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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 instailed on groups of Bell
Telephone Company vans and accident rates were compared with those of a
similar 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 1ooks 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 & 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 65 x 6, 5x 8,6 x9,6 x10and 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, i.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 & 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 compensaie for this
deficiency by employing direct looks, and viewing the left mirror at
different angles.
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(Fov = 22°%) (FOV = 10°)

FIGURE I-1. Ground areas and FOV seen
through left and right mirrors
of a plane mirror system. '

(6" wide x 9" high).
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In order Lo 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 blind 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 lies in the fact that they provide a wider
FOV than plane mirrors per unit size. Moreover, the shorter the radius of
curvature (the greater the convexity), the larger the FOV. Unfortunately,
the FOV gain is accompanied by the minification of visual imagery. This
minification resuits in images which appear further away and moving more
slowly than they actually are.  Furthermore, linearity is reduced as
images of on-coming vehicles are seen to progressively move away
(Yaterally) 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, Mulholiand, Smith,
Bardales and Sharkey, 1980). Promising findings were observed for a 40
inch radius convex mirror alone or in combination with a pilane 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.






1. 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 established
jointly by Vector and NHTSA personnel, based on two criteria: (1) minimum
size to meet FMVSS [lI; 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 fleeis 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.
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The AT & T Corporation volunteered accident data for 1981 for Southern
and South Central Bell fleets, as well as for all Bell fieets, comprised of
97,002 vans. Using a standard formula for determining sampie 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 inciuded 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 immediately before and
sometime after the data collection period began, due to cost-cutting
policies 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
11 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 il
requirements still yielded a significant biind 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
i 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 H1-1 provides the specifications of the three recommended systems.
Figures li-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-1. 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
slightly 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 instaliation in
mounting heads, Velvac reshaped off-the-shelf heads and support brackets
te 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 of f-the-shelf product.

The dual and convex mirror systems were purchased in guantities 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 will be noted in Section
I, however, the numbers of mirrors installed were not guite as many as
originally requested.
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TABLE 11-1

Recommended Mirror Systems
for field testing

MIRROR SYSTEM LEFT RIGHT
Control 7.0%x 9.0 plane 7.0 %x 9.0 plane
6.0 X 9.0 plane 6.0 x 9.0 plane
5.0x 7.0 plane 5.0 x 7.0 plane
Convex 7.0% 9.0 plane
(Convex= 40" ROC) 6.0 x 8.0 plane 10.0 x 6.5 convey
5.0x 7.0 plane
Dual 6.5 x 6.0 plane 6.5 x 6.0 plane
(Convex= 21" ROC) 65 x 6.0 convex 65 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 existed in the Bell fleets. The upper and lower vari-
tions yielded siightly wider and narrower FOV's, respectively,
than the central mirror system which is described in Figure i-1.
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FIGURE TI-1.

CONVEX
(Fov = 31°)

Ground areas and FOV seen
through teft plane and right
convex mirrors of the convex
system.



CONVEX

FIGURE II-2,
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BOTH BOTH CONVEX

(FOV = 29°)

Ground areas seen through left

and right mirrors of the dual
system. The Teft and right

plane mirrors provided FOV's of -
20° and 7° , respectively.



Thus, sampie sizes were somewhat smalier than desired and the dala
collection period for all vehicles was somewhal 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. DATA COLLECTION

The Beli 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 detail were provided in the accident reports,
Some reports contained as many as 10 to 1S 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.



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, the
determination of relevancy was at best a most difficult and often
impossible task.

An attempt to establish 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 -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 association with 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 criteria employed in the selection
of accident types were the likelihood of a mirror's use and/or its utility in
a given situation. For example, since direct visibility to the rignt rear of
vans was not possible, right side 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 visibtlity
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. Although
no reliability statistics were applied to the two researchers’ ratings,
exceilent initial agreement was observed. Less than 10 percent of the
accidents received different 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 criteria
would seem to be theoretically sound and to have face validity, the
technique is nevertheless not without serious problems.

16<
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TABLE 11-2

MIRROR-RELATEDMNESS JUDGMENT SCALE

Definitely related = *Most backing accidents
*Some lane change maneuvers

Probably related *A few backing accidents
*3ome lane change maneuvers
*30me turns

Possibly related *Rear-ended another vehicle
*Turned into another vehicle

Unknown *Not enough information

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

Definitely not refated *Vehicle struck while parked
*0ther vehicle out of control

NOTE: the scale value "5" is typically
used when mirror-relatedness
appears unlikely but cannot be
ruled-out logicaily.
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in fact, there is a good reason to believe that accidents cannot be
categorized into more classes than the simpie dichotomy of relevant and
nonrelevant accidents. Some examples should illustrate the justification
for this conclusion.

Many 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 Lo determine whether or not 2
mirror was indeed empioyed by a driver and it simply cannot be assumed
that a mirror was used.

Many accidents occurred when fleet vans struck other vehicles or were
struck by other vehicles while moving. In 2all 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 driver 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 couid be
determined whether a mirror was or was not used. And atthough
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 ("1") but, as noted previously, mirrors may or 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
had to be visible on the mirrors. Therefore, all accidents receiving ratings
of 1 through 5 were used in the data analysis.

. 18< H-10
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Closely associated with the above problem was the analysis of accidents
in terms of ieft and right outside mirrors. For example, if while backing
his vehicle a driver struck another vehicie or object with the right side of
his van, this accident would clearly be related to a right cutside 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 empioyed. To
compound the problem, analyzing the data in ferms of left and right
accidents as a function of mirror systems results in very smail numbers
which are not very meaningful. Some results from this analysis will be
presented later to iliustrate the probiem.

H. DATA REDUCTION

When accident reports were received, information regarding the specific
mirror installed on the vehicle was eliminated 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 §1-C
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.

n-1r 13<






Hi. RESULTS

A. OVERALL RESULTS

The total number of accidents recorded for the vehicles included in the
study was 683. However, 246 of these accidents received "8" ratings in
the mirror-reiatedness 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 ared traffic light. The remaining 437 accidents
were judged to have had some relationship or possible relationship with
mirrors.

Table -1 presents the total mileage accumulated by each mirror system
group, the numbers of vehicles involved, the numbers of accidents and the
accident rates for each mirror system group. Figure [H-1 shows a bar
graph of accident rates which illustrates 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 ( X 2)
test for frequency data and a "Z" test between rates employed by Reilly,
Kurke and Buchenmaier (1980) in a similar field test. The “Z" test is more
sensitive than the Chi square test because it accounts for mileage driven
as well as accident frequencies, whereas Chi square only accounts for
accident freguencies (although mileage data are used to derive theoretical
or expected frequencies, as will be seen).

As applied here, the Chi square formula is:

2 - 2 - 2
X2 = (FC,-FCp)? + (FE, - FE;)
FC FE,

-1 - ©0<



TABLE HHi-1

MILEAGE ACCUMULATED, NUMBER OF
VEHICLES, ACCIDENTS AND ACCIDENT
RATES FOR EACH MIRROR SYSTEM

TOTAL NUMBEROF  NUMBER OF ACCIDENT RATE
NI FAGE VEHICIES ACCIDENTS  (PERMILLIONIMHEFS)

OEM 25,643,210 1,652 ‘ 126 4914
DUAL 36,601,352 1,836 192 : 5.246
CONVEX 29,389,100 1,698 118 4049
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17.6% Reduction
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CEM DUAL CONVEX

FIGURE 111-1. Accident rate as a function of mirror system for both
fleets.
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where:
FC, = observed accident freguency of the control group (CEM)

FC, = expected accident frequency of the control group
FE, = observed accident frequency of the experimentai group

{Convex or Dual)
FE; = expected accident frequency of the experimental group

The expected frequencies were computed by use of mileage 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 expectied,
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 il1-2 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, ie, 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 {11-2.

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%), while the dual mirror system was not.

The "Z" test formula is:

2=@, -8/ Blar, 1] 2

Where: X, =sum of miles driven by test vehicles in | million mile units

Xp,= sum of miles driven by control vehicles in 1 million mile
units.

ﬁ, =Y,,/X,,= test group accident rate

%2 = Y,,/X,, = control group accident rate
g =Y, + Y0/ (X, +X,)

Y,. = Number of test group accidents

Y2+ = Number of control group accidents

23 1-4



[MIRROR
OtM
CONVEX

TOTAL

DUAL
CONVEX

TOTAL

TABLE 111-2

COMPUTATION OF EXPECTED

MILEAGE ~  DULEAGE ~  ACCIDENTS

25,643,210

29,389,100

33,032,100

36,601,352

29,389,100

65,990,452

NUMBERS OF ACCIDENTS

% OF TOTAL

46.6

533.4

35.3

43.5

HI-S

126
119

245

162

3

EXPECTED
ACCIDENTS

11417
130.83

2435.00

172,61

311.00



The computed 7 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 7 test resuits 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 Centrai Bell and Southern
Bell. These results appear to be gquite contradictory, with the convex
mirror showing a 38.3 reduction in accident rate in the South Central fieet
and essentially no reduction in the Southern fieet. 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 401, significant at the .05 level.

Detailed analyses of Florida mirror distributions and accident rates did
not provide relationships explaining the reason why the convex mirror
failed 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 11-4). 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 atl
remaining areas involved 87.4% of the vehicies. The convex mirror in the
Jatter group showed a 26.1% reduction in accidents

The analyses discussed in this section are, of course, ad hoc. The 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 resuits 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 |11-3
presenis 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 I11-3 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 aimost 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 invoived
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 serfously.

‘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 where provided on the accident
forms, estimated cost-to-repair information would be used even though it

PG 11-10



TABLE HI-3

LEFT AND RIGHT MIRROR RELATED ACCIDENTS

Actuat Theoretical

irror Svs \coid c :

Left Accidents: OEM 11 17.9
DUAL 33 266
CONVEX 20 205

Right Accidents: OEM 21 246
DUAL 38 3505
CONVEX 29 28.22
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was recognized that such data would not be provided for all accidents and
would only represent an on-the scene estimate of costs,

Table iHi-4 shows the numbers of cost estimates for company (CV} and
other (OV) vehicles provided in the accideni 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 inciudes 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 apove 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 11i-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

OEM DUAL CONVEX
Numbers of Accidents 126 192 119
Cost Estimates-CV 58 100 64
Cost Estimates-0V 121 73 65
HI-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

OFM DUAL  CONVEX

With Totaled Vehicles $1,194 $1,209 $1,043
without Totaled Vehicles 990 1,149 1,043
1,092 1,179 1,043

Average
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Y. CONCLUSIONS AND RECOMMENDATIONS

A. MIRROR SYSTEMS

As can be seen in Figure |-1, 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
biind area in the right adjacent lane is very extensive. Therefore, it seems
imperative that a right side mirror system be employed which reduces the
blind 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 faciiitate
the reduction in accidents, while the dual system will not. In addition to
accident reduction, other reasons may be advanced for recommending the
instaliation of such a convex mirror onvans. First, it greatly reduces the
current blind area on the right side of vans. Second, ifs 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 | 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 al, 1980; Burger, et al,
1980).

- 24<
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Its advantage was lost when the mirrors did net provide drivers with
overtapping 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 inciuded 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 play a minor role in driving, relative to the overall visibility system,
and because of man's most formidable capability, learning and adapting to
less than optimal systems.

With regard to learning and adapting, it was noted earlier 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 inadeguate 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 subile 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 ceriain
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 operationally safe and effective because of these processes.
Rather, it seems more correct to say that a poor system is rendered less
poor but sfill 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 availability 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
seal bells 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 resuits 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
retatively short data coliection period and despite the use of fleets which
had relatively low accident rates to begin with and despite the likelihood
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 aipha error is the rejection of an observed
difference when it is a real difference, 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 leveis of .05 or .01,
meaning that they accept 5% or 1% chances, respectively, of accepting a
faise 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 {1956), Chapanis (1959),
Finan (1962), Wallis and Roberts (1960) and others, when dealing with
non-theoretical matters. Consider, for exampie, the following statements
by Finan. “Criteria of acceptiable inference that minimize the likelihood of
Type 1 (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 usuailly 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 Il error which was invoived in the
test procedure. If the risk of Type Il error is large, as it is ltkely to be if
the sample is small and the risk of Type | 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 | 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
"1 error is usually set low: 0.01 and even 0.001 are not uncommon. For
practical action, a higher risk of Type | error may be acceptable. But
generalization 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 benefits 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
difference is high, the aipha 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 right 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
will tend to be relatively substantial. Reducing the van accident rate by as
tittle 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 aipha level
should be low because benefits completely outweigh costs.

To illustrate the cost-benefit analysis, assume the added cost per vehicie
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
five 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. Inreality, however, this figure
i5 @ gross underestimate because (1) one or more other vehicles are
usually involved in the accidents and, therefore, repair cosis may be
doubled, and (2) there are other costs with fleel 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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APPENDIX B

MIRROR DESCRIPTIVE AND INSTRUCTIONAL
MATERIALS DESTRIBUTED TO FLEETS
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This i3 a brief desoription of sach of the mirror systems with notes about the Teatures of the
mirrors and cautions on using the mirrors., The features and cautions are also itlustrated 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 blind spot on the right hand side, an area that isn’t visibie through the
mirrors. Thedriver must turn and look directly out the right side windows in order {o see
yehicles near the van (see Figure 1).

SYSTEM H: Dual mirror
Dimension: Left-Top, 6.5" wx 6™ h plane mirror
Bottom-6.5" w x 6" h convex mirror {21 radius of curvature)
Right-same
Caution: stnce they are very curved, the convex mirror allows the driver to see a large area
but also makes the objects seem further away than they are. These convex mirrors are only
to be used for detecting objects or vehicles near the van, for distances from the rear bumper
fo about 60" behind the van. The piane or flat mirrors are o 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 mirrars; don't fust rely on one of the mirrors on either side.

SYSTEM Hi: Plane and Special Convex mirror
Dimension: Left-same as OEM, System |
Right-10" w x 6.5" h convex mirror (40" radius of curvature)

Caution: The right hand side convex mirror has the inscription, "objects in mirrar 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 bs used
for both detecting objects and making distance judgments. Since the mirror is convex, the
objects in the mirror will appear to be further away 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
ANl of the mirrors are to be adjusted so that the driver sees the following areas or objects in
themirror, (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 addition, the botiom 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
(1) Always loosen the mirror head clamp before adjusting the mirror.

(2) Always grasp the mirror by the edge of the mirror head; do not press on the glass as vou
may break it
(3) Always retighten the head clamp after adjusting the mirror.
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FIGURE OHE: FIELD OF VIEW MAPS
FIELD OF VIEW AND THE GROUND AREAS SEEN THROUGH EACH OF THE MIRROR SYSTEMS
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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 judgements. PLEASE HEED THE PRECAUTIONS.

&
S
<
MIRROR [ \§ S &
2 > $
GROUP Side Type /Séi}‘ £ &5/ PRECAUTIONS FOR USAGE
V) P TIEN)
SINTES
I Left Plane | yes yes ?Right Plane: Large blind spot 6n
ORIGINAL right side: Driver must turn head.
Right __Plape ? yes
il  Left Plane | yes | yes {? Right Plane: Large blind spot on
DUAL Convex| yes no right side: Driver must use
. convex to detect objects or -
Right Plane ? yes vehicles near the van.
Convex! yes ne
1Tl Left Plane | yes | yes |? Right Convex: Requires learning
SPECIAL to make distance estimates: turn
CONVEX Right  Convex| yes ? 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 convex
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.
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SYSTEM I. OEM IIT. CONVEX 11. DUAL
MIRROR TYPE Flat Moderate Convex Very Convex
IMAGE SI7ZE "normal” 1/2 size 1/3 size
Distance car is behind van.
40 feet 3
20 feet D
R CAR ~
NOT \
at rear bumper VISIBLE {
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- Y. 9;( CF wY - Hi7 yf | Computer
. By
F ET.oD T0, (EMP 'T;’T""_‘—'l
(g — e Accident Description e 1
o _
. Azzicent informaiion Hams
5 Company Arsa Depertment Division Distriat Adorese
il ,n'" e seiher Ype Surface  [Road Cond. Res1rant Devices Mrwwmmrm.
PM : _

Exact Location Of Agcigsnt {Imoructlon Dﬂnny Aaﬂrus Ewc.) [ Driver Anaiysts iaccioent Classhestion

LAl Txrs i3 T

e rave TRy ST ‘2"3‘l xve Thet TR T c1e pulled out in fi:ort

Company V‘“ﬁlc € was traveling wes
of Company vehicle from 2 parklng'lot. Employee in Company vehicle atte-pted to sve

"to the left in order to avoid eolliding with other wehicle,
other vehicle on driver's side, causing other vehicle to skid irro a utility pole.

Company vehicle struck

Other vehicle struck Company vehicle on right front side,
S. Sketch Ths Scens Of Tha Aszigent, Writing In Sireet Or Hichwey Mames Dr Humm Anc Points Ot Reigrence. identily Vetucies “A” Ang
~B", if ACOItIONA: SpAce Is Reguired, Use An An-chmtm-gho- ATtachment™

N, ol pid
N e 47 A = Other Vehicle
indicate North L\ \ P4 B = Compzny Vehicic
By Arrow: N . g e
N h ' ’ s’
N L4 7
h Y ) \ " ”,
. \\ N\ 4 i b A
- ,
_——-\———J JI d A S
7 _
. e !

Stree: Or Highwity

o T ey An e S e WP A

Street Or Highwsy

| N.MW,_ 6 5t, |
Bireel Or Highway

£ Drver Supernisar's Namg Feispnone Nymber
e r 4 Tauia. — _ £904) _378-5054

50<




Motor Vehicle Accident Report .

Form E-10253-RF
Raverse (184}

Company Vehicle A

Other Vehicla “B" (Use Agc'l. Forms if More Thar One)

7. Drivers Name C Male Age ]Drivers Nama {Full Name) 0 Mae Age
T Female T Femats
& N.C5 Yr2. | ODate Formai 1tmg. | Cate Refrash, Trng. | JOb Group Adgress Sirset, No., City, State}
8. JFC 5S5.4 RC.
Tel.# ( )
10. Titie JTC EEQ Ownuer's Nama
11. Homs Address (Sireet, City) Owner's Agcress (Streat, No., City, State)
1 EC:.‘D:;t:er's -efilicale taie Drivers License No, An¢ Exp. Date Drivers Licenise No. And Sizie Expirazion Date
p. Date .
13. Siste Drivar's Restrictions Yaar Ang Maxe Of Ven. Yaar Ang Make Of Vehicle
15978 Datsun -
d. Venicie Body Type Yehicls License No,, State, YT, Yehicis Body Type Vehicie License Nc., Stats, Yr.
2 Door
15, Vahicie NC. Transmission Approx. Speed Name Ot insurance Lo, AZDroL Speed
) T Aute T Wanual 5 MPH
16. Damags To Company Motor vehitie 3t Repair Cost | Damage To Public Vehicle Or Propeny Est Repuwr Cost
2100.00
$500.00 v
17. Driver injynies Claimed Driver injuries Claimed
78, MeDICAl Assisiance Rendered Vhers AnG By WHoM? MediCal Assistance Rendered Where Ant By wnom?
18, Others Claimung injuries T Yes -Sse Below Oihers Claiming Injuries T Yes -See Batow
O Neo 0 Mo

20 Names and Addresses Of Uninjured Passengers

Names anc Addresses Of Uninjured Passenpens

21. Traftic Viciation Charges Agrinat Whom

investigation Othcer. Name, Badge #. Town

42 Witneases: Name Aggress

+ ) Tel. No.

Injuries Claimed Qther Than Drvers: (Fisase Separale FOrM K.15-AF For Each Employee Requinng Mesical A

2 O Mair Name o Male
] Print Full Name G Female, Print Full Name C Femaie
22 Aesid RAesidence
Address Address
25 Natwre Ang Exient Of injunes Claimed Nature Anc Extent Of (njuries Claimed
5. Megica! Fac. where Taken Megical Fac. where Tasen
27. T In Vehicle A" (Company} Ags [T Pedestrian T iIn Vehicie “A” (Cormpany) ] Age [T Pedestrian
T In Venicle “B” {Other C Passenger [0 Otner O in Vehicly “B™ (Dthen T Passenger 1] Other
25 Persons Fyrnishing Information Telephone Number
2% Ferson Prepanng Form
3. Noted By Title “Dile Noted By | Titie Deie
Moled By Title = Dats Notee By Titis DOata
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iTEM SUBJECT COMPUTER NAME | ITEM SUBJECT COMPUTER NAME
CODE " DESCRIPTION CODE DESCRIPTION
“YRIE OF DAY |
REFRESHER DRIVER'S DRIVER AEF TRAINING 24 TIME OF DAY TiME
18 TRAINING REF TANG The tine of dey the scoadent octurred
Optionsl The amount of Lme since the Company 00 1701 AM . 100 AM
Oriver lam recetved or admiresiered refersher-
typs Deiver’s Trawung (Bail Sysiem Accident 01 101 - 200 AM
Pravaniion Plan Package No 16—Detensive Driving 02 201 - 300 AM
o puvpient) 083 301 - 400 AM
-8 Mo Relcashar Traning o4 401 - 500 AM
1 ‘Loss Than 1 Year [+ ] S$01 - 6§00 AM
2 1102 Yaars 06 601 - 200 AM
3 2wivess ) 07 . 701 800 AM
4 20 4 Yaars o8 801 - 900 aM
] 4105 Yaars o9 901 .1000 AM
L 5 Years and Over 10 1001 - 1100 AM
AAP CLASS " 1101 - 12:00 Noon
18 AAP CLASSIFICATION AAP 12 1201 - 100 PM
The Company Drrwer's AHirmative Action Plan 13 107 - 200 PM
Clasait:caion Number %14 201 - 300 PM
o1 3rd Lavel Management and Above 16 301 - 400 PM
03 and Level Mgnagemeni 1 40 . 500 PM
03 2 Lawe! Manasgemen: 17 501 - 800 PM
04 ix Lavel Management —Adminusirative 19 6§01 . 700 PM
06 Salesworkery 1" 701 -8008M
06 Sklled Crah—Outmde 20 807 -v00PM
07 Biutted Craft—insde 21 $ 01 - 3000 PM
08 No Longer Velio 22 1001 1100 PM
0% Semishlied Crah—Outnde 1 23 1101 - 12:00 Midnight
10 Bemuidind Craft —ingde UTE COND
AL Clerical—Shuiled 26 LIGHT CONDITIONS UTE COND
12 Clarical—Bamiskitied The hight condrions st 1ha 1ime of the eccident
AL Clenical —Emry ] Daybpm .
14 Oparsiors 2 Dewn or Dusk
18 Sorvice Worbsers . . 3 Dork—But Hluminated (Stretlighe. wis)
JOBFUNCTIONCOOE | 4 Dark
20 JOB FUNCTION CODE JEC . WA ZOND
' The Company Drrear’s &-tget job function code 26 WEATHER CONDITIONS . WEA COND
(Bomnant Function Code) Positions B end § are The weaiher condsions & the tisss of the acooen
Promoed iir opersiing companes’ use and may ‘
ba siphs or numeric characters ' hand
SOCIAL BECURITY NUMBER 2 M
21 SOCIAL SECURITY NUMBERSOCSEC 3 Cloudy. Overcast
The Comgany Dirver's Social Sacurny Number 4 < Snow. Siest. of Mail .
exciuding hyphens. ] Fog. Smog. or Smoks
HCCIDENT DATY 3 Blowing Sars. Dust o Snow —
22 ACCIDENT DATE DATE > Severs Winds
MMODOYYThe month (01-12), day {01-31), snd Yesr (79, TYPE SURF
80. @ic ) of the moter vehucle -ez':-%r_wm 27 ROAD SURFACE TYPE TY?E SURF
23 DAY OF WEEK DWEEK \ T::p:::dro-d surfsce st the scene of the accacent
Ths day of the weet on which the accdent 2 Concrme
DUl rdd
1 Sunday 3 Gravei
2 Mo nday 4 Om
3 Tuesday & Sand
4 Wednesday ) Orher
L ] Thursday
[ ] Frday
| Satutday

e
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"TEM SUBJECT COMPUTER NAME | ITEM . SUBJECT  COMPUTER NAME
CODE DESCRIPTION CODE DESCRIPTION
_ MOAD COND
2B ROAD SURFACE CONDITION RQOAD COND b Company Vehiciesis; and Othet Property
Tha rosd surlece cond:von at the nme of the 4 Company Vehicka(s) angd Other Vahscleis) and Dy
acCrce Property
1 Dey 5 Othe Vehiciais) and Dther Property
2 W ] Other Venichas) Only
3 ey 7 Other Property Only
4 Snow, Pecked PRIOR COMPANY MOTOR PRIOR ACC
s Susny . 34 VEHICLE ACCIDENTS PRIOR aCC
8 Mudsy Opronat The 10tal number of prior measured matar
. wathicle acCidenis Jor thas parlicular dviver Do
7 Looss Sana. Gravel. stc not include cusrent ptrigent 0 counn of pror
8 Malea. Runs. Bumps, sic SeLsORnTS )
Othay O MNore
\ AcC LOC 1 1
Z9\ACCIDENT LOCATION ACC LOC 2 2
The location of the accident ’ 3 3 ~
1 Aoachwy —iMier s8N . 4
2 Roadewd y — NOTHNL BT S8CTiON s s
3 Acoess or Exit Reamp s 6
4 Driveway ” 7
[ Alisy ® s
] Public Parking Lot /Garage ’ 9 or More
7 Comoany Parking Lor/Garage ANALYSIS OF COMPANY
8 Emessway o DRIVER'S DEFENSIVE DRIVING ANAL
L Ochar 35 ORIVING PERFORMANCE ORIV ANAL
' RESTRAINTDEV Options! The schon (or tack of acton} of the
30 RESTRAINT DEVICES AET DEV comgany driver B reiated 1o Sefentve Srnnng
Yot Yoo pericemancs ‘ .
Ner2 N0 T - {1} Procesding shesd, changing lanes, piasting

7 Uerd Notapplicabls (unalttented vehicls non ampioyes.

topalty parked. eis.)

Whethar or aat 3l occupants in the Company motor
vohucle ware using the svatiabls resiraind devices {iap
Soits, ghDulde: hekls. S0} 81 the time of the accident. i
fap balts and shoullier beits were svisbie. hoth Mt
hove boon it ups far this iern 10 be coded Yes'.

HOTE On case ingut. sither the alpha e numeric
character may be aniered N the siphe veiue is input. the
SOMBULS! CONVErts i1 1D Ik RUMET it dguivaient and
sores At vaiue AL hoo requesis must uss the numers
volug All gulpyl repons will rellact the numeric valus

L

31

EMPLOYEE PERSONAL EMP NS
INJURIES EW7 NS
Trwe number of compe =y emplopses injured (aaciuding
first Bec-Typd Njunas) BN/ or killed resultng
Fom 1he molor vetucie pctadent.
0 No yunies o xtakties

Y8 Number of company employesis! injured and/or kiled
] Wiors than 8
NON-EMPLOYEE PERSONAL OTHER INJ
32 INJURIES OTH INJ
__ The number of non- company parsons ClBimng ifyu/ s
e achudiing (st aad typs spuries] snd/or kibied
sl ing from the motor wetucls scoaten
<} No shyu s or {aialines
Tte 8§ Numbser of Non-COMPEny Prson(s) Clisming ingury
and “or killed
] More then B
DAMAGE ~
33 DAMAGE DAMAGE

Trne enent o Lnown propenty gamage resulting from
the MOLO! v Mucit Mciatend
o

' l:url",ﬂh' Vehiciis: Ondy

&
k |
2_ Company Vehieis) 3ng Other Vehucis)

BRT)
1"
2
13
18

18

F 3

- a3

23
24

Insuthoent Space Custuon-—Ironl. DACK Sides .
Foilure (10 adyust speed gt Ml curve. interaschon. .
Shing apots. ec

Foilure 10 srmicipats trathic hght changs

Faiiurs 10 antcpace action of arhen

Failury 1o mgnal lone changs el weli n
wvence .

Foilure w0 Check surroundi ngs belors changsng lanes
JOF pasang

(21 Tuna, Intersactions

Failure 1o mpna! well in acvance of lurn

Sonpr opmt podilion of vahucie for turteng Mane e
Furis 30 chuck frotnzr voheciats -

Dac ndt aniCIpate The action of othads

Faclurs 1o Do cartiun alher driveris! o pware of
hag/tart snterdion

Faibors 10 WOl 1QM-Of - vty

ingutfiaent spacs custuon—front sdns. rear

{3) Sacking Mansuver. Parhing Sansuves

Pocr seieciion of paring space o pasdioning of
watucie '

Back:ng mane uver UNNECESERTY

Farhore 10 Dack wnic paviung SpacCe on arrive!l so
85 10 pvmd BACKING Out ON CEDETIre

Avsiiabie porson not used as gusde

{4] Podemrians

Driver taied 1o Make resence know well in
advence

Drrwt: 1200 10 BOyUS! Spaed

Drrvgr oo MOt PriICIEd e DROEIIBIN BC1ION

5] Noad Conditions. Weether. Malard

Dt not detect Na2ard or wasther St lion $00N
SNOUPN 1C Mdke Bh BO;usl Mt

[ ey

t

53<
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10
n
12
13

14
15
15
17

The action of the company vehicle at the ime of

the accdent

{1} Movemants sssamtially straight shead (inciude
“Tarves in roadway)

Proceeging strawght ahead

Changing to left lane or swerving to teh

Changing 1o right lane or Swerwing to nght

Mesging ircadway narrows—Does not include entening

or leawing tratfic, see Codes 30 throuz™ 47 of

nem 38;

Skidding or spinrung

Siow:ng or s1GppIng

Stopped :n trathe lane

Stanng trom a stop

10
11
12

13

14

i TEM SUBJECT COMPUTER NAME | ITEM . SUBJECT COMPUTER NAME
_ . LODE DESCRIPTION CODE DESCRIPTION
{
31 Dud not adjusy for hazard or weaiher congition 18 Passing on lelt
{61 Miscelisnecus 19 Pass:ng on nght
&0 Periormed diegal dhiving maneuver (2) Turning Movements
[} Fell asieep 20 Mak:ng left turn
&2 Fainted sutfered a seizure suffered a heart 1 Making right tuen
. aack, ec 22 Making U-turn
83 Under the wnfluence of alcohot. drugs medication ) {3) Entering Tratfic Lane
etc 30 From enirance famp on left
64 Poor seiacuon of route 7 b} from entrance ramp on right
85 Failure 1o make cugle check 32 From shouier on left
" 86  Did noti deiect object or hazard ™ 23 From shouider on nght
Y "~ —Fmiur€ 10 perform sdme olNET SThon which he or She 34 From parking space at feft curb
coukd have reasonably performed to prevent the
acodent as From parung space st rght curb
{7) NonPraventable 36 From driveway or 3lley on leh
70 Nonprevemable accident—Company driver did everything 37 From driveway or ailey on right o
he or she could to prevent the accident &(43 Leaving Trattic Lanes —Forward Direction
{8] Excludabie 40 To exit ramp on ieft
80 Exciudable acciden 4 To ext ramp on night
oL TYPE a2 To shoulder on leh
36 COLLISION TYPE coLL Type 43 Tosnoulder on nght
The type of coltrsion a4 Forward 1mio parking space at leh curb
1 Collision With Another Vehicle 45 Forward imc parlong space 3t nght curb
2 Collision With Other Moving Objectls! Other Than 46 To driveway of aliey on WeR
Ancther Vehicie, &g, Traing, bicycles, animals, eic. 47 To driveway or aliey on night
3 " Colhision With Pedestrianis) (5) Backing Manauvers ﬂ.
-4 Colhsan With Stanonary Objectis) {other than &0 In roadway
motor wehicle} 81 Parallel park.ng on left side
] Noncollision leg, overiurned, ran off road. erc) 82 Paraliel parking on right side .
] Multipie Collision Type (18 chain reachion or any 53 Leh into diagonal or perpendicular parking space
combunation of Codes 1 through 8) . 54 Right into dusgonal o perpendicular parkung space
_ OTHER VEMICLE - DIR TRAV OTH VEH 85 Lef: from diagonal o perpendicutar parking space
17 ODIRECTION OF TRAVEL DIRTRAVOTHVEH 56 Rught from deagonal or perpendicular parking soace
T‘:-' 'dinn‘m: the othar :hh"d: ‘;'“ :;“m’ (i'ﬂ 87 into driveway or sliey .
o e ooy el e 85 Fram ey o sy
is for the othar vehicle That first mace contact 83 Backing—Cther
with the company vehicle {8) Misceltsnsous Movements
° No Orher Vehicle Involved 60 Property parkegd
1 Not Assugned 61 Double parked
2 Same Drrection 62 improperiy parked—Onher
3 Cpposite Direction 83 Pusking another vehicle o L.
4 From Company Driver’s Leh 64 Being pushed
5 From Company Driver's Righ 65 Driverless vehicle 1n motion
] Othe: . 66 Other
ACTIONCOVEH ACTION OTH VEH
38 ACTION OF COMPANY VEHICLE ACTIONCOVEHW 39 ACTION OF OTHER VEMICLE ACTION OTH VEH

The action ol The other involved vehicle at the

time of the accident in mBtivehicle accidents

code refiects vehicle that first made contact wih
the company vehicle Code 70 imphies no other
wvehicle involved

{1} Mowvements sssentially straight shead (includes
turves m raadway)

Proceed:ng straight ahead

Changing to left lane or swe*wing 10 leh

Chang:ng 10 right lane or swerving 10 right

Merging iroadway Narrows—o0es nal inciude e lenng
or leawng trat.c see Codes 37 through 47 o

inem 3%

Shidding or spinming
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SUBJECT ~ COMPUTER NAME

ITEM ITEM SUBJECT COMPUTER NAME
CODE DESCRIPTION CODE DESCRIPTION
15 Siow:ng Of S10pPiNG 3 Rignt Swse —Center
16 Siopped 11 L1athe lane 4 Rigni Sige - Betund Rear Wheel
5 Reat
17 Staning from a siop
1 Passing on left : Le:! zode ——gehmd Rear Whee!
19 Passing on right Lett S.oe—Center
12) Turning Movemants 8 Lett Side —Forward of Frant Wheel
20 Making ieft furn 9 Top Undercarrniage includes tires) or Overturned -
21 Making right furn
22 Maung Uturn POINT OF IMPACT — IMPACT OTH VEM
i3 Entering Tratfic Lane « 41 OTHER VERICLE : IMPACT OTH VEH
30 Fiom entrance ramp on lef The porton of the other involved vehucle that
3% From entrance ramp on nght recerved first impact of the acoident The terms
22 from shoulder on teh night side and ieft s.de are defined trom the
reference poirt of being seated 1n the other
:: :mm $ho:1lder on ﬂﬂhlu " thvolved vehicle facing forward
1om parking space i feTt cu 4] No other wehicie or known damage volved
38 From parking space at 1ight curb 1 Frons
36 from acveway or aliey on left 2 Right Swde —Fprward of Front Whee!
N 37 From deiveway of Slley on nght
4] Laaving Treftic Lane —F rd Dwscti 3 Right Side —Center
’ 191 Laaving Trathe —ronae on 4 Right Sige —Betung Rear Wheel
40 To exit samp on left s Near
h :
:; :D Q:: r'::poonn;;? ! [ Let: Side —Behind Rear Wheel
a3 Ta shoulaer - 7 Let: Siae —Cenier *
a4 : mul‘,’e' on ant 8 Left Side ~Forward of Front Wheel
orward into parking space at left curb ] Top Undercarnage (nciudes tirest or Oventurned
45 Forward into parking space 8t nght curd
L ~ To drveway or sliey on lett COSTS
47 To griveway or alley on night 42 COSTS COSTS
{§) Backing Maneuvers Optiona! Costs of accident Operasting company
&0 in roadway ) will determine which costs are included Whole
51 Paratie! parking on leh side - ! ::re;alues enterad only Dollar sign not
52 Pa:salie! parking on right ssde SPECIALETOTNEE
33 Lefumo dagonal or perpendicular parking space | 43 SPECIAL STUDIES SPECSTUD
54 Righi into diagonal or perpendicular parting space Optionat For use for al studhes as designated
55 Lot from diagona! o perpendicular parng space by ATET. individus aDsrating companies, or local
58 Right from thagonal or perpendicular parking space wnits Posihions 1 and 2 sre reserved for ATAT use
67 Irac driveway fosiions 3 through 10 are available for operating
&8 From drvewsy company and/or jocal unit Use as Ges.gnated by each
55 Backing—Other oﬂ:;a;n::;mpmy Any alphanumers charactess
té) Miscelisnecus Movernents ACCIDENT DESCRI ~
60 Froperly parked 44 ACCIDENT DESCRIPTION  ADESC

61 Double parked . .

] DATE CASE ENTERED DATE FIRSTENTERED
45 INTO MVAS ENTRY

A brief destnpion of how the socgent octyuiog

This niem s not input by the user MVAS adds 8
‘G’ ine 10 sach case The first ttem on the ‘G’
fine s the r.h(.e the case was first entered inwn

the system Thes sterm can be referenced in Ad
hoc

62 Irnproperly parked—Other
63 Pushing another vetucle
&4 Being pushed
65 Drivertess vehucie in monion
66 Onher .
{71 No Other Vehicle involved
70 No axner vehicle invoived
COMPANY VEHICLE'S POINT = IMPACTCO VEH
3 OF IMPACT IMPACTCOVEH
The porhan of the company vehicke that received
tirst ompact of the acodent The ierms nght
side and lehl side are defined from the reference
porr of being seated in the company vehicle
facwng forward
<] Miscelianeous (inciudes noncollision actdents
acordents caused by cargo falling from the
vetude eic)
1 From
2 Rugte Sde —Forwarg of Fronl Wheel

DATE LASTREVISION

46 DATE CASE LAST REVISED REVDATE

This dem o nOT DUt Dy the user MVAS akis a

"G e to each case The second nem on the ‘G

line 15 the date of the MOSt recCent rewiswon o

the case On inhal entty of 2 case thus dem

1S the same &5 the entry date Thes item can be

referenced v Al hoc -

PUT IN COMPUTER BLOCK
This bicck 1S 10 be initaaled and dated when the
case has been enteved 1nic the compuier {add
change geactivale reaclivaie)

.
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ITEM SUBJECT COMPUTER NAME ITEM SUBJECT COMPUTER NAME'
CODE DESCRIPTION CODE DESCRIPTION
? Trucks (regarciess of GVW #0uipped with derrichs Nor3 Measured—Nonpsweniabi. Ootional
angd gerrck dhggers Excludes high-pressure agrth- Cord4 Measured—Primary Fapult—Company Driver, oog,on.(
::;:?;’h“h'm‘ {2 g Stenng high -pressure AorS Measured —Primary Faull-—Another . Not Company Driver
] Truck-Traciors [Lfth wheel type| and a3if supply or Uor 6 ?‘:MM' P £
sgupment Osiivery Ltucks Nawng 3 GVW of 11.001 o asured—Primary Fauli—Unoetermined. Optionel
pounds snd ower Includes supply vehicles with Lor7 Measured—Legal Departmen Resiricts Release of
POWE! BQUIBMENT BuCh 83 wnChes. tailgates of Informauon, Optional
slevaions NCTE On case input, sither the aipha or the
s All intermediats, il 5128, compact and subcompact numernc character may be erdered N the alphs
CBTS Bnd BIBNON wagons regardiess of vehicis use value i inpul. the computer converts A 1o s |
VERICLE TRANGMIS SION :'."q"::‘s ‘:::".:;" :::dn:‘::::::: ::;:
7 VEMICLE TRANSMISSION  vEw Taans reports well reliect the momers valos
o wiomatic Sheit Dgw{g MAME
Wor2 :l;;:aghﬂ 12 COMPANY DRIVER'S NAME name
case (npul. irer the aipha o Ihe Laft justriied in the heid the empioyee ¢ Las!
numernc Character may be ¢ntefed H iha sipha
walug 15 Pt the COMPUEr CONVErTS I W0 IS name. a space fis name. 3 space. snd middle
NuiTIEY«C SQuIvBeNnt aNd sores that vaiue Ad 1uial K ihe 18 spacet ’".mu e
hoo requesis mus! use the nurmernc veius AN nsufticient the empioyee’s fiwR nams may be
oanpul reports will reflec 1he numernic velue :‘:;:::: ::::::n l:nm!ﬂﬂl‘.;‘:::‘"m:
VEHICLE NUMBER es ’ Y
8 VEHICLE NUMBER VEH NUM SAWVEA BEX
The company assigned vencis number {maximum 13 SEX SEX
af 12 digits) for the mator wehucie 1nvoived in the -
accident I the vehicle i not owned by the compeny. Mor1 Male
@nter 1he wore leakad or fented (sxcluding quoles) For2 Femsie
Do not includa empiloyes owned vehicies All entries NOTE On case input. wither the aipha or numeric
are teft justilvad 1n 1T fued 3nd axclude dashes characier may be eraered H tht “W veius 13
CEPARTM nput. _the CoOmpuUter CoNvens it 10 ds Numer
S DEPARTMENT CODE DEPT . . aquivaient and Fores that velue Ad hoc requests
The Standard Dapartmen Code Wentther o . must use the NuMeric valud A outpu! repons
o1 c roliers . - wail reflect the numer value (
os Public Serwces . . ' DRIVER EEC CODE
11 Network Digdr bulion Sermces C e 14 EEO CODE ELo
14 Data Sysierms ) Tne Equsi Employment Opportumity code numbes for
19 Direory the Company Driwer
:: Network £ngmaesting 3 whas
Executive 3 Hispenic
: Gapaort Services s Buack
39 Labor Retations 7 Asian—Pacific siancer
&4 Network Swiched Serwces American indiari —Alaskan Native
45 Network Planrung and Desgn DRIVER AGE
B2 Network Operator Servces ' 16 AGE AGE
:: g::rt:‘:::r::::‘:p 18 1o 70 The Company Dmerw‘s age as of tast b:ﬂhdly
57 Business Services DAWIR MIITEARS
62  Personne! 16 NCS NCS
{ 23 Pubhic Relsions 00 10 50 The Company Driver's full years ol Net1 Credued
&8 Rates arxd Revenyes Service
70 Government Relatons anc Regulatory Matiers DRIVER TRAINING
3] Corporate Statf 17 FORMAL DRIVER'S TRAINING DRIV TRNG
4 Treasury Optional The number of 1ul! yaars since the
[ ¥4 Residence Myriering Compeany Driver spusiacionhy compisied 3 iormal
a8 Resisdence Services driver’s Traming Course {Agverced Dorer’s
o8 Q1ihet . Periormance Trawung—PTC 190-—or aguivaient;
UNIT CODE 0 F t Teaurm )
10 LOCAL UNIT CODE UNIT O il
XXX X Tre six SIDRINULIMI S UMKt O7GITIBLION Code 2 Y10 2 Years
. sstablished by each ope-aing company (The
ihree 300 Onel posnBoms o the ¥ helg pre 3 2 10 3 Yeats
oplional | 4 310 4 Years
ACCIDENTCLASS s 410 S Years '
11 ACCIOENT CLASSIFICATION ACC CLASS 3 & 10 10 Years (
} § u’ O Eafuied 7 10 to 15 Years
Mor 1 Moasiner No Ditferers.guon Breakdown Madge 8 15 10 20 Years
Por2 Mieasunel Provenigbie Quuionad 9 20 Years and Ower

e
op
A
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MOTOR VEHICLE ACCIDENT SUMMARY (MVAS) SYSTEM
COMPUTER ITEMS

E 10489
1SSUE 2
MAACH. 1981

BELL SYSTEM REPORT OF MOTOR VEHICLE ACCIDENT £ 10353
N Comm lnun l1emm . 19
1 H - = [ I 4
A L_J U u l ' N B A S S N | 1_1
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	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 
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	·PLANE 
	(FOV = 22°) (FOV = 10°) 
	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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	II. METHODOLOGY 
	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 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. 
	Figure
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	CONVEX
	PLANE (FOV = 22°) 
	(FOV = 31°) 

	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. 
	15<
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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. 
	11-8 
	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. 
	11-9 . 
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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
	11-10 
	, 1.8< 

	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. 
	1.9<
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	Figure
	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: 
	, 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 
	!, 21.~ 
	6.0 5.0 
	17.6~ Reduction 
	17.6~ Reduction 
	4.0 
	ACCIDENT RATEIMILLlON 3.0 MILES 
	2.0 1.0 0.0 
	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
	25< 111-6 
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	Accident rate as a function of mirror system for each fleet. 
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	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. 
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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
	-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 
	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 
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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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	IV-I 
	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. 
	35< IV-2 
	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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	Figure
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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 
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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
	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 
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	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) 
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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 
	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. 
	APPENDIX C 
	EARLY (AT & T) AND LATER ACCIDENT REPORT FORMS AND CODING SHEETS 
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	Sect
	Figure
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	tIo ..-,e5her Tt ."',"" 1 'l.eN Tlan , Y•• 2 t to 2 Y..... 
	.. 

	. 
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	DAMAG£ ~ DAMAGE 
	A ..... '......llIftQ ft_ 
	;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 6" floor selec:1lon of route 
	1

	.~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. overturned. 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 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 
	relation 

	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 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 
	Chang.ng 

	01' Ieav.ng Iratflc. 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 
	CODe 
	1.

	PasSIng on left 
	19 PasSIng on "ghl (21 T",m'''ll Move....nts 
	20 ~klng leoti turn 
	~klng FIght lurn 
	21 

	22 Making U-turn 
	(3) Entwi"ll Traffic lane 30 From entrance ramp on left 31 From entrance ramp on righi 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 Direction *To elL.1 ramp on left 
	lan.-F_.rd 

	To elLll ramp on fight 
	To shoulder 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 Parallel 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 
	17 
	17 
	Into dro_y or alley 

	58 
	58 
	From G'".ewey or alley 

	59 
	59 
	Backlng-Q1her 

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

	50 
	50 
	Properly parked 
	~ 

	til 
	til 
	Double parked 

	62 
	62 
	Improperly parked-Other 

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

	64 
	64 
	6e1"\l p",shed 

	65 
	65 
	D"werless ..eh.de In motIon 

	16 
	16 
	Other 

	ACTION OTH VEH 
	ACTION OTH VEH 

	39 
	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""'91-. 47 01 lie'" 39' 
	14 S',ddlng $p.nn,ng 
	01 
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	1S Slow,ng Of St~ ,n ,ralf,e lane 17 Start,ng from a ~0Il PllsS-ng on left 19 PI'SS. ng on tight 
	" 
	slopp.ng 
	16 

	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 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 tightLa"'ng TraffIc Lane-FOf'Ward DirK1i_ ~ To e..t ramp on Iefl
	en"ancer.mp 
	'.1 

	., 
	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 To drnoeway or alley on IIVhl IS) Bding Maneu_. 
	... 
	.7 

	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 Irwc dr,,,,e_v 58 from dr,vewav 51 BaCkIng -Other 
	67 

	(6) Miscltl'aneoul Movemants 60 Properly parked 51 Doub'e parked 
	42 
	42 
	42 
	COSTS COSTS COSTS 
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	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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	43 
	• SPeCIAL STUDIES SPECIAL STUDIES SPeCSTUO 
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	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 
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