufacture) 
include 6.5 x 6, 5 x 8, 6 x 9, 6 x 10 and 7.5 x 10. Although left and right 
mIrrors of each pair are identical in size, the fields of view (FOV's) they 
provide drivers are quite different, due to the large variation in eye-to 
mirror dIstance, 1.e., the distance is much greater for the right outside 
mIrror. For example, Figure 1-1 shows the ground areas visible to drivers 
through the 6 x 9 inch paIr of mirrors. As can be seen, a substantial blind 
area eXIsts in the rIght adjacent lane. And While a significant blind area 
also eXIsts in the left lanes, drIvers can at least compensate for this 
deficiency by employing direct looks, and viewing the left mirror at 
dIfferent angles. 
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FIGURE I-I. Ground areas and FOV seen 
through left and right mirrors 
of a plane mirror system. 

(6" wide x g" high). 

r-2 

7< 



In order to provide a comparable horizontal FOV on the right side of vans, a 
plane mirror would have to have a width of approximately 15 inches. Not 
only would such a size be unacceptable with respect to obscuring forward 
vision, it would still present a large and dangerous bl1nd area which could 
not be compensated for by direct looks. Thus, solutions to right outside 
FOV problems cannot be derived from the use of conventional plane 
mirrors. The most obvious potential solutions are comprised of a convex 
mirror or a combination plane/convex mirror system. 

Convex mirrors have one major advantage over plane mirrors and several 
disadvantages. The advantage lles in the fact that they provide a wider 
FOV than plane mirrors per unit size. Moreover, the shorter t~e radius of 
curvature (the greater the conveXity), the larger the FOV. Unfortunately, 
the FOV gain 1s accompanied by the m1niflcation of visual imagery. This 
miniflcation results in images which appear further away and moving more 
slowly than they actually are. Furthermore, I1nearity is reduced as 
images of on-coming vehicles are seen to progressively move away 
(laterally) from the driver as they approach him. 

A previous study evaluated over 40 mirror configurations, including 
variables of mirror size, convexity and single versus dual mirror systems 
(Burger; Mulholland, Smith and Sharkey, 1980; Burger, Mulholland, Smith, 
Bardales and Sharkey, 1980). Promis1ng findings were observed for a 40 
inch radius convex mirror alone or in combination with a plane mirror. 
Less total looking time and shorter decision times for right maneuvers 
were requIred for these systems than for the OEM or other selected 
systems. However, it was also observed that if the plane/convex system 
was adjusted to yield non-overlapping FOV's, the system lost its 
advantage over the OEM and other systems. 
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II. METHODOLOGY 

A RATIONALE 

The project required the fleet comparison of two experimental mirror 
systems with a control group equipped with a standard OEM mirror system. 
One experimental system was to consist of convex mirrors only, while the 
other was to involve a pair of dual plane/convex mirrors. The design 
specifications for the experimental systems were to be establ ished 
jointly by Vector and NHTSA personnel, based on two criteria: (I) minimum 
size to meet FMVSS III; and (2) previous mirror performance data. 
Initially, 500 vehicles per group were required and the accident data 
collection period was tentatively scheduled for 12 months. However, an 
analysis of fleet accident rates was required in order to determine 
necessary sample sizes and a data collection period. 

B. FLEET SELECTION AND -SAMPLE SIZE 

More than 30 van fleets nationwide were contacted to obtain accident rate 
data, descriptions of mirror systems employed, accident reporting 
procedures and the degree of willingness to participate in the field study. 
All but two fleets were unsuitable for the study because they failed to 
meet essential criteria. In particular, most of the fleets had already been 
retrofitted with aftermarket mirror systems which made it impossible to 
establish a control group among these fleets. 

The two fleets which did meet essential criteria were divisions of 
American Telephone and Telegraph Corporation, i.e., Southern Bell and 
South Central Bell. These fleets also expressed considerable interest in 
participating and had excellent accident reporting, description and 
recording systems. Southern Bell vans had only OEM mirror systems. 
South Central Bell, however, had converted apprOXimately 800 of its vans 
to a dual plane/convex mirror system. This state-of-affairs influenced 
the selection of experimental mirror systems, as noted below. 

9< 
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The AT & T Corporation volunteered accident data for 198 I for Southern 
and South Central Bell fleets, as well as for all Bell fleets, comprised of 
97,002 vans. Using a standard formula for determining sample sizes to 
detect a difference between groups (Council, Stewart Reinfurt and Hunter, 
1980), a sample size of 2,000 vehicles per group was found necessary for 
a data collection period of two years. As input data, the formula required 
accident rate data and proposed or acceptable alpha and beta errors (see 
Appendix A for a discussion of alpha and beta errors). 

The actual number of vehicles included in this study were fewer than 
planned, however, and there were several reasons for this outcome. A 
major reason was the retirement of many vehicles jmmediately before and 
sometime after the data collection period began, due to cost-cutting 
pol1cies instituted by the Bell companies following their corporate 
breakaway from AT & T. Additionally, final mileage data were not 
available for some vehicles and could not be retrieved, so these vehicles 
had to be excluded from the data base. Finally, not quite 2,000 vehicles 
per mirror group were selected by the fleets initially. 

C. MIRROR SPECIFICATIONS 

The initial desire was to design the convex mirror system and the dual 
plane/convex mirror system to just meet the FOV requirements of MVSS 
III. As noted in Sect ion I, a 40" radius of curvature (ROC) convex mirror 
was found in our previous research to yield the most promise either as a 
stand alone system or in combination with a plane mirror. Lesser and 
greater convexities presented poorer results. Thus, the 40" ROC was 
recommended for the stand alone convex mirror system. However, since 
the minimum size of this mirror that is necessary to just meet FMVSS III 
requirements stlll yielded a significant blind spot on the right side of a 
vehicle, its width was extended to greatly reduce that blind area. In 
addition, because of the short eye-to-mirror distance on the left side of 
the vehicle and drivers' abilities to look directly to the left and left rear, 
no advantage was indicated for a convex mirror on the left. Hence, 
retention of the left OEM mirror was recommended. 
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The dual system employed by South Central Bell included a 21" ROC mirror, 
substantially more convex than previous research would recommend. 
Nevertheless, there were good reasons for testing this system. First, it 
was widely employed nationwide. Second, it was very close to the FMVSS 
III FOV requirements. And third, since it was already installed on some 
800 South Central Bell vans, the overall cost of the study would be 
reduced with respect to the purchase and installation of mirror systems. 
Therefore, this specific dual system was recommended. 

Table 11-1 provides the specificatlons of the three recommended systems. 
Figures 11-1 and 11-2 show the FOV's for the convex and dual systems, 
respectively, and both may be contrasted with the FOV of a standard OEM 
system shown in Figure I-I. Because the control and convex systems 
consisted of OEM Plane mirror systems on the left, the dual mirror system 
yielded a much larger FOV on the left. The convex system yielded a 
sl1ghtly larger FOV than the dual system on the right and it did so with 
lesser convexity but greater width. 

D. MIRROR MANUFACTURE AND INSTALLATION 

The convex mirror was manufactured by Donnely Mirrors, Inc., according to 
specifications, and shipped to Velvac Corporation for installation in 
mounting heads. Velvac reshaped off-the-shelf heads and support brackets 
to hold the rounded mirrors properly so as to protect them from breaking 
during normal operational handling. Velvac also put the following 
inscription on this mirror: "Objects in mirror are closer than they appear." 
The dual system was an off-the-shelf product. 

The dual and convex mirror systems were purchased in quantities which 
permitted retrofitting the appropriate numbers of vehicles and 
maintaining 5% spares to account for breakage during the two year data 
collection period. 

The mirrors were shipped to the Bell fleets in November of 1982. 
Installation on vans began in December, 1982 at over 500 locations in 
seven states. Most of the vans were retrofitted by the end of February, 
1983 and almost all were retrofitted by April. As wllJ be noted in Section 
III, however, the numbers of mirrors installed were not quite as many as 
originally requested. 
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TABLE 11-1 
Recommended Mirror Systems 

for field testing 

MIRROR SYSTEM I EFT RIGHT 

Control 7.0 x 9.0 
6.0 x 9.0 
5.0 x 7.0 

plane 
plane 
plane 

7.0 x 9.0 plane 
6.0 x 9.0 plane 
5.0 x 7.0 plane 

Convex 
(Convex= 40" ROC) 

7.0 x 9.0 
6.0 x 9.0 
5.0 x 7.0 

plane 
plane 
plane 

10.0 x6.5 convex 

Dual 
(Convex= 21" ROC) 

6.5 x 6.0 
6.5 x 6.0 

plane 
convex 

6.5 x 6.0 plane 
6.5 x 6.0 convex 

NOTE: (1) All dimensions are in inches 
(2) The 3 size variations for the control system and for the left 

side of the convex system reflect those variations that 
actually ex1sted 1n the Bell fleets. The upper and lower vari­
tions y1elded slightly wider and narrower FOV's, respectively, 
than the central m1rror system wh1ch is described 1n F1gure 1-1. 
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CONVEX BOTH BOTH CONVEX 

FIGURE II-2. Ground areas seen through left 
and right mirrors of the dual 
system. The left and right 
plane mirrors provided FOV's of 
20 

0 

and 7° , respectively. 
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Thus, sample sizes were somewhat smaller than desired and the data 
collection period for all vehicles was somewhat shorter, on the average, 
than desired because the end date was March 31, 1985. The Bell fleets 
installed all of the mirrors themselves, with the exception of Florida. 
Southern Bell hired an outside contractor to install mirrors in that state. 

E. INSTRUCTIONS ON MIRRORS AND THEIR USAGE 

Printed materials were given to the fleets which described the dimensions 
and characteristics of the mirror systems, their FOV's, adjustment 
procedures, specific uses of the mirrors, their advantages and 
disadvantages and cautions. These materials are presented in Appendix B. 
The fleets were encouraged to provide copies of these materials to all 
drivers of vehicles selected for this study in order to reduce uncertaincies 
and enable drivers to quickly learn proper usage of the mirrors. 

F. OATA COLLECTION 

The Bell fleets agreed to submit to Vector reports of accidents for study 
vans on a monthly basis. Unfortunately, the break-Up of AT & T 
corporation during the early part of this field stUdy placed greater burdens 
and pressures on the new independent Bell companies and accident report 
submissions were generally quite variable. Initially, accident reports 
were AT & T forms. Subsequently, they were modified somewhat and 
emerged as independent Bell forms. Examples of these forms are given in 
Appendix C. 

Large differences in level of detai1were provided in the accident reports. 
Some reports contained as many as 10 to 15 pages of information, while 
others consisted of only one or two pages. Most reports provided 
illustrations of the accidents Which were quite useful. All things 
considered, sufficient information was given for all but a few accidents to 
adequately describe those accidents. 
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G. CLASSIFYING ACCIDENTS ACCORDING TO MIRROR-RELATEDNESS 

Since this study was concerned with evaluating specific mirror systems 
with respect to their contribution to reducing accidents, only accidents in 
which mirrors were employed were, strictly speaking, relevant for 
SUbsequent data analysis. As will be noted below, however, tIle 
determination of relevancy was at best a most difficult and often 
impossible task. 

An attempt to establ1sh relevancy was the development of a jUdgment 
scale from "1" to "6" which was then used to classify accidents in terms 
of the degree to which they were related to mirrors. Table 11-2 illustrates 
the scale and provides examples of accidents for each scale value. Values 
of 5 to 1 represented increasing degrees of mirror relatedness. A value of 
6 indicated no possible associat1on w1th mirrors whatsoever. 

The selection of accident types for each scale value was, of course, based 
on expert jUdgment as no empirical bases existed for matching accidents 
with degree of mirror relatedness. The criter1a employed in the selection 
of accident types were the likelihood of a mirror's use and/or its utility in 
a g1ven s1tuat1on. For example, s1nce direct vis1bl11ty to the r1ght rear of 
vans was not possible, right s1de mirrors seemed likely to be used in many 
backing accidents. Clearly, they could be useful, whether or not they were 
used. 

Two human factors researchers who specialized in automotive v1sibil ity 
problems, especially indirect visibility, independently rated all accidents. 
Subsequently, the two researchers discussed each accident in which 
disagreement occurred and then arrived at a common consensus. Al though 
no reliabl11ty stat1stics were applied to the two researchers' ratings, 
excellent initial agreement was observed. Less than 10 percent of the 
accidents received d1fferent ratings and many of these differed by only 
one scale value. Reaching a common consensus was found to be a 
relatively easy and rapid task. 

Although the classifying of accidents according to the above cr1teria 
would seem to be theoretically sound and to have face validity, the 
technique 1s nevertheless not without serious problems. 
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TABLE 11-2 

MIRROR-RELATEDNESS JUDGMENT SCALE 

Scale Value Value Descriptioo Accideot Examples 

Deflnltely related *Most baCking accidents 
*Some lane change maneuvers . 

2 Probably related *A few backing accidents 
*Some lane change maneuvers 
*Some turns 

3 Possibly related *Rear-ended another vehicle 
*Turned 1nto another veh1cle 

4 Unknown *Not enough information 

5 Possibly not related *Rear-ended by another vehicle 
*Struck by another vehicle 

6 Definltely not related *Vehicle struck While parked 
*Other vehicle out of contrQI 

NOTE: the scale value "5" is typically 
used when m1rror-relatedness 
appears unl1kely but cannot be 
rUled-out logically. 
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In fact, there is a good reason to believe that accidents cannot be 
categorized into more classes than the simple dichotomy of relevant and 
nonrelevant accidents. Some examples should iI lustrate the justification 
for this conclusion. 

!"lany of the accidents resulted from fleet personnel backing their vans 
into other vehicles or objects. Clearly, mirrors are relevant aids in the 
backing process. However, there is no way to determine whether or not a 
mirror was indeed employed by a driver and it simply cannot be assumed 
that a mirror.w.as used. 

Many accidents occurred when fleet vans struck other vehicles or were 
struck by other vehicles while moving. In all cases, the accidents could 
possibly have been due to failure to employ a rear-view mirror or 
conversely, expending too much time observing a mirror while attempting 
to acquire information rearward. To illustrate a specific instance, a 
moving van being rear-ended by a following vehicle could possibly have 
avoided that collision had the driver observed the following vehicle in his 
mirror(s) and, subsequently, maneuvered his vehicle accordingly. In other 
words, if a driv~r sees a vehicle closing on him and about to rear-end him, 
it does not seem· likely that he would not react and simply let the accident 
happen. A more likely explanation is that he did not observe his mirror(s). 

In effect, there were virtually no accidents in which it could be 
determined whether a mirror was or was not used. And although 
accidents could be rather easily categorized in a double blind jUdgement 
task in terms of the degree to which they potentially related to mirrors, 
there was no logic which permitted this categorization scheme to be 
highly correlated with what actually happened. Backing accidents are 
excellent cases in point. They received the highest mirror-relatedness 
rating ("I") but, as noted previously, mirrors mayor may not have been 
employed. During the analyses of accident reports, many cases were 
observed in which we concluded that the accidents would not have 
occurred had drivers used their mirrors because struck vehicles or objects 
ha!1 to be visible on the mirrors. Therefore, all accidents receiving ratings 
of 1 through 5 were used in the data analysis. 

, 1.8< 11-10 
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Closely associated with the above problem was the analysis of accidents 
in terms of left and right outside mirrors. For example, if while backing 
his vehicle a driver struck another vehicle or object with the right side of 
his van, this accident would clearly be related to a right outside mirror 
and not a left mirror. However, the identical argument presented above is 
also relevant here. In brief, because an accident was a right side 
accident, it does not follow that the right mirror was employed. To 
compound the problem, analyzing the data in terms of left and right 
accidents as a function of mirror systems results in very small numbers 
which are not very meaningful. Some results from this analysis will be 
presented later to illustrate the problem. 

H. DATA REDUCTION 

When accident reports w~re received, information regarding the specific 
mirror installed on the vehicle was eHminated and replaced by a code by a 
staff member who was not involved in the mirror-relatedness jUdgment 
task. Subsequently, the reports were rated as to degree of 
mirror-relatedness. The reports were then. entered into an Apple 11-( 
computer. 

A program was developed which permitted the printout of accident 
frequencies as a function of mirror system, mirror-relatedness, 
geographic region and left and right accidents. The program also 
permitted the computation of average estimated costs to repair striking 
and struck vehicles. 

No actual analyses of the data were performed until the initial and final 
mileage for each vehicle were entered into the computer since accident 
rates could not be computed without exact exposure information. All 
analyses, including the computation of accident rates and the application 
of statistical tests, were relatively simple and, therefore, performed on a 
hand calculator. 
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III. RESUL1S 

A. OVERALL RESULTS 

The total number of accidents recorded for the vehicles included in the 
study was 683. However, 246 of these accidents received "6" ratings in 
t~e mirror-relatedness jUdgment task and were thus excluded from 
analysis. Typical examples of "6" ratings were accidents in which a fleet 
van was struck while parked and unattended or while stopped at an 
intersection because of a red traffic light. The remaining 437 accidents 
were jUdged to have had some relationship or possible relationship with 
mirrors. 

Table 111-1 presents the total mileage accumulated by each mirror system 
group, the numbers of vehlcles involved, the numbers of accidents and the 
accident rates for each mirror system group. Figure 111-1 shows a bar 
graph of accident rates which fllustrates the differences observed 
between the mirror groups. The convex mirror group accident rate was 
17.6% lower than the OEM group rate, while the dual mirror group rate was 
somewhat higher. 

Two statistical tests were applied to the accident data, a Chi square ( X2 ) 

test for frequency data and a "z" test between rates employed by Rei11y, 
Kurke and Buchenmaier (1980) in a similar field test. The "z" test is more 
sensitive than the Chi square test because it accounts for mi leage driven 
as well as accident frequencies, Whereas Chi square only accounts for 
accident frequencies (although mileage data are used to derive theoretical 
or expected frequencies, as will be seen). 

As applied here, the Chi square formula is: 

, 20<:111-1 



TABLE 111-1 

MILEAGE ACCUMULATED, NUMBER OF 
VEHICLES, ACCIDENTS AND ACCIDENT 

RATES FOR EACH MIRROR SYSTEM 

TOTAL NUMBER OF NUMBER OF ACCIDENT RATE 
Mil EAGE VEHICLES ACCIDENTS !PER Mill ION Mil ES) 

OEM 25,643,210 1,652 126 4.914 

DUAL 36,601,352 1,856 192 5.246 

CONVEX 29,389,100 1,698 119 4.049 

111-2 
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fiGURE 111-1. Accident rate as a function of mirror system for both 
fleets. 
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Where: 
FCo = observed accident frequency of the control group (OEM) 
FCE =expected accident frequency of the control group 

FEo= observed accident frequency of the experimental group 
(Convex or Dual) 

FEE = expected accident frequency of the experimental group 

The expected frequencies were computed by use of mlleage data and are 
shown in Table 111-2. For example, the accumulated mileage for the convex 
mirror group was greater than that of the OEM group and represented 53.4% 
of the total mileage accumulated by both groups. It would be expected, 
therefore, that the convex mirror group would be involved in 53.4% of the 
total accidents, given no difference in effectiveness between the mirror 
systems. The last column in Table 111-2 presents the expected frequency 
(130.83) which derives from multiplying 53.4% (actually 0.534) times the 
total number of accidents for the two groups, i.e., 245. The expected 
frequency for the OEM system was found to be 114.17. Similar expected 
frequencies were computed for the OEM and dual systems when these 
systems were compared, as shown in the lower half of Table 111-2. 

Chi square was 2.30 for the OEM and convex mirror group comparison, 4:96 
for the dual and convex mirror group comparison and 0.032 for the OEM and 
dual mirror group comparison. The former two values are significant at 
the .15 and .05 levels, respectively, and well within the .20 level selected 
for this study, while the last value is not significant. ThUS, the Chi square 
test indicates that the convex mirror was effective in reducing accidents 
(by 17.6%), whi Ie the dual mirror system was not. 

The "z" test formula is: 

Where: x1+= sum of miles driven by test vehicles in 1million mile units 

X2+= sum of miles driven by control vehicles in 1 million mile 

;\ units. 
01 = YI/Xl+= test group accident rate 
1\ 

02 =Y2+ /X2+ =control group accident rate 
A o = (Y 1+ + Y2) / (X 1+ +~) 

Y1+ = Number of test group accidents 
Y2+ =Number of control group accidents 
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TABLE 111-2 

COMPUTATION OF EXPECTED 
NUMBERS OF ACC IDENTS 

%OF TOTAL EXPECTED 
MIRROR MILEAGE MILEAGE ACCIDENTS ACCIDENTS 

OEM 25,643,210 46.6 126 114.17 

CONVEX 29,389,100 53.4 ill 130,83 

TOTAL 55,032,100 245 245.00 

DUAL 36,601 J 352 55.5 192 172,61 

CONVEX 29.389,100 45.5 138,39 

TOTAL 65,990,452 311 311.00 
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The computed Z value for the comparison of the OEM and convex mirror 
groups was 1.52 which was significant at nearly the .05 level of 
confidence, I.e., .06. Thus, the Z test results confirmed those of the Chi 
square test and even more strongly indicated the superiority of the convex 
mirror over the OEM mirror. 

B. ACCIDENT RATES BY FLEETS AND GEOGRAPHIC REGIONS 

Figure 111-2 shows acc idents rates for the three mirror groups with 
respect to the two Bell Telephone fleets, South Central Bell and Southern 
Bell. These results appear to be quite contradictory, with the convex 
mirror showing a 38.3 reduction in accident rate in the South Central fleet 
and essentially no reduction in the Southern fleet. Moreover, the dual 
mirror appears slightly superior to the OEM system in the South Central 
fleet and strongly inferior in the Southern fleet. 

Examination of the distribution of mirror systems throughout the seven 
states revealed that good matched groups existed in all five South Central 
Bell states and in the Southern Bell state of Georgia but not in the state of 
Florida. Figure 111-3 shows the accident rates of both fleets after 
excluding the data of Florida. The convex mirror group exhibited a 29.7 % 
reduction in accidents. A Chi square test of the difference between the 
OEM and convex groups yielded a value of 4.01, significant at the .05 level. 

Detalled analyses of Florida mirror distributions and accident rates did 
not provide relationships explaining the reason why the convex mirror 
falled to show superiority over the OEM system consistent with the 
results from. the other six states. However, it became clear that the 
discrepancy was centered principally in Southern Florida and almost 
exclusively in the Miami area. In fact, when Southern Florida is compared 
with all other areas combined, including the remainder of Florida, the 
discrepancy becomes highly visible (Figure 111-4), Not only was the convex 
mirror (and dual system) associated with a higher accident rate than the 
OEM mirror in Southern Florida, all accident rates were 
uncharacteristically high in that area. This cannot simply be attributed to 
higher population because similar trends were not observed in other dense 
areas such as Atlanta and Birmingham. Unfortunately, no adequate 
explanation was found to explain the Miami results. 
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However, variations throughout a seven state region must certainly be 
expected by chance and it is to be noted that the Southern Florida data 
involved only 12.6% of the vehicles in the study, while the data for all 
remaining areas involved 87.4% of the vehicles. The convex mirror in the 
latter group showed a 26.1% reduction in accidents 

The analyses discussed in this section are, of course, ad hoc. Tile sample 
in this study was comprised of all vehicles in both fleets. The most 
appropriate analysis was comprised of the statistical tests described in 
Section A. Despite variations between and within fleets,which would 
certainly be expected, the overall results showed the convex mirror to be 
significantly better than the OEM mirror. 

C. LEFT AND RIGHT MIRRORS 

Where possible, accidents were categorized in terms of relevancy of left 
and right mirror systems. For example, if an accident could have involved 
a left mirror and use of a right mirror would have been meaningless, the 
accident was classified as a left mirror related accident. Table Ill-} 
presents the actual numbers of left and right mirror related accidents for 
the three mirror systems and the theoretically expected numbers when 
exposure (mileage) differences are accounted for. . 

Perhaps the first point to note with regard to Table Ill-} is that the 
numbers are relatively small and probably too small to permit meaningful 
analyses. Second, the theoretical frequencies for the right mirror systems 
are almost identical to the actual accident frequencies. Third, actual 
accidents for the left OEM system were fewer than expected, while they 
were higher than expected for the dual system and as expected for the 
convex system. However, in view of the fact that the left mirrors involved 
In the OEM and convex systems were identical, observed differences 
between the systems must be viewed as chance occurrences and certainly 
not due to mirror systems. In any event, as emphasized, the numbers of 
such accidents were too small to consider seriously. 

-D. COST ANALYSES 

Although desirable for evaluating accident severity, actual cost-to-repair 
data are diffiCUlt, if not impossible, to obtain. In discussions with the 
participating fleets, it was agreed that w.here provided on the accident 
forms, estimated cost-to-repair information would be used even though it 

29< 111-10 



TABLE 111-3 

LEFT AND RIGHT MIRROR RELATED ACCIDENTS 

Left Accidents: 

Right Accidents: 

Mjrror System 

OEM 
DUAL 

CONVEX 

OEM 
DUAL 

CONVEX 

Actual Theoretica1 
Accjdents Frequencies 

11 17.9 
33 26.6 
20 20.5 

21 24.6 
38 35.15 
29 28.22 
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was recognized that such data would not be provided for alJ accidents and 
would only represent an on-the scene estimate of costs. 

Table 111-4 shows the numbers of cost estimates for company (CV) and 
other (OV) vehicles provided in the accident reports for each mirror 
system group. 

The numbers ranged from about half of the accidents to nearly all of the 
accidents. Since there appeared to be no systematic basis for providing 
and withholding cost estimates, it would seem that the estimates should 
yield representative average costs of accidents for each mirror system 
group. 

Table 111-5 presents the estimated costs to repair both vehicles for each 
mirror system group. The upper row includes two OEM and one dual group 
(other) vehicles that were totaled (completely destroyed); $8,000.00 was 
assumed as a loss in each case. The middle row omits these costs and 
thus their influence on the averages. As can be seen, the totaled vehicles 
represented the essential difference between the OEM and convex groups' 
cost estimates. The average cost to· repair both vehicles in the dual group, 
however, remained 10 to 16 percent higher than those in the OEM and convex 
groups, respectively, when the totaled vehicles were omitted. 

It is difficult to draw rigorous conclusions from the above cost data. On 
the one hand, the few totaled vehicles heavily influenced the averages 
when a comparison is made between the OEM and convex groups. On the 
other hand, the omission of totaled vehicles in computing averages is also 
unrealistic because the accidents and higher costs did occur. In the 
absence of complete data, perhaps a moderately conservative conclusion 
should be drawn, i.e., assuming average repair costs midway between the 
inclusion and omission of totaled vehicles (Table 111-5). In such a case, 
the estimated costs to repair convex group vehicles were 4% and 11% lower 
than those of OEM and dual group vehicles, respectively. The 4% is not a 
large reduction but it is nevertheless worthwhile when consideration is 
given to mirror selection at manufacture and to its potential impact 
nationwide. For present purposes, it represents another factor 
supporting the use of the convex mirror. ThUS, not only did the convex 
mirror group exhibit a significantly lower accident rate than the OEM 
group, accident severity was also somewhat lower. 
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TABLE 111-4 

NUMBERS OF COST ESTIMATES TO REPAIR, 
COMPANY (CV) AND OTHER (OV) VEHICLES 

Mirror Sytem 

QEt1 I.lU&- CONVEX 

Numbers of Accidents 126 192 119 

Cost Estimates-CV 58 100 64 

Cost Estlmates-OV 121 73 65 

111-13 
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TABLE 111-5 

ESTIMATED AVERAGE COSTS TO REPAIR BOTH 
VEHICLES FOR ACCIDENTS OCCURRING IN EACH OF THE 

MIRROR SYSTEM GROUPS 

CONVEX 

With Totaled Vehicles $1,194 $1,209 $1,043 

Wtthout Totaled Vehlcles 990 1,149 1,043 

Average 1,092 1,179 1,043 
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IV. CONCLUSIONS AND RECOMMENDATIONS 

A. MIRROR SYSTEMS 

As can be seen in Figure I-I, the OEM plane mirror system prov ides an 
inadequate FOV on the right side of vans. Moreover, for commercial and 
some private vans which typically have occluded right side windows, due 
to various types of equipment and cargo, the existing narrrow FOV may be 
considered dangerous for use in such maneuvers as lane changing. The 
blind area in the right adjacent lane is very extensive. Therefore, it seems 
imperative that a right side mirror system be employed which reduces the 
bl1nd area sUbstantially. The 40" ROC convex mirror and the dual 
plane/convex mirror were two potential solutions, although the latter 
system contained a mirror that was considered more convex than 
desirable. However, its widespread use and other factors provided good 
basis for including it in this study. 

The results of this study indicate that the convex mirror will facilitate 
the reduction in accidents, while the dual system will not. In addition to 
accident reduction, other reasons may be advanced for recommending the 
installation of such a convex mirror on vans. First, it greatly reduces the 
current blind area on the right side of vans. Second, its conveXity is 
moderate compared to that of the dual system and many other after market 
convex mirrors and thus it does not substantially minify images. And 
third, the cost of installing the convex mirror at manufacture over and 
above the cost of an OEM mirror appears negligible. Therefore, there 
appears to be essentially no risk but potentially significant benefits 
associated with installing the convex mirror during manufacture. 

With regard to the dual mirror system, it was noted in Section I that a 
dual plane/convex mirror system which included a 40 inch radius of 
curvature mirror had been shown to yield promising results compared to 
many other mirror systems, providing the two mirrors were adjusted to 
provide overlapping fields of view (Burger, et a1., 1980; Burger, et aI., 
1980). 
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Its advantage was lost when the mirrors did not provide drivers with 
overlapping fields. Thus, it is possible that despite instructions given to 
the Bell fleets, drivers may have adjusted their dual mirror systems 
inappropriately. 

Of perhaps more importance is the fact that the dual system included a 
much higher conveXity mirror (i.e., 20 inches of radius) than the 40 inch 
mirror employed in this stUdy. In effect, the dual convex mirror greatly 
minifies images and, therefore, presents target vehicles as being much 
more further away and moving much more slowly than they actually are. In 
any event, despite the performance of the dual .system in this stUdy, the 
concept of dual plane/convex systems remains viable, as supported by the 
previous research cited above. 

B. SOME PHILOSOPHICAL CONSIDERATIONS 

The results of this stUdy are considered uniquely significant for two 
reasons. First, it is apparently the first time that actual accident rates 
have been shown to differ with different mirror systems. And second, the 
very fact that mirror systems differentially influenced accident rates 
sufficiently to be observed in sample sizes and data collection periods of 
the sizes and lengths, respectively, employed in this stUdy is quite 
surprising. This is so because mirror systems have often been considered 
to playa minor role in driving, relative to the overall visibil ity system, 
and because of man's most formidable capabi lity, learning and adapting to 
less than optimal systems. 

wah regard to learning and adapting, it was noted earl1er in this report 
that drivers move their heads and torsos in order to incresase the FOV 
from their left outside mirrors. This action effectively compensates for 
an otherwise inadequate mirror system. A mirror system which does not 
require compensating behaVior would be expected to improve driver 
performance but such improvement might be observed only with large 
sample sizes and a large accident data base. 

With respect to right outside mirrors, drivers cannot significantly 
increase the FOV by body movements because of the relatively long 
eye-to-mirror distances. Thus, this compensating behavior is not used in 
the driving task. 
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However, more subtle compensating behaviors may nevertheless be 
employed. For example, poor visibility on the right side may influence 
drivers to reduce the number of right lane changes, right turns and certain 
backing maneuvers. It is only natural that most drivers would reduce 
certain maneuvers, the greater the risk involved. 

In effect, poor systems, whether vehicle visibility or any of innumerable 
other systems, may be at least partially compensated for by human 
adaptive processes. It is a mistake, however, to assume that a system 
becomes operational1y safe and effective because of these processes. 
Rather, 1t seems more correct to say that a poor system is rendered less 
poor but sjill less than optimum. The reason is that some adaptive 
processes comprise added loads on drivers which are likely to be the first 
to suffer degradation in critical or emergency situations. 

The availabl1ity and use of mirror systems may be compared with the 
availability and use of seat belts. It is known that many people do not use 
seat belts even though they are available and have been proven to reduce 
injury severity. Observations reveal that drivers sometimes do not use 
mirrors or do not use them properly during maneuvers in which they would 
provide valuable information. Just as a'seat belt cannot reduce accident 
severity if it is not used, improved mirrors also cannot facilitate driver 
performance if they are not used or not used properly. 

In summary, the results of this stUdy seem particularly significant 
because differences were observed between mirror systems despite likely 
driver compensating behaviors and despite small sample sizes and a 
relatively short data collection period and despite the use of fleets which 
had relatively low accident rates to begin with and despite the llkellhood 
that mirrors were not always used or used properly. 
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This appendix presents rationale underlying the bases for selecting an 
alpha level for purposes of determing whether observed statistical 
differences among experimental groups are significant. 

Alpha and Beta are two types of errors that can be committed when making 
statistical inferences. An alpha error is the rejection of an observed 
difference when it is a real dtfference, while a beta error is the 
acceptance of the difference as real when it is actually false or a chance 
occurrence. Keeping sample size constant, decreasing the alpha error will 
increase the beta error and vice versa. 

Experimentors almost universally select alpha levels of .05 or .0 I, 
meaning that they accept 5% or 1% chances, respectively, of accepting a 
false observed difference. Generally, no consideration at all is given to 
the risk of committing beta errors. This emphasis is not always 
applicable or appropriate, as noted by Guilford (956), Chapanis (J 959), 
Finan (J962), Wallis and Roberts (1960) and others, when dealing with 
non-theoretical matters. Consider, for example, the following statements 
by Finan. "Criteria of acceptable inference that minimize the likelihood of 
Type I (alpha) errors are seldom appropriate for practical problems. 
Indeed, the methods of statistical hypothesis-testing generally.appear to 
be better suited to the requirements of the theoretical researcher. The 
practitioner is usually more interested in the estimation question of how 
much difference, than the hypothesis-testing question of whether there is 
any difference." .....a small difference that falls considerably below the 
criterion of conventional statistical significance may represent a finding 
of extreme practical value." 

Wilson (1952) emphasized that .....a choice of significance level does not 
have to be made if any decision is to be reached as a result of an 
experiment. This will inevitably be a somewhat arbitrary exercise of 
jUdgement in the best of circumstances, and it seems reasonable to 
include in the bases of this jUdgment all the pertinent information. Books 
on statistics are likely to dismiss this question with the statement that 
usually 5% or sometimes 1% is taken as the (alpha) level. A more realistic 
statement would seem to be that a level somewhere between 40% and 
0.0001% will be appropriate for most cases, the exact value being the 
result of considerable thought on the part of the investigator..... 
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Statisticians Wallis and Roberts (1960) also emphasized the dangers of 
accepting the risk of a large beta error. "If a finding is 'insignificant'} it 
is necessary to examine the risk of Type II error which was involved in the 
test procedure. If the risk of Type II error is large} as it is Jlkely to be if 
the sample is small and the risk of Type I error low} the finding of ' no 
significant difference' must be viewed with great reserve. The sample 
size may be so small and the risk of Type I error so small that even a 
fairly substantial effect would have little chance of being detected. Under 
such circumstances, failure to find an effect is not particularly indicative 
that there is none. In scientific work} the consequences of erroneous 
claims of verification of new hypotheses are serious, and the risk of Type 

. I error is usually set low: 0.0 J and even 0.001 are not uncommon. For 
practical action} a higher risk of Type I error may be acceptable. But 
general1zation is hazardous, for it is necessary to consider carefully in 
advance just how serious are the consequences of each kind of error in 
each specific instance." 

Thus} one must consider the practical consequences of both types of error 
in practical settings where costs and ~enefits play major roles in decision 
making. For example, if the cost of accepting a false difference is very . 
high and the cost of rejecting a true difference is low} the alpha level 
should be set high, e.g., .01 or higher. On the other hand, if the cost of 
accepting a false difference is low and the cost of rejecting a true 
dlfference is high, the alpha level should be set low, e.g., .2 or lower. 

Consider now the problem and costs associated with mirror systems on 
vans. The OEM system consists of two plane mirrors, one on the left side 
and one on the rlght side. As noted elsewhere, almost no owners of vans, 
private or commercial, drive their vehicles without the installation of one 
or more additional mirrors. In effect, the modifications existing on almost 
all vans are essentially indentical in number and costs to those which 
were evaluated in this stUdy. Moreover, the cost of installing one of the 
two experimental mirror systems during vehicle manufacture over and 
above the cost of the present OEM plane mirror may only be a few dollars. 
ThUS, the cost of rejecting a difference that is real in the present stUdy 

wlll tend to be relatively substantial. Reducing the van accident rate by as 
l1ttle as 5% would have monetary and safety benefits nationwide. 
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However, the sample size and data gathering period necessary for 
detecting small percentage differences were clearly beyond the scope of 
this project. Nevertheless, it is important to stress that the alpha level 
should be low because benefits completely outweigh costs. 

To illustrate the cost-benefit analysis, assume the added cost per vehicle 
of $3.00 to install convex mirrors during manufacture. The total cost for 
2,000 vehicles would be $6,000.00. Assuming a low accident reduction of 
10 accidents per two year period, total accident reduction would be 25 for 
flve years, roughly the life of the vehicle in a fleet (but not its total life). 
Assuming an average cost of repair of $400.00, the total savings would be 
$10,000.00, $4,000.00 more than the cost. In reality, however, this figure 
is a gross underestimate because (1) one or more other vehicles are 
usually involved in the accidents and, therefore, repair costs may be 
doubled, and (2) there are other costs with fleet accidents such as 
person-hours lost. With respect to the latter, drivers are temporarily 
prevented from performing work, supervisors often travel to the scene of 
the accident, meetings are held between the drivers and one or more fleet 
personnel, accident reports are filed and other paperwork is performed. In 
effect, the non-repair costs of an accident may range from $100.00 to 
$300.00 or more. 

Thus, the alpha level selected for this study was .20. 
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This Is a brief description of each of the mirror sYStems with notes about the features of the 
mirrors and cautions on using the mirrors, The features and cautions are also illustrated in the 
table and figures which accompany this page, Please refer to the table and figures for further 
explanation. 

SYSTEM I: OEM Mirror (Original equipment manufacture) 
Dimension: Left- 9" wx 6" h, plane mirror 

Right-same 
caution: There Is a large bllnd spot on the right hand side, an area that Isn't visible through the 

mirrors. The driver must turn and look directly out the right side windows in order to see 
vehicles near the van (see Figure I ). 

SYSTEM II: Dual mirror 
Dimension: Left-Top, 6.5" wx6" hplane mirror 

Bottom-6.S" wx6" hconvex mirror (21" radius of curvature) 
Right-same 

caution: since they are very curved, the convex mirror allows the driver to see alarge area 
but also makes the objects seem further ~rfo/ than they are. These convex mirrors are only 
to be used for de1ectjn!J objects or vehicles near the van, for distances from the rear bumper 
to about 60' behind the van. The plane or flat mirrors are to be used for judging the dis­
tance to the objects and for detecting objects 40 or more feet behind the van. Remember to 
use both mirrors; don't just rely on one of the mirrors on either side. 

SYSTEM III: Plane and Special Convex mirror 
Dimension: Left-same as OEM, System I 

Right-l 0" w x 6.5" hconvex mirror ( 40" radius of curvature) 
caution: The right hand side convex mirror has the inscription, "objects in mirror are closer 

than they appear." This mirror Is less curved than the convex mirror In the Dual system 
but it is larger, so it views approximately the same area. The convex mirror is to be used 
for both detecting objects and making distance judgments. Since the mirror is convex. the 
objects in the mirror will appear to be further ~rfo/ than they really are. The driver must 
learn to adjust his/her judgment of distance. The driver should use extra caution and use 
inside mirror and direct looks out the window while getting accustomed to the mirror. 

MIRROR ADJUSTMENT 
All of the mirrors are to be adjusted so that the driver sees the fOllowing areas or objects In 

the mirror. ( 1) The inside edge of the mirror should "see" the edge of the vehicle. 
(2) The top edge of the mirror should "see" the horizon behind the van. 

In acXiition, the bottom edge of the convex mirrors will allow the driver to see the ground below 
the rear bumper of the vehicle (see Figure 1). 

MIRROR ADJUSTMENT PROCEDURE 
( I) Always loosen the mirror head clamp before adjusting the mirror. 
(2) Alwrfo/s grasp the mirror by the edge of the mirror head; do no1 ~QQ.the _ as.yQU 

JD.a't bt:eak 11. 
(3) Alwrfo/s retighten the head clamp after adjusting the mirror. 
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FIGURE OtlE: FIELD OF VIHJ ~1APS 
FIELD OF VIEW AND THE GROUND AREAS SEEN THROUGH EACH OF THE MIRROR SYSTEMS 

KEY: ........... 
Ground areas 

••• Field seen through..
••' of vie~v the mirrors 

•••••• through mi nor
•.......•.......•...•...... 

I. OEH r1i rrors 

Left: 9 X 6 Plane 
Right: Same 

*(car in right lane is not 
visible in right side mirror) 

II. DUAL r~i rrors 

Left: 6.5 X 6 Plane and 
6.5 X 6 Convex (21" ROC) 

Right: Same 

*(area seen in Pl ane mi rror 
also seen in Convex) 

III. PLAtJE and CONVEX Mirrors 

Left: 9 X 6 Pl ane 
Ri ght : lOX 6.5 Convex (40" ROC) 

*(no Plane mirror on right side) 

* . 

f}~~] PLAfJE, "flat" 
// 

l.iiJ CO~JVEX, "curved" 

• DOTH (PLMlE & C()NVEX) 
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TABLE ONE MIRROR USAGE 
Mirrors are used for detecting objects, people, or other vehicles, and for judging 
the distance to the objects. This table illustrates which mirrors are to be used 
for detection and which are to be used for distance judgen;ents. PLEASE HEED THE PRECAUTIONS. 

MIRROR 

GROUP Side Type PRECAUTIONS FOR USAGE 

I 
ORIGINAL 

Left 

Riaht 

Plane 

Pl::l n", 

yes 

? 

yes ?Right Plane: Large blind spot on 
right side: Driver must turn head. 

II 
DUAL 

I I I 
SPECIAL 
CONVEX 

Left 

Right 

Left 

Right 

Pl ane yes 
Convex yes 

Pl ane ? 
Convex I yes 

i 
IPlane yes 

Convex yes 

yes 
no 

yes 
no 

yes 

? 

? Right Plane: Large blind spot on 
right side: Driver must use 
convex to detect objects or 
vehicles near the van. 

? Right Convex: Requires learning 
to make distance estimates: turn 
head, use inside mirror until 
accustomed to mirror. 

FIGURE TWO Image Size in Right Mirrors 
The figure below illustrates the image size, in the mirror, of a car approaching 
the van on the right hand side. Each of the three mirror systems is shown. 
Notice that the car appears to be much smaller and further away in the ~onvex 

mirrors. However, the convex mirrors have a larger field of view, so the car 
is visible in the convex mirror when it isn't visible in the plane mirror. 

SYSTEM I. om I II. CONVEX II. DUAL 
MIRROR TYPE Fl at ~~odera:te Convex Very Convex 

H1AGi: SI ZE "normal" 1/2 size 1/3 size 

Distance car is behind van. 

40 feet 

20 feet 

CAR ­
NOT 
VISIBLEat rear bumper 
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6E1.1. SYSTEM REPORT OF MOTOR VEHICL.E ACClDENT 
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\,INIT eOCE CI.ASS 
U III II It ;to :III' 
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RNG TRNG CI.ASS 
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)6 )7 n ), &0 41 INJ 4J 

I W ~ 1,(", til ~ l!lW ......0 0 ~!!Il ,0 1~1 
COL.'- CIA ACTIO,.. Al:TION ''''PACT IM_CT 
'1''11'£ 'I'll .. " co- OT'" vlt... CO v.:; ... (j r~t 

VEHor... VE'" ,. , 1<:'1\11 , b, "" 6, , 1 ! II IT 1St! 'WI ely! I ! ! I 
ACCICENT CESC:RIPTION 

~c:id.nt Information Itlms 
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Safety Results Plan 
BELLSOUTH Motor Vehicle Accident Report 

Compu1er Inpu1ltema 

31. :rL 33. 306. 36. . 

~ U U U U. 
LoG. Flat. imp. "0'" PrIor 

Oeot. In\. imp. ..~~.

kit-
E I 

Oat. 

t""l .,. _ .,...., r. ..'" ~ . 
4. e-npttOrl ~I~: (Not.: If AClCIt~S~ I. a-c""rIC, UN 4r.....~I-ShClw: "$M"'~r1Company vehicle ~as travel~ng ~est on ~j Ave. when ocner ven1cle pulled out in front 

of Company vehicle from a parking'lot. E~loyee in Company vehicle attE:?ted to s~el 

to the left in order to avoid colliding with other vehicle. Company vehicle struck 

other vehicle on driver's side. causing other vehicle to skid i~to a utility pole. 

Other vehicle struck Company vehicle on right front side. 

A • Othe~ Vehicle 
B • Com;any Vehici~ 

,,,,,,,,,,
,,' 

,,, 
" ", 

" " " 

", 
",,,, 

" 
.(1) 

Indicate North 
By Arrow: 

N.W. 23 Ave. 
StrM: Or Hignw.y 

r-.---------- .......-
SII'M1 Or Hlgl'lwll)' 

I. DrwtIr Sw,*"",_, ~ ~H~ 
L-__ .t'! I _rl _ .1904) _318.=.S1:.l::.0~94~ _ 



Motor Vehicle Accident Report 
Other Vehlcl. "B" (Use Add'\. Forms If More Thar. One)Company Vehicle A 

Ori....r's Name (Full Name) 7. On....r'. Name o Mala IAge o "We I"geo F• .,.,a"o hma'. 
"ooress (St'eet. No., City, Stale) S N.I;.5, Yrs. f Oate !'ormai Hng. I0<11. ~f,utl. Tmg. IJob Group 

i.JFC ftC.5.$.• 
T.1. • ( I 

10. Tille JTC IEEO Ow".r'. Name 

Ow",,"s ~ress (Slr..t, No~ City, Stale)11. Ho~ Addr••• (Sireel, CIty) 

Upu's:.on O&leiDOve/". ween.. "0.....no ::ttate J20 eo. On"e,'. 1;;enltlCate I~Iale un..../"s \,.lcense NO. And bp. Oate 
Exp. Dale '. 

'1'.., A~ w.a. Of VehiCle 

1978 Tl-"l1"~"T'l 
YNT And Make Of Vah.13. Slate On"./"!) ReatriC1ions 

V.fllei. ioc)' T~ Vehicle l..iI:eMe No~ Stale. Yr. I~,. VeI'Iiele Bod)' Type IVetl'ele ue:en.. NO., Stale. Yr. 
2 Door 
Name Of Insurance Co. ApprcL :iPMlClApprox. l:iPHd15. Vehiele No. :r ran$lTlisslOnI 

o AlllO 0 Manua 5 MPH 
1:St. ~r (;OOal16. catna;a To COmpany MotOl V.niele ~sl. ,,-pair (;00.1 l cameo. To puClie Vehiele or PropertY 

$2100.00$500.00 
17. Dr,ver injunell Claimecl 01'1....' Injun" Claimed 

Meolcal Assistance Renotre<! Where And By Whom?,S. Med.eaJ Assistanee !'lenee'ed Wtle,. Ano By Whom? 

Others CWmin; Injuries o Ye. -see &.Iow,S. Olh.rs Claim,n; Injunes o Yet -see &.Iow 
o Noo No 

Names &nil AddresNS Of Uninjured P_1lOIQ20. Names and Adoresses Of Uninjured Pusengers 

";alnSI Whom 

22. Wllne'NS: ~_ AOdress Tel. No, 

lnjll1lH Claimed Olher Than OriY"-': (Ple.se ~~12le Form K·l5-f!F For Each Employee Requi,,"; Meo,c:&I A.tC.l 

o ""ale23. ~ -'----:-:-:-:-:::-::-:7"-:-------r- F.mala 
Print Full Name.... 

2'. F1esi<lence _. _ 
ACCI _ 

25 Nature And Ext,ent Of Injune, Claimed 

2:. Meo'C411 Fae. W"ere Taken 

;'1.:: In Vehicle ...M (Company) U __ "ge 0 Pedeslrian 

o OIlier 

a Per5Dns Fum's,,,n; Information 

101 ....,,..,...-,,, _ 
Print FUll Name 

Reslclenee 

"dOress 

Nature Anc: Exlent Of Injuries Claimed 

Medical Fac. Where Taken 

o In Vehicle ....... fCompany) 

o '" VehiCle -8" 10thetl 
Telephone NutTll)er 

o __ 

u Puaen

Age 

ger 

0 

Cl 

Pe6eslf\8t\ 

Otner 

:;.:;. ,,"Oll!Cl By I 'lie 

Tille 

uate 

Noted By 

I'lle 

Tille 

\J&l. 

Oat. 

https://Upu's:.on


ITEM SUBJECT COMPUTER NAME ITEM SUBJECT COMPUTER NAME 
CODE OESCRlPTtON 

REFReSHER DRIVE"'. ORIVER REFTR~1IlG 

18 TRAJNfNG REF "'NO 
OP'oonaI TM .mount 01 lime ...nee the C~n...Dr._ ... ,ec:etwecl 01 -.dmontSle,ed ,ete,ther· 
tVPII Dr._'. T'.''''flQ {Bell Syosl.m Aecldent 
P,.."tOOfl PIAn ~ No t&-Defenll... D,,¥i"9 
01 eqo,>t".lentl.. tIo ..-,e5her Tt ."',"" 

1 'l.eN Tlan , Y•• 

2 t to 2 Y..... . 
3 210 3 Y.." 
4 ..J to4 .,.." 

I 4105 V..,. 

5 v_, .nd Owe, 

AAPCLAal,. • 
MP CLASSIFICATION AAP 

The CompAn... Dr.-', Afflrlllat.... Action ~n 

0..." Cll!1(Itl N..",.., 

01 ltd 1A~ M.nagement Ind AaIowe 
02 2nd L..e..., M.nagement 

03 ,. L..e...1 M.nagement 

04 ,. L..e..., M.n-e-menl-A4m.f\lllrlt.ve 

01 S*sworlr.at' 
01 SDIIed Creft-OU15lde 
07 SWled C'lft-lnaode 
01 ·fIIo ~, V.id 

- Of .-$ltrNI&Ulect Crllft-oua... 
10,,, "'mill&illect CrlIft-tnllQe 

Qeric:al-SUlled 

12 Derical'-"milkillect 
11 ,. a.nc:.I-Inlry 

,oper... 
11 s.McaWar_, 

20 JOI FUNCTION CODI 

. # 

.101 FUfllCTION COOl 
,If1C 

11w ComoIfty ~"~,,functioll cocIe 
too-naN Funcltoft CodII "*'_ I eM . 
prOWlClltd lew opAt'.t"" \lDIYlOenIH" u.- Ind me... 
be alpha 01 numer,c chwecterl 

IOCIAL .ECUfUTY HUMIE.. 
21 SOCIAL SECURITY NUMBEfUOCIEC 

The CompAny 00..-", $oc:WIl s.cUflt... Hum.. 
.1Id~ hyphen' 

-~-
22 ACCIDENT DATE 

MMOOYYT... month 10'·'21. csa 
IC. lite I _lhe 1ftOC0I 

23 DAY OF WEEK 

ACCIDENTDAi: 
DATE

IO' ,3' I. and V• ., (7i. 
h.Ide IC/;1CMt1"lt 

DAY OF WEEK 
DWEEK 

The dIly 01 rhe __ on wtMd'l the IC/;*'­

OCe.l'ees 
1 Sunda... 

2 Mo....s.... 

3 lund.... 
4 w.o-.escU... 
6 Th"'5da... 

F,lday• 
7 S4'u,CSay -

CODE DESCRIPTION 

24 nMe OF DAY ;:: ....... 
n.. 'If". 01 dey I'" ICC\IClIent occurred 

00 1201 4M ' HIO AM 

01 101,2ooAM 

02 201 - 300 AM 

03 301 ,400 AM 

04 COI·5OOAM 

06 501 - 600 AM 

oe 601·7-00AM 

07/ 701 ·100 AM 

01 801· "00 AM 

01 iOl ·1000 AM 

10 1001 . 1100 AM 
11 '0' . 12'00 Noof'I 

1201 • 1-00 PM 

13 10' ·2:00 PM 
201. '-00 PM 

11 30' . 400 PM 

,. "12 

,. 401·500 PM 

17 601 ·looPM 

18 601 ·700 PM 
11 70' ·100 eM 
20 .01 .•:00,."" 
21 10' . 1000 PM 

22 1001 ·11:00 PM 

23 " '0' . 12:00 Modnog"t 
lJTE COND 

26 UGHT CONDITIONS UTE COND 
TM ~ condnlON al 1M ti_ 01 the IC/;'", ~. 

2 Dewnar eu. 
3 Dm-aut Hlwmil\llleclISlr.-.- t*1 
.. o.n 

WUCOND
28 WEATHER CONDITIONS • WU C(NiIID 

TM -.lhef conck'on& IC dW &i.e d the acocienC., 0Mr 
2 "'in 
3 Cloudy, o..-rcasl 

• Snow. s-e.. 01 Ha,I• 
I Foil, SmoQ, 01 SmoU 
a ~n; Sa~, Dusl or S­
7 Se...,. WIt. 

n?f IU"F27 ROAD SURFACE TYPE ~ SURF 
The IVPII 01 roed 1Url...... the ..--.. oIlhe ~nl 

1 Aaptyh 

2 Cona•• 
3 Gt... 

• Oon 
I Send 

• O1"'r 

https://M.n-e-menl-A4m.f\lllrlt.ve


I 

r'----·------------.,-----------:~~=-:~~:"'I
ITEM SUBJECT COMPUTER NAME 'TEM SUBJECT COMPUTER fiAME 

CODE DESCRIPTION CODe DESCRlPTtON 
-.--=::::::.::...--.:.::.:;:;.:.::.:.;....;.:..;;.;.;-='=":-:::::-::~:__-_+_--;....-----------___i 

11040 COND 

28 ROAD SURFACE CONDlTlON ROAD COND 
TtwI r~ ...rf~ ~IJOIl .1 1M hme 01 the 

~nt 

1 Dr" 
2 *1 
3 tty 
4

••
7

•• 

Sn_. Packed 

~UIhy....., 
~ SanCl. G'....I. etc 

~.~I.•~~.•C 

OtN' 

2 j\ACC'DENT LOCATlON 
) 

, 
2 
a 
4· • 
7 

• 

Th. lacauon 01 the eeadenl 

"".....y-lnlerNCIlOtl 
~y-NorwnlerMClioll 

Ace!»11 til £&11 Ramp 

Dr._y 

.....f'ublIC "',IlIl\Q L.ot/~'. 
c.omo-ny Parlll/lV Lot/G¥ege 

fJP'-ay.•C 
-,_-...;;O'-.....;;.;,;,;,;.;.....

• Other 

30' ReSTRAINT DEVICES 
V.,'; . ".-
.,." No -

~LOC 

ACe: LOC 

="'~__....".,_ __I 

IIEiTRA'HT DEY 
fIST D£Y 

U ., S Mol epplicaaw. IloInauencMd weNde. _ .mp6oyM. 
~..,.ucI.....1 
WNttwr ., NIl .. ~ in Ihe ~1'If lMIGt 
WINe" _. wa&nlI the ~iIob6e tMtta&nl ........ (1_ 
__ ~ ....... liio;i .. h.--III the ~rtI.• 
_ MIta and ~ ..,..~.a-tt .... 
..".... Men 11\ ~ to _ CilIdId Y.'. 
..aTt On ~ ~. MhIo' the IIIpha til ~ic 

dWect., /NY" en&e<ltd "me ~~ it ~ IN 
~er -.u II ao .. ,",me'ic ecwtvale'" aNI
"1:1''' t!\al ",al... Ad Iloc: '.cI~' m""" .... IN _Ie 
\101... All o.I~",t 'epor1I...,.I' ,.flec:1the nllrneric: wei..._._-----------------.....j

EMPLO)'_~_E _,ERSONAL IMP tNJ 
31 INJURIU &Wl" ilU 

TI... ""'nl!be' 01 COf"P':'\y eftII)lOWM' l'ltlll'.d '.IICI.... 
'Orlll .·type W\jll'..al end/or lullec:l ,lIiIUtl"" 
~~ &he rrlCItew ~de 1CCdeftl, 

o tul """,,"I 01 _-'tli.. 
t to' Nil"" 01 ~ny .1I'lj)IoyMI,/ trlfl.nd 'nCl/OI ~ 

• Mote t!\an • .._~:-:--::-::::~~:=::-::~~~-~~~---I
NON· EMPLOYEE PERSONAL OTHU INJ 

32 IN.JURleS OTH IHJ 
_._ Tfte nwmber 01 """-c:omptn~ .-,eonac:la''''''''Q .,.,,_ 
.~ fint aid-tYPI .."...,I/IIItUoI.tUecf 
'nu."l\Q ',om lhe rncJ(ew .etvc:. ~nl 

o fllo W\fur"l or f'I."I_ 
1 '0' Iil-.be' 01 ftOtl-co~ny .....aonIll '*""l\Q 1"tUfl' 

eno"01 ""leO 
t Mort lhen 8., ..c 

33 DAMAGE 
The .",erw 01 a~ pr~~ 

,.... _Of vel:l.c:1e ~ 

o f¥onoo 
, Cu"lf'"n~ \1..1HrN!l$I Onty 

I~-2 - CO!llP-an~\I"_lJ.rJ!!'!~U'~cLOI~ V't~IL __....

J ~n~ VeI'lO(;~'i end Otne-r "'~nl' 

• Co~n~ '1.I'>,cl.-(" .nd Otheor ".t'lodeill .nd Otl ..., 
Propelll' 

I Or""" V..t>oclel'l ~r'lll Othe, Propeny 

• Olher Veh,clelll On!~ 

7 Othe, P'operly Only 

PRIOR COMPANY MOTOR "HOR ACC 
34 VEHICLE ACCIDENTS PRiOR ACC 

O"1I0NI TN tOl.' nllmbe. of j)t.QIf rne,s.u'.o tnQ(, • 

whodl .ec••n" few th" ~'''tua.r dr ...., 00 
nol .nclude Clll"'''' ,a:.oenl ,n counc 01 Oft". 
ltCCJOenls. 

o Hone 
, 1 

2 2 
S 3

•
I 

•
., 

• 
• 

•
67 7 

• 90' Mor. 
ANALYSIS OF COMPANY 
DRIVER'S DEFENSIVE ORMNGAHAl 

35 DRIVING PERFORMANCE O.ttY ANAL 
OpIIOIW' The K1lO1llew lacs of .a1Oft1 01 the 
company dr,_ .. related l.o de'_ *""nQ 
perfew lnlInc:a 

C11 Proceeding ehMcI. chanei"i ......... 
10 Inauffoc:oenl ~ c:..v..on-frOfll. ~ .., . 

f'eit..ll" 10 edjlAt lPH'Clal hili. ClIrW....,..ChOl'l." WI"" IPOCI. ac 
....,.. to ...tCif*. tr.-ffiC..,. ...... 

F.llIl'. to ent.~• ...on ~ .... 
.~. ao ~..,. c:tw'I' --, "' ......,.. . ,. fl..""" ~ eNd. SlIl'fClllftdlnp!*are ctw,.... w-
.01 paa.at... 

(2) T_a. ....tlleees~ 

, ..""" to "enel welt If' e6v.nc:e III 'wn 
1ft\plQge' poIoIhOl'l III ...~ for turntFlQ mane_ 
:.,:..,;;, 40 ,~ :.:.r-Clll".::t ~~~ 

Oed ....nll~lt tht KltOtl 01 0II'lfIIS 

F..ua 10 be cen..n Cllher dr'_(ll II ._,. crI 
hlalhlf ont.,.oon 

21 F....... lID voeId ,...cr/._y 

a. """"">ColIn! ~ wtJ\oon-fronl. 1ICliN. f.81 

fll ~·U--·"'rtUns"-­
Poor -'ecttOn 01 P'~ sc>aU ew ~'ON"ll 01 
wtuc::Ie -

"c&>ne lnlIne_ ~'Y 

U" F..lur. to beCi IflIIQ per~fIQ a.pac:e on .." ...110 
.. IQ ~ ~fIQ 0Ul on ~rtll. 

A lMtle .-'5Ol'\ not YMCl as guode'.l riafta 
Drt_ ,..led 10 .,.,., pr.... nce known well In 

~ 

., 0<••, , ..led 10 .cltU$l ~ 

42 0"..' OIllncN ~'.. Pl'*SH',r, kllon 

15' fiNd C liofta- .......... HAaI1I 

tHcI nol "'t.C! h&urd 01 _lither QInlIoI'Ol'l _ 

-..pn 10 l'I'lH~ ." aGj..-._nt 
-- ...J' 

53<:: 

":"'::-:-:~~---_l 

DAMAG£ ~ 

DAMAGE 
A ..... ' ...... llIftQ ft_ 
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;TEM SUBJECT COMPUTER NAME 
CODE DESCRIPTION 

Ii1 Dod nell adlUS! for hazard or weathe' "'nelilion 

161 Miace/leneous 

60 Performed .lIelial drlVI"\l maneuver 

11 Fell asleep 

12 Fainted. luHered a seizure suflered a tleart 
..taell. efC 

63 Under the Influence of alcohol. drugs medICation 
etc 

16" floor selec:1lon of route 

.~s Fa. lure ~O ",a~e C/r£le check " 
66 D.d ,.;0; delect ab/ect or ha;ard-' 

'iT---hmre-'o petforlllsome orne-r act."on whoch he or she 
could have reasonably performed to pr_nt the 
eccodent 

f7l NotlPreventabie 
70 fIIonpreventable accident-Company driver dod everythl"\l 

he or $he could 10 prevent the acctdent 

f'} Eaclud,bI. 
eo ElLcludabie acc,dent 

COLL TYPE 
36 COLLISION TYPE COLl TYPE 

The type of ColliSion 

1 CoU,slon W,lh Anolher Vehlc" 

2 Colli;i'on With Other Mov,"ll Obiectls' Other T~n 
Another Vehicle, e" Trains. bICycles, animals, etc. 

3 ColhSlOn W,lh Pedestrjanls} 

. 4 ColliSIOn W,th Stallonary Ob,ect(S) /OI"-r Ihan 
motor ..ehid_, 

I Nonc:olhsion leg. overt urned. ran oH rC*l. etc) 

Multiple ColItSlon Type (,e. chain reactIOn or any• ccmbon",on of Codes , throuah 5) 

OTHER VEHICLE· OIFl TRAY OTH YEH 
O'REcnON OF TRAVEL OIFl TRAV OTH VEH 

TN dirKIion t~ at~r vwtIic:l. w. U-'i"ll lin 
relation 11) the ~y vwtIicl.} .t the time of 
the Kadenl In mulllYehlcle accidents. th's code 
is for the Olher Yehlcl. that first made contact 
With the company Yeh,cle 

o No Other Vehicle Involved 

1 NOI AsSiS/ned 

2 Same OlfeCllon 

3 ~S'tl! D;rect,on 

4 From Company Dr,ver's Left 

5 From Company Dr.vers Right 

• Orhe: 

ACTION CO VEH 
38 ACTION OF COMPANY VEHICLE ACTIONCOVEH 

The actIon of the company veh.cle at lhe tIme of 
the accldenl 

11) M_nta _mially straight aheed /indud. 
-"l:Urv8. in roadway} 

10 Proceeding straight ahead 

1 1 Chang.ng 10 left lane or swervi"\l-to lett 

12 Changing 10 roghl lane or swerv,ng 10 flghl 

13 Merging lroadway narrows-Does no,.nclu<le ente"ng 
01' Ieav.ng Ir atflc. see Codes 30 throu;" 47 of 
,tem 3S; 

14 Slr.lddl"\l or $pInning 

15 Slow,ng or Slopping 

16 StOPPed In traffiC lane 

17 Slan."S from a SlOP 

---- --1 

ITEM SUBJECT COMPUTER NAME 
DESCRIPTION 

1.
CODe 

PasSIng on left 

19 PasSIng on "ghl 

(21 T",m'''ll Move....nts 

20 ~klng leoti turn 

21 ~klng FIght lurn 

22 Making U-turn 

(3) Entwi"ll Traffic lane 

30 From entrance ramp on left 

31 From entrance ramp on rig hi 

32 From shoulder on letl 

33 From sho",lder on "ght 

34 From park.ng space al left curb 

35 From parillng space al rJght curb 

36 From G'lweway or alley on Ie" 

37 From G'lveway or alley on rlghl 

C4, LNving Traffic lan.-F_.rd Direction 

*To elL.1 ramp on left 

To elLll ramp on fight 

To sho ulder on Ie" 
To shoulder on nght 

Forward IntO parking space al lell curb 

For_rd Into parkl"\l space al fight curb 

To droveway or alley on left 

To d,,_ay or alley on "ghl 

(5) eadUn; Maneuwn ft. 
60 In roadway 

51 Par allel park'"\l on left Side 

52 Parallel park,ng on fight Side 

53 Left Into diaS/onal or perpendlcular-park,ng space 

54 flight ,nto dlagonalor perpena.cular parkl"\l SOilC8 

55 Lett from doagonal or perpendicular parkl"\l SPlIce 

66 A'lIht from doagonal or perpendtcular parkl"lj 1CliIc:e 

17 Into dro_y or alley 

58 From G'".ewey or alley 

59 Backlng-Q1her 

Ie) Miscellaneous Mo.......nt. 

50 Properly parked ~ 

til Double parked 

62 Improperly parked-Other 

&3 ID'J!''''r-.;; i1"'Olhe< vehicl~ 

64 6e1"\l p",shed 

65 D"werless ..eh.de In motIon 

16 Other 

ACTION OTH VEH 

39 ACTION OF OTHER VEHICLE ACTION OTH VEH 

The act,on of rhe other Involved vehIcle at the 
rime of rhe aCCldenl In mJlll..ehJCIe Kc.dents 
code rellects ..ehlcle that flrSl made contact ,"",h 
the company vehicle Code 70 Impl.es no «he< 
vehicle ,nvolved 

11 I Mo~ntl ....ntially straight aheed litIdudM 
curves in roed_y} 

10 Proceecl'''S straight ahead 

1 1 Changl"9 to lell lane or swe· ng 10 letl 

12 Chang,"9 10 roghl lane or swe· ,ng 10 Fl9ht 

13 Mer9'"9 l'oad ....·a~ narrows-ooeS :"101.nclude e"lle' .~,g 

or lea.·,,;; trail ..: see Codes 30 II". r""'9 1-. 47 01 
lie'" 39' 

14 S',ddlng 01 $p.nn,ng 

--...... 

https://lan.-F_.rd
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i'----·-----·-~----"'""T'"----------------..., 
ITEM SUBJECT COMPUTER NAME 

CODE DESCRIPTION 
ITEM SUBJECT COMPUTER NAME 

CODE DESCR IPTION 

" 

1S Slow,ng Of slopp.ng 

16 St~ ,n ,ralf,e lane 

17 Start,ng from a ~0Il 

PllsS-ng on left 

19 PI'SS. ng on tight 

121 Turning Mo",ementl 
20 MiMI 'fig left turn 

21 M,alung "ghl lurn 

22 Making U-Iurn 

131 Entering Traffic Lane • 

30 f'om en"ancer.mp on Iefl 

31 f,om enlr.1\Cf' ramp on 'oghl 

12 From shoulder on left 

33 F,,_ shoulder on r'llht 

U F,om PoIr...ng s~e al lell curb 

35 F,om parl",~ s~e .t "ght curb 

H f,om d"veway or allev on left 

37 From dr ,Yew.y or aflev on tight

'.1 La"'ng TraffIc Lane-FOf'Ward DirK1i_ 

~ To e ..t ramp on Iefl., To er.'1 ramp on tlghl 

..2 To shoulder on left 

.3 To shoulder on "Vhl .... fOl·ward inlo park'ng ~ce ., left curb 

..5 fOl..ard InlO parkl"lO IPo1ce at light curti ... To dr_IIV or alley on left 

.7 To drnoeway or alley on IIVhl 

IS) Bding Maneu_. 

50 "'roadwav 
51 Paralle! parlung on left SIde 

52 P....llef parl"ng on ltgi'll Side 

53 lefl IntO dlagon.1 or perpendocular PoIn."'9 ~ 

54 Rogtll ,nlO diagon.1 or perpe1\dtcular pitn.,ng space 

55 Letl from diagonal or perpenchcular PoIn.,ng space 

5i Roghl from NlIOn.f or perpendl(;ul.r parking space 

67 Irwc dr,,,,e_v 

58 from dr,vewav 

51 BaCkIng -Other 

(6) Miscltl'aneoul Movemants 

60 Properly parked 

51 Doub'e parked 

42 
COSTS 

COSTS COSTS 

OptIOnal Costs of accident Operallng companv 
WIll determine ....,c:h c:osts itr. 'ncluded Whole 
doIlitr values entered onlv DoII.r SIgn not 

..tered 
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• SPeCIAL STUDIES 
SPECIAL STUDIES SPeCSTUO 

OptIOnal For use for lpeClal stt.>dreos as deSIgnated 
by AT6T. indiyjdua/ ~ ...ti"i c~. or toc.I 
un,ts Pos.t1Ol151 and 2 ..e re5er¥ed fer AT6T .­
PosnlOns 3 Ihrough 10 ..e a",.,labIe for operatIng 
company and/or local un't U$I! U de$Jgf\o1led by ekl'> 
operatIng c:cmpany Any .lphanumerlC char.e:ter5 
may be used 

44 
ACCIDENT DESCRIPTION 

ACCIDENT DESCRIPTION AOESe 

62 1/T1JI<operly parked-Other 

a3 PuShtng anot'- vehl(;le 

54 .''''fl pushed 
65 Dr,..e<"leSS vehl(;le tn .motlon 

66 O!h., 
(7) No Of..... Vlt!'ltcie Inwofved 

Ne «her veh,cIe 'fIYOIved 

-==::-::-:,.,....,..,""="...,.,.,.=-=':":'""==~~--~~~COMPANY VEHICLE'S POINT ,MPACTCDVEH 
:~ OF IMPACT 'MPACT CO VEH 

The pot'llOn oK Ihe compenv vehICle I~ rece",ed 
torSI 'mplICl 01 Ihe acCIdent The lerms "9ht 
sode and left Sloe ...e def,neO from the reference 
po.-. 01 being seated In the company wenlCIe 
fac""lil forward 

o M,sa-Uaneous (,ncluoes noncolhSlOn a=dents 
aCC>OEnts cause" b~ carllO ta1ltng trom lhe 
",,,,,",,de etcl 

1 FrO"1 

2 R.V'" SIde-Forwa'o 01 FrOn! Wheel 

41 

45 

46 

3 Rlgnl Side -Cente< 

• R'lI'" S.Ge - Ben,nd Rea' Wh~1 

S Rear 

, Lei I Side -8en.nd Rea' Wheel 

7 Letl SIde-Cemer 

I Left S.de-Fo, rd ot Fronl Wheel 

9 Top U~rcilrr lle (,ncludes ,ores) Of (h.erlurned 

POINT OF IMPACT ­ .MPACT OTH VEH 
OTHER VEHICLE IMPACT OTH VEH 

The porloen of the Clher ,nvolved vehicle Ihal 
recet..ed fllsl I~Cl 01 Ihe KCtdenl The terms 
light 510e anet Iefl ..de are delonecl trom lhe 
reference po,nl oK beIng 5e.ted ,n the other 
on"l)lved veh.cle I.c,ng forward 

o No Olher veh,cIe or known Gamage ,nvoh,eel 

1 Fronl 

2 RighI Side -forw.rd of Fronl Wheel 

3 Roghl Side-Center 

• R,ghi Side-BehInd Ru' Wheel 

5 Re.r 

6 LeIt S,de -Behind Real Wheel 

7 Lefl S<de -Center 

I LeII 511:le -Forw.rd of Froni Wheel 

• Top u~rcarr~ (Includes hresl or Overturned 

DATE CASE ENTERED DATE FIRST ENTERED 
INTO MVAS ENTRY 

th,S nem IS no! '''PU' by lhe U5er '"WAS.ad:s a 
"G' line 10 NCh use The forst 'tem on lhe ·G· 
11M IS tM date ftIe taR ..a, IorSI .nt....ee1 onlQ 
lhe Iyslem Thl5 nem can be referenced ,n Ad 
hoc 

DATE L.ASTREV'SI~ 
DATE CASE LAST REVISED REVDATE 

Th" " .... IS not "'Put by the <lMr ..vAS aclGi a 
"G" lone 10 e.ch c:ne The 5eCOnd "eom on the ·G" 
I,ne IS lhe date 01 the most recent reVl500n 10 ... 
lhe tase On Inn...1en1r¥ 01 .. tlIse thIS nem 
1$ the same as rhe e ...r. Gale Thes .tem can be 
referenced ,n AC hoi: 

PUT IN COMPUTER BI.OCK 
Th,s tlIodo IS 10 be "',l.aled and dated when the 
case 'vs been e-nle-red '''10 the CO'T>l)Uter ladd 
cha~ Ge.e:t,V.le reilCl,,,.IeJ 
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ITEM SUBJECT COMPUTER NAME'ITEM SUBJECT COMPUTER NAME 
CODE DESCRIPTIONCODE DESCRIPTION 

Measured-Nonpr_,,~.Optional7 Trucks lrega~ss 01 G~ eQU'~ ••"m oetroc:fu 
anet oernek ~9.r, E"et.-s ,'l1;"·pre"....e .am· ~asure<l-P"maryFau"~nyOr •..,. OPhonJ 
bO',n; mac;h.nu Ie; Sle rt"" h'1ih ·p"e"ur. Meitsureo-Pr,rnary Fault-Another. NO! Comoany 0"".,. 
d"il;e',! OPhonal 

I Truck·Tr.elor, (hIt'" wheel typel.ncI aU Supply or 
U or' Measured-Prlm.ry Fault-unoelermtned. Optl()l\llf

a"u,pmenl OIh...ry lIudtS "'''I11j. G\lWot 11.001 
lor 7 Meilsu,ed-~lrIl Oepanrnem Restricts Releilse CIIpounOS.nIl o-ooer Includes ~Iy ..hoc Ie, """tI'I 

'nforrnat10'1 . Oplionalpo...er equ'pment 'Yeh •• _heS. tail;.'" or . 
afevatOf$ "OTE On case .npuI...tNt' the aIpN or the 

• numertc etla,aaer ~y be ....,ed II t/W .'pl'l•.."n..'m_h.... full ..,•. ~t .nd 'ubc:ompKt 
value '1 '"CIUI. the comp.ster con""1 It to ,tscars anas"IIO" .agon' ",'diess 01 ",'uele .,.. 
nume"e aQul",.lenl ancl Slores thai ",.Iue Ad hoc: 

VEHICLE TllA"S..,SSION requests mull use tn. numerIC value All outPut 
7 VEHICLE TRANSMISSION VEH TRANS ,eporlS _It ,eflect lhe nu~1C ",allIe 

A or' Automallc 5h,h DRIVER NAME 
.. or 2 Manual $"," 12 COMPANY DRIVER'S NAME .....E 

..OlE ()fI case 1l\P'll. etttw me Moha 01 lhe 
~tl 'Ultrlled ,,.. the beld the ~S "11

numallc cnar.cte, ,.,.., .......ed "I/W alpha 
name.• space f"SI name. a..,.ee. and mloCldl • 

.,.,.... 'I lftPWl the COmpyl" con...n, It II:l Its ,nollal II ihe 1e spec., pr~ ...a 
numafle ~,v"'nt and _es NI "alue Aid 'Muff.e..m. lhe arnplo.,..·, "'II name may be
hoc 'aque•• _ u.. tht numat'oc ..Iue All 

rep,.sented by only a,.. INliai. and the ~. 
outpul repo"lS will ,"lee lhe "U_flC val... bet_n the f ifSI and tntClCfIe "",..ts mey be 

VEHICLE NUMBER omllted
8 VEHICLE NUMBER VEH NUM DRIVER SEX 

The c:orn~ny "sog,*, ~ number lmaumurn 13 SEX SEX 
of 12 Q'gllSllor tn. rno&or ..hOCfe ,n",oI...o In 1M 

Male.. or'ace.nt II the htc:la " not _ned by the ~ny. 
For2 Famaleente' the _d · aed· 01 "emee!' la"eludil11j quotes, 

HOTE On case '""UI. either the alpha 01 numericOQ not ,ncluda etnpIoyw ~ ..htdes All ent,_ 
char.eler mey be ant.rad "IN aI~ "'ue 1$ .re left 'lISldoecs ,n tt\l' I.e ancle"cll,. 4a"-
,npul the ~.. eon..."1 it to ils n_oc 
t1Qu."'.lent and Slores lhal ...... Ad hoc reQUftts 

. must use the ""merle value All output ,eport, (
9 OEPARTMENT CODE ~:::RT"ENT 

the Siandard Depan_ Coda "-nllher 
WIll ,.,lect the numeroc .....ueCom9f,oIler,0' DRlViR EEO CODE oa PuDI,C Set ..c:e, 

14 EEO CODE EIONetworlt O'61rlbuhon s.r-..c.s ,." DAf. Sysr.tI'lS The EQuai EmplOY...."1 Opponunaly c:oOe nurna. 10< 
the Co~nr Dr._O"acOlYl'20 Hetwoti EngmMfing 3 Whlta 

22 Eaeeutlft I Ht~noc 
30 Support Se'v1ceS Slaell31 Legal • 

7 As..n-Plc;.foc Islande,39 Labor ,....'lOftS 
~ HetV¥Ol'~ S_lehed Se",.ees I Amerocan Indtiln-A1.skan Nal'''' 

45 Networlt Plitnn'l11j and Des>in DRIVER AGE 
52 Network O\:Ilfr.lo< Ser_ ·15 AGE AGE 

Corporale PI.nn'l11j.. 
~.•" to 70 The Comp."y Oft_·' ItQe as'" last bonhday .., 8uSIness ~''''I'111j - . OR,·..Er. I'iCS YEARS

57 BUSiness $ervlClS 
16 NCS HCS62 Personnel 

Publle~.._ 00 to 50 The Comp.ny Dr,_'s full .....s 01 '"' Credited.. 
Se,v,ceRales and Rewnues ., DRIVfR TRAINING 70 Gowernme"" Relaloons .rw: Aevulalory ....ners 

17 FORMAL DRIVER'S TRAINING DRN TANG.. eo,poral.5laH 
Tra.sury OpHonal The "umber '" full ,ears Since the 

87 Res.oenca "a,ket,,,, Co",.,..ny 0<._, _.s:laCl~ c:ornpte1~ a 10"n.1 
II Re,odenc:a Servoc:es d"...r', Tr...;"ll Co... (~ ee-', 

Perfo<nynce TraoNng-f"TC 11()-o1 equ'",.lel"ll! 

UNIT CODE 
.5 Other 

o No Fornwt Tr ...,..ng -
10 LOCAL UNIT CODE UNIT , Less Than 1 Y.r 

XXXXXXIXXXIT/W~.a~_oC ""'I Of9at"'.l.Il'on ~ 2 1 102 Yea',
es!aohshe(! by each oPe'al l l11j compa"y IThe 

3 2103 Ye.,s
tl'lrH aoc.' oOnaI po"t_ .... me .f ''''ll are 

4 3 to. YearsopllOllaI I 

I 4105 Ye.rs,, ACCIDEHT CLASS 
5 to 10 Ye.,s~CCtOENT CLASSIFICATION Ace CLASS •x O! 0 E•• 1..,I0o<I 7 10 to 15 Ye.r. 

iii Of' M.· _l No O.ftere,. ...on Breakdown Maoe 15 to 20 Ye.rs•P or 2 M. .•, , p,........... CNIIonail 9 '0 '1'.... s a"lS 0-
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ADO. CHANGE. DEAcnVATE. I.AST ACTION 

1 OR REACT1VAT£ ACDR 
A A ne... taN ~ 101M .yst.", 
C A chanV- r.....i.'onl to a caM m.oe aul»eQuenl 

to ,n'I,al antry 

REPORTPER'OO 
6 REPORT PERIOD HAIOO 
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company resulu 
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repone 

R U~ lel reOlCl.vata Ii use ~e.,;gu~;y tieectidt:!d 
After reaa...lIon. 'C' will Ipj)elr tn the ACDR 
f'eld In tN! datI base 

SECURITY 
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	Figure
	I. INTRODUCTION 
	I. INTRODUCTION 
	A. PURPOSE 
	The purpose of this report is to describe the results of a two-year field study which evaluated two experimental rear-view mirror systems in terms of accident rates. The mirrors were installed on groups of Bell Telephone Company vans and aecident rates were compared with those of a simllar group of vans equipped with conventional, original equipment manufacture (OEM) mirrors. 
	B. BACKGROUND 
	HIstorically, rear-VIew mIrror systems of small vehicles have consisted of left outSIde and center inside mirrors. In makIng left maneuvers, therefore, drivers have been able to moniter rearward and left side traffic conditIons by employing either or both mirrors and/or direct looks to the left and rear. In order to safely initiate right maneuvers, however, direct looks to the right and right rear have been essential, rather than supplemental. With the advent of vans, whose designs often made it impossible 
	1-1 
	i 
	\ \ \ 
	I\ 
	I\ 
	I\ 
	I I 
	\ 
	\ 
	\ 
	I 
	\ 
	I 
	PLANE 
	·PLANE 
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	FIGURE I-I. Ground areas and FOV seen through left and right mirrors of a plane mirror system. (6" wide x g" high). 
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	In order to provide a comparable horizontal FOV on the right side of vans, a plane mirror would have to have a width of approximately 15 inches. Not only would such a size be unacceptable with respect to obscuring forward vision, it would still present a large and dangerous bl1nd area which could not be compensated for by direct looks. Thus, solutions to right outside FOV problems cannot be derived from the use of conventional plane mirrors. The most obvious potential solutions are comprised of a convex mir
	Convex mirrors have one major advantage over plane mirrors and several disadvantages. The advantage lles in the fact that they provide a wider FOV than plane mirrors per unit size. Moreover, the shorter t~e radius of curvature (the greater the conveXity), the larger the FOV. Unfortunately, the FOV gain 1s accompanied by the m1niflcation of visual imagery. This miniflcation results in images which appear further away and moving more slowly than they actually are. Furthermore, I1nearity is reduced as images o
	A previous study evaluated over 40 mirror configurations, including variables of mirror size, convexity and single versus dual mirror systems (Burger; Mulholland, Smith and Sharkey, 1980; Burger, Mulholland, Smith, Bardales and Sharkey, 1980). Promis1ng findings were observed for a 40 inch radius convex mirror alone or in combination with a plane mirror. Less total looking time and shorter decision times for right maneuvers were requIred for these systems than for the OEM or other selected systems. However,
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	A RATIONALE 
	The project required the fleet comparison of two experimental mirror systems with a control group equipped with a standard OEM mirror system. One experimental system was to consist of convex mirrors only, while the other was to involve a pair of dual plane/convex mirrors. The design specifications for the experimental systems were to be establ ished jointly by Vector and NHTSA personnel, based on two criteria: (I) minimum size to meet FMVSS III; and (2) previous mirror performance data. Initially, 500 vehic
	B. FLEET SELECTION AND -SAMPLE SIZE 
	More than 30 van fleets nationwide were contacted to obtain accident rate data, descriptions of mirror systems employed, accident reporting procedures and the degree of willingness to participate in the field study. All but two fleets were unsuitable for the study because they failed to meet essential criteria. In particular, most of the fleets had already been retrofitted with aftermarket mirror systems which made it impossible to establish a control group among these fleets. 
	The two fleets which did meet essential criteria were divisions of American Telephone and Telegraph Corporation, i.e., Southern Bell and South Central Bell. These fleets also expressed considerable interest in participating and had excellent accident reporting, description and recording systems. Southern Bell vans had only OEM mirror systems. South Central Bell, however, had converted apprOXimately 800 of its vans to a dual plane/convex mirror system. This state-of-affairs influenced the selection of experi
	9< 
	11-1 
	The AT & T Corporation volunteered accident data for 198 I for Southern and South Central Bell fleets, as well as for all Bell fleets, comprised of 97,002 vans. Using a standard formula for determining sample sizes to detect a difference between groups (Council, Stewart Reinfurt and Hunter, 1980), a sample size of 2,000 vehicles per group was found necessary for a data collection period of two years. As input data, the formula required accident rate data and proposed or acceptable alpha and beta errors (see
	The actual number of vehicles included in this study were fewer than planned, however, and there were several reasons for this outcome. A major reason was the retirement of many vehicles jmmediately before and sometime after the data collection period began, due to cost-cutting pol1cies instituted by the Bell companies following their corporate breakaway from AT & T. Additionally, final mileage data were not available for some vehicles and could not be retrieved, so these vehicles had to be excluded from th
	C. MIRROR SPECIFICATIONS 
	The initial desire was to design the convex mirror system and the dual plane/convex mirror system to just meet the FOV requirements of MVSS 
	III. As noted in Section I, a 40" radius of curvature (ROC) convex mirror was found in our previous research to yield the most promise either as a stand alone system or in combination with a plane mirror. Lesser and greater convexities presented poorer results. Thus, the 40" ROC was recommended for the stand alone convex mirror system. However, since the minimum size of this mirror that is necessary to just meet FMVSS III requirements stlll yielded a significant blind spot on the right side of a vehicle, it
	10~ 11-2 
	The dual system employed by South Central Bell included a 21" ROC mirror, substantially more convex than previous research would recommend. Nevertheless, there were good reasons for testing this system. First, it was widely employed nationwide. Second, it was very close to the FMVSS III FOV requirements. And third, since it was already installed on some 800 South Central Bell vans, the overall cost of the study would be reduced with respect to the purchase and installation of mirror systems. Therefore, this
	Table 11-1 provides the specificatlons of the three recommended systems. Figures 11-1 and 11-2 show the FOV's for the convex and dual systems, respectively, and both may be contrasted with the FOV of a standard OEM system shown in Figure I-I. Because the control and convex systems consisted of OEM Plane mirror systems on the left, the dual mirror system yielded a much larger FOV on the left. The convex system yielded a sl1ghtly larger FOV than the dual system on the right and it did so with lesser convexity
	D. MIRROR MANUFACTURE AND INSTALLATION 
	The convex mirror was manufactured by Donnely Mirrors, Inc., according to specifications, and shipped to Velvac Corporation for installation in mounting heads. Velvac reshaped off-the-shelf heads and support brackets to hold the rounded mirrors properly so as to protect them from breaking during normal operational handling. Velvac also put the following inscription on this mirror: "Objects in mirror are closer than they appear." The dual system was an off-the-shelf product. 
	The dual and convex mirror systems were purchased in quantities which permitted retrofitting the appropriate numbers of vehicles and maintaining 5% spares to account for breakage during the two year data collection period. 
	The mirrors were shipped to the Bell fleets in November of 1982. Installation on vans began in December, 1982 at over 500 locations in seven states. Most of the vans were retrofitted by the end of February, 1983 and almost all were retrofitted by April. As wllJ be noted in Section III, however, the numbers of mirrors installed were not quite as many as originally requested. 
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	TABLE 11-1 Recommended Mirror Systems for field testing 
	TABLE 11-1 Recommended Mirror Systems for field testing 
	TABLE 11-1 Recommended Mirror Systems for field testing 

	MIRROR SYSTEM 
	MIRROR SYSTEM 
	I EFT 
	RIGHT 

	Control 
	Control 
	7.0 x 9.0 6.0 x 9.0 5.0 x 7.0 
	plane plane plane 
	7.0 x 9.0 plane 6.0 x 9.0 plane 5.0 x 7.0 plane 

	Convex (Convex= 40" ROC) 
	Convex (Convex= 40" ROC) 
	7.0 x 9.0 6.0 x 9.0 5.0 x 7.0 
	plane plane plane 
	10.0 x6.5 
	convex 

	Dual (Convex= 21" ROC) 
	Dual (Convex= 21" ROC) 
	6.5 x 6.0 6.5 x 6.0 
	plane convex 
	6.5 x 6.0 plane 6.5 x 6.0 convex 


	NOTE: (1) All dimensions are in inches 
	(2) The 3 size variations for the control system and for the left side of the convex system reflect those variations that actually ex1sted 1n the Bell fleets. The upper and lower vari­tions y1elded slightly wider and narrower FOV's, respectively, than the central m1rror system wh1ch is described 1n F1gure 1-1. 
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	FIGURE II-I. Ground areas and FOV seen through left plane and right convex mirrors of the convex system. 
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	CONVEX BOTH BOTH CONVEX 
	FIGURE II-2. Ground areas seen through left and right mirrors of the dual system. The left and right plane mirrors provided FOV's of 20 and 7° , respectively. 
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	Thus, sample sizes were somewhat smaller than desired and the data collection period for all vehicles was somewhat shorter, on the average, than desired because the end date was March 31, 1985. The Bell fleets installed all of the mirrors themselves, with the exception of Florida. Southern Bell hired an outside contractor to install mirrors in that state. 
	E. INSTRUCTIONS ON MIRRORS AND THEIR USAGE 
	Printed materials were given to the fleets which described the dimensions and characteristics of the mirror systems, their FOV's, adjustment procedures, specific uses of the mirrors, their advantages and disadvantages and cautions. These materials are presented in Appendix B. The fleets were encouraged to provide copies of these materials to all drivers of vehicles selected for this study in order to reduce uncertaincies and enable drivers to quickly learn proper usage of the mirrors. 
	F. OATA COLLECTION 
	The Bell fleets agreed to submit to Vector reports of accidents for study vans on a monthly basis. Unfortunately, the break-Up of AT & T corporation during the early part of this field stUdy placed greater burdens and pressures on the new independent Bell companies and accident report submissions were generally quite variable. Initially, accident reports were AT & T forms. Subsequently, they were modified somewhat and emerged as independent Bell forms. Examples of these forms are given in Appendix C. 
	Large differences in level of detai1were provided in the accident reports. Some reports contained as many as 10 to 15 pages of information, while others consisted of only one or two pages. Most reports provided illustrations of the accidents Which were quite useful. All things considered, sufficient information was given for all but a few accidents to adequately describe those accidents. 
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	G. CLASSIFYING ACCIDENTS ACCORDING TO MIRROR-RELATEDNESS 
	Since this study was concerned with evaluating specific mirror systems with respect to their contribution to reducing accidents, only accidents in which mirrors were employed were, strictly speaking, relevant for SUbsequent data analysis. As will be noted below, however, tIle determination of relevancy was at best a most difficult and often impossible task. 
	An attempt to establ1sh relevancy was the development of a jUdgment scale from "1" to "6" which was then used to classify accidents in terms of the degree to which they were related to mirrors. Table 11-2 illustrates the scale and provides examples of accidents for each scale value. Values of 5 to 1 represented increasing degrees of mirror relatedness. A value of 6 indicated no possible associat1on w1th mirrors whatsoever. 
	The selection of accident types for each scale value was, of course, based on expert jUdgment as no empirical bases existed for matching accidents with degree of mirror relatedness. The criter1a employed in the selection of accident types were the likelihood of a mirror's use and/or its utility in a g1ven s1tuat1on. For example, s1nce direct vis1bl11ty to the r1ght rear of vans was not possible, right s1de mirrors seemed likely to be used in many backing accidents. Clearly, they could be useful, whether or 
	Two human factors researchers who specialized in automotive v1sibil ity problems, especially indirect visibility, independently rated all accidents. Subsequently, the two researchers discussed each accident in which disagreement occurred and then arrived at a common consensus. Al though no reliabl11ty stat1stics were applied to the two researchers' ratings, excellent initial agreement was observed. Less than 10 percent of the accidents received d1fferent ratings and many of these differed by only one scale 
	Although the classifying of accidents according to the above cr1teria would seem to be theoretically sound and to have face validity, the technique 1s nevertheless not without serious problems. 
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	TABLE 11-2 MIRROR-RELATEDNESS JUDGMENT SCALE 
	Scale Value Value Descriptioo Accideot Examples 
	Deflnltely related *Most baCking accidents *Some lane change maneuvers 
	. 
	2 Probably related *A few backing accidents *Some lane change maneuvers *Some turns 
	3 Possibly related *Rear-ended another vehicle *Turned 1nto another veh1cle 
	4 Unknown *Not enough information 
	5 Possibly not related *Rear-ended by another vehicle *Struck by another vehicle 
	6 Definltely not related *Vehicle struck While parked *Other vehicle out of contrQI 
	NOTE: the scale value "5" is typically used when m1rror-relatedness appears unl1kely but cannot be rUled-out logically. 
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	In fact, there is a good reason to believe that accidents cannot be categorized into more classes than the simple dichotomy of relevant and nonrelevant accidents. Some examples should iI lustrate the justification for this conclusion. 
	!"lany of the accidents resulted from fleet personnel backing their vans into other vehicles or objects. Clearly, mirrors are relevant aids in the backing process. However, there is no way to determine whether or not a mirror was indeed employed by a driver and it simply cannot be assumed that used. 
	a mirror.w.as 

	Many accidents occurred when fleet vans struck other vehicles or were struck by other vehicles while moving. In all cases, the accidents could possibly have been due to failure to employ a rear-view mirror or conversely, expending too much time observing a mirror while attempting to acquire information rearward. To illustrate a specific instance, a moving van being rear-ended by a following vehicle could possibly have avoided that collision had the driver observed the following vehicle in his mirror(s) and,
	In effect, there were virtually no accidents in which it could be determined whether a mirror was or was not used. And although accidents could be rather easily categorized in a double blind jUdgement task in terms of the degree to which they potentially related to mirrors, there was no logic which permitted this categorization scheme to be highly correlated with what actually happened. Backing accidents are excellent cases in point. They received the highest mirror-relatedness rating ("I") but, as noted pr
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	Closely associated with the above problem was the analysis of accidents in terms of left and right outside mirrors. For example, if while backing his vehicle a driver struck another vehicle or object with the right side of his van, this accident would clearly be related to a right outside mirror and not a left mirror. However, the identical argument presented above is also relevant here. In brief, because an accident was a right side accident, it does not follow that the right mirror was employed. To compou
	H. DATA REDUCTION 
	When accident reports w~re received, information regarding the specific mirror installed on the vehicle was eHminated and replaced by a code by a staff member who was not involved in the mirror-relatedness jUdgment task. Subsequently, the reports were rated as to degree of mirror-relatedness. The reports were then. entered into an Apple 11-( computer. 
	A program was developed which permitted the printout of accident frequencies as a function of mirror system, mirror-relatedness, geographic region and left and right accidents. The program also permitted the computation of average estimated costs to repair striking and struck vehicles. 
	No actual analyses of the data were performed until the initial and final mileage for each vehicle were entered into the computer since accident rates could not be computed without exact exposure information. All analyses, including the computation of accident rates and the application of statistical tests, were relatively simple and, therefore, performed on a hand calculator. 
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	III. RESUL1S 
	III. RESUL1S 
	A. OVERALL RESULTS 
	The total number of accidents recorded for the vehicles included in the study was 683. However, 246 of these accidents received "6" ratings in t~e mirror-relatedness jUdgment task and were thus excluded from analysis. Typical examples of "6" ratings were accidents in which a fleet van was struck while parked and unattended or while stopped at an intersection because of a red traffic light. The remaining 437 accidents were jUdged to have had some relationship or possible relationship with mirrors. 
	Table 111-1 presents the total mileage accumulated by each mirror system group, the numbers of vehlcles involved, the numbers of accidents and the accident rates for each mirror system group. Figure 111-1 shows a bar graph of accident rates which fllustrates the differences observed between the mirror groups. The convex mirror group accident rate was 17.6% lower than the OEM group rate, while the dual mirror group rate was somewhat higher. 
	Two statistical tests were applied to the accident data, a Chi square ( X2) test for frequency data and a "z" test between rates employed by Rei11y, Kurke and Buchenmaier (1980) in a similar field test. The "z" test is more sensitive than the Chi square test because it accounts for mi leage driven as well as accident frequencies, Whereas Chi square only accounts for accident frequencies (although mileage data are used to derive theoretical or expected frequencies, as will be seen). 
	As applied here, the Chi square formula is: 
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	TABLE 111-1 
	MILEAGE ACCUMULATED, NUMBER OF VEHICLES, ACCIDENTS AND ACCIDENT RATES FOR EACH MIRROR SYSTEM 
	TOTAL NUMBER OF NUMBER OF ACCIDENT RATE Mil EAGE VEHICLES ACCIDENTS !PER Mill ION Mil ES) OEM 25,643,210 1,652 126 4.914 DUAL 36,601,352 1,856 192 5.246 CONVEX 29,389,100 1,698 119 4.049 
	111-2 
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	17.6~ Reduction 
	17.6~ Reduction 
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	Figure
	OEM DUAL CONVEX 
	fiGURE 111-1. Accident rate as a function of mirror system for both fleets. 
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	Where: FC= observed accident frequency of the control group (OEM) FC=expected accident frequency of the control group FE= observed accident frequency of the experimental group (Convex or Dual) FEE = expected accident frequency of the experimental group 
	o 
	E 
	o

	The expected frequencies were computed by use of mlleage data and are shown in Table 111-2. For example, the accumulated mileage for the convex mirror group was greater than that of the OEM group and represented 53.4% of the total mileage accumulated by both groups. It would be expected, therefore, that the convex mirror group would be involved in 53.4% of the total accidents, given no difference in effectiveness between the mirror systems. The last column in Table 111-2 presents the expected frequency 
	(130.83) which derives from multiplying 53.4% (actually 0.534) times the total number of accidents for the two groups, i.e., 245. The expected frequency for the OEM system was found to be 114.17. Similar expected frequencies were computed for the OEM and dual systems when these systems were compared, as shown in the lower half of Table 111-2. 
	Chi square was 2.30 for the OEM and convex mirror group comparison, 4:96 for the dual and convex mirror group comparison and 0.032 for the OEM and dual mirror group comparison. The former two values are significant at the .15 and .05 levels, respectively, and well within the .20 level selected for this study, while the last value is not significant. ThUS, the Chi square test indicates that the convex mirror was effective in reducing accidents (by 17.6%), whi Ie the dual mirror system was not. 
	The "z" test formula is: 
	Where: x+= sum of miles driven by test vehicles in 1million mile units X+= sum of miles driven by control vehicles in 1 million mile ;\ units. 
	1
	2

	0= YI/Xl+= test group accident rate 
	1 

	1\ 
	02 =Y2+/X2+ =control group accident rate 
	A 
	o = (Y ++ Y) / (X + +~) Y1+ = Number of test group accidents Y+ =Number of control group accidents 
	1
	2
	1
	2
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	TABLE 111-2 
	TABLE 111-2 
	TABLE 111-2 

	COMPUTATION OF EXPECTED 
	COMPUTATION OF EXPECTED 

	NUMBERS OF ACC IDENTS 
	NUMBERS OF ACC IDENTS 

	%OF TOTAL 
	%OF TOTAL 
	EXPECTED 

	MIRROR 
	MIRROR 
	MILEAGE 
	MILEAGE 
	ACCIDENTS 
	ACCIDENTS 

	OEM 
	OEM 
	25,643,210 
	46.6 
	126 
	114.17 

	CONVEX 
	CONVEX 
	29,389,100 
	53.4 
	ill 
	130,83 

	TOTAL 
	TOTAL 
	55,032,100 
	245 
	245.00 

	DUAL 
	DUAL 
	36,601 J 352 
	55.5 
	192 
	172,61 

	CONVEX 
	CONVEX 
	29.389,100 
	45.5 
	138,39 

	TOTAL 
	TOTAL 
	65,990,452 
	311 
	311.00 
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	The computed Z value for the comparison of the OEM and convex mirror groups was 1.52 which was significant at nearly the .05 level of confidence, I.e., .06. Thus, the Z test results confirmed those of the Chi square test and even more strongly indicated the superiority of the convex mirror over the OEM mirror. 
	B. ACCIDENT RATES BY FLEETS AND GEOGRAPHIC REGIONS 
	Figure 111-2 shows accidents rates for the three mirror groups with respect to the two Bell Telephone fleets, South Central Bell and Southern Bell. These results appear to be quite contradictory, with the convex mirror showing a 38.3 reduction in accident rate in the South Central fleet and essentially no reduction in the Southern fleet. Moreover, the dual mirror appears slightly superior to the OEM system in the South Central fleet and strongly inferior in the Southern fleet. 
	Examination of the distribution of mirror systems throughout the seven states revealed that good matched groups existed in all five South Central Bell states and in the Southern Bell state of Georgia but not in the state of Florida. Figure 111-3 shows the accident rates of both fleets after excluding the data of Florida. The convex mirror group exhibited a 29.7 % reduction in accidents. A Chi square test of the difference between the OEM and convex groups yielded a value of 4.01, significant at the .05 leve
	Detalled analyses of Florida mirror distributions and accident rates did not provide relationships explaining the reason why the convex mirror falled to show superiority over the OEM system consistent with the results from. the other six states. However, it became clear that the discrepancy was centered principally in Southern Florida and almost exclusively in the Miami area. In fact, when Southern Florida is compared with all other areas combined, including the remainder of Florida, the discrepancy becomes
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	FIGURE 
	FIGURE 
	111-2. 
	Accident rate as a function of mirror system for each fleet. 
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	5.0 
	4.0 
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	ACCIDENT RATEIMIWON MILES 
	2.0 
	1.0 
	0.0 
	OEM DUAL CONVEX MIRROR SYSTEM 
	FIGURE 111-3. Accident rate as a function of mirror system for South Central Bell and Georgia. (Florida data omitted). 
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	FIGURE 111-4. Accident rate as a function of mirror system and locatIon. 
	111-9 
	28<:: 
	However, variations throughout a seven state region must certainly be expected by chance and it is to be noted that the Southern Florida data involved only 12.6% of the vehicles in the study, while the data for all remaining areas involved 87.4% of the vehicles. The convex mirror in the latter group showed a 26.1% reduction in accidents 
	The analyses discussed in this section are, of course, ad hoc. Tile sample in this study was comprised of all vehicles in both fleets. The most appropriate analysis was comprised of the statistical tests described in Section A. Despite variations between and within fleets,which would certainly be expected, the overall results showed the convex mirror to be significantly better than the OEM mirror. 
	C. LEFT AND RIGHT MIRRORS 
	Where possible, accidents were categorized in terms of relevancy of left and right mirror systems. For example, if an accident could have involved a left mirror and use of a right mirror would have been meaningless, the accident was classified as a left mirror related accident. Table Ill-} presents the actual numbers of left and right mirror related accidents for the three mirror systems and the theoretically expected numbers when exposure (mileage) differences are accounted for. . 
	Perhaps the first point to note with regard to Table Ill-} is that the numbers are relatively small and probably too small to permit meaningful analyses. Second, the theoretical frequencies for the right mirror systems are almost identical to the actual accident frequencies. Third, actual accidents for the left OEM system were fewer than expected, while they were higher than expected for the dual system and as expected for the convex system. However, in view of the fact that the left mirrors involved In the
	-D. COST ANALYSES 
	Although desirable for evaluating accident severity, actual cost-to-repair data are diffiCUlt, if not impossible, to obtain. In discussions with the participating fleets, it was agreed that w.here provided on the accident forms, estimated cost-to-repair information would be used even though it 
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	TABLE 111-3 
	TABLE 111-3 
	LEFT AND RIGHT MIRROR RELATED ACCIDENTS 
	Left Accidents: 
	Right Accidents: 
	Mjrror System 
	OEM DUAL CONVEX 
	OEM DUAL CONVEX 
	Actual 
	Actual 
	Actual 
	Theoretica1 

	Accjdents 
	Accjdents 
	Frequencies 

	11 
	11 
	17.9 

	33 
	33 
	26.6 

	20 
	20 
	20.5 

	21 
	21 
	24.6 

	38 
	38 
	35.15 

	29 
	29 
	28.22 
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	was recognized that such data would not be provided for alJ accidents and would only represent an on-the scene estimate of costs. 
	Table 111-4 shows the numbers of cost estimates for company (CV) and other (OV) vehicles provided in the accident reports for each mirror system group. 
	The numbers ranged from about half of the accidents to nearly all of the accidents. Since there appeared to be no systematic basis for providing and withholding cost estimates, it would seem that the estimates should yield representative average costs of accidents for each mirror system group. 
	Table 111-5 presents the estimated costs to repair both vehicles for each mirror system group. The upper row includes two OEM and one dual group (other) vehicles that were totaled (completely destroyed); $was assumed as a loss in each case. The middle row omits these costs and thus their influence on the averages. As can be seen, the totaled vehicles represented the essential difference between the OEM and convex groups' cost estimates. The average cost to· repair both vehicles in the dual group, however, r
	8,000.00 

	It is difficult to draw rigorous conclusions from the above cost data. On the one hand, the few totaled vehicles heavily influenced the averages when a comparison is made between the OEM and convex groups. On the other hand, the omission of totaled vehicles in computing averages is also unrealistic because the accidents and higher costs did occur. In the absence of complete data, perhaps a moderately conservative conclusion should be drawn, i.e., assuming average repair costs midway between the inclusion an
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	TABLE 111-4 
	NUMBERS OF COST ESTIMATES TO REPAIR, COMPANY (CV) AND OTHER (OV) VEHICLES Mirror Sytem QEt1 I.lU&-CONVEX Numbers of Accidents 126 192 119 Cost Estimates-CV 58 100 64 Cost Estlmates-OV 121 73 65 
	111-13 
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	TABLE 111-5 
	ESTIMATED AVERAGE COSTS TO REPAIR BOTH VEHICLES FOR ACCIDENTS OCCURRING IN EACH OF THE MIRROR SYSTEM GROUPS 
	CONVEX 
	With Totaled Vehicles 
	With Totaled Vehicles 
	With Totaled Vehicles 
	$1,194 
	$1,209 
	$1,043 

	Wtthout Totaled Vehlcles 
	Wtthout Totaled Vehlcles 
	990 
	1,149 
	1,043 

	Average 
	Average 
	1,092 
	1,179 
	1,043 
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	IV. CONCLUSIONS AND RECOMMENDATIONS 
	A. MIRROR SYSTEMS 
	As can be seen in Figure I-I, the OEM plane mirror system provides an inadequate FOV on the right side of vans. Moreover, for commercial and some private vans which typically have occluded right side windows, due to various types of equipment and cargo, the existing narrrow FOV may be considered dangerous for use in such maneuvers as lane changing. The blind area in the right adjacent lane is very extensive. Therefore, it seems imperative that a right side mirror system be employed which reduces the bl1nd a
	The results of this study indicate that the convex mirror will facilitate the reduction in accidents, while the dual system will not. In addition to accident reduction, other reasons may be advanced for recommending the installation of such a convex mirror on vans. First, it greatly reduces the current blind area on the right side of vans. Second, its conveXity is moderate compared to that of the dual system and many other after market convex mirrors and thus it does not substantially minify images. And thi
	With regard to the dual mirror system, it was noted in Section I that a dual plane/convex mirror system which included a 40 inch radius of curvature mirror had been shown to yield promising results compared to many other mirror systems, providing the two mirrors were adjusted to provide overlapping fields of view (Burger, et a1., 1980; Burger, et aI., 1980). 
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	Its advantage was lost when the mirrors did not provide drivers with overlapping fields. Thus, it is possible that despite instructions given to the Bell fleets, drivers may have adjusted their dual mirror systems inappropriately. 
	Of perhaps more importance is the fact that the dual system included a much higher conveXity mirror (i.e., 20 inches of radius) than the 40 inch mirror employed in this stUdy. In effect, the dual convex mirror greatly minifies images and, therefore, presents target vehicles as being much more further away and moving much more slowly than they actually are. In any event, despite the performance of the dual .system in this stUdy, the concept of dual plane/convex systems remains viable, as supported by the pre
	B. SOME PHILOSOPHICAL CONSIDERATIONS 
	The results of this stUdy are considered uniquely significant for two reasons. First, it is apparently the first time that actual accident rates have been shown to differ with different mirror systems. And second, the very fact that mirror systems differentially influenced accident rates sufficiently to be observed in sample sizes and data collection periods of the sizes and lengths, respectively, employed in this stUdy is quite surprising. This is so because mirror systems have often been considered to pla
	wah regard to learning and adapting, it was noted earl1er in this report that drivers move their heads and torsos in order to incresase the FOV from their left outside mirrors. This action effectively compensates for an otherwise inadequate mirror system. A mirror system which does not require compensating behaVior would be expected to improve driver performance but such improvement might be observed only with large sample sizes and a large accident data base. 
	With respect to right outside mirrors, drivers cannot significantly increase the FOV by body movements because of the relatively long eye-to-mirror distances. Thus, this compensating behavior is not used in the driving task. 
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	However, more subtle compensating behaviors may nevertheless be employed. For example, poor visibility on the right side may influence drivers to reduce the number of right lane changes, right turns and certain backing maneuvers. It is only natural that most drivers would reduce certain maneuvers, the greater the risk involved. 
	In effect, poor systems, whether vehicle visibility or any of innumerable other systems, may be at least partially compensated for by human adaptive processes. It is a mistake, however, to assume that a system becomes operational1y safe and effective because of these processes. Rather, 1t seems more correct to say that a poor system is rendered less poor but sjill less than optimum. The reason is that some adaptive processes comprise added loads on drivers which are likely to be the first to suffer degradat
	The availabl1ity and use of mirror systems may be compared with the availability and use of seat belts. It is known that many people do not use seat belts even though they are available and have been proven to reduce injury severity. Observations reveal that drivers sometimes do not use mirrors or do not use them properly during maneuvers in which they would provide valuable information. Just as a'seat belt cannot reduce accident severity if it is not used, improved mirrors also cannot facilitate driver per
	In summary, the results of this stUdy seem particularly significant because differences were observed between mirror systems despite likely driver compensating behaviors and despite small sample sizes and a relatively short data collection period and despite the use of fleets which had relatively low accident rates to begin with and despite the llkellhood that mirrors were not always used or used properly. 
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	RATIONALE FOR SELECTING SIGNIFICANCE LEVELS 
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	Figure
	This appendix presents rationale underlying the bases for selecting an alpha level for purposes of determing whether observed statistical differences among experimental groups are significant. 
	Alpha and Beta are two types of errors that can be committed when making statistical inferences. An alpha error is the rejection of an observed difference when it is a real dtfference, while a beta error is the acceptance of the difference as real when it is actually false or a chance occurrence. Keeping sample size constant, decreasing the alpha error will increase the beta error and vice versa. 
	Experimentors almost universally select alpha levels of .05 or .0 I, meaning that they accept 5% or 1% chances, respectively, of accepting a false observed difference. Generally, no consideration at all is given to the risk of committing beta errors. This emphasis is not always applicable or appropriate, as noted by Guilford (956), Chapanis (J 959), Finan (J962), Wallis and Roberts (1960) and others, when dealing with non-theoretical matters. Consider, for example, the following statements by Finan. "Criter
	Wilson (1952) emphasized that .....a choice of significance level does not have to be made if any decision is to be reached as a result of an experiment. This will inevitably be a somewhat arbitrary exercise of jUdgement in the best of circumstances, and it seems reasonable to include in the bases of this jUdgment all the pertinent information. Books on statistics are likely to dismiss this question with the statement that usually 5% or sometimes 1% is taken as the (alpha) level. A more realistic statement 
	A-I 
	; 39< '. 
	Statisticians Wallis and Roberts (1960) also emphasized the dangers of 
	accepting the risk of a large beta error. "If a finding is 'insignificant'} it 
	is necessary to examine the risk of Type II error which was involved in the 
	test procedure. If the risk of Type II error is large} as it is Jlkely to be if 
	the sample is small and the risk of Type I error low} the finding of ' no 
	significant difference' must be viewed with great reserve. The sample 
	size may be so small and the risk of Type I error so small that even a 
	fairly substantial effect would have little chance of being detected. Under such circumstances, failure to find an effect is not particularly indicative that there is none. In scientific work} the consequences of erroneous claims of verification of new hypotheses are serious, and the risk of Type . I error is usually set low: 0.0 J and even 0.001 are not uncommon. For practical action} a higher risk of Type I error may be acceptable. But general1zation is hazardous, for it is necessary to consider carefully
	each specific instance." 
	Thus} one must consider the practical consequences of both types of error in practical settings where costs and ~enefits play major roles in decision making. For example, if the cost of accepting a false difference is very . high and the cost of rejecting a true difference is low} the alpha level should be set high, e.g., .01 or higher. On the other hand, if the cost of accepting a false difference is low and the cost of rejecting a true dlfference is high, the alpha level should be set low, e.g., .2 or low
	Consider now the problem and costs associated with mirror systems on 
	vans. The OEM system consists of two plane mirrors, one on the left side 
	and one on the rlght side. As noted elsewhere, almost no owners of vans, 
	private or commercial, drive their vehicles without the installation of one 
	or more additional mirrors. In effect, the modifications existing on almost 
	all vans are essentially indentical in number and costs to those which 
	were evaluated in this stUdy. Moreover, the cost of installing one of the 
	two experimental mirror systems during vehicle manufacture over and 
	above the cost of the present OEM plane mirror may only be a few dollars. 
	ThUS, the cost of rejecting a difference that is real in the present stUdy 
	wlll tend to be relatively substantial. Reducing the van accident rate by as 
	l1ttle as 5% would have monetary and safety benefits nationwide. 
	. 40< A-2 
	However, the sample size and data gathering period necessary for detecting small percentage differences were clearly beyond the scope of this project. Nevertheless, it is important to stress that the alpha level should be low because benefits completely outweigh costs. 
	To illustrate the cost-benefit analysis, assume the added cost per vehicle of $3.00 to install convex mirrors during manufacture. The total cost for 2,000 vehicles would be Assuming a low accident reduction of 10 accidents per two year period, total accident reduction would be 25 for flve years, roughly the life of the vehicle in a fleet (but not its total life). Assuming an average cost of repair of $400.00, the total savings would be $more than the cost. In reality, however, this figure is a gross underes
	$6,000.00. 
	10,000.00
	, $4,000.00 

	Thus, the alpha level selected for this study was .20. 
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	Figure
	Reproduced from best available copy. 
	APPENDIX B 
	MIRROR DESCRIPTIVE AND INSTRUCTIONAL MATERIALS DESTRIBUTED TO FLEETS 
	,42< 
	Figure
	This Is a brief description of each of the mirror sYStems with notes about the features of the 
	mirrors and cautions on using the mirrors, The features and cautions are also illustrated in the table and figures which accompany this page, Please refer to the table and figures for further explanation. 
	SYSTEM I: OEM Mirror (Original equipment manufacture) Dimension: Left-9" wx 6" h, plane mirror Right-same 
	caution: There Is alarge bllnd spot on the right hand side, an area that Isn't visible through the mirrors. The driver must turn and look directly out the right side windows in order to see vehicles near the van (see Figure I ). 
	SYSTEM II: Dual mirror 
	Dimension: Left-Top, 6.5" wx6" hplane mirror Bottom-6.S" wx6" hconvex mirror(21" radiusofcurvature) Right-same 
	caution: since they are very curved, the convex mirror allows the driver to see alarge area but also makes the objects seem further ~rfo/ than they are. These convex mirrors are only to be used for de1ectjn!J objects or vehicles near the van, for distances from the rear bumper to about 60' behind the van. The plane or flat mirrors are to be used for judging the dis­tance to the objects and for detecting objects 40 or more feet behind the van. Remember to use both mirrors; don't just rely on one of the mirro
	SYSTEM III: Plane and Special Convex mirror Dimension: Left-same as OEM, System I Right-l0"wx 6.5" hconvex mirror( 40" radiusofcurvature) 
	caution: The right hand side convex mirror has the inscription, "objects in mirror are closer than they appear." This mirror Is less curved than the convex mirror In the Dual system but it is larger, so it views approximately the same area. The convex mirror is to be used for both detecting objects and making distance judgments. Since the mirror is convex. the objects in the mirror will appear to be further ~rfo/ than they really are. The driver must learn to adjust his/her judgment of distance. The driver 
	MIRROR ADJUSTMENT All of the mirrors are to be adjusted so that the driver sees the fOllowing areas or objects In the mirror. ( 1) The inside edge of the mirror should "see" the edge of the vehicle. 
	(2) The top edge of the mirror should "see" the horizon behind the van. In acXiition, the bottom edge of the convex mirrors will allow the driver to see the ground below the rear bumper of the vehicle (see Figure 1). 
	MIRROR ADJUSTMENT PROCEDURE 
	( I) Always loosen the mirror head clamp before adjusting the mirror. 
	(2) 
	(2) 
	(2) 
	Alwrfo/s grasp the mirror by the edge of the mirror head; do no1 ~QQ.the _ as.yQU JD.a't bt:eak 11. 

	(3) 
	(3) 
	Alwrfo/s retighten the head clamp after adjusting the mirror. 
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	FIGURE OtlE: FIELD OF VIHJ ~1APS FIELD OF VIEW AND THE GROUND AREAS SEEN THROUGH EACH OF THE MIRROR SYSTEMS 
	KEY: ........... 
	Ground areas ••• Field seen through
	..
	vie~v the mirrors •••••• through mi nor
	••' 
	of 

	•.......•.......•...•...... 
	I. OEH r1i rrors 
	Left: 9 X 6 Plane Right: Same 
	*(car in right lane is not visible in right side mirror) 
	II. r~i rrors 
	DUAL 

	Left: 6.5 X 6 Plane and 
	6.5 X 6 Convex (21" ROC) Right: Same 
	*(area seen in Pl ane mi rror also seen in Convex) 
	III. PLAtJE and CONVEX Mirrors 
	Left: 9 X6 Pl ane Ri ght : lOX 6.5 Convex (40" ROC) 
	*(no Plane mirror on right side) 
	* . 
	f}~~] PLAfJE, "flat" 
	// 
	l.iiJ CO~JVEX, "curved" 
	• DOTH (PLMlE & C()NVEX) 
	. 44-e:: 
	TABLE ONE MIRROR USAGE 
	Mirrors are used for detecting objects, people, or other vehicles, and for judging 
	the distance to the objects. This table illustrates which mirrors are to be used 
	for detection and which are to be used for distance judgen;ents. PLEASE HEED THE PRECAUTIONS. 
	MIRROR 
	MIRROR 
	MIRROR 

	GROUP 
	GROUP 
	Side 
	Type 
	PRECAUTIONS 
	FOR 
	USAGE 

	I ORIGINAL 
	I ORIGINAL 
	Left Riaht 
	Plane Pl::l n", 
	yes ? 
	yes 
	?Right Plane: Large blind spot on right side: Driver must turn head. 

	II DUAL II I SPECIAL CONVEX 
	II DUAL II I SPECIAL CONVEX 
	Left Right Left Right 
	Pl ane yes Convex yes Pl ane ? Convex Iyes i IPlane yes Convex yes 
	yes no yes no yes ? 
	? Right Plane: Large blind spot on right side: Driver must use convex to detect objects or vehicles near the van. ? Right Convex: Requires learning to make distance estimates: turn head, use inside mirror until accustomed to mirror. 


	FIGURE TWO Image Size in Right Mirrors The figure below illustrates the image size, in the mirror, of a car approaching the van on the right hand side. Each of the three mirror systems is shown. Notice that the car appears to be much smaller and further away in the ~onvex mirrors. However, the convex mirrors have a larger field of view, so the car is visible in the convex mirror when it isn't visible in the plane mirror. 
	SYSTEM 
	SYSTEM 
	SYSTEM 
	I. om 
	I II. 
	CONVEX 
	II. 
	DUAL 

	MIRROR 
	MIRROR 
	TYPE 
	Fl at 
	~~odera:te 
	Convex 
	Very Convex 

	H1AGi: 
	H1AGi: 
	SI ZE 
	"normal" 
	1/2 size 
	1/3 size 


	Distance car is behind van. 40 feet 
	20 feet 
	Figure
	Figure
	Figure
	CAR ­
	NOT 
	VISIBLE
	at rear bumper 
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	Figure
	Reproduced from best available copy. 
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	EARLY (AT & T) AND LATER ACCIDENT REPORT FORMS AND CODING SHEETS 
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