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EXECUTIVE SUMMARY

This is the final report of the statistical evaluation of the
effectiveness of Federal Motor Vehicle Safety Standard (FMVSS) 222:
School Bus Seating and Crash Protection.

FMVSS 222 is a death-and~injury-reduction Standard which includes
the structural strength of the seating system, padding and provision
of restraining barriers. In the case of small buses under 10,000 1b
gross vehicle weight, it requires passenger restraints for each seating
position. This Standard became effective 1 April 1977,

The objective of this analysis is to study fatality and injury
mechanisms in a very limited set of reported accidents involving school
buses. Detailed Multidisciplinary Accident Investigation (MDAI) reports
on 82 school bus accidents have been clinically evaluated. 1In addition,
60 Fatal Accident Reporting System (FARS) school bus accidents have
also been analyzed; National Safety Council data and 18 months of Connec-
ticut school bus accident data (1007 cases) also have been used.

The purpose of the evaluation is to develop a better understanding
of the characteristics of deaths and injuries in Pre—-Standard school
bus accidents reported by MDAI, and to infer the reductions in deaths
and injuries that might occur in similar Post-Standard school bus acci-
dents,

Reductions of death-and-injury due to FMVSS 222 are based on estimates
made by a Clinical Analysis Team, rather than a statistical analysis
of historical data. Within the restrictions of these caveats, estimates
of the effectiveness of FMVSS 222 have been made separately for nonfatal
and fatal school bus accidents,

The Clinical Analysis Team estimated veduction of injury severity
for 56 nonfatal and 26 fatal MDAI school bus accident reports spanning
1970 through 1978. These results were coupled with an analysis of
National Safety Council information covering 16 years and 60 FARS
fatal school bus accident reports for 1975 through 1978 to make the
following estimates of the effectiveness of FMVSS 222, assuming average
annual conditions:

® 65 percent (2524) of the approximately 3900 injuries
that occur in about 2800 nonfatal school bus
accidents annually would be reduced to No Injury.
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e 4 percent (168) of the more severe injuries in
nonfatal school bus accidents would be reduced
to less severe injuries by at least one OAIS
level.

e Overall, 69 percent (2692) of the 3900 injuries
in nonfatal school bus accidents would be reduced
to a less severe injury or to No Injury.

e 7 percent (2) of the 27 fatalities would be averted
in the 15 or so fatal school bus accidents
that occur annually, on the average.

e 17 percent (30) of the average of 173 fatal and
injured passengers in fatal accidents would
be reduced to No Injury.

e Overall, 29 percent (51) of the 173 fatal and
injured passengers in fatal accidents would have
their injuries reduced at least one 0AIS level
(includes lives saved and reductions to No Injuries),

These effectiveness estimates are based on consideration of 719
passengers injured in 56 nonfatal MDAI school bus accidents and 83
passengers killed and 490 passengers injured in 26 fatal MDAI school
bus accidents. From National Safety Council information, it has been
estimated that annually there are about 3900 passengers injured in
approximately 2800 passenger-injury nonfatal school bus acidents,
About three-fourths of these accidents are believed to involve injury
to only one passenger, and about 97 percent probably involve injury
to three or less passengers. We estimate that about 89 percent of
all injuries in nonfatal school bus acidents are OAIS 1 and about 10
percent are OAIS 2. 1In other words, serious injuries (O0AIS 3, 4) in
nonfatal school bus accidents are extremely rare events, occurring
in less than one percent of such accidents. Conversely, about 99 percent
of the injuries are presently minor or moderate (OAIS 1,2) and FMVSS
222 is most effective in reducing these. We estimate that about 69
percent (2692) of the estimated 3876 OAIS 1 and 2 annual injuries in
nonfatal school bus accidents would be reduced to No Injury (65%) or
from OAIS 2 to OAIS 1 (4%).

It is recognized that the above estimates show a large degree
of effectiveness of FMVSS 222, and that these estimates are based on
a small number of MDAI cases, and a strong assumption concerning the

minor nature of most school bus accidents, inferred from very limited
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National Safety Council information. To add further credibility to

the findings of this study, CEM reviewed all of the 1007 hardcopy school
bus accident reports in Connecticut, covering 1978 and the first half

of 1979 (18 months). Of the 1007 school bus accidents in that 18-month
period, only 46 involved injuries to passengers. In three cases, injury
levels were not recorded, and in the other 43 cases, there were 126

C injuries and 82 B injuries. During the period reviewed, the passengers
in injury-producing crashes sustained no serious (A-level)injuries

or fatalities. No school bus passengers have been killed in Connecticut,
since sometime prior to 1974, All buses involved in injury crashes

were Pre-Standard, although all had limited amounts of add-on seat frame

ta

top padding, as required by Conmnecticut law.’

While recognizing that this detailed analysis of a limited sample
of Connecticut school bus accidents is insufficient to draw a statis-
tically significant conclusion about the correctness of the estimated
distribution of passenger injury severity in nonfatal school bus acci-
dents used in this study (Table 3-23), it can be stated that the findings
of the analysis of 18 months of Connecticut school bus accidents strongly
support the major assumption which led to the estimate, namely, the
contention that only an extremely few school bus accidents produce
serious injuries or fatalities. The analysis of Connecticul data lends
an added degree of credibility to the estimates of the effectiveness
of FMVSS 222,

O0f the 26 fatal MDAI cases reviewed by the Clinical Analysis Team,
17 are also found among the 60 FARS cases for 1975 through 1978, which
were analyzed by CEM. FARS contains 107 fatalities and 583 injuries
among 969 passengers in 60 fatal school bus crashes, providing annual
averages of 27 fatalities, 146 injured, and 70 uninjured passengers
in 15 fatal school bus accidents per year. Comparative analysis of
MDAI and FARS data indicated close correlation in the distribution
of nonfatal injuries, indicating that clinical analysis estimates of

injury reductions due to FMVSS 222 could bhe applied directly Lo FARS

*While all Connecticut school buses were pre~1977 models, and henece P're~FMVSS 222,
Connecticut school bus safety standards for seat frame padding were first im-
posed in 1974, and required retrofitting. In July 1977, Connecticut made its
standards match FMVSS 222,



data (which are descriptive of fatal school bus accidents for the entire
U.S.), with the effectiveness results indicated above. Because more
than one~fourth of the FARS cases (17 of 60) had detailed MDAI reports

which were also analyzed by the Clinical Analysis Team, it is judged

that the extrapolation to national figures for fatal school bus accidents
is quite credible,

This study shows that the seat back padding, higher seat backs,
closer seats, stronger seat floor supports and seat frames, and the
other requirements of FMVSS 222 are probably very effective (about
69 percent injury reduction) in the vast majority of school bus accidents,
which usually involve minor damage to the bus, with at most a few
passengers injured at the level of OAIS 1 or 2. In the few violent
school bus accidents that produce fatalities, FMVSS 222 has lower effec-
tiveness--about 29 percent injury reduction. The Standard has only
limited effectiveness in the extremely small subset of very violent
accidents involving rollover, crashes with trains, etc. where passengers
are thrown into contact with each other, and/or forceably come into
contact with broken glass, walls, roof, and other interior objects
(which are not covered by the Standard), or are ejected from the bus.
Due to the passenger restraints required by the Standard in vehicles
under 10,000 1lb, which are used as school buses, an estimated 2 lives
per year will be saved, on average, assuming that all small school

transportation vehicles have passenger restraints and they are used.
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1.0 INTRODUCTION
1.1 Background

This is the sixth in a series of reports of the statistical evaluation
of the effectiveness of seven Federal Motor Vehicle Safety Standards (FMVSS).
This work was conducted under Contract DOT-HS-8-02014, by the Center for the
Environment and Man, Inc., (CEM) and its subcontractor, the Highway Safety
Research Center (HSRC) of the University of North Carolina. The seven FMVSS
to be statistically evaluated are:

FMVSS 108: Side Marker Lamps (only)

FMVSS 202: Head Restralnts

FMVSS 207: Seat Back Locks (only)

FMVSS 213: Child Seating Systems

FMVSS 214: Side Door Beams

FMVSS 222: School Bus Seating and Crash Protection
FMVSS 301: Fuel System Integrity

The Final Report for FMVSS 222 (School Bus Seating and Crash Protection)

is presented herein.

The School Bus Seating and Crash Protection Standard is one of a group of
school bus Standards, which include FMVSS 220 (Rollover Protection) and FMVSS 221
(Body Joint Strength). These Standards were developed by NHTSA and first published
in The Federal Register from February through October 1975, in response to the
Congressional mandate of the Motor Vehicle and School Bus Safety Amendments of 1974,
The scheduled effective date was 26 October 1976, but this was later revised to
1 April 1977. FMVSS 222 is a death-and-injury-reduction Standard which covers the
structural strength of the seating system, spacing of seats, padding, and provision
of restraining barriers; and, in the case of small buses, it requires passenger re-
straints for each sitting position, but relaxes the seat spacing requirement.

The requirements imposed by FMVSS 222 differ for buses over and under a Gross
Vehicle Weight Rating (GVWR) of 10,000 pounds. All school buses manufactured after
April 1, 1977, with a GVWR greater than 10,000 pounds must meet the following re-
quirements.

e Passenger seats must face forward.

® Seat back height must be 20 inches and the seat back width
must be at least 90 percent of the bench width.

e Under a specified forward force, the seat back forward deflection
must not exceed 14 inches or not deflect to within 4 inches of
another passenger or restraining barrier. The seat must not separate
from the vehicle at any attachment point and the seat components
must not separate from the seat at any attachment point.
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e Under a specified rearward force, the seat must not deflect to
within 8 inches of any part of another passenger seat: the seat
must not separate from the vehicle at any attachment point; and
the seat components will not separate from the seat at any
attachment point.

e If the rear gurfacé of another seat is not within 20 inches forward
of any seating reference point, a restraining barrier within 20
inches of the reference point must be provided. Performance of
this barrier under a specified load in a forward direction must be
the same as the seat requirements.

e In a specified head protection zone, any contactable surface
impacted by a head form at a specified velocity must not produce
coaxlal acceleration at the center of gravity of the head form
greater than a specified maximum,

o In a specified knee protection zone, the impact of a knee form
at a specified velocity on a seat back or barrier must not produce

a resulting force of the impacted material greater than a speci-
fied maximum.

School buses with a GVWR less than 10,000 pounds must meet all of the above
requirements except the 20 inch maximum distance between the seating reference
point and seat back or barrier in front of it. In addition, these lighter buses
must meet the requirements of those regulations on vehicle restraints: TFMVSS 208
(Seat Belt Installations), FMVSS 209 (Seat Belt Assemblies) and FMVSS 210 (Seat
Belt Assembly Anchorages). Compliance with these requirements is accomplished
with either an automatic restraint system or a manual seat belt system, If a
geat belt system ig used, elther lap or lap and shoulder belts may be used at
the designated occupant seating positions other than the outboard positions in
the front seat.

There are four general means of complying with the requirements of FMVSS 222
for buses with a GVWR of more than 10,000 pounds. They are:

e Repositioning seats gso that the rear surface of another passenger
seat is no more than 20 inches from the seating feference point.

e Installing a restraining barrier no more than 20 inches from the
seating reference point.

o Installing additional seat padding.

¢ Redesigning seat support and seat structure to meet loading
requirements.,
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1.2 Objective and Purpoge

The objectlve of this analysis is to study fatality and injury mechanisms
in a limited set of reported school bus accidents, Detailed Multidisciplinary
Accident Investigation (MDAIL) reports on school busg accidents have been clini-
cally evaluated,

The purpose of the evaluation ts to develop a clear understanding of the
characteristics of deaths and injuries in Pre~Standard school bus accidents
reported by MDAI, and to infer the reductions in deaths and injuries that might
occur in similar Post-Standard school bus accidents., The study was undertaken
in response to the complete evaluation program for FMVSS 222 which is described

in References 1 and 2.

1.3 Scope

® This analysis of FMVSS 222 was limited to clinical analysis of
detailed MDAI reports on accidents involving school buses.

@ Because all of the available MDAL reports Involve Pre-Standard
school buses, the clinical analysis considered the characteristics
of injury severity as a function of accident conditions in
Pre~Standard school buses.

@ The clinical analysis included subjective estimates ("extrapolations™)
made by the clinicians concerning the reduction in injury severity
(if any) the school bus passengers would have incurred had the require-
ments of FMVSS 222 been met,

@ The Task 2 Preliminary Report on FMVSS 222 concentrates on establish-
ing the characteristics of injury severity in Pre-Standard and Post-
Standard school buses.

e This Task 3 Final Report is based on clinical analysis of 82 MDAI
school bus accident reports: 56 nonfatal school bus crashes involving
1688 passengers (719 injured) and 26 fatal school bus crashes
involving 712 passengers (490 injured; 83 killed).

e To make an extrapolation of the clinical analysis results to the
nation, school bus passenger injury information from Accident Facts
has been used. To test the credibility of school bus pagsengers in
injury digtributions derived from the limited Aceident Facts informa-~
tion, 1007 Counnecticut school bus accident hard copy reports for 1978
and the flrst half of 1979 were reviewed and analyzed, resulting in
the findings that only 46 cases (4.6 percent) involved passenger injury,
and that among the 43 cases where injury levels were given, there were
no fatalities or A injuries, and 82 B and 126 C injuries.

@ FARS data for 1975, 1976, 1977 and 1978 has been analyzed to provide
additional information for extrapolating the clinical analysis of fatal
MDAI school bus accidents to the nation.
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1.4 Approach

1.4.1 Data Source

Because of the comparatively recent effective date of FMVSS 222 (April 1,
1977), and because school bus accidents in which passengers are killed or in-
jured are comparatively rare (about 2800 in the nation on the average in 1975,
1976, and 1977), there 1s a pronounced lack of Pre- and Post-Standard crash
data which would allow the conventlonal "before vg. after" comparative analvsis
of the effect of ilmplementing the Standard. Alternatively, since most of the
crash data available involves vehicles manufactured prior to implementation of
the Standard, it is necessary to use this information in a clinical fashion,
where the individual deaths and injuries in each accident may be investigated
and some relationship established between their causes and the requirements of
the Standard, as demonstrated by the degree to which the involved school buses
do or do not comply with these requirements. In order to conduct this type of
investigation, a precisely detailed accldent report is required which will provide
the necessary information regarding the type of injuries and their probable causes,
together with a reasonably accurate reconstruction of events during the crash,

Accident reports prepared by state and municipal police ordinarily do not
contain this type of detail and, hence, are inadequate. The purpose of the
Multidisciplinary Accident Investigation program of the National Highway Traffic
Safety Administration is to conduct detailed, in-depth investigations of certain
accidents which, to a limited degree, are representative of all accidents and
provide the highway safety community more expert analysis and detailed infor-
mation in these reports than can be found elsewhere. MDAI reports on school
bus accidents comprise the data base used for this clinical evaluation of
FMVSS 222. However, Fatal Accident Reporting System (FARS) and Connecticut

school bus accident data have also been used in ancillary analyses.

1.4.2 Population of MDAI School Bus Accident Reports .

Since the MDAI program began in 1969, there have been more than 20 special
investigating teams located around the country. These teams have amassed more
than 9,000 vehicle reports. Among these are approximately 120 reports on achool
bus accidents. ALl of these reports were ordered by CEM from a variety of
gsources, A preliminary investigation of the avallable reports revealed that
only about 82 would be applicable for this analysig; these form the basis for
thls analysis. Thirty-eight of the 120 reports are consldered inapplicable for

the following reasouns:
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No injuries or fatalities were involved.

The bus driver was the only occupant killed or injured.

No data were given on bus passengers because the bus was not

the "case" vehicle or the data were simply missing.

The bus essentially met all aspects of the Standard (one bus only).

To facilitate its analysis, CEM divided all MDAI school bus accidents into two

categories:

which involved both nonfatal injuries and fatalities.*
were ranked by type, with the "easier-to-analyze" accidents first.

accidents in each category are arranged as follows (easiest to most difficult

to analyze).

BO:
RE:
FR:
FS
5S:
SC:
HO:
RO:

(1) those which involved nonfatal injuries only, and (2) those

Bus Only
Rear-End
Front-Rear
Front~Side
Side~Swipe
Side Collision
Head-~On. ‘
Rollover.

to other injury-causing elements.

Bus is only moving vehicle involved.

Bus hit in rear

Bus hits another vehicle in the rear.
But hits another vehicle in the side.

Bus side-=swiped
Busg hit in side
Bus and another
Bus rolls over,

by another vehicle.

by another vehicle.
by another vehicle
vehicle hit head-on.

The reason for this division is to separate out those more violent acgidents
where the overall contributions of FMVSS 222 features may be small, relative
A school bus accident was considered fatal

In addition, accidents

All bus

if one or more passengers were killed, or the driver was killed and there were

passengers on the bus.
killed and was the only occupant of the school bus.
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1.4,3 Clinical Analysis

After screening the MDAI reports for applicability, they were initially
reviewed and terse one-to-two page accident summaries were prepared. Tables
were prepared for all Injured or killed occupants,summarizing in a common fov-
mat all applicable detailed injury cause~and-effect information. Schematics
of the accident and seating charts were extracted from the report. Thus, a
clinical analysis "package" was prepared for each accident, which sum-
marized the usually.-voluminous MDAI reports. A selected member of the three-
person Clinical Analysis Team reviewed the MDAI reports, prominently flagging
all applicable information., The Team then assembled; studied the summarized
accident report; discussed the accldent dynamics; reviewed photographs of the
accident site, in~situ crashed vehicles, bus interior and other pertinent views;
and then began the process of reviewing and analyzing the injuries and causes of
injury suffered by each injured occupant. To familiarize themselves with the
explicit characteristics of school bus interiors, the Clinical Analysis Team
twice visited school bus operators who had both Pre—Standérd and Post-Standard
buses. Photographs of iInteriors were made and used for reference during the
clinical analyses. (See Appendix A,)

The Team created a scenarlo of the crash events that each injured passenger
underwent (bus drivers have been omitted from this analysis). At that point, the
medical member of the Clinical Analysis Team, Dr, Philip Stent (CEM Consultant and
Director of Ambulatory Services at St. Francis Hospital in Hartford, Connecticut),
made two decisions., First, a decision was made concerning the degree of injury re-—
duction that would have occurred, had the bus met the requirements of FMVSS 222;
and, second, a decision was made concerning the quality of the estimate, in terms
of Good, Fair, or Pcor. In general, the estimates of injury reduction were on the
congervative gide. For example, where little information was available, the judg-
ment usually was, '"The OAIS remains the same, and the quality of the estimate is

' In the majority of instances where there was an estimated reduction in

'Poor. "'
injury severity, the quality of the estimate was judged to be Good or Fair,
There was one assumption made in the case of van buses, which might be
open to dispute., If the van was not already equipped with passenger restraints
(such as lap belts), which are required by FMVSS 222, then it was assumed that
had the van been Post-Standard, it would have been equipped with lap belts, and

the belts would have been used. ({If there were already belts in a van, and a
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belt was not uged, we made our judgment on the basis that the occupant elected
not to use the existing belt.) This assumption is‘important, because in most
of the van bus cases reviewed, unbelted occupants were ejected and severely

injured or killed, and the assumption that Post-Standard van buses would have

belts and the belts would be used produces significant injury reductions.

1.5 Limitations of the Study

This study was not expected to provide a statistically significant
evaluation of the fatal-and-injury-reduction effectiveness of FMVSS 222, MDAIL
data have been investigated, and 1t appears there are only 82 MDAI cases that
are readily applicable for thils analysis. To provide additional insight, 60
FARS school bus passenger fatality cases for 1975, 1976, 1977 and 1978 have been
analyzed, An argument is developed in Section 3 which suggests that the TMVSS
222 effectiveness estimated for nonfatal school bus accidents may he conservative.
This argument is further supported in Sectilon 3.9.2, based on analysis of 1007
Connecticut school bus accidents in 1978 and the first half of 1979, which resul~
ted in no fatal and 43 passenger injury accidents. All of the MDAI, FARS and

Connecticut cases involve Pre-Standard school buses.

1.6 Outline of the Report

Section 2 of this report summarizes the analyses performed for FMVSS 222.

It includes a discussion of the measure of effectiveness; the estimated effec-
tiveness of the Standard; overall success of the evaluation; credibility of
the analysis; additional work which could be performed in the future; and com-
parigon of results.

In Section 3, detailed analyses of MDAI data are described, and supporting
analyses of FARS and Connecticut data are presented. Appendix A contains photo-
graphs comparing the interiors of Pre and Post-Standard school buses. The
other Appendixes contained detailed supporting material for the analyses described

in Section 3.
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2.0 SUMMARY OF ANALYSES PERFORMED FOR FMVSS 222

2.1 Meagure of Effectiveness

The measure of effectiveness chosen for evaluating FMVSS 220 {s rcoduction
in fatalities and injury severity. Thease two aspccts of the measurc--reduction
in injury severity in nonfatal school bus accidents and reduction in death and

injuries in fatal school bus accidents-—-are treated separately in this report.

2.2 Estimated Effectiveness of FMVSS 222
FMVSS 222 sets standards for:
@ Buses of Gross Vehicle Weight greater than 10,000 1b:

~ Padding of seats

~ Padding of stanchions and modesty shields
—~ Seat backs and frame strength

~ Seat cushion/seat frame integrity

- Spacing between seats

o Buses of Gross Vehicle Weight less than or equal to 10,000 1b:

~ Same as above, with the exception of spacing between
seats, plus

Passenger restraints as required under FMVSS 208, 209
and 210,

Intuitively, one would anticipate that FMVSS 222 would he most effec-
tive in reducing minor injuries (DAIS 1 and 2)to lower levels, in instances
where the school bus is large (>10,000 1b) and the school bus accident is not
severe, and the bus remains upright. FMVSS 222 would not be particularly effec-
tive in reducing fatalities and less effective in reducing the severity of injuries
in fatal gchool bus accidents, because the fatal accidénts usually are quite vio-
lent and often involve rollover, which means the passengers are thrown about strik-
ing objects (walls, ceilings, etc.) that are not covered by FMVSS 222.

In the case of small buses(<10,000 1b)--especially van~type buses--intuition
would suggest that the padding and seat strength characteristics in minor or
moderate accidents might have slightly less effect, because there is not the
added requirement of a maximum spacing (no more than 20 inches from the seating
reference point to the near surface of another passenger seat). This can result
in more space between seats, which affords more opportunity for passengers to
slide over against walls, out into the aisle, or onto the floor between seats.
Also, van vehicles are often relatively light and have high centers-of-gravity
(particularly when loaded with passengers in seats), which increases skidding
and rolling tendencies. However, since the Standard requires that small buses

have restraints for passengers ( at a minimum, lap belts ), and assuming



these belts are used, it 1s clear that ejection from violent small bus acci-

dents would be reduced and the Standard may be effective in reducing fatalities

in small bus accidents.

2.3 Effectiveness of FMVSS 222 in Nonfatal School Bus Accidents

In this study, we have used the results of the clinical analysis of non-
fatal school bus accidents as a basis for a set of approximate distributions of
injury in nonfatal accidents where 1, 2, 3, 4, or 5 or more passengers are
injured. The National Safety Council's annual Accident Facts suggests there
were, on the average for 1975, 1976, and 1977, about 3900 passengers injured
in about 2769 nonfatal school bus accidents, i.e., about l.4 injured passengers
per accident. For such a low accident rate, it follows that most nonfatal
school bus accidents involve only one injured passenger (i.e., about 74 per-
cent). This further suggests that most of the injuries are minor, because there
is a high probability that the bus had more than one passenger, and it is unlikely
that only one passenger of among 20 to 30 would be severely injured. We
assumed the distribution of injury levels in the 56 nonfatal MDAI cases reviewed by
the Clinical Analysis Team would fit those cases where 5 or more passengers were
injured in an accident., Other national distributions were estimated for the
situations in which 4, 3, 2, and 1 passengers are injured (see Table 3-23).

While such assumptions may appear rash, in fact, they are not, because if 86
percent of the injuries ars 0OAIS 1 in accldents where 5 or more passengers are
injured, then somewhere between 86 percent and 100 percent must be OAIS 1 in
accidents where only one passenger is injured, because there is a positive corre-
lation between injury severity and number of passengers injured. Furthermore, if
86 percent of the injuries are OAIS 1 and 12 percent of the injuries are OAILS

2, and 1 percent are each OAIS 3 and OAIS 4 in nonfatal accidents where 5 or

more passengers are injured, then some relationship such as 90 percent O0AIS 1,
9,7 percent 0AIS 2,and 0.3 percent OAIS 3 appears ''rational," simply because

we know the OALS 1 portion must be greater than 86 percent and .the OAIS 2 portion
must be less than 12 percent, etc. There are an infinite set of numbers that
would satigfy these distributions, even after constraints are applied, but none of
them differs significantly from those chosen and shown in Table 3-23,

Once these distributions are selected, it is possible to determine on a
national basis the approximate number of OAIS 1, 2, 3, and 4 injuries and apply
the reductions in injury levels estimated by the Clinical Analysis Team. These
calculations result in the following effectiveness factors for passengers

injured in nonfatal school bus accidents.
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® 65 percent of the Pre~Standard injuries would be reduced to
No Injury (OAIS 0) in Post-~Standard school buses.

° 4 percent (additional) of the Pre-~Standard injuries would be
reduced at least one OAIS level in Post-Standard school buses.

Thus, 69 percent of all passengers injured in Pre-Standard school buses in
nonfatal accidents would derive some injury reduction benefit, if all school buses
met the requirements of FPMVSS 222, This amounts to about 2700 out of 3900 in-
jured passengers per year who would benefit. Of these, nearly 2500 per year
would receive no injury at all,

From this analysis, we conclude that FMVSS 222 is quite effective in most
nonfatal school bus accidents, especially those in which three or fewer passen-
gers are injured, which we estimate occurs in about 96 percent of the approximately

2800 nonfatal school bus accidents per yéar. The estimated number of passengers

injured mationwide in nonfatal school bus accidents is shown in Table 2-1, assuming
all buses are Pre-Standard or Post-Standard. It can be seen that 65 percent of

the injuries would be prevented, if all school buses in the nation met the require-
ments of FMVSS 222, As noted ahove, an additional 4 wercent of all injured pas-
sengers would have had their OAIS 2, 3, or 4 injuries reduced at least one OAILS
level, Thus, a total of 69 percent of all injured passengers in nonfatal school

bugs aceidents would benefit, 1f all school buses in the nation satisfied ¥MVSS 222,

TABLE 2-1

COMPARISON OF ESTIMATED PASSENGER INJURIES
IN NONFATAL SCHOOL BUS ACCIDENTS IN THE U.S.
ASSUMING ALL BUSES ARE PRE-STANDARD OR POST-STANDARD

Number of
Number of Injured Passengers Passengers
0AIS Having
Injury A1l Buses A1l Buses Injuries
Level Pre-Standard Post-Standard Prevented
1 3476 1280 2196
2 400 82 318
3 18 12 6
4 6 2 4
Total 3900 1376 2524
Percent of
pre-standard 100 : 35,3 64.7
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2.4 Effectiveness of FMVSS 222 in Fatal School Bus Accidents

In this analysis, a fatal school bus accident is defined as one involving
the death of the driver and the presence of passengers and/or the death of one
or more passengers. Accidents in which the driver is killed and is the onlv
occupant are excluded. As part of this study, in addition to 26 fatal MDAT
cases, we have analyzed the fatal school bus accidents available in FARS for
1975 through 1978--a total of 60 accidents.® On the average, there are annually
throughout the U.S.:

15 fatal school bus accidents
242 passengers

27 fatalitiles
e 146 injuries

As was the case with nonfatal school bus accidents, the 26 fatal MDAI cases
reviewed by the Clinical Analysis Team were, on the average, somewhat more violent
than the fatal accidents in FARS. A comparison of killed, injured, and
uninjured in MDAI and FARS fatal school bus accidents is shown in Table 2-2.

Note that 17 of the 26 MDAI cases are included in the 60 FARS cases.
TABLE 2-2
COMPARISON OF MDAI AND FARS FATAL SCHOOL BUS ACCIDENTS

60 FARS Cases 26 MDAI Cases
Passenger -~
Injury % % % %
Level Number | Total | K + 1 Number | Total | K + 1]
K 107 11 16 83 12 14
A 203 21 29 178 25 31
B 257 27 37 221 31 36
C 123 13 18 91 13 18
0 279 29 139 18
Total 969 100 100 712 100 100

The table above shows that the MDAI cases involve more killed and A level
injuries, and fewer uninjured than are found in the FARS cases. Illowever, an im-
portant feature of the table is the comparison of K, A, B, C proportions, based
on K+I. Clearly, the distribution of injuries is very similar, suggesting that on
the average, in fatal school bus accidents the distribution of injury levels is
essentially constant, independent of the number of people killed.

In general, it is rare for more than three passengers to be killed in a
school bus accident (see Table 3~18 and Figure 3-4). In FARS, 58 percent of the

60 fatal school bus accidents resulted in only one passenger death; 78 percent

Actually, there were 59 fatal school bus accidents in FARS at the time of our
analysis. We found one 1976 MDAI case which was not in FARS. We added it to our

own FARS data, and informed Ms. Grace Hazzard of its omission from FARS. We
expect it will soon be added to FARS.
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involved three or fewer passenger deaths; and in 17 percent the driver was

the only fatality although passengers were injured in 9 of the 10 cases in

this category. This leaves about 5 percent (3 cases) of the accidents in which
there were more than three passenger fatalities (they included 5, 8, and 29
deaths).

As further corroboration of this observation, in the MDAT cases, 85 per-
cent involved three or fewer passenger [atalities, although there werec pro-
portionately more 2 and 3 fatality accidents than in FARS. The remaining 15
percent ( 4 cases), in which there were more than three passenger fatalities,
involved 5,8,9, and 29 deaths. (The 8 and 29 death cases were common to both
MDAI and FARS.) Appendix C illustrates these comments graphically.

The observation of close similarity between injury level distributions in
FARS and MDAI suggests that FARS data can be used as a national basis, and the
injury level reductions, estimatnd for the 26 MDAL cases by the Clinical Analysis
Team, can be used directly on the average conditions based on FARS, The results
are shown in Table 2-3 on the next page (which is a duplication of Table 3-32).

Table 2~3 combined with results derived from Table 3-7 indicatesg that in
an average year, if all school buses met the requirements of FMVSS 222, then

the effectiveness of FMVSS 222 in fatal school bus accidents would result in:

e 2 lives saved: a reductlon in deaths of 7 percent,
(This would be due to the use of seat belts in small school
buses. One the average, one of the livas saved would be
reduced to No Injury and the other to an OAIS 1 or 2.)

@ 29 more uninjured passengers who would otherwise have bheen
injured: an increase in uninjured passengers of 43 percent.

e 13 additional injured passengers would have their injuries
reduced by one OAIS level: a reduction of one 0OAIS level
for 9 percent of the injured persons.

® 7 additional injured passengers would have their injuries
reduced by two or more OAIS levels: a reduction of at
least two OAIS levels for 5 percent of the injured passengers.

Thus, out of an annual average of about 173 passengers killed or injured
in fatal school bus accidents, a total of 51 (29 %) would benefit, if all
school buses met the requirements of FMVSS 222, This 29 percent of the killed
and injured in fatal school bus accidents who would benefit from FMVSS 222 re-
quirements compares with the 69 percent of the injured estimated to henefit in

nonfatal school bus accidents.



TABLE 2-3
AVERAGE ANNUAL LIVES SAVED AND INJURY REDUCTION

IN FATAL SCHOOL BUS ACCIDENTS, ASSUMING ALL
SCHOOL BUSES MEET FMVSS 222 REQUIREMENTS

Expectedrpassenqer Deaths and Injuries

Injury Pre-Standard Post~Standard
Level
No % % % %
' Total Ko+ No. Total K+ 1
KABCO
0 68 23 99 41
C 31 13 18 23 2 15
B 64 26 37 55 23 33
A 51 21 20 40 17 28
L“—"" “““ —
K 27 11 15 25 10 17
Total 242 107 100 242 100 100%
NAIS
0 69 | 29 99 41
] 82 | a4 47 69 28 18
2 30 12 17 25 10 17
|
3 20 | 8 12 14 ¢ 10
4 9 4 5 6 2 d
5 NF 5 2 3 4 2 3
5 f n o 4 8 11 5 8
5 16 7 J 14 I 10
Total 242 100 100% 242 100 120
Uninjured 69 3.6 99 40,89
K+ I 173 71.5 143 39.1
Total 242 120 242 100

* ) .\
Parcentages may not reconcile, due to rounding,
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2.5 Evaluation of the LEffectiveness Analysis

2.5.1 Limitations of the Wonfatal School Bus Accident Analvsis

The analysis of nonfatal school bus accidents is limited by two factors:

e The MDAI nonfatal school bus cases tend to involve extremely
severe accldents. For example, on the average, there were
nearly 13 injured passengers per MDAI case, whereas the
National Safety Council information reported in Aceident
Facte suggests that a rate of about 1.4 injuries per non-
fatal school bus accidents is representative of the nation.
We estimate that about 74 percent of all passenger injuries
in nonfatal school bus accildents cccur in situations in
which only one passenger is injured. Further, we estimate
that about 96 percent of the injuries are associated with
nonfatal school bus accidents in which 1, 2, or 3 passengers
are injured. However, only 14 of the 56 nonfatal MDAI cases
(25 %) involve 3 or fewer injured passengers, and only 7
(12.5 %) involve only one injured passenger.,

Thus, we have had to speculate as to what the distribution ol
injury levels is in the most common nonfatal school bus acci-
dents, While a set of "rational' assumptions has been made,
they must be considered speculative until more detailed sup-
porting analyses have been performed.

e The framework for extrapolating to the nation the injury
reduction rates developed by the Clinical Analysis Team
is based entilrely on information extracted from the annual
issues of Acetident Facts, published by the National Safety
Council. Certain well-delineated assumptions have been
made to convert the information in Aceident Facts to a form
suitable for use with the MDAI clinical analysis.

While there is no firm, documented supporting evidence {(of which we are
aware) for the assumptions that have been made in order to extrapolate the
clinical analysis results to determine the effectiveness of FMVSS 222 on a
national basis, we believe that we have "zerced in" on the "true" answer
reasonably closely for the nonfatal school bus accidents which comprise at least
99 percent of all passenger~invq1ved school bus accidents in which passengers or

drivers are killed and/or passengers are injured. This tentative conelugion io
supported, in part, by the analysis of 18 months of Connecticut school hus acci-

dent data, in which,out of 1007 accident cases, there were no passencer fatalities

and only 46 school bus crashes in which passengers were injured,



2.5.2 Limitations of the Fatal School Bus Accident Analysis

By conducting an analysis of FARS fatal school bus accidents for 1975
through 1978 and developing KABCO-to—-OAIS conversions that permitted direct
comparison of the analysis of the 60 FARS cases with the analysis of the 26
fatal MDAL cases, we judge that the analysis of the effectiveness of TMVSS 222
in fatal school bus accidents is on relatively firm ground. In part, this is
because 17 of the 26 MDAI cases are also in the 60 FARS cases. Thus, we have
had available for clinical analysis a relatively large fraction (28 %) of the to-
tal FARS population. Although 1t is clear that the IIDAL cases are biased toward
larger numbers of fatalitles per accident (see Table 3-28 and Figure 3-3), we
have been able to demonstrate that the dilstribution of injury levels is very
similar in the two data bases, thus demonstrating that, on the average, dis-
tribution of injury levels is essentially independent of the number of fatalities
in the accident. In simple terms, an accident normally has to be quite violent
in order to cause driver and/or passenger fatalities in passenger-involved
school bus accidents. Once that level of violence is attained, on the average
the distribution of injury levels (based on FARS) is relatively fixed at about:

e 11 percent killed
e 60 percent injured

~ 21 percent A
(sums to 61% because
of rounding)

- 27 percent B
- 13 percent C

e 29 percent uninjured.

Based on the clinical analysis, we estimate that if all fatal school bus
accidents occurred in vehicles meeting FMVSS 222 requirements, these levels
would be:

10 percent killed
¢ 49 percent injured
® 41 percent uninjurede.

These injury reductions are relatively modest and, on the average, would benefit
only about 51 passengers per year, but we conslder the extrapolation of the

MDAI fatal school bus accidents clinical analysis to the national level to be on
much more solid ground than that for nonfatal school bus accidents. The most
crucial assumption involved in this analysis is that relating A, B, C injury

levels to OAIS 1, 2, 3, 4, 5NF levels (see Table 3-29).
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2,5.3 Credibility of the Analyses

In addition to the limitations discussed above, there remains the question
of the accuracy of the judgments of the Clinical Analysis Team, In general, it
can be said that the Team was conservative in making judgments, and was more
prone to state that "OAIS stays the same'" and indicate the Quality of fstimate
to be '""Poor" because there was inadequate information, rather than reduce the
level of the injury and indicate the Quality of Estimate to be "Poor." Thus,
it is probably more likely that judgments erred on the side of not reducing injury
levels enough, rather than too much., This conservatism was not extreme, but
it was deliberate on the part of the Clinical Analysis Team, to the degree
to which it took place.

Because the Clinical Analysis Team classified the quality of each of the
1260 injury reduction estimates made into Good, Fair, and Poor estimates,
it was possible to determine separately the effectiveness of FMVSS 222 for each
of the gquality of estimate categories, as well as combinations of "Good + Fair"
(about 80 percent of the estimates) and "Good + Fair + Poor" (all available esti-
mates)., When applied to the monfatal school bus accidents, the analysis showed
that 94 percent of the 128 estimates classified Poor were estimates of "No Change"
in injury level--a conservative decision made when the available information
was considered inadequate. The remaining 6 percent of the Poor estimates involved
injury reduction, and were usually so classified because it was considered that
more injury reduction would probably occur than was estimated--again, a conser-
vative decision. “

The analysig further showed that if the Poor estimates were eliminated, the
overall effectiveness of FMVSS 222 in reducing injuries in nonfatal school bhus
accldents would be about 81 percent, based on the Good + Fair estimates. This
is an increase of 12 perEentage points over the 69 percent found using the Good
+ Fair + Poor estimates (i.e., all appropriate estimates). In this study, CEM
has chosen to use the moye conservative overall effectiveness of 69 percent
reduction in injury by at least one OAIS level, because there remains some uncer-
tainty concerning the scenario of distribution of injuries per accident and the
distribution of 0AIS injury levels for .accidents involving 1, 2, 3, 4, and 5 or
more passengers per accildent.

In general, CEM concludes that within the limited scope of a clinical analy-
sis, the overall effectiveness value of 69 percent injury reduction in nonfatal
accidents is probably acéurate wifhin +12 percentage points, and the overall
effectiveness of 29 percent injury reduction in fatal accidents is probahly accur-

ate within * 6 percentage points.
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2.6 Additional Work

As proposed in References 1 and 2 of Section 1, as NASS data collection
begins to develop on a large scale, 1t will be desirable to emphasize collec-
tion of data on Pre- and Post-Standard school bus accidents. This study reveals
that ovarall effectiveness may be more accurately determined by placing emphasis
on 1, 2, 3-passenger-injury accidents, rather than on accildents involving fatal-
ities and/or large numbers of injuries, because the latter accildents are rare,
and it is already reasonably well demonstrated herein that the effectiveness
of FMVSS 222 in fatal accidents is less, and the number of individuals bene-
fitted annually is quite small {l.e., of the order of 51 killed or injured
passengers out of a total population of about 3900 killed and injured)f
In addition, emphasis should be placed on NASS collection of accident data

for vans and other small school trangportation vehicles.

The objective of such an analysis would be to characterize the nature of
gchool bus accidents, For example, according to FARS data, more fatal school
bus accidents occur in April than in any other month. March, May and June are
higher fatal accldents months than September, October and November. December
is low for understandable reasons, but January is high and February is low.

Why? Do nonfatal school bus accidents follow similar patterns? About one third
of the fatal accidents in both FARS and the 26 MDAI cases occur in small buses
or standard vehicles used as buses. Is this in proportion to the fraction of
thege vehicles in the total population of school bus vehicles? Or school bus

miles driven (exposure)?

*
Of the annual average of 3900 pagsenger killed and injured, about 27 (0.7 %)
are killed and the remainder (99.3 %; nearly all of the 3900) are injured.
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2.7 Comparison of Results of Analyses

Understandably, the Clinical Analysis Team found it easier to make esti-
mates of injury reductions for the nonfatal MDAI school bus accidents than for the
fatal accidents. However, because the fatal MDAI school bus accidents were more
representative of the total population of fatal school bus accidents, and more
is known about that total population, we believe that the fatal extrapolations
to the nation may be more accurate than the extrapolation to nonfatal accidents.

The estimate that FMVSS 222 will reduce injuries for 69 percent of the
presently-injured passengers is believed to be a conservative estimate, because
the Clinical Analysis Team was conservative in estimating injury reduction when
there was little information available.

The estimate that FMVSS 222 would avert 7 percent of the fatalities ( 2
lives annually, on average, if all school buses met FMVSS 222) is conditioned
on the assumption that small buses would have seat belts, and the belts would have
a very high usage rate. If the belts are available but not used, then this esti-
mate is unrealistically high, and essentially no fatalities would be averted
by FMVSS 222,

The estimate that FMVSS 222 would provide about a 29 percent reduction in
injuries in fatal school bus accidents is considered to be the most well founded

of all the estimates contained herein.
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2.8 Summary of Findings

We estimate that annually, on the average, there arc approximately:

e 280n nonfatal school bus accidents.
® 3900 injured passengers.

° 15 fatal school bus accidents.

. 27 fatally injured passengers.

o 146 injured passengers.

We estimate that meeting the requirements of FMVSS 222 will have the following
results:

In nonfatal school bus accidents:

o 65 percent of the injured passengers will receive no injury.

e 4 percent of the more severely injured passengers will have
their injuries reduced at least one OAILS level,.

In fatal school bus accidents:

® 7 percent of the passenger fatalities might be averted,
if all small school buses (vans, etc.) are equipped with
seat belts, and they are used.

e 17 percent of the fatal and injured passengers will receive
no injury.

e 29 percent of the fatal and injured passengers will have their
injuries reduced at least one OAIS level (includes those
reduced to No Injury).

The MDAIL clinical analysis of 56 nonfatal and 26 fatal MDAI reports of school
bus accidents, when coupled with National Safety Council information and TARS
fatal school bus accident data, has provided a basis for extrapolating the
injury reduction estimates of the CEM Clinical Analysis Team to national levels of
effectiveness of FMVSS 222,

It appears that FMVSS 222 will have a large effectiveness in reducing injuries
in nonfatal school bus accidents. It will have somewhat more than half the non-
fatal accident effectiveness in fatal school bus accidents. However, fatal school
bus accidents are rare events (i.e., about 15 out of 2800 total passenger injury

school bus accidents per year,or about 0.5% of all such accidents).
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3.0 ANALYSIS OF DATA

3.1 Sources of Multidisciplinary Accident Investigation Data

The Multidisciplinary Accident Investigation (MDAI) data obtained for clinical
analysis stemmed from several sources. At the initiation of the study, CEM had
microfiche for 36 MDAI school bus accidents. Additional reports were suggested
by Ms. G. Hazzard (NHTSA) and Mr. R. Williams (NHTSA). A total of 67 MDAI reports
were identified as potential data sources. Of these, 49 were used in the first
phase of the clinical analysis. They comprise 28 nonfatal cases and 21 fatal
cases In which at least one passenger or the driver was killed. The other 18
reports were rejected because:

® 10 involved no injuries or fatalities.

e 6 contained no data on the school bus occupants (the bus
was not the MDAI case vehicle).

e 2 Involved injury or death of the driver only.

During the course of collecting and screening the first 67 MDAI reports, an
additional 51 MDAI reports were located. Thirty-three reports were judged useful
for clinical analysis: 28 nonfatal cases and 5 fatal cases, Eighteen of
the cases had insufficlent information on injuries to allow performance of
clinical analysis. This Final Report contains the analysis of all 82 MDAI
reports.

In addition to MDAI reports, CEM has also made use of information on school
bus accidents, fatalities and injuries found in Aceident Faets, published annually
by the Natiomal Safety Council. To place the clinical analysis of MDAI fatal
school accldent reports in a more comprehensive context, CEM has reviewed all
fatal school bus accidents found in the Fatal Accident Report System (FARS) for
1975, 1976, 1977 and 1978--a total of 60 school bus accidents in which either the
driver or at least one passenger was killed. (FARS contains 9 other cases where
the driver was the only occupant and was killed; we are not considering such
cases in this analysis.)

To add further credibility to the findings of this study, CEM reviewed
1007 hardcopy school bus accident reports, which cover all school bus accidents
in Connecticut in 1978 and the first half of 1979 (18 months). Of these,
only 46 involved injuries to passengers. During the period reviewed, the
passengers in injury-producing school bug crashes sustained no serious (A-

level) injuries or fatalities.



3.2 TFramework for Clinical Analysis of Righty-Two MDAL School Bus Accident Studies

To facilitate the clinical analysis of the 82 MDAI reports, they were cate-
gorized as follows:

e Nonfatal: ©No occupant fatalities.
e Fatal: At least one passenger or driver fatality.

Each of these categorles was further divided into elght subcategories of crash
types. The 56 nonfatal and 26 fatal studies subjected to clinical analysis are

categorized as shown in Table 3-1,

TABLE 3-1
CATEGORIZATION OF 82 MDAI SCHOOL BUS ACCIDENTS
Description Nonfatal Fatal
Designation | No. Cases | Designation l No. Cases
1. Bus Only 7 80 5 7 F-B0 5
2. Rear-End RE 6 F-RE 0

(Bus hit from rear)

3. Front-Rear FR 5 F-FR ]
(Bus strikes other
vehicle in rear)

4, Front-Side FS 8 F-FS 0
(Bus strikes other
vehicle in side)

5. Side-Swipe SS 1 F-SS 2
(Bus and other vehicle
side-swipe)

6. Side-Collision SC 10 F-SC 4
(Bus struck in side by
other vehicle)

7. Head-0On HO 4 F-HO 0
(Bus and other vehicle
collide head-on)

8. Rollover RO 17 F-RO 14
(Bus rolls over regard-
less of how accident
initiates)

Total Cases 56 26

The categorization of MDAI cases, as shown in Table 3-1, was deliberately
chosen to begin with the least violent, simplest cases (Nonfatal Bus Only) and
to conclude with the most violent and complex cases (Fatal Rollover). The
Clinical Analysis Team approached the MDAT studies in this order, gaining ex-
perience in the violence and complexity of school bus accident mechanics, kine-
matics, and injury causation. Before undertaking any clinical analyses, the

Team visited a sizeable school bus operating firm to inspect the characteristics

of school buses manufactured during 1967 through 1978. A second visit was made
midway through this study. Photographs taken for reference while reviewing MDAI

cages are shown in Appendix A,



The 82 MDAI reports were critically screened by CIM staff. Tersc one-to-
two page descriptions of the accldents were prepared in a common format. All
pertinent accildent diagrams were copled, and a table of the characteristics of
each Injured occupant was prepared, with space available in the table for a

judgment of what the degree of injury would have been, had the bus met FMVSS

222 requirements. Tables 3-2 and 3-3 summarize the characteristics of the non-
fatal and fatal MDAL reports clinically analyzed in the two phases of this study.
Appendix B gives additional MDAI accident characteristics. Brief descriptions of
all MDAL cases, including accident diagrams and the injury-reduction judgments of
the Clinical Analysis Team,are found in the addendum to this report which is avail-
able from the National Highway Traffic Safety Administration:

CEM Report 4254-678:

Background Data for the Statistical Evaluation
of Federal Motor Vehicle Safety Standard 223:
School Bug Seating and Crash Protection.

One CEM member of the Clinical Analysis Team carefully reviewed and tabbed
pertinent material in all original MDAT reports before the Team assembled. Once
they had convened, the Team members reviewed the screened material and any avail-
able photographs and other pertinent written material in the original MDAI report.
The crash dynamicg were discussed, with gignificant points illustrated on the
available blackboard. Occupant kinematics were agreed upon, and the analysis for
each occupant was begun, making use of injury information and charts in the original
MDAI reports. There was then a discussion of an occupant's injuries and the pos-
sible mitigation factors that would have been produced by FMVSS 222 requirements,

such ag:

@ Effective seat back top and back padding.

® Higher seat backs.

e Stronger seat backs.

® Stronger seat frames.

® More effective attachment of seats to floor.

e More effective attachment of seat bottoms to seat frames.
® Reduced space between seats.

¢ Padding of vertical stanchions and modesty panels at front
of bus.

# Passenger restraint systems in buses equal to or less than
10,000 1b GVW (i.e., compliance with FMVSS 208, 209, 210).

A decision was then made by Dr. P. Stent, CEM Consultant and Director of

Ambulatory Services at St. Francis Hospital in Hartford, Connecticut, as to the
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TABLE 3-2
SUMMARY CHARACTERISTICS OF 56 NONFATAL MDAI SCHOOL BUS ACCIDENT STUDIES

Total Injuries
Study | Ident. {Investigating | Total Pass- | Dri- Description
No, { Number (Qrganization {Occup. | enger | ver
BO (Bus Only)
BO-1 | 600-348{U.of Calif. 40 20 1 Bus rnof struck rear end of boom on self-propelled crane.
BO~2 | 801-512}IRPS 16 13 1 Bus ran off road and struck fixed object.
80-3 | 73-346 [Calspan 46 6 1 Rear axle assembly ripped loose due to sudden braking.
Bus came to abrupt halt.
B0-4 | 602-532;Calspan 3 2 1 Bus struck guardposts, bridge railings (frontal impacts).
B0O-5 1 TOR U.of Toronto, | 44 39 1 Bus lost steering control, crossed roadway; contacted
N0393-72 ! Canada hridge rail.
Total 149 80 5
RE [ Rear-End (Bus Hit by Another Vehicle)]
RE-1 | SL 1-5 |Dyn.Sci.,Inc. | 14 4 1 Rear end of bus struck by garbage truck with failed
brakes.
RE-2 { 600-722|Calspan 12 2 Rear end of stopped bus struck by stolen car.
RE-3 | 602-082|Calspan 47 1 ] Rear end of bus struck by truck.
RE-4 | TOR 0SI{Torento, 65 3 Rear end of stopped bus struck by pick-up truck.
52-74 |Canada
RE-35 | MGu 1eGi1l univ, 15 6 Left rear corner of left-turning bus struck by car.
57174 | Canada
*
RE-A LB U. i Brunswick, | 34 5 ] tooped school bus hit in rear by a moving school bus,
052-74 | {anada
Total 187 21 3 |
FR [Front-Rear (Bus Hits Another Vehicle)]
FR-1 |602-077 Calspan 48 3 Front of bus impacted rear of bus in front.
FR-2 |602-711 Lalspan 44 6 1 Front of bus impacted rear of stopped bus in front.
FR-3 1600836 U.New Mex, 45 12 Front of bus impacted rear of car in front, due to bus
brake failure,
*
FR-4 | UNB I N.Brunswick, | 40 7 1 Rear end of stopped school bus hit in rear by a moving
052-74 | Canada school bus,
FR-5 | TS Trans Minstry, | 52 46 1 Front of bus impacted rear of car which had rear-ended
095-73 | Canada a stopped garbage truck.
Total 229 74 3

*This accident involved two school buses. The MDAI report gives detailed injury data for both the "case"

vehicle and the "other" vehicle.

They are presented separately as RE-6 and FR-4.
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TABLE 3-2 (Continued)

Total Injuries

Study | Ident. }Investigating | Total Pass~ | Dri- Description
No. | Number {Organization |Occup.| enger | ver

FS [Front-Side (Bus Hits Another Vehicle in Side)]

Fs-1 | 010-72 |juU.Saskat., 12 3 1 Front of bus struck car with U~haul trailer.
Canada
F5-2 | 802-056|IRPS 50 46 1 Front of bus struck garbage truck (acute oblique){fog].
FS-3 | TOR U.of Toronto, | 18 13 ] Front of bus struck right side of car.
056-74 | Canada
FS-4 | DTS Trans.Ministry| 56 15 Front of bus struck Teft side of flat bed truck.
107-75 | Canada
FS-5 1 OK 74~ [HSRI 40 16 1 Front of bus struck out-of-control car; bus went into
[ na ditch.
FS-€ | uM8 J.N. Bruns., 55 30 ] Front of bus struck truck broadside at left rear wheels:
| C27-72 | Canada truck unable to stop at intersection.
FS-7 | 054070 (Jtah Health 23 1 1 Front of bus struck right side of car which drove into
Division its path.
R S Trans.tinistes| 23 4 ~ | Stopped bus struck by speeding car which skidded and
032-73 | Canada s1id sideways into front of it.
i Total 287 128 6

SS  (Side Swipe)

$S-1 600-357 N.of Calif. 18 3 1 Disabled bus sideswiped by truck autc carrier.
Total 18 3 1

SC [5ide Collision (Bus Hit by Another Vehicle)]

SC-1 | 600-726{Calspan 6 1 Bus (vanfkstruck in side by car at intersection

SC-2 | 603-139{Dyn.Sci.,Inc. | 53 45 Bus struck in the side by truck auto carrier at

: intersection (fog).

SC-3 | 600-376|U.0f Calif, 5 4 1 Bus struck in side by car at intersection.

SC~4 | 602-354 |SwRI 47 7 1 Bus struck in side by station wagon previously hit by

car at intersection.

SC-5% | UOM U.of Manitoba,| 15 n 1 Bus struck in side (1ntersectién) by flatbed truck
047-76 { Canada carrying tractor.

SC-6 | 602-766 11.S.Calif. 49 5 1 Bus brakes failed; stopped on highway; hit hy car and

tractor-trailer.

sC-7 | DTS Trans.Ministry| 57 12 1 Bus struck at intersection by car which failed ta heead
094-73 | Canada stop sign.

S¢-8 | DTS Trans.Ministry| 26 23 1 Bus struck in side at intersection by truck (heavy
096-73 | Canada fog). )

SC-9 | TOR 1).of Toronto 4 1 Bus (van)"struck in side at intersection.
042-73 | Canada

SC-10{Uc-167 | U.of Calif. 25 20 1 Bus making turn struck by truck; bus then hit car head-on

Total 287 129 7

“Vehicle less than 10,000 1b.
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TABLE 3-? (Concluded)

Total Injuries
; - Description
Study| Ident. | Investigating| Total | Pass- |Dri- escriptio
Mo. | Number | Organization | Occup.{ enger | ver
HO (Head-On)
HO-1 | 600-367|U.of Calif. 21 3 Bus struck head-on by car (car underride).
HO-2 | 72-60A | Calspan 39 25 1 Bus struck head-on by car on curve.
HO-3 | BRC Traf.Acc.Rsrch)] 25 16 1 Bus struck right side of skidding car{ice)
074-78 | Canada (car underride).
HO-4 | TOR U.of Toronto, 10 7 1 Bus (van)*fishtai]ed; Tost control; left front struck
080-77 | Canada left front of car.
Total 95 51 3
RO (Rollover)
RO-1 | 600-303IRPS 34 N 1 Bus hit stump head-on and rolled 90° left.
RO-2 | 600-443{RTI 45 29 Bus brakes failed; bus rolled 90° left; struck tree
and porch.
p0~3 | 72-231A1Calspan 69 8 ] Bus left road; hit curve warning sign; rolled 90° right.
RO-4 | SI-1-8 |Dyn.Sci.,Inc. 19 5 1 Bus skidded on icy road and rolled 90° right.
R0-5 | NI-4-32]Dyn.Sci.,Inc. 42 41 1 Bus struck in rear by furniture van with failed brakes;
rolled 90° left.
RO-6 | 601-570|HSRI 24 18 1 Bus and car collided at intersection; bus rolled 90°
left. - )
R0-7 | 600-068 {Ga.In.Tech, 57 1 ] Bus with failed brakes struck car at intersection and
rolled over 90° right.
RO-8 | 602-706 |{Calspan 17 1 Bus had trouble steering over pot holes on muddy road
and s1id into ditch; bus rolled over 90° right.
RO-9 | 73-357 |Calspan 16 8 ] Bus struck another bus; front to side impact; slid into
ditch; rolled over 90° right.
RO-10| TOR U.of Toronto, 22 16 1 Bus left road; rolled over 90° left onto pavement,then
062-75 | Canada slid off onto grass.
RO-11} TOR U.of Toronto, 39 16 Bus drove off roadway into ditch; rear wheel struck
059-75 | Canada blockage; rolled over 90° right.
RO-12] TOR ll.of Toronto, 2 1 1 Bus struck in front by van {ignored stop); rear wheel
048-73 | Canada s1id on ditch slope; rolled over 90° right.
RO-131 UNB U.N. Bruns., 6 5 1 Bus attempted to avoid stopped police car; skidded
055-74 | Canada into ditch; rolled over 270° right.
RO-14| TOR Y.of Toronto, 45 15 1 Bus left road, ran into ditch; rolled over 45° with
066-~75 | Canada right side tilted against ditch backslope.
R0-15] UOS U.Saskat., 25 20 1 Bus entered ditch and rolled over 90° left when drag
056-75 | Canada Tink on steering separated.
RO-1€| UCS U.Saskat., 14 13 ] Intersection collision of truck and bus; bus rolled over
Q79-77 | Canada 90° left, rolled back onto wheels and then rolled aver
30° right.
RO-171 TOR U.of Toronto, 16 5 1 Bus entered slippery ramp; fishtailed; rotated 180°;
071-76 | Canada skidded into ditch while moving backwards; rolled over
45° with left rear corner tilted against ditch backslope,
56 {Total No.) Total 492 233 14
Total, A1l Nonfatal Studies 1744 719 42

%
Vehicle less than 16,090 1h,
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TABLE 3-3
SUMMARY CHARACTERISTICS OF 26 FATAL MDAI SCHOOL BUS ACCIDENT STUDIES

Total Injur.{Total Killed
Study | Ident. |Investigating |Total | Pass-| Ori- [Pass-| Dri- Description
Number | Number [Organization [Occup.| enger] ver jenger| ver
F-BO (Fatal - 8us Only)
F-BO-1 * 1603-000 | HSRI 12 13! 1 Bus (van)*ran off road and struck wall of
drainage ditch head-on.
F-BO-2 * 1603-028 | SwRI 37 1 Buslstruck fire hydrant and sideswiped utility
pole.
F-B0-3 ¥ |602-728 | SwRI 9 3 2 Bus (van)'ran off road due to failed axle
, {3 occupants ejected).
F-B0-4 |602-396 | U.S. Calif. N 9 1 1 1 Bus lost control; impacted marker,boulder;
ended in irrigation ditch.
F-BO-5 {UC-168 [U. of Calif. 19 14 1 1 Bus left roadway; hit two wooden poles
(separate impacts).
Total 38 37 2 5 1
F-FR  (Fatal - Front-Rear [Bus Hits Another Vehicle])
F-FR-1 |TOR U.of Toronto, | 33 32 1 Front of bus impacted rear of stopped tanker
£55-74 Canada spray truck.
" Total 33 32 1
F-55 (Fatal - Side Swipe)
F-55-1 * 603-059 | Calspan 2 1 1 Bus sideswiped by tractor trailer in opposing
lane; front impact and bus underride.
F-§S5-2 * 1603-138 Dy.Sci.Inc. 57 33 1 2 Bus sideswiped by dump truck.
Total 59 33 1 3 1
F-SC (Fatal - Side Collision [Bus Hit by Another Vehiclel)
F5C-1" {803-237 | U.S.Calif. 41 29 11 Bus struck in side by train caboose.
F-5C-2 * {603-029 | SWRI 17 8 1 Bus struck in side towards rear by train
(rear panels separated; 16 occ.ejected).
F-35¢-3% 1602-932 | SwRI 36 15 1 Bus hit in side by trailer of tractor-trailer
which had collided with a train.
F-5C-4 " |603-042 Calspan 41 20 1 1 Bus struck in side by logging truck (bus out
of control in opposing lane).
Total 135 72 2 12 2

o
Accident characteriftics also found in the Fatal Accident Reporting System,

fehicle Tess than 10,000 1b.



TABLE 3-3 (Continued)

Total Injur,

Total Killed

Study Ident. | Investigating | Total Pass-| Dri- | Pass-| Dri- Description
Number | Number {Organization | Occup.| enger| ver |enger| ver
F-R0 (Fatal - Rollover)
F-RO-1 600-353|Calspan 60 53 1 1 Bus struck in side by tractor-trailer; bus
rolled 180° left.
F-RO-2 * | 603-107]HSRI 19 17 1 1 Bus (van)#struck in side by carj; bus rolled
450° left (6 occupants ejected).
F-R0-3 ¥ | 603-030|HSR1 15 15 1 1 Bus (van)%skidded on ice; ran off road into
ditch; roiled 810° right (2 occupants ejected)
F-RO-4 ™ | 603-060}HSRI 17 14 1 ] Bus (van)}struck in front and side by car; bus
rolled 90° left.
F-R0-5 * | 603-079]5wRI 12 9 2 Bus (van)fskidded on bleeding road surface:
rotation; bus rolled 630° left ( 3 occupants
ejected).
F-R0-6 * 1 603-081 jHsR1 34 30 3 Bus struck guardrail; bridge parapet; bridge
rail; rolled over bridge rail 180° right.
FeRO~7 * A3~ 47 1Calspan 33 26 1 3 Bus struck from rear by tractor; bus rolled
90° right (1 occupant ejected).
F-R0O-8 600-773 [NHTSA 48 26 1 9 Bus (out of control) struck sign and rolled
900° right (39 occupants ejected),
F-R0-9 ™ | 602-855U.S.Calif. 20 17 2 1 Bus with failed brakes struck rear of car and
guardrail; bus rolled 720° left (19 occupants
ejected).
F-RO-10 | 601-348{U.of Kentucky 34 29 1 2 Bus struck overhanging tree limbs: ran into
drainage ditch; hit tree trunk; rolled 90°
right.
F-RO-11" | 802-303 [u.S.calif. 52 22 1 29 Bus brakes failed on curving downgrade off-
ramp: bus vrolled over bridge rail 180° left
and Tanded on roof.
F-RD-12 |801-301 |IRPS 12 B8 1 2 Bus (van)fStruck pavement, tree; rolled 90°
right.
F-RO-13 | 801-202|IRPS 17 N 1 5 Bus struck at left rear axle by tractor-trailer:
thrown into air; traveled 80 ft; rolled 90°
right (1 occupant ejected).
F-RO-14 EPK Poly.Inst., 50 41 1 2 Bus hit another bus (entering intersection);
035/36-| Canada Tost steering control; hit truck; rolled 90°
72 left (5 occupants ejected).

26 (Total No.) Total 423 316 10 63 2

Total, A1l Fatal Studies 738 490 15 83 7

*
Accident characteristics also found in the Fatal Accident Reporting System.

Vehicle less than 10,000 1b.
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level of injury reduction that in his medical judgment might have taken place,
had the bus met the raquiremenps of FMVSS 222. Next, a declsion was made con-
cerning the quality of the judgment (Good, Talr, Poor), which depended on the
amount of information on the overall accident, and the crash conditions exper-
ienced by each injured occupant. The occupant injury table at the end of BO-2
(Figure 3-5, page 3-50) shows an example of the net results of the judgments in-
volving injury reduction and quality of judgment.

Tables 3~4 and 3~5 give gross summaries of the results of the clinical
analysis of 56 nonfatal and 26 fatal MDAI school bus accident reports. The
tables show the original distribution of injuries, and the estimated reductions
in injuries that (in the judgment of the Clinical Analysis Team) would have
occurred, had the buses met the requirements of FMVSS 222. A more detailed dis-

cussion of these results is given in the next subsection.



TABLE 3-4

RESULTS OF THE CLINICAL ANALYSIS OF
56 NONFATAL MDAI SCHOOL BUS ACCIDENT STUDIES

Item Number Percent
s Total Passengers 1688 100

~ *
@ Total Passengers Injured 719 42.6

e Original DAIS

- QAIS O 969 57.4
- OAIS 1 617 g5.6 **  86.47
~ DAIS 2 82 11.4 11.5
~ QAIS 3 8 1.1 1.1
- QAIS 4 7 1.0 1.0
- Unknown 5 0.7
e Changes in QAIS Level
- 0AIS 1 to O 304 42.6 i
- QAIS 2 to 3 25 3.5
- 0AIS 2 t0o © 22 3.1
- OAIS 3 to 2 1 0.1
- DAIS 3 to 1 4 0.6
- 0A1S 3 to 0 1 0.1
- QRIS 4 to 3 2 0.3
- OAIS 4 to 2 2 0.3
« QAIS 4 to 1 2 0.3
8 OAIS Remains the Same
- OAIS 1 313 43.8 i
- DAIS 2 35 5.0
- OAIS 3 2 0.3
- QAIS 4 1 0.1
e Quality of Estimates
- 6ood 317 aa.4 "
- Fair 259 36.3

- Poor 138 19.3

*
Percent based on 1688 passengers,
+ek
Percent (flagged number, et seq.) based on 719 injured passengers.,

APercent {flagged number, et seq.) based on 714 clinical analysis judgments
(excluding the five "Unknown" OAIS ratings).
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TABLE 3-5

RESULTS OF THE CLINICAL ANALYSIS OF
26 FATAL MDAI SCHOOL BUS ACCIDENT STUDIES

Item Number Percent
Total Passengers 712 100
Total Passengers Injured 490 68.8 *
Total Passengers Killed 83 1.7 *
Original OAlS
- OAIS 0 139 19.5"
- DAIS 1 251 a3.8™ 47 4t
- DAIS 2 91 15,9 17.2
- DAIS 3 60 10.4 1.3
- 0AIS 4 27 4.7 51
- OAIS 5 NF 17 3.0 3.2
- OAIS 5 F 34 5.0 6.2
- QAIS 6 49 8.¢ a.3
- Unknown 44 7.7
Changes in OAIS Level
- 0AIS 1 to 0 82 15.4"
- DAIS 2 to ) 31 5.8
- OAIS 2 to O 7 1.3
- QRIS 3 to 2 8 1.5
- OAIS 3 to 1 8 1.5
- OAIS 4 to 2 7 1.3
- DAIS 4 to 1. 1 0.2
- OAIS 5 NF to 4 1 0.2
- OAIS 5 NF to 2 1 0.2
- QAIS 5 NF to 1 2 0.4
- QAIS 5 F to 1 0.2
- OAIS 6 to 2 i 0.2
- 0AIS 6 to 1 3 0.6
- QAIS 6 to O 2 0.4
o OAIS Remains the Same
- OAIS 1 169 31.9"
- ORIS 2 53 10.0
- OAIS 3 45 8.5
- ODAIS 4 18 3.4
- OAIS 5 NF 14 2.6
- 0AIS & F 34 6.4
- DAIS € 42 7.9
o Quality of Estimates
- 6ood 162 3.6
- Fair 190 35.8
- Poor 178 33.6
fPercent based on 712 total passengers.

%k
Percent (flagged number, ct se¢.) based on 573 killed and injured passengers,
“percent {tlagged number, _t¢ seq. based on 529 clinical analysis judgments

(excluding the 44 “Unknown" OALS ratings).
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3.3 Overall Results of the Clinical Analygis of MDAI School Bus Accidents

In the 82 Multidisciplinary Accident Investigation Reports for which
clinical analyses were performed, there were:

2400 passengers

[ J

e 1108 uninjured (46 % of total passengers)
e 1209 injured (51 % of total passengers)
® 83 killed ( 3 % of total passengers)

For the 1209 injured, OAIS ratings were:

e 868 OAIS 1 (72 % of total injured)
e 173 OAIS 2 (14 % of total injured)
e 68 OAIS 3 ( 6 % of total injured)
® 34 OAIS 4 . ( 3% of total injured)
® 17 OAIS 5 (NF) (1% of total injuved)
° 49 Unknown ( 4 % of total injured)
For the 83 killed, OAIS ratings were:
X
® 34 0AIS 5 (F) (41 % of total %illed)
e 49 QAIS 6 *% (59 % of total killed)

Tables 3-6 and 3-7 give detalled results of the clinical analysis. The Clini-
cal Analysis Team's judgments of reduction of injury severity and quality of each
judgment for each individual injured or killed occupant in the 82 MDAI studies are
given in the addendum to this report (see page 3-3). After completing the clinical

analyses, and taking into account the judged effectiveness of FMVSS 222, there are:

® 2400 pagsengers

® 1526 uninjured (63 % of total passengers)
® 798 injured (33 % of total passengers)
° 76 killed ( 3 % of total passengers)

For the 798 injured, judged OAIS ratings are:

® 560 OAIS 1 (70 % of total injured)
@ 107 OAIS 2 (13 % of total injured)
@ 48 OAILS 3 6 % of total injured)
® 21 OAIS 4 ( 2 % of total injured)
® 13 0ALS 5 (NF) ( 2 % of total injured)
® 49 Unknown ( 6 % of total injured)

For the 76 killed, judged OAIS ratings are:

® 33 0AIS 5 (F) (43 % of total killed)
® 43 QOAIS 6 (57 % of total killed)

The above summarized results are illustrated graphically in Figure 3-~1 for
the nonfatal cases and in Figure 3-2 for the fatal cases. Additional data for

fatal MDAI cases are found in Appendix C.

*
Of the total of 53 OAIS 5 injuries, 18 survived and 35 died. (The abbreviations
“NF'" and "F'" mean "Nonfatal" and "Fatal," respectively).

Kk , o ; ‘
All MDAT OAILS ratings of 6 or above are lumped together under OAIS 6 in this
report,
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TABLE 3-6
SUMMARY OF THE CLINICAL ANALYSIS OF 56 NONFATAL MDAI SCHOOL BUS ACCIDENT STUDIES

Total Original 0AIS Changes in JAIS Levels OAIS Remains Quality of
CEM 1 pyq- | Jotal ceroal or T Ta(a 33 3]z |2 [ the Same Estimate
ﬁ:se sen- ?ijs' & ESt‘”Fte)U o{to | to] to| tojto | to) tato | to T
. . n inlDe
gers 413 2 [71 o [Inj 3. (212 |1 fof1jo fo |43 |2 |1 Jcoodfair peor
B0-1 39 20 2 18119 [ ] 5 B RN E
80-2 15 13 2] 2 1 12 nl 2
BO-3 45 6 639 5 ! 6
B0-4 2 2 1 1 1 ] R
50-5 43 39 |2 5132 4 11 al11 26 6 | 230121 4
Total | 144 | 80 |2 969 64l |11 6121 a9 BEEIIENE
RE1 13| 4 Y 3 ‘ 1 2 11
RE-2 L N2 | 2] o i e |
RE-3 . 46 | 1 L1 45 1 1
RE-4 | 64 3 31611 3 & 2 1
RE-5 | 14 6 61 8| 4 ‘ 2 5{ 1
RE-6 | 33 5 11 4280 1l 3 4 1
128! !
Total | 181 | 2] 11 20 60| 1115 5 | 161 21 3
FR-1 | 47 | 3 11 2|44 [ 1 2 3
FR-2 43 | & | 61374 5 1 5y 1
FR-3 | 44 1 12 713215 2 5 30030
FR-4 i 39 1 7 3 4 32; 1121 1 3 47 2 |
FR-5 | 51 | 46 46 | 5| 35 A REARY AL
“otal | 228 | 74 4' 651501 5 bola] 4s too | 32123 ha
Fs-i ¢ o1 3 | b3 8l b2 121
FS-2 | 43 ' 46 f1 721413,30 3| 1 2 211 | 26 4 330131
FS-3 1 17 13 RERRS 9 ¢ 7142
Fs-4 ' 520 15 115 a0 n 4 7| 6 12
FS-5 1 39 16 ‘ 16123 13 314
FS-5 | 54 1 30 ! | 30 24[ 23 7 18] 91l3
FS7 1 22 1] | SRR 1 |
fs.3 |32 0 4 428 4 4
roral ! 279 1 128 [1 .21 | ys1] 1 2 211 | 88 o4 | 82137 |9
$s-1 | 174 3 2t e, l { 2 | ) R
Total | 17 1 3 21 1|14y | | 2 ! 1 E
5C-1 5 ! : R | |1 : 1
sC-2 52 85 L2 7135 | 7 1 ) 212 L2717 I 308 | 2420 |
5C-3 4 4 4 1 3 4
$C-4 46 7 7139 . 7 7
c-5 14 1 v 3l 73 1 2 11 215 51 6
5C-6 48 5 ! 1543 | 5 5
sc-7 56 12 1111 14a 1110 | 1 417 11
5C-8 25 23 |2 5] 14| 2 2 1 5 8 116 {12|n
<C-3 3 1 1 2 1 1
sc-10 1 24 200 | 1119, a 10 119 11217 1
total | 277 | 129 |4 i4 1138103 148! 1 2 2l 1lsd3 lsg 1l1 ! 7 1aa 159 i60 110
HO -1 20 L 3 [ 3171 2 ! 1 2 11
HO-2 38128 5120 12" 1i2 1 9 L2 g |10 |7
H0-3 24 1 16 16| 8 12 s |1nls
H0-4 9 7| ¢ 712 5 2 5 12
Total | 511 51| i | 514640 112 128 2 s {26 s 17
RO-1 33 31 alar| 2 . 1 |5 I 2 o2 9 7
RO-2 | 44 1 29 4125 |15 1 1 L3 | 3 |26
RO-3 68 | 3 11 760 117 3
P04 18 5 30 2113 32 2 13
20-5 N a 21139 2 139 4 |8 129
RO-6 23 18 2116 5 1 1 16 318 |7
20-7 56 1 1 55 ! ]
R0-3 16 1 1115 ] 1 |
RG-9 15 8 817 2 6 2 e
RO-10 | 21 16 111141 s 1 2 E 313
20-1 38 16 16 |22 1 15 8 i T
RO-12 ) ) 1 1 1o
RO-13 5 sl (11| 3 113 301 4
RO-12 | 34 15 15 | 29 | 3 2 |7 ' 70
R0-15| 24 | 20 2|18 3 2 18 | 4 hs l'
RO-16 | 13 13 91 4 8 4|9
R0-17.1 15 5] 1 5110 5 5]
Total | 475 | 233 2 30 1201 bap 1 211 12 1 125 liay |50 9 s
srand 1 1ess | 719 |7 | 832|517 %69 sl2|2| 2 1]al1]es 2208 |1 12 135 {313 |17 |25 j1ae
L 1 |
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TABLE 3~7

SUMMARY OF THE CLINICAL ANALYSIS OF 26 FATAL MDAI SCHOOL BUS ACCIDENT STUDIES

Total

Changes in OAIS Levels

Total Original OAIS

; - ! . . e
Egge Pas. P;;ign 7 (MDAI or CEM Estimate) STE[ 6T 5] 5] 5[ 4] 4T3]3 T
No sen- . T 5 al 34 2 1 0 Junkitoltolto} to] to| to|to|tojtojto {to to [to

© dgers [mj] K (F) 1 (1F) Iji2f1|of a4 2| 1/2[1j2{1{1la]o

T ] T r

F-80-1 | 11 | N | * 2 1 8 21F 1 7
F-B0-2 | 36 1 35 f
F80-3 | 8 | 3| 2]2 3l 3 2 ! 3
F-B0-4 10 g (1 1 2 1 6 1 10 1 5
F-80-5 | 18 | 14| 1|1 1 s | 7| 3 1 157
Total 83 | 37| 5|5 2 1] 28 | 28} 4 1 2 2MF | 1 W1 315 |22
FoFR-T | 32 | 32| % 1] 2| 29 112,
Total 32 | 32 1] 2| 29 112 20
F-55-1 1 1
F-55-2 | 56 | 33 2 2l 1 2f 1) s | 2| L
Tota) 57 33|31 2 1] 4 | 25] 21 IR 10
Fuscol ;o oan 29 3 301 | 1] 8l s | 3] 8 3 1
Fa3z-2, 150 & e|s 3l s 1
FSC-3 | 35 . 15| * 3| 7| s 20 3l a2t
F-sc-d |40 | 20 1 1 5 | 15] 19 370 s
Total | 131 | 7201208 & v | 1|afa3 | 33| a7 313] 8] 2|
Fa30-1 ] 89 | 53| 1 | 717 |2 515 3 q | 4
Fe20-2 | 18 | 170 1 |1 1 115 | 10
F-RO-3 | 14 | 1371 1 1 12 el
FeRO-4 | 16 | 141 1 (1 22 I AN R T I 1 2 4
F-R0-5 |1 91 2|2 113 ] s 2 1] 2 I
FRO-6 | 33 [ 30! 3|2) 1] 2 4|9 | 15 1
FRO-7 | 32 | 26132 1 12| 22| 3
FRO-3 | 47 | 261919 2 | 3186 | 5|12
FR0-9 | 19 | 17 2 2 30321 9
F-RO-10| 23 | 29 2 | 2 2 | 5] al9 | 9| 2 INF-[INF al 12l 7 5
F-R0-110 61 [ 22{e9 |7 |22 2 | 7{ 6|5 | 2
Fe0-12] 11 | 8t 2|2 1 2 5 1
F-R0-13) 16 | 11| 54| 1] 2 | 2] 6 2 »
F-RO-141 49 a2z 3|5 5 6 l28 1 3
fatal | 409 | 316 (63 (35 | 22 (13 |23 (43 {se |140 | 30 |aa 3| |IFINFLF[6{1(al3[17 19
Jrand | 12 a90 o3 jag b 3a 17 |27 (eo [ 251 (139 (a4 | 1] 3] 2 inF 1o aEl 718831 | 7 (82

*
The bus driver was the only fatality.
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TABLE 3-7 (Continued)
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Injury

Percent of Total Passengers Number Distri
Passenger Injuries in of llut)i;r—m
56 Nenfatal Accidents 10 20 30 4o 50 60 Passengers ()
o lot Injured ”””””” Pre-Standard ””Imﬂﬂm 969
. Post-Standard (Estimated) ¥ 1296
v insures (Toral) DONTIIIIIINAE .
X0 23 302
OIS 1 R 37 f17 86.3
- } 20 345 88.2
- QAIS 2 E]H g 82 11.5
5 37 a.5
] 0.5
- OAIS 3 0.9 8 1.1
1 2 1.0
- ORIS 4 H 8:? 7 1.0
' 1 n.3
- Unknown 1 8 g 5 —
5 —
|
Figure 3-1. Summary of clinical analysis of 56 nonfatal MDAI

school bus accident reports.




Injurs
Passenger Injuries in Percent of Total Passengers (712) Number qigt'?_
26 Fatal Accidents ot bution
0 10 20 30 ko 50 60 70 8o Passengers ~
L4 ki L4 1 T 7 T T T T T A\ g T T T T T e
¢ Not Injured 20 % 139
32 230
o Injured (Total ) _II[HIHIH 69 490
Q 57 406
35
- 0AIS 1 30 251 56. 3
215 59.4
- QAIS 2 91 20.4
70 19.3
60 13.4
- QAIS 3 44 12.1
27 6.1
-~ DAIS 4 20 5.5
17 3.8
- QOAIS 5 13 3.6
(Nonfatal)
44 -
- Unknown 44 -
] 83
¢ Kkilled (Total) B 76
5 5 34 41.0
- 0AIS 5 5 33 43.4
(Fatal)
7 a9 59,0
- JAIS 6 6 43 56.6

Figure 3-2. Summary of clinical analysis of 26 fatal MDAI
school bus accident reports.
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3.4 Lffectivenesg of FMVS3S 222 in Reducing Injuries in Nphfatal School Bus Accidonts

The Clinical Analysis Team reviewed 56 nonfatal school bus accidents.
These involved a total of 1688 passengers (an average of 30.1 passengers/
accident), of whom 719 (42.6 %) were injured (an average of 12.8 injured
passengers/accident), In Section 3.6 , it is shown that for the nation, the
average number of passengers injured in school bus accidents involving pas-
senger injury is likely to be about 1.4 passengers/accident, based on informa-
tion available in annual reports of the National Safety Council (NSC). This
large difference (9-to-1) between the average number of passengers injured
per accident in the MDAI results and the NSC information is probably due to
the fact that school bus accidents are not investigated by MDAI teams unless
they are relatively violent, and/or many people are injured. Two other points
are also suggested:

e In about 74 percent or more of all school bus accidents nation-
wide, only one passenger is injured. This must be the case,
if only 1.4 passengers are injured/accident. There is a very
high likelihood that if only one passenger is injured, the
bus accident is very minor, and the injured passenger receives
only a minor injury (OAIS 1 or 2) in virtually every instance.
Only rarely will more than 2 or 3 passengers be injured in a

school bus accident, and only very rarely will there be OAIS
3 or 4 injuries.

e Conversely, the injury distributions developed from the 56 MDAI
cases probably apply to less than 1 or 2 percent of all school
bus accidents, For example, 17 of the 56 MDAI cases (30.4%)
involve rollovers (ranging between about 45 and 90 degrees of
rollover). Such school bus accidents are extremely rare, and
it would not be correct to test the effectiveness of FMVSS 222
against a data set that is highly biased toward such an extremely
rare event.

The above considerations led CEM to disaggregate into 12 categories the
results of the estimates of injury reduction made by the Clinical Analysis
Team, for each O0AIS level of original injury. These categories are shown
in Tables 3~8 through 3-11 for OAIS 1, 2, 3, and 4 injuries incurred in non-
fatal school bus accidents. As can be seen from these tables, there is a
significant deleterious impact that occurs from including rollover cases
when computing reduction of OAIS 1 and OAIS 2 injuries. Conversely, OAIS 3

and 4 injuries occur in only 8 of the 56 nonfatal MDAL cases,* and of these,

. ,
OAIS 3 and/or 4 injuries occur in MDAl cases BO-5, FS-2, SC-2,5,8, and 9, and
RO-10 and 13. See Table 3-6, page 3-13.
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four involved side collisions where the bus was struck in the side at approx-
imately a 90° angle. Such accidents usually produce considerable intrusion,
and create dynamic forces that result in passenger contact with the sides of
the bus. ‘FMVSS 222 has no requirements involving padding of the interior sides
of school buses and, therefore, there is little reason to expect that the
Standard would be as effective under side collision crash conditions, as it
would be under crash conditions where the passengers are thrown directly for-

ward or to the rear.

TABLE 3-8

ESTIMATED INJURY REDUCTION OF OAIS 1 INJURIES
IN NONFATAL SCHOOL BUS ACCIDENTS

Estimated Change in OAIS
No. of | Original No.
Accident Type MDAI of Injuries No Change 1to0
Cases of OAIS 1 -
No. % No. F 2
1. Bus Only (BO) 5 69 20 29,0 A9 71,0
2. Rear End (RE) 6 20 5 25.0] 15 75.0
|
3. Front-Rear (FR) 5 65 20 30.8| 45 69,2
4. Front-Side (FS) 8 12 24 21.4 | 88 78.6
5. Side-Swipe {SS) 1 1 1| 100.0
6. Side Collision (SC) 10 103 44 42,71 59 57.3
7. Headon (HO) 4 46 18 38.1| 28 60,9
8. Rollover (RO) 17 201 181 90.0 | 20 10.0
9. FR + HO 9 1 38 34.2 | 73 65.8
10. BO + RE + FR 21 201 64 31,8 | 37 68,2
+ SS + HO
11. A1, except RO 39 416 132 31.7 |284 68.3
12. Al 56 617 313 50,7 304 49.3
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TABLE 3-9

ESTIMATED INJURY REDUCTION OF OAIS 2 INJURIES
IN NONFATAL SCHOOL BUS ACCIDENTS

ESTIMATED INJURY REDUCTION OF OAIS 3 INJURIES
IN NONFATAL SCHOOL BUS ACCIDENTS

Estimated € in OAlS
No. of | Original No. oSt | Change in OAIS
Accident Type MDAI of Injuries No Change 2 tol 2to0
Cases | of OAIS 2 J-pmmoes R Y R
No. % No. % No. %
1. Bus Only (BO) 5 9 ] 11,1 ] 6 ge.7 )| 2 22,8
2. Rear End (RE) 6 1 0 0 v | 20000
3. Front-Rear (FR) 5 4 0 2 50,01 2 50,0
4. Front-Side (FS) 8 13 0 2 15.4 |11 84.6
5. Side-Swipe (S5) I 2 0 2 100.0] 0
6. Side Collision (SC) 10 18 7 38,9 8 44,4} 3 16,7
7. Headon (HO) 4 5 1 20,0 2 40.0] 2 40.0
8. Rollover (RO) 17 u 25 83,3 4 13,3 | 1 33,8
9. FR + HO 21 9 1 11,1 4 44.4 | 4 q4.4 W
10. BO + RE + FR _ .
21 21 2 9.5 {12 57,117 33.3
+ SS + HO
11. All, except RO 39 H2 9 17.3 22 122.8 |21 0.4
12, All 56 82 34 41,5 | 26 31.7 122 26.8
TABLE 3-10

Estimated Change in OAIS
No. of | Original No. — [ e e ¢ e =
Accident Type MDA of Injuries No Change Jto?2 3 tol 3to0
Cases | of OAIS 3 |——p—uf-—r - ]
No. % No. % No. % No %
e o . [ I— SN SN IS RN R,
[~ o — I
1. Bus Only (BO) 5 0
2. Rear End (RE) 6 0
3. Front-Rear (FR) 5 0
A4, Front-Side (FS) 8 2 0 0 2 100. 0
5. Side-Swipe (SS) | 0
%—6‘,’ Side Collision (SC)| 10 4 1 25.0 0 2 50.0 |1 25.00
7. Headon (HD) 4 0
8. Rollover (RO) 17 2 1 50.0 1 50.0
9. FR + 10 9 0 ‘
‘10. BO + RE + FR 21 0
+ 5SS+ 10
11. All, except RO 39 6 ] 6.7 | 0 4 1.7 |1 |67
2. A 56 8 2 | 250 | 2.5 |4 Js0.0 |V |i12.5




TABLE 3-11

ESTIMATED INJURY REDUCTION OF OAIS 4 INJURIES
IN NONFATAL SCHOOL BUS ACCIDENTS

Estimated Change in QAIS
No. of | Original No. e = e e s ¢
Accident Type MDAI of Injuries No Change 4 to 3 4 to 2 4 to 1 4t00
Cases of OAlS 4 - - e e e e e - e e
No. % No. % No. b3 No. » No. %
T b— T T T e T S T S
1. Bus Only (B0) 5 2 0 ] 1
2. Rear End (RE) 6 0
3. Front-Rear (FR) 5 0
4, Front-Side {FS) 8 1 1 [.700.0
5. Side-Swipe (SS) 1 0
6. Side Collision (SC)| 10 4 1 25.0 1 25.0 0 2 50.0
—*7. Headon (HO) 4 0
8. Rollover (RO) 17 0
9. FR + HO 9 0
10. BO + RE + IR 21 2 0 1 | 5000 |1 | s0.0
+ SS + HO
11. A, except RO 39 7 Vol |2 28.6 |2 28,6 | 2 28.6
12. AN 56 7 T 1.3 |2 28.6 |2 28.6 | 2 28.6

Summarizing Tables 3-8 through 3-11 gives the injury reduction rates shown
in Table 3-12.

In Table 3-12, injury reduction rates for OAIS 1 and 2 injuries are based
on 39 MDAI cases, i.e., the 17 rollover cases are not considered. As noted above,
only 8 nonfatal MDAI cases resulted in OAIS 3 and 4 injuries. Because of the
small number of injuries, in the last three elements of Table 3-12, OAIS 3 and
4 injuries have been combined, and injury reduction rates for at least, one,
two, and three QOAILS levels computed. These reduction rates are probably much
more meaningful than actual changes from one OAIS level to another, where at

most the estimated reductions involve one, two, or four injured passengers.
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TABLE 3-12

ESTIMATED INJURY REDUCTION RATES
IN NONFATAL SCHOOL BUS ACCIDENTS

(56 MDAI Cases)

Original | Estimated Rate of
Injury Reduction Condition Number Injury Reduction
Injured Due to FMVSS 222
o OAIS 1 is reduced to OAIS 0~ 416 68 %
o OAIS 2 is reduced to OAIS 1 52 42 %
o OAIS 2 is reduced to OAIS 0" 52 40 %
@ OAIS 3 is reduced to QAIS 2 8 12.5 %
¢ O0AIS 3 is reduced to GAIS 1 8 50 %
e OAIS 3 is reduced to QAIS 0 8 12.5 %
e O0AIS 4 is reduced to QAIS 3 7 29 %
¢ OAIS 4 is reduced to OAIS 2 7 29 %
o OAIS 4 is reduced to QAIS 1 7 29 %
o OAIS 3 and 4 injuries are reduced 15 80 %
at Teast one OAIS Tevel
¢ O0AIS 3 and 4 injuries are reduced 15 60 %
at least two QAIS levels
e OAIS 3 and 4 injuries are reduced 15 20 %

at least three QAIS levels

*
The QAIS 1 and 2 injury reduction rates are based on

39 MDAI cases, which exclude 17 rollovers,

The

O0AIS 3 and 4 rates are based on all 56 MDAI cases.
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3.5 Effectiveness of FMVSS 222 in Reducing Injuries in TFatal School Bus Accidents

There were 26 fatal MDAI school bus accident reports reviewed by the
Clinical Analysis Team. In three of the accidents the driver was the only
occupant killed. There were 712 passengers (an average of 27.4 passengers/
accident), of whom 83 (11,6 %) were killed and 490 (68,8 %) were injured.

There was an average of 22 passengers killed and injured/accident (80.5 % of
all passengers). School bus accidents resulting in such high death~and-injury
rates are necessarily very violent events; indeed, 14 of the 26 fatal MDAI
cases involved rollovers, ranging from 90 to 900 degrees,

As discussed in greater detail in Section 3-7, 17 of the 26 fatal MDAIL
cases also occur in the FARS data base for 1975, 1976, 1977, and 1978, The
remaining 9 MDAI cases either occurred prior to 1975 (7 cases) or the acci-
dent took place in Canada (2 cases). There are 60 fatal accidents in the four-
year FARS data base, involving 107 passenger fatalities, for an average fatality
rate of 1.8 passengers killed per accident. The fatality rate for the 26 fatal
MDAI cases is 3.2 passengers killed/accident. This figure is high because
MDAI cases are biased toward worst crashes, such as the one where 29 passengers
were killed (F-RO-1l). As was the situation with nonfatal MDAI cases, the fatal
accidents selected for detailed multidisciplinary investigation were, understand-
ably, considerably more violent than the actual norm--the fatality rate for MDAIL
cagses is almost twice that of the FARS cases.

For comparison with the nonfatal data analysis immediately above, the
same 12 categories of accidents are used. These categories are shown in
Tables 3-~13 through 3-19 for 0AIS 1, 2, 3, 4, 5NF, 5F, and 6 injuries incurred
in fatal school bus accidents. Tables 3-18 and 3-19 show clearly that the
majority of the passenger fatalities (72 of 83, or 87 %) occurred in side
collisions and rollovers. Conversely, there were no fatalities in rearend,
front-side, and headon accidents, in this set of 26 fatal MDAI investigations.

Not surprisingly, the majority of injuries occurring in these rare, com-
plex, violent accidents are not affected by the interior safety features of
FMVSS 222, Of the 446 known nonfatal injuries, 298 (66.8 %) were judged to
remain unchanged by the Clinical Analysis Team. Only 7 (8.4 %) of the 83
fatalities were judged by the team to reduce to a lower level of nonfatal
injury, and in each instance, this judgment took into account that 6 of 7
fatalities occurred in vans which did not have passenger seat belts. The

team assumed that had the vans met the Standard, there would have been passenger
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seat belts available and they would have been used. Five of these van deaths
involved ejection, which a seat belt would have prevented, if used. The sixth
van death occurred when a passenger was hurled against the unprotected metal
back of the driver's seat. Here, too, the seat belt (assumed to be used) was
judged to reduce the fatality to a minor injury. Had the seat belts not been
available and used, these 6 fatalities would not have been prevented. Only

in the case of one passenger fatality, who died as a result of massive abdominal
damage stemming from contact with the top of an unpadded seat back frame in

a conventional school bus, was the Team willing to judge that FMVSS 222 re-
quirements would result in injuries of OAIS 2 or less. 1In this instance, the
reduced spacing between seats, higher seat backs, and the broad padded seat
back and top was estimated to produce the reduced injury level.

As a general observation, Tables 3-13 through 3-19 make clear that, in
the judgement of the Clinical Analysis Team, FMVSS 222 is less than half as
effective in fatal accidents, relative to nonfatal accidents., Estimated fatal
accident injury reduction rates due to FMVSS 222 are summarized in Table 3-20,
which can be compared with the nonfatal injury reduction rates found in
Table 3-12, 1In particular, in nonfatal accidents 68 percent of the 0AIS 1
and 40 percent of the OAIS 2 injurles are estimated to reduce to no injury,
while in the fatal accidents the corresponding injury reductions are only
33 percent for OAIS 1 and 8 percent for OAIS 2. 1In addition, 42 percent of
OAIS 2 injuries are estimated to reduce to OAIS 1 in nonfatal school bus acci-
dents, but only 34 percent are similarly reduced in fatal accidents. There
are so few OAIS 3 and 4 injuries in nonfatal school bus accidents that there

is little basis for comparison with fatal accident injury reduction rates.
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TABLE 3-13

ESTIMATED INJURY REDUCTION OF OAIS 1 INJURIES
IN FATAL SCHOOL BUS ACCIDENTS

ESTIMATED INJURY REDUCTION OF OAIS 2 INJURIES
IN FATAL SCHOOL BUS ACCIDENTS

Estimated Change in QAIS
No. of | Original No.
Accident Type MDAI of Injuries No Change 1 to0
Cases of OAIS 1
No. % No. %
1. Bus Only (BO) 5 24 2 8.3 22 81,7
2. Rear End (RE) 0 ]
3. Front-Rear (FR) 1 29 9 | 31.0 20 69.0
4, Front-Side (FS) 0 0
5. Side-Swipe (SS) 2 25 15 | 60.0 10 40.0
6. Side Collision (SC) 4 33 22 | s6.7 N 33.3
7. Headon (HO) 0 0
8. Rollover (RO) 14 140 121 |} 86.4 19 13.6
9. FR + HO 1 29 9 }31.0 20 69.0
10. BO + RE + FR 6 78 26 | 32.3 52 66.7
+ SS + HO
11. All, except RO 12 111 48 143.2 63 56.8
12. AN 26 251 169 | 67.3 82 32,7
TABLE 3-14

No. of | Original No. Estimated Change in 0AIS
Accident Type MDAI of Injuries No Change 2 to 1 2t 0
Cases of OAIS 2
No. % No. % No. %
1. Bus Only (BO) 5 8 0 3] 37,5 5 | 62.5
2. Rear End (RE) 0 0
3. Front-Rear (FR) 1 2 0 2 1100
4. Front-Side (FS) 0 0
5. Side-Swipe (SS) 2 4 3 |75 ; 25 1
6. Side Collision {SC) 4 23 13 ] 56.5 8 34.8 2 8.7
7. Headon (HO) 0 0
8. Rollover (RO) 14 54 37 |68.5 |17 | 315
9. FR + HO 1 2 0 2 | 100
10. BO + RE + FR 6 14 3 |21.4 6 42,9 5 36,7
+ 85 + HO

11. Al11, except RO 12 37 16 | 43.2 14 37.8 7 8.9
12. AN 26 91 53 | 58.2 31 34.1 7 7.7
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TABLE 3-15

ESTIMATED INJURY REDUCTION OF OAIS 3 INJURIES
IN FATAL SCHOOL BUS ACCIDENTS

Estimated Change in QAIS
No. of | Original No.
Accident Type MDAI of Injuries No Change 3 to 2 3tol
Cases of 0AIS 3
No. % No. % No. %
1. Bus Only (BO) 5 2 0 1 50 ] 50
2. Rear End (RE) 0 0
3. Front-Rear (FR) 1 1 0 0 1 |00
4. Front-Side (FS) 0 0
5. Side-Swipe (SS) 2 1 1| 100
6. Side Collision (SC) 4 14 8 57,11 3 21.4 3 21.4
7. Headon (HO) 0 0
8. Rollover (RO) 14 42 35 83.31 4 9.5 3 7.1
9. FR + HO 1 1 0 0 1 100
10. BO + RE + FR 6 4 1 25.0 1 268.0 2 80,0
+ SS + HO
11. AIl, except RO 12 18 9 50.0 | 4 22,2 5 27,7
12. AN 26 60 44 73.3 | 8 13.3 8 13.3
TABLE 3-16
ESTIMATED INJURY REDUCTION OF OAIS 4 INJURIES
IN FATAL SCHOOL BUS ACCIDENTS
Estimated Change in QAIS
No. of | Original No.
Accident Type MDAI of Injuries No Change 4 to 2 4 to 1
Cases . | of QAIS 4
No. % No. % No. b4
1. Bus Only (BO) 5 1 1 100
2. Rear End (RE) 0 0
3. Front-Rear (FR) 1 0
4. Front-Side (FS) 0 0
5. Side-Swipe (SS) 2 2 2 1100
6. Side Collision (SC) 4 ] 1| 100
7. Headon (HO) 0 0
N—
8. Rollover (RO) 14 23 16 69.6 1 6 26.1 1 4.3
9. FR + HO 1 0
10. BO + RE + FR 6 3 2 66.7 1 1 33.3
+ SS + HO
11. All, except RO 12 4 3 75.0 1 25.0
12. All 26 27 19 70.4 | 7 25.9 1 3.7




TABLE 3-17

ESTIMATED INJURY REDUCTION OF OAIS 5(NF) INJURIES
IN FATAL SCHOOL BUS ACCIDENTS

kstimated Change in OAIS
No. of | Original No. - T s ey e
Accident Type MDAI of Injuries No Change 5 NF to 4 5 NF to 2 5 NF to )
Cases of OAIS 5(NF) - ~ 4=y
No. % No. ¥ No. % No‘j %
1. Bus Only (BO) 5 2 0 0 0 2 100
2. Rear End (RE) 0 0
3. Front-Rear (FR) 1 0
4. Front-Side (FS) 0 0
.
5. Side-Swipe (SS) 2 1 1 | 200
6. Side Collision (SC) 4 1 1 | 100
7. Headon (HO) 0 0
8. Rollover (RO) 14 13 n 84.6 ! 7.7 i 7.7
9. FR + }0 ] 0
10. BO + RE + FR b 3 1 35,3 2 | v6.7
+ 8§S + HO
11.  All, except RO 12 4 2 50,0 2 50.o#+
12. Al 2 17 13 76.5 1 5.9 1 5.9 2 11.8
TABLE 3-18
ESTIMATED INJURY REDUCTION OF OAIS 5(F) INJURIES
IN FATAL SCHOOL BUS ACCIDENTS
Estimated Change in QAIS
No. of | Original No.
Accident Type MDAI of Injuries No Change - 5F to 1
Cases | of OAIS 5(F)
No. % No. %
1. Bus Only {B0) 5 0
2. Rear End (RE) 0 0
3. Front-Rear (FR) 1 0
4, Front-Side (FS) 0 0
5. Side-Swipe (SS) 2 2 2 | 100
6. Side Collision (SC) 4 4 4 100
7. Headon (HO) 0 0
8. Rollover (RO) 14 28 27 96.4 | 1 3.6
9. FR + HO 1 0
10. BO + RE + FR 6 2 2 100
+ 5SS + HO
11. All, except RO 12 6 6 100
12. Al 26 34 33 97.1 | 1 2.9
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TABLE 3-19

ESTIMATED INJURY REDUCTION OF OAIS & INJURIES
IN FATAL SCHOOL BUS ACCIDENTS

ESTIMATED INJURY REDUCTION RATES IN FATAL SCHOOL BUS ACCIDENTS

(26 MDAI Cases)

Original
Number Estimated Rate of
Injury Reduction Condition Injured Injury Reduction
or Due to FMVSS 222
Killed
e OAIS 1 is reduced to QAIS O 169 33 %
e OQAIS 2 is reduced to QAIS 1 91 34 %
o OAIS 2 is reduced to 0AIS 0 91 8 %
e (AIS 3 is reduced to OAIS 2 60 13 %
e OAIS 3 is reduced to QAIS 1 60 13 %
@ OAIS 4 is reduced to OAIS 2 27 26 %
o OAIS 4 is reduced to QAIS 1 27 4 %
@ OAIS 5 NF is reduced to OAIS 4 17 6 %
¢ OAIS 5 NF is reduced to OAIS 2 17 6 %
o8 OAIS 5 NF is reduced to OAIS 1 17 12 %
e OAIS 5 F is reduced to 0AIS 1 34 3%
e OAIS 6 is reduced to OAIS 2 34 2 %
@ OQAIS 6 is reduced to OAIS 1 34 6 %
@ OAIS 6 is reduced to OAIS O 46 4 %
e Nonfatal injury is reduced 446 33 %
at least one DAIS level
e Nonfatal injury is reduced 446 6 %
at least two QALS levels
o Fatal injury is reduced to 83 8 %
nonfatal injury
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Estimated Change in QAIS
No. of | Original No. e e e T g
Accident Type MDAI of Injuries No Change 6 to 2 6 tol b to 0
Cases of OAIS © ——— 1
No. % No. % No. % No. %
—— o LT
1. Bus Only (BO) 5 5 2 40.0 1 20,0 2| 40.0
2. Rear End (RE) 0 0 ,
o = f
3. Front-Rear (FR) 1 0
4. Front-Side (FS) 0 0
5. Side-Swipe (SS) 2 ] 1 | 100
6. Side Collision (SC) 4 8 8 | 100
b - ————— ——
7. Headon (HO) 0 0
E— —
8. Rollover (RO) 14 35 32 91,4 0 3 8.6
FR + HO 1 0
10. BO + RE + FR 6 6 3 50,0 1 16.7 2] 33.3
+ 8§ + HO
11. A1, except RO 12 14 1 78.6 1 7.1 2| 14.8
12. Al 26 49 43 87.8 1 2.0 3 6.1 2 4.1
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3,6 Extrapolation of Clinical Analysis Results to the Nationwide Effectiveness

of FMVSS 222 (Nonfatal School Bus Accidents)

The results of the effectiveness of FMVSS 222 in reducing injuries and
fatalities in school bus accidents, presented in the previous subsections, arc
based solely on the analysls of 82 MDAI reports.

It is emphasized that the estimates of effectiveness in the previous figures
and tables do not apply to the nation. Furthermore, the sample gize~-in terms of
numbers of accldents--1s extremely small for nonfatal accidents., We have reviewed
56 nonfatal accidents (v0.16 %) out of a total of possibly 30,000 to 40,000
which occurred during the eleven years represented by the nonfatal MDAI reports.
For the fatal accidents, we have a small sample, but a lafger fraction of the to-
tal accidents: 26 accidents (v13 %) in which there was at least one occupant
fatality, out of a total of about 150 to 230 accidents that we estimate have
occurred during the nine years for which we have fatal MDAI reports., In this
gsubsection, we modify the clinical analysis results to ameliorate their assumed
bias towards (a) accidents in which many students are injured, or (b) the more

violent school bus accidents in which at least one occupant was killed.
We have reviewed the information available in the annual editions of Accident

Facte, published by the National Safety Council. While their information on
passengers injured and killed in school bus accidents is in the form of estimates,
it is the best available at this time, to our knowledge. Table 3-2] shows this
information,

Table 3-21 suggests that of the pupils killed, on the average, about 30
to 40 percent are killed in the bus, and the remainder are killed outside the
bus. For pupils injured, there is no comparable breakdown, but averaging the
National Safety Council information for 1975, 1976, and 1977 gives about:

e 4000 schoel bus accidents in which injurles occur,
e 4300 pupils injured,.
e 2600 non-pupils injured.

We will arbitrarily assume that 157 of the accidents (i.e., 600) involved the
bus hitting one pedestrian, and that two-thlrds of these involved the bus hitting
one pupil (i.e., 400 pupils), and one third involved the bus hitting one non-

pupil (i.e., 200 non-pupils). In both cases, we assume no one else was injured.
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TABLE 3-21
A SUMMARY OF SCHOOL BUS ACCIDENT CHARACTERISTICS

(Source: Accident Facts, 1963 through 1977 Editions)
Year V;g§g}es A”gﬁ:‘ ?:2;;;. Injury Persons Injured | Estimated Pupils Killed
Mileage Daily Accidents Pass- Pedes-
{000s) (millions) | (millions} Pupils Total | Total | engers trians
1962 191 1649 13.3 2859 2906 4262 49 17 32
1963 192 1675 15.1 2984 3533 4599 4 1N 30
1964 200 1700 16.0 3400 3700 4300 50 15 35
1965 220 1750 16.0 4000 3700 5000 50 15 35
1966 225 1800 16.5 4000 3800 5000 50 15 35
1967 250 1900 17.2 3000 3200 4000 60 25 35
1968 260 1950 18.0 3000 3600 5000 75 25 50
1969 275 2150 19.0 2000 3900 5400 75 25 50
1970 285 2200 19.5 5000 3900 5400 75 25 50
1971 290 2300 20.0 6000 4200 5600 85 35 50
1972 310 2400 20.5 5000 4500 6000 100 35 65
1973 310 2500 21.0 4000 4500 6000 125 60 65
1974 340 2400 21.5 4000 4700 6500 90 35 55
1975 350 2500 22.0 4000 4500 6300 90 35 55
1976 380 2600 22.2 5000 4300 7200 105 55 50
1977 380 2900 22,2 3000 4100 7200 95 30 65

Under these agsumptions, we would have:

® 3400 school bus injury accidents, excluding pedestrians injured.
e 3900 pupils injured while in the bus.
® 2400 non-pupils injured.

We now arbitrarily assume that in the accidents where only non-pupils were in-
jured, the injury rate for each accident was 1.3 non-pupils/accident. Turther,
we assume that two-thirds of the accidents ilnvolving non-pupils caused injuries

only to non-pupils. We then have 1231 accidents which involved only non-pupils:

(2400 x %)/ 1.3 = 1231
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This leaves:

e 2769 school bus injury accidents in which pupils were injured,
e 3900 pupils injured. %
e 1.4 pupils injured/accident (average) as passengers.
Figure 3-1 indicates that there were 1688 passengers in the 56 nonfatal
MDAT school bus accidents assessed by the Clinical Analysis Team. Thus, there
was an average of 30.1 passengers/school bus., There were 719 (42.6 %) passengers
injured and 969 (57.4 %) not injured. This implies about 13 passengers injured

per accident. If we apply these statistics to the conditions above, we would have:

2769 x 30.1 x 0.426 = 35,506 injured passengers.
Obviously, the MDAI cases are much more violent (factor of 9) than the norm~—
assuming the National Safety Council (NSC) figures are at least "in the ball
park." The average number of school bus passengers injured per accident (nI,4)
implies that in the vast majority of accidents, no more than one passenger is
injured. A possible distribution of number of passengers injured per accident
might be as shown in Table 3-22.
TABLE. 3-22

A HYPOTHETICAL DISTRIBUTION OF SCHOOL BUS PASSENGERS IHJURED/ACCIDENT
WHICH SATISFIES THE MATIONAL SAFETY COUMCIL ESTIMATES
(Based on average conditions for 1975, 1175, 1977)

Passengers Percent of Number Number of
Injured Total of Passengers
Per Accident Accidents Accidents Injured

1 73.5 2035 2035

2 17.2 476 952

3 5.7 158 474

4 2.6 72 288

5 or more 1.0 28 151

Total 100 2769 3900

While Table 3-22 is an artificial construct, it is safe to say that any
other combination of percentages of aécidents in which the number of students
injured is 1, 2, 3, 4, and 5 or more must be very close to the values shown,
assuming that the percentages must be of descending magnitude, and that the
bounds (1.4 injured passengers per accident; 2769 accidents; 3900 passengers

injured) are preserved.

*
In a private communication (May 1977), Mr. J. Recht of the National Safety

Council staff concurred that 1.4 pupils injured/accident was "a reasonable
estimate."
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It is reasonable to assume that both accident severitv and the highest
level of injury severity increase in proportion to the number of nassenger in-
jured per accldent. A possible distribution of accildent severity as a tunction
of number of passengers injured per accident might be as shown in Table 3-23.
This is an arbitrarily derived distribution, which has been made internally
consistent by iteration, so that the distribution for cases for 5 or more injured
passengers conforms to results from the MDAI cases. The other distributions are

consistent with this baseline.

TABLE 3-23

ESTIMATED DISTRIBUTION OF PASSENGER INJURY SEVERITY
IN NONFATAL SCHOOL BUS ACCIDENTS

Estimated Distribution of
Number of . . y
Passengers Injury Severity (%)
Injured in 0AIS OAIS 0AIS OAIS
Accident 1 2 3 4
1 90 9.7 n.3 -
2 39 10.5 0.4 0.1
3 88 11.1 0.6 0.3
4 87 11.4 0.9 0.7
5 86.3 11.6 1.1 1.0
or more

The distribution of injury severity for accidents in which five or more passen-
gers are injured is based on the clinical analysis (see Figure 3-1)., The other
distributions are rational estimates.

Combining Tables 3-22 and 3-23 gives the estimated injury severity of

passengers in school bus accidents in 1976, as shown in Table 3-24 below,

TABLE 3-24

ESTIMATED INJURY SEVERITY OF PASSENGERS IN
PRE-FMVSS 222 NONFATAL SCHOOL BUS ACCIDENTS IN 1976

Passengers Estimated Estimated Injury Severity
Injured Number of
Per Accident Injured 0AIS 0AIS 0AIS 0AIS
{1976) 1 2 3 4
1 2035 1832 197 6 -
2 952 847 100 4 1
3 474 417 53 3 1
4 288 250 33 3 2
5 151 130 17 2 2
or more
Total 3900 3476 400 18 )
% of Total 100 89.1 10.3 0.5 0.1

Source: decident Facts, National Safety Council, and CEM estimates.
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The injury reductions resulting from the clinical analysis (shown in
Table 3-8 through Table 3-12) for nonfatal MDAI school bus accidents indicate
the following:

. 68‘% of OAIS 1 injuries would be reduced to No Injury.

o 42 7% of OAIS 2 injuries would be reduced to OAIS 1.

e 40 % of OAIS 2 injuries would be reduced to No Injury.
The above injury reduction estimates are based on clinical analysis of 39 MDAI
cases which exclude bus rollover accidents. There are not sufficient number of
OAIS 3 and 4 injuries in the MDAI nonfatal cases to arrive at a conclusive esti-
mate for reduction. For this scenario, we use as a conservative estimate:

e 51 7 of OAIS 3 injuries would be reduced to at least OAIS 2.

o 51 7% of OAIS 4 injuries would be reduced to at least OAIS 3,

Based on these injury reductions that are estimated to result from FMVSS

222, Table 3-24 becomes:
‘ TABLE 3-25
ESTIMATED AVERAGE ANNUAL INJURY SEVERITY OF PASSENGERS

IN NONFATAL SCHOOL BUS ACCIDENTS, ASSUMING ALL
BUSES MET FMVSS 222 REQUIREMENTS IN 1975/1976/1977

Previously Estimated Injury Severity
Passengers Estimated Injured (Post-Standard)
Injured Number Fstimated
In Original Injured Not Injured 0AIS 0AIS OIS OALS
Accident (Pre-Standard) | (Post-Standard) 1 2 3 4q
1 ' 2035 1325 {65 %) 669 38 3
2 952 616 (65 %) 313 20 3 0
3 474 305 (64 %) 155 12 ? ]
4 288 183 (64 %) 94 8 2 i
5 or more 151 95 (63 %) 49 4 2 1
Total 3900 2524 (65 %) 1280 82 12 2
Percent of
Pre-Standard 100 64.7 32.8 2.1 0.3 0.05
Total

Table 3-25 suggests that at 1eastl34 percent (1325/2769) of all Pre-
Standard accidents would not have been classified as pasgenger injury accidents,
had all the buses met FMVSS 222 requirements. That is, 1325 of the 2035 accidents
involving only one injured passenger would have resulted in no injury. About
65 percent of the 3900 injured students would not have been injured, and about
4 percent (168/3900) would have had their OAIS 2, 3, or 4 injury reduced at least
one OAIS level. Thus, 69 percent of the passengers would have been better off,

on the average, had all the school buses involved in passenger accidents in 1975/
1976/1977 met the requirements of FMVSS 222,
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3.7 Extrapolation of Clinical Analysis Results to the Natlonwide Effectiveness of
FTMVSS 222 (Fatal School Bus Accidents)

Considering that more than 22 million school pupils are transported about 3
billion miles annually, by about 300,000 vehicles, it is indeed remarkable that
on the average there are probably no more than about 20 accidents a year in which
the driver and/or one or more passengers are killed. (We exclude from this dis-
cussion the case where the driver is killed and is the only occupant of the school
bus.)

In this gtudy, 26 fatal school bus MDAI cases have been reviewed by the
Clinical Analysis Team. There were 18 cases involving school buses weighing 10,000
1b or more; omne case involving an 8600 1b "mini-bus" (i.e.,conventional school bus
configuration); and 7 van cases in which the vehicle weight was less than 10,000
1b. An overview of the results (taken from Table 3~7) is shown in Table 3-26,

To place the clinical analyses of the 26 MDAI cases in perspective, all data
available in the NHTSA Fatal Accident Reporting System (FARS) for 1975 through
1978 was requested from Ms. Grace Hazzard, and analyzed. Summary results of the
FARS analysis are shown in Table 3-27, Detailed, case-by-case summaries for both
the MDAI and FARS data are found in Appendix C.

In general, as has been noted previously, the accidents investigated by
Multidisciplinary Accident Investigatilon teams are usually the more violent ones.
This 1s exemplified by Table 3-28, which shows the frequency of passengers killed/
accident in the MDAI and FARS cases. This table clearly indicates the following:

o Relative to FARS, the MDAI cases involve only about half as
many accidents where:

~ The driver is killed, but no passengers are killed.
- Only one passenger is killed.

® Relative to FARS, the MDAI cases involve nearly three times
as many accldents where:

- Two passengers are killed.
~ More than three passengers are killed.

These points and others are illustrated in Figure 3~3, which makes obvious
that in approximately 75 percent of the FARS cases, there is one (58 %) or no
(17 %) passenger fatalities. These data illustrate that--perhaps contrary to
some popular opinions--not only are fatal school bus accidents rare events, but
the probability that more than one passenger will be killed is small (~25 %), and
the probability of more than three passengers being killed is very small (~5 %).*

*
In the previous subsection, it was shown that there are about 2800/yvear school

bus accidents in which someone is killed or injured. FARS data indicate that

the number of fatal accidents is about 15/year, or less than 0.6 percent, which
is also the approximate probability of an individual being killed in a school bus
accident involving passenger death or injury. Thus, the probability of more than
three passengers being killed in a school bus injury accident is of the order

one in three thousand, or about 0.0003.

3~34



TABLE 3-26
SCHOOL BUS FATALITIES

(Source: 26 Fatal MDAI School Bus Reports: 1970-1977)
Vehicle Number Total Killed Injured Uninjured Killed Killed Injured
Type of Passen~ * ¥ ~ Plus % of % of
¥ Accidents | gers No.| % No.| % No. | % Injured K+ Inj. K+ Inj.
School Bus 19 623 74 | 12 a5 67 134 ) 21 489 15.1 84.9
Van 89 9 |10 751 84 51 ¢ 84 10.7 89.3
Total 26 N2 83 | 12 490 | 69 139 | 19 573 14.5 85.5
*Percentage based on Total Passengers in category.
TABLE 3-27
SCHOOL BUS FATALITIES
(Source: FARS: 1975-1978)
Year No. of Total Killed Injured [Uninjured Killed Killed Injured
e Vehicle Acc Passen~ * * * Plus % of % of
Type ’ gers No. { % No. | % No. | % Injured | K + Inj. [ K + Inj.
1975 :
® School Bus 8 113 9| 8 57 | 50 47 | 42 66 14 86
¢ Van, Other 6 28 6121 18 | 64 4114 24 25 75
e Total 14 141 15 11 75 ) 53 51 38 90 17 83
1976
51117 187 | 64 54 118 238 21 79
® School Bus | 11 293**
o Van, Other 7 2 5|12 37|88 0} o a2 12 88
e Total 18 335 56 17 224 | 67 54 | 18 280 20 80
1977
e School Bus N 20 14 7 91 145 96 | ¢8 105 13 87
e Van, Other 5 40 5112 3178 4110 36 14 86
¢ Total® 16 241 190 8 | 122|51 | 10041 141 14 86
1978
® School Bus 10 247 16| 7 159 | 64 72 ) 2¢ 175 g 91
¢ Van, Other 2 6 1117 3150 2133 4 25 75
e Total 12 253 1741 7 162 | 64 74 1 29 178 10 90
“§-Year Total
o School Bus| 40 844** | 90/ 11 494 | 58 | 269 3z 584 15 85
# Van, Other 20 116 171 15 891 77 101 9 106 18 84
o Total 60 970*+ | 107 11 5831 60| 279 20 690 18 84

*
Percent of Total Passengers.
*k
Includes one (1) Unknown.
+0mits two fatal accidents in which students were passengers on municipal transit buses.
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TABLE 3-28
COMPARISON OF SCHOOL BUS PASSENGERS KILLED/ACCIDENT

No. of MDAI FARS Cases
Passengers Cases 1975 1976 1977 1978 Total
Killed/Acc. f o | g o | % [ woof % {mo.| %[ no.] 2] wo. | %
0* 3 |1 3 ) 21 3| 1271 1 6l 3| 25] 10 | 17
1 9 135 716010 ) 5512 725) 6] s0f 35 | 38
2 7 127 | 4| 29 2 | 12 6 | 10
3 3 |11 30 27| 1 6| 21| 16| 6 | 10
4
5 1| ¢ 1 8] 1 2
6
7
8 1 4 1 8 1 2
9 1] ¢4
29 1 4 1 8 1 2
T°Egle:°' 26 |100 {14 | 200 | 18 | 200 | 16 | 100] 12 | 200] 60 |100

*Driver killed, but no passengers killed. However, passengers were in the
school bus. In only one case (FARS Case 1976/0799) was the driver killed,
but no passengers were injured.

60
Percentages Based On:
50 o 26 MDAI Cases P27
@ 60 FARS Cases -
Percent 40
of
Fatal
School 30
Bus
Accident
Cases 20
10
3
. i . N = Nu N ) Ne
0 1 2 3 4 5 6 7 8 9 29

Driver Number of Passengers Killed per
Killed Fatal School Bus Accident

Figure 3-3.  Comparison of number of passengers killed/fatal school
bus accidents in MDAI and FARS cases.
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The MDAI cases suggest that more school bus fatalities occur in rollovers
than in any of the other accident classifications: of 33 MDAI passenger fatal-
itieg 63 (76 %) occurred in rollovers. Even if the major California school bus
rcllover in which 29 passengers perished (CEM's F-RO-11; FARS 1976/1401) is
excluded, of the remaining 54 fatalities, 44 (82 %) occurred in rollovers.

As has been noted earlier in this report (Section 2), the Clinical Analysis
‘Team concluded that FMVSS 222 has little effectiveness in preventing fatalities
in school bus accidents, because the fatalities occur in the more physically
violent accidents, and in numerous cases result from rollovers and/or passenger
ejection, or severe physical damage to the bus, as occurs when a portion of
a truck or train or some other masgive structure intrudes the interior of the bus.
The major exception to this statement involves the FMVSS 222 requirement that
vans and other small vehicles used as buses must meet the restraint system re-

quirements of FMVSS 208, 209 and 210--~usually done by means of a lap or lap-and-

ghoulder belt. Assuming that belts ingtalled in small buses are used by the
passengers, it is likely that FMVSS 222 would be highly effective in reducing
both death and injury in these vehicles, evén when involved in the complex,
violent accidents that presently result in fatalities. According to the FARS
data in Table 3-27, 15 percent of both deaths and injuries in fatal school bus
accidents occur in small school transportation vehicles. In the MDAI cases
(Table 3-26 ), 11 percent of the deaths and ﬁ5 percent of the injuries occurred
in vans. Asgsuming an annual average of 27 fatalities and 146 injured passengers
in fatal school bus accidents, the uge of seat belts in small buses would, at
most, have géme effect on 4 deaths and 22 injurles per year, based on data in

Table 3-27. If the passengers use the belts, it is judged that about 50 percent

of the deaths in small transportation vehicles would be prevented, and over half
of the injuries would be reduced at least one OALS level. Obviously, we are dis-
cussing an impact on only about 30 school bus passengers, on a national basis.*
Table 3-27 (FARS data) indicates there is an average of about 15 fatal
school bus accidents per year, involving a total of 27 passenger fatalities and
146 passenger injuries. The clinical analyses of injury reduction due to FVMSS
222 are ghown in Tables 3-5 and 3-7. Since;FARS data are given in the form of

KABCO, rather than OAIS, the approximations in Table 3-29 are used to convert the

*
At this time, we have no basis for developing the injury level reductions that
would occur 1in nonfatal small bus accidents, 1f all the passengers used seat belts,
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results of the MDAI clinical analysis to a form that will permit use of the
FARS data, as shown.

The OAIS-to-KABC conversions in Table 3-29 are combined with the appropri-
ately adjusted uninjured values from Table 3~7 to give the results shown in

Table 3-30.

TABLE 3-29
CONVERSIONS OF OAIS TO KABC
(Seurce: CEM Report 4250—641)*

Original N
: OAIS to KABC MDAI Injuries 0AIS to KABC
Egi21 D‘igrlgﬁf‘°" gg?é Conversion Reduced by Conversion
1) e
Injuries* | 7C [ B ] A | X FHVSS 222 C[® A [x
] 33 % to A 276 9] 231 76
60 % to B 166 139
7%toA 19 16
2 55 % to B 100 55 75 41
45 % to A 45 34
3 100 % to A 66 66 a7 47
4 100 % to A 30 30 21 21
5 NF | 100 % to A 18 18 14 14
5F |100%toK 34 34 33 33
6 100 % to K 49 49 43 43
Totals 573 91 1221 1178 | 83 464 76 1180|132 | 76
Percent 100 16 39 31 14 100 16 39 29 18

*The 44 injured passengers with unknown injury levels are included. They are distributed
in the same proportions as the 446 passengers with known injury levels. (See Figure 3-2.)

**The 44 injured passengers with unknown injury levels have been distributed in the same
proportions as the 636 injured and uninjured passengers, after injury reduction due to
FMVSS 222, (See Figure 3-2.)

¢ CEM Report 4250-641: Deaign of Field Passive Reatraint Evaluation (Interim Report),
H. Joksch and J. Reidy, February 1979, Contract DOT-HS-8-02109.

TABLE 3-30
MDAI FATAL SCHOOL BUS CLINICAL ANALYSIS RESULTS IN KABGCH FOR
Passenger Injury Distributions in
MDAI Fatal School Bus Accidents
Injury Original Injury Estimated Injury Reduction in
Level Levels Levels with FMYSS 222 Injuries Due to FMVSS 222
No. Col.% No. Col.% No. Row %
|
‘ K 83 11.6 76 10,7 7 8.¢
A 178 25,0 132 18. 6 46 25.8
B 221 31.0 180 86,3 4 18.6
o 91 12.8 76 10.7 15 16.5
0 139 19,8 248 34,8 -109 -78,4
Totals 712 100 712 100
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Of prime importance, the table suggests for the MDAI cases implementation
of FMVSS 222 would result in:
e A reduction of 8 percent of the passenger deaths.

e A reduction from 0.8 to 0.65 in the conditional probability
of being killed or injured, given that one is a passenger
in a fatal school bus accident.

The basic FARS data in Appendix C are combined in Table 3-31 and compared
with the MDAI results from Table 3-30.

TABLE 3-31

COMPARISON OF FARS AND ORIGINAL MDAI KABCO DATA
FOR FATAL SCHOOL BUS ACCIDENTS

Total Passenger Injury lLevel

=4

FARS YEAR Passengers K ] A | B [ C I 0
1975 141 15 24 34 17 51
1976 334* 5 | 1M1 87 26 54
1977 241 19 22 58 42 100
1978 253 17 46 18 38 74

FARS Total 969* 107 | 203 | 257 | 123 | 279

% of Total 100** 11 21 27 13 29

% of K+I 16 29 37 18

MDAI Total 712 83 | 178 | 221 9 139

% of Total 100 12 25 31 13 19

% of K+I 100 14 31 39 16

*The one Unknown has been omitted.
**rotal percent does not reconcile because of rounding.

The comparison of FARS and MDAL results suggests two conclusions:

e On the average, the MDAI cases are only slightly different
than "real world" fatal school bus accidents, as represented
by FARS data,

e The distribution of injury levels in the MDAI cases is (for-
tuitously) essentially the same as the distribution of in-
jury levels in '"real world" fatal school bus accidents.
[This conclusion is conditioned on the accuracy of the
OAIS~to-KABC conversions in Table 3-19, which in turn are
simplifications of results taken from CEM Report 4250-641,
Design of Field Passive Restraint Evaluation.]

Assuming the validity of these conclusions, it would then follow that the
death and injury reductions due to FMVSS 222 determined for the MDAI cases could
be conservatively applied to the FARS results. Of particular importance, because
of the close equivalence of FARS and MDAI distributions for the killed and injured

3-39



(K+A+B+C) , to a first approximation, one can observe that the FARS K+l has the
game OAIS distribution (45 %) as the MDAI cases. Under this assumption, we can
determine from FARS the average annual number of killed plus injured, and convert
this to OAIS levels, using the same proportions found in Table 3-7 , wherc the
total adjusted MDAI K+I is 469. We can then directly apply the reductions in
OAIS levels estimated by the Clinical Analysis Team for the MDAI fatal school bus
cases.

The FARS data indicate annual averages of 27 passengers killed and 146
injured in fatal school bus accidents, for a total national annual average K+I
of 173 out of 242 passengers. Table 3-32 shows the expected lives that would be
saved and the OAIS and KABCO injury levels that would be reduced annually,
assuming all school buses meet FMVSS 222 requirements. It is noted that lives

saved in this analysis occur under the assumption that vans and other small school

buses will have at least seat belts, and these will be used, for the most part.

The caveat occurs because the clinical analysis included some vans with seat

belts which were not used, When those instances of deliberate lack of use of

available belts occurred, the Clinical Analysis Team's estimates of injury reduc-
tion due to FMVSS 222 were mot based on the assumption that the passenger would
have been restrained, and in those instances (especially when the passenger was
ejected), the impact of FMVSS 222 was usually judged small or zero. Thus, the
MDAI clinical analysis includes to some degree the pessimistic impact of lack of

use of some of the available seat restraints.

Table 3-32 incorporates the results derived from the tables of estimated in-
jury reduction for fatal school bus accidents (see Section 3.5). It indicates
that in an average year, if all school buses met the requirements of FMVSS 222,

then the effectiveness of FMVSS 222 in fatal school bus accidents would result in:

@ 2 lives saved: a reduction of 7 percent. (This would
be due to the use of seat belts in small school buses.
On the average, one of these fatalities would be re-~
duced to No Injury and one to a nonfatal OAIS injury
level.)

e 29 more uninjured passengers: an increase in uninjured
passengers of 43 percent,

e 13 additional injured passengers would have their injuries
reduced by one OAIS lavel: a reduction of one OAIS
level for 9 percent of the injured-only passengers.

e 7 additional injured passengers would have their injuries
reduced by two or more OAIS levels: a reduction of at
least two OAIS levels for 5 percent of the injured
passengers.,
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Thus, out of an annual average of 173 passengers killed or Intured {n
fatal school bus accidents, a total of 51 (29 %) would benetit, ¥ all school
buses met the requirements of FMVSS 222. This 29 percent reduction in
killed and injured in fatal school bus accidents compares with the 69 percent

reduction in injuries estimated to occur in nonfatal school bus accidents.

TABLE 3-32

AVERAGE ANNUAL LIVES SAVED AND INJURY REDUCTION
IN FATAL SCHOOL BUS ACCIDENTS, ASSUMING ALL
SCHOOL BUSES MEET FMVSS 222 REQUIREMENTS

Expected Passenger Deaths and Injuries
Injury Pre-Standard Post-Standard
Level
No. % % % %
Total K+ 1 No. Total K+ 1
KABCO
0 69 29 99 41
c 3 13 18 23 9 16
B 64 26 37 55 23 38
A 51 21 29 40 17 28
K 27 11 16 25 10 17
Total 242 100 100 242 100 1200*
QAIS
0 69 29 99 41
1 82 34 47 69 28 48
2 30 12 17 25 10 17
3 20 8 12 14 6 10
4 9 4 5 6 2 4,
5 NF 5 2 3 4 2 3
5F n 4 ¢ 11 5 8
6 16 7 9 14 [ 10
Total 242 100 100* 242 100 100
Uninjured 69 28.6 99 40.9
K+ I 173 71.5 143 59,1
Total 242 100 242 100

v*Percentages may not reconcile, due to rounding.
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3.8 Credibility of the Clinical Analyses
3.8.1 Background

The Clinical Analysis Team which analyzed the 82 MDAI reports of school bus
accidents consisted of three people: Dr. Philip Stent (CEM Consultant and Dir-
ector of Ambulatory Services at St. Francis Hospital in Hartford, Connecticut);
Dr. Gaylord M. Notthrop (Principal Investigator and an engineer by original
training); and Mr. Edward Sweeton (mechanical engineer and automotive safety
systems analyst). The Team was chosen to provide a balanced view of crash
dynamics, injury causation and injury reduction, due tb the safety features in
the interiors of school buses which meet the standards set by FMVSS 222,

To prepare for the clinical analysis task, the Team visited a professional
school bus leasing firm and physically inspected buses that ranged from 1967 (no
longer in use) to 1978. At a later point, two members of the Team visited the bus
farm of the town which has Connecticut's largest municipally-owned school busg
fleet, and took a series of color photographs of interior and exterior school bus
safety features.* These photographs were mounted on a single panel and used by
the Clinical Analysis Team as a ready reference for drawing distinctions be-
tween the physical differences between Pre-Standard and Post-Standard school
buses. The field trip experience and photographs were valuable aids in helping
the Team arrive at conclusions concerning the degree of injury reduction that
would take place, had the children involved in the MDAI accidents been in Post-—
Standard school buses (all of the MDAT accidents involved Pre-Standard vehicles).

3.8.2 C(Classification of Injury Reduction Estimates

Prior to begiuning the clinical analyses, it was recognized that not all
estimates of injury reductlon would be of equal validity. Partly, this would be
due to the nature of the accident or the injuries, or both. And, partly, it
would be due to the amount of information available in the MDAI reports. Tor
these reasons, it was decided to classify the quality of estimate for injury-
reduction as "Good," "Fair," or "Poor." The interpretation of these terms
by the Team was as follows:

e Good: The understanding of accident dynamics and injury
causation is clear and unambiguous, and the nature of
injury reduction, if any was judged to take place
(typically, due to higher seat backs, seats closer to-—
gether, well-padded seat backs-—~especially the tops and
sides of seat backs--and stronger seat backs and floor
fastenings, along with padded horizontal bars, vertical
stanchions, and modesty shields at the front of the bus),
is also well perceived by the Team., To satisfy the

*
Black-and-white copies of the color photographs are found in Appendix A.
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requirements for a "Good" estimate, the MDAI report

had to be thorough, explicit, and complete. Usually,
this meant that the MDAL report had a good description

of the accident, including pictures of the accident loca-
tion, and the vehicle(s) involved, along with an analysis
of the crash dynamics (including the effect of dynamic
forces in causing passenger injuries), estimates of
points of contact that caused injuries (structural

or other passengers), seating charts and trajectories

of passengers to final resting places.

Fair: The understanding of accident dynamics and injury causation
is reasonably clear, but there may be some vital information
missing and/or some ambiguity involved--possibly due to the
complexity of the crash.

Poor: This quality of estimate classification was used in two
distinct ways:

Poor (No Change in Injury): When the Team had inadequate
information to make a judgment concerning injury reduction,
the OAIS level was not changed, and the quality of estimate
was clagsified as "Poor." Had more information been avail-
able, at least some of these '"No Change' decisions might
have become decisions that the injury would have been reduced
to a lower OAIS level.

Poor (Injury Reduced): There were instances when the Clinical
Analysis Team was convinced that at least a certain level of
injury reduction would take place, and there was a substantial
probability that even more injury reduction might be judged
to occur, had more information been available. TIn such
instances, the more conservative injury reduction was selected,
but the estimate was classified as Poor, because of the lack
of information. There were other instances, when the limited
information available indicated to the Clinical Analysis Team
that an injury reduction was probable, but it was recognized
that had more information been available, the Team might have
decided upon No Change or reduction to a higher injury level,
(Only in a very few instances did the Team clasgsify a reduc-
tion in injury judgment as Poor.)
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An overview of the quality of estimates of injury reduction made by the

Clinical Analysis Team is shown in Table 3-33. Detailed computer analyses from

which these

data were obtained are shown in Appendix D and summarized in

Appendix E.
TABLE 3-33
QUALITY OF ESTIMATES OF INJURY REDUCTION
Quality of Estimate
Accident Good Fair Poor
Type - - - Row
No Injury No Injury No Injury Totals
Change Reduced Change Reduced Change Reduced
*
Nonfatal 72 242 147 112 131 10 714
10.1 33.9 20.6 15,7 13.4 1.4 100 %
Fde
Fatal 102 87 118 77 154 21 529
19.3 10.8 22.3 14.8 29,1 1.¢ 100 %
Total 174 299 265 189 285 3 1243
14.0 24.1 21.3 15.2 22.89 2.5 100 %
Grand 473 454 316 1243
Total
38.1 36.5 25.4 100 %

*Dmits 5 injured, whose injury levels were unknown.
**Omits 44 injured (only), whose injury levels were unknown.

The table indicates several important points, as follows.

In the clinlcal analysis of nonfatal accidents, about 20 percent

of the injury estimates were classified as Poor. Of these 141

Poor estimates, 93 percent were judgments of No Change, usually
because there was insufficient information to make a valid estimate,
Had more information been available, many of these 131 estimates

of No Change might have become Fair or Good estimates of Injury
Reduction.

0f the 1243 injuries considered by the Clinical Analysis Teanm,

only 31 (2.5 %) estimates of Injury Reduction were judged Poor.

In most cases, these judgments were made when the Clinical Analysis
Team was convinced that there would be an injury level reduction

of at least one OAIS level, but there were strong indications that
the injury reduction might be greater than estimated.

In the clinical analysis of fatal accidents, slightly more than

30 percent of the estimates were classified as Poor. Of these
175 Poor estimates, 88 percent were cstimates of No Change,
again usually because there was inadequate information available.
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e In the nonfatal accidents there were 147 estimates (20.6 %) of
No Change that were classified Fair, There were 118 similar
estimates (22.3 %) associated with the fatal accidents. This
implies that there is some reasonable probability that, had more
information been available, some of the No Changes would have been
judged to be Injury Reductions.

e Over 45 percent of the judgments of injuries in nonfatal accildents,
and over 30 percent of the judgments in fatal accidents were
classified as Good, This means that in the judgment of the Clin-
ical Analysis Team, there was little doubt that there would he No
Change in injury,or buses that meet the requirements of FMVSS
222 would have provided a safer environment, thus producing injury
reduction.

In general, it was the policy of the Clinical Analysis Team to be prudent
in their judgments of injury reduction, and conservative about making judgments
of No Change—-that ig, in the absence of adequate information, we preferred
to judge there would be No Change and classify the quality of the estimate as
Poor, rather than make an injury reduction estimate that might have been open
to challenge.

It is noted that Dr. Philip Stent (M.D.) made the final decision concerning
the level of injury reduction of No Change, as well as the classification of
the quality of estimate, Dr. Northrop or Mr. Sweeton primarily provided a des-
cription of the accident dynamics, and suggestions of how the physical features
of a Post-Standard bus might have prevented or amelilorated injuries. However,
it should also be noted that if one member of the Team had a reason for changing
an injury reduction estimate or a quality of estimate classification, the issue
was always thoroughly discussed until a consensus of opinions was achieved. As
noted earlier, the Team's personal inspection of Pre-Standard and Post-Standard:
school buses, and the color photographs of Pre/Post bus interiors was very impor-
tant in helping to resolve differences of opinion. In all instances, if the
Clinical Analysis Team erred, it was intentionally on the side of conservatism.

The reader might question: "How can a group of three people decide that an
injury would be reduced, had the bus met the requirements of FMVSS 2227" This
is, perhaps, best answered by giving some background of how the Team operated,
and how the decisions were made., First, all MDAI reports were screened by two
CEM staff members, and an abbreviated description of the accident prepared in a
common format., All avallable pertinent information on the nature of each injured
passenger was transcribed onto a form used by the Clinical Analysis Team to make
their decision. (See Figure 3-5 for a complete example.) All members of the Team

were provided with copies of the accident and injury gsummaries, after they
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were quality checked by Dr. Northrop,

Second, Dr. Northrop or Mr. Sweeton

reviewed each MDAI report to highlight and flag photographs and other perti-

nent material not included in the summary.

afternoon of work, beginning with a review of the MDAI report and a "blackboard

Third, the Team assembled for an

analysis' of the crash dynamics and the dynamic forces that would have acted

upon passengers in various locations in a bus.

the dynamics of the crash were thoroughly understood, Dr. Stent began reviewing

When the Team was satisfied that

the characteristics of the injuries incurred by passengers.

was often given in the MDAI report.

The cause of injury

In the great majority of cases, the MDAT

report provided a seating diagram, showing where each passenger was located pricr

to the crash., In many instances, the crash-caused trajectory of passengers was
The injury description often provided the cause of injury.

While "mild" by standards

also shown.
one of the MDAI cases, such as FR~1 (see Table 3-2).
for selecting MDAL casges, this i1s probably a medium-to-severe nonfatal accident
This

by national standards, because 3 of the 47 passengers were injured. acci-

dent occurred 27 February 1974 in New York, about 3:45 p.m. on a two-lane pave-

Consider

ment intersection under good weather and road conditions.

One school bus was

stopped at the intersection, and a following school bus (the "case" bus) ran

into the rear of the stopped bus at a AV of about 8-12 miles per hour, because

the driver failed to apply adequate brake pressure.

The injury and accident causal mechanisms are shown in Figure 3-4, below,
which is a direct copy of the Injury Description Form used by the Clinical Analysis
Team. As can be clearly seen, the MDAL team has concluded that the injuries to aill

Egmdem FR-1: Front of bus impacted rear of bus Occupants: { Killed: 0 Applicability for
eSCrﬁption: in front, 48 Injured: 3 Body Ana]ysis
Local Description of Contact Points [A15|D1a- ALS
Code No.] Desig4 M |F JAge | Wt. gram {Good] Fair{Poor} With
nator Injury/Fatality and/or Cause s Padding
FR-1-1 X712 3/4' laceration, lower 1ip, =utured | Rackrest 2 Jves e 1
(window seat near front of hus) (definite)
FR~1-2 X 12W Fracture, tvight {ndex fluper Rackrest 1 X 0
: (definite)
Contusion and soft tiasue swelling, | Backrest 1 X a
right index finger (definite)
(window seat near rear of hus)
IR-1-3 X 121 Pain, right knee Backrest 1 X 0
(scating position unknown) (definite) 1)’
Note:
e CPIR Report on passenger compartments indicates that seat back tops
were padded and that the rear of the seat backs were unpadded metal.
Figure 3-4. Example of Clinical Analysis Team injury reduction judgment process.
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passengers were caused by the metal backrests. In this instance, it was judged
that the OAIS 2 injury to the first passenger (a cut lower lip) would have been
reduced to an OAIS 1 injury (i.e., probably a bruised lip, had the bus met the
Standard).‘ It is quite possible that there would have been no injury at all,
However, the Team took the more conservative choice of reduction of one 0AIS level,
rather than two. The fracture and contusion of the right index finger of the
second passenger probably occurred when the passenger put his right hand against
the seatback in front of him, and them jammed the right index finger up against
the top of the pipé frame to which the seatback was attached (the common construc-
tion practice for Pre-Standard seats). A Pogt-Standard bus seatback would be
completely padded, and all stiff structural parts are totally surrounded by
padding. Therefore, it was judged that thig OAIS 1 injury would not have occurred,
The pain in the right knee suffered by the third passenger was also judged to
occur because the knee struck the metal seatback and/or the vertical part of the
pipe frame to which the Pre-Standard seatback attaches. Again, the well-padded
Post~Standard seatback was judged to be capable of absorbing the energy without
cauging pain or trauma. All of these estimates were classified as Good, because
there was considerable information available (e.g., the MDAI report was emphatic
about the seatback being the cause of injury, and there were concise descriptions
of injuries), and the accident dynamics were relatively simple. For example,

when the front of the moving bus struck the rear of the stopped bus, much of

the impact energy was absorbed by moving the stopped bus forward slightly, and
through deformation of the rear of the gtopped bus and the grill of the moving
bus. Only three of the 47 passengers were injured. The highest injury level

was an OAIS 2.

This example is considered to be illustrative of the type of decision pro-
cess which the Clinical Analysis Team followed. Of course, it must be recognized
that this was one of the least complex of the 82 MDAI cases. Being simple, it
is probably more comparable to the vast majority of injury-producing school
bus accidents than most of the MDAI cases which the Clinical Analysis Team re-
viewed.

As a further example illustrating the forms used to summarize MDAI reports,
the next three pages reproduce in its entirety the summarized information for
BO-2, an MDAI case in which, due to brake failure, a bus with 15 passengers ran
off the road in an Indianapolis residential area, and glanced off a pole and
struck a tree. Thirteen of the 15 passengers were injured; there were one

OAIS 2 and 12 OAIS 1 injuries. As can be seen from the "AIS with Padding"
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column at the right side of the third page of the summary, the Clinical Analysis
Team estimated that all injured passengers would have had their injuries re-
duced one 0AIS level. Thus, the OAIS 1 contusions, abrasions and lacerations
were judged to be reduced to No Injury, due to more padding, higher seat backs
and closer seats required by the Standard, The OAIS 2 injury was judged to be
reduced to an OAIS 1. Based on the available information, 11 of the 13 judgments

were considered to be "Good" and two were judged "Fair,"

CEM

Case No, BO-2

HS: § -
_T_'.t.'.'_._; Bus only: Bus van off road and struck fixed obiect. 801-512
PB: 241236
Regorting Organization r Accident Date: October 16+, 1074
Institute for Research in Public Safety Report Data:
Indiana University April 1975
Occupants Killed {njured fus Typa 1
13 Pasgengers
16 0 + Driver 1967 Ford B600 Superior Coach, 54 passenger
Jay Time State County City Locale
Wednesday3:40p.m. Indianﬁ Indianapolis Residential

Highway Type l Sixteenth Streat: Road Condition M
arterial 40' wide, 4 lanas, no
median. Wallace Ave: local,
30' wida, 2 lanes, no median,
Both concrete surfacas in
travaled condition, straight
and level.

Drv Clear

Other Pertinent In!omtiun[ Padding: 1.5" wide padded strin above boarding door,
4" wide padded strinp just below the windows
{

Accident Description ]

Rs eastbound bus was approachina T-intersection on four lane<street; van
truck at intersection turned rioht into same street. 3Sus driver reduced
speed sliahtly. However, van truck stopped in midst of turn. Rus driver
arplied moderate, then firm pressure, left rear wheel cvlinder failed,
resulting in total loss cof brake orassure. “river attampted to steer
off road just past intersection, between lioht pole ard tree, “river lost
control when bus bounced over ¢ inch curb, and bus alanced off pole, then
struck tree. One passenaer suffered broken nasal bhone: twelve others and
driver incurred minor injuries. Investication revealed that incorrect
maintenance by school mechanic led to failure.

Paport conclusion: Injuries probably resulted from facial contact
with unpadded seat hacks and frames. Paddina or seat ~elts miaht have preventod
or miticated these injuries.

Figure 3-5. Example of forms for MDAI report summaries.
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Accident BO-2: Bus only. Bus ran off road and struck Occupants: {Killed: o Applicabitity for
Nescription: fixed object. 16 injured: 14 Body Analysis
Local Description of Contact ATS| Dia- ALS
tact Points .
Code No.| Desigq{ M |[F |Age] Wt. gram |Good| Fair | Poor} With
nator Injury/Fatatity and/or Cause " |Padding
BO-2-1 1 X | 5 | NA | Faclal abrasions "All of the injurd 1 No | X 0
- e ies sustained in — - ey
BO-2-2 2 X 5 Small lacerations of inside upper thls accident 1 X 0
1ip were minor, prob-
ably resulting — —— — e
BO-2-3 ) X115 Fracture of nasal bone from faclal con~ | 2 X 1
e S T Rl B R S ~ -1 tact with the 1 - e
BO-2-4 4 X 5 Contusion of left jaw unpadded seat 1 X 0
e ¥ hacks and seat E
BO-2~5 5 x|e6 Complaint of paln in neck frames of the 1 X 0
sealts fmmediate-
BO-2-6 6 X16 Contusions of both knees ly ahead of the |1 X 0
injured pupils., }—
BO-2-7 7 X 7 Laceration of mouth Better padding 1 X 0
or seat belty ——
BO-2-8 8 X 7 Abrasion of right cheek might have pre- 1 X 0
vented or miti-
BO-2~9 9 X 8 Abrasions to chin and right knece gated these 1 X 0
o injuries." (p.7)

BO~2-10 10 X 8 Complaint of pain inAr—\eck 777777 B Reference to pad- 1 X 0
BO-2-11 11 X 8 Blunt trauma to nose(no fracture) ding: "1.5" 1 X 0 ]
auhe Zo nodelno Trachur®) | wide padded
i} g atrip above
80-2-12 12 X 8 Contusion of r_izjhllfal_ld%b%e___A_k“ boarding door, ! _.x__’ . 0

"
BO-2-13 13 X 9 | Y | Contusion of right slde of face 4. wide padded 1 V|« 0
) . strip running T T S
BO-2-14 Driver X 24| 150{ Complaint of pain in left hand Length ﬂof each, 1
side of bus just
- below the win- B B
dowa." (p.2)
Note:
@ Seating positions not known. Passengers ordered by chronological age.

Figure 3-5.

Example of forms for MDAI report summaries (concluded).
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3.8.4 Credibility of the Injury Reduction Estimates

Sections 3.6 and 3.7 suggest that if all school buses in the nation net
the requirements of FMVSS 222, there would be annual reductions of injuries re-
sulting in approximately the following improvements:

¢ Nonfatal Accidents

-~ 1300 accidents in which one passenger is injured at present
would reduce to accidents in which no passengers are
injured.

- 2500 passengers presently being injured would not be injured.

~ 168 of the 400 passengers who presently incur OAIS 2, 3, and 4
injuries would have their injuries reduced at least one QAIS
level.,

e Fatal Accidents

- 0f the average of 242 passengers injured and killed in an
average of 15 fatal school bus accident anunually, 30 passen~
gers presently being injured would not be injured.

- 13 additional injured passengers would have their OAIS 2 and
higher injuries reduced at least one OAIS level. In part,
this reduction depends on the use of seat belts in the vans
and other small school transportation vehicles,

- 2 lives,of an average of 27 deaths, would be saved. This
reduction ig totally dependent on the use of gseat belts in
vans and other small school transportation vehicles.

In brief, FMVSS 222 would beneficially help about 69 percent of the passen~
gers being injured in nonfatal school bus accidents, and about 26 percent of the
passengers being injured or killed in fatal school bus accidents.

How credible are these effectiveness estimates? The answer is: they are
actually based on relatively conservative estimates, because the Poor estimates
are primarily No Change. To substantiate this statement, CEM separated the
injury reduction estimates for each MDAI case into three groups, by quality of
estimate (Good, Fair, and Poor). We then used a computer program to process
them in groups:

o Group #1: Good + Fair + Poor
Group #2: Good + Fair

Group #3: Good

Group #4: Fair

Group #5: Poor

As with all of the CEM analyses in this study, fatal and nonfatal MDAI cases were
treated separately. All detailed computer results are given in Appendix D, with
a summary contalned in Appendix E,

The overall results for nonfatal accldents are shown In Table 3-34, whlch
tabulates the number of injured passengers in each indicated category, and
Table 3-35, which converts the numbers to appropriate percentages, as was done

in Section 3.4 and 3.5. Note that results are shown only for "Good + Fair + Poor,"
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CATEGORIZED BY QUALITY OF ESTIMATE

TABLE 3-34
INJURY REDUCTIONS IN NONFATAL SCHOOL BUS ACCIDENTS,

Quality of Estimate

Injur;{ Good + Fair + Poor Good + Fair Poor
Eggg?ggg Ho. of Injured No. of Tnjured No. of Tnjured
(0AIS AN AT ANl ANl AN All

Level Change) Accident | Except Accident | Except Accident | Except
Types | Rollover Types | Rollover Types {Rollover
1to0 304 284 296 276 8 8
No Change 313 132 193 88 120 44
Orig. Total Inj. 617 476 489 364 128 52
2tol 26 22 24 20 2 2
2t 0 22 21 22 21 0 0
No Change 34 9 24 8 10 1
Orig. Total InjJ. 82 52 70 49 12 3
Jto2 1 0 1 0 0 0
3 to ] 4 4 4 4 0 0
3t 0 1 1 1 1 0 0
No Change 2 1 2 1 0 0
rig. Total Inj. 8 6 8 6 0 0
N to 3 2 2 2 2 0 0
4 to 2 2 2 2 2 0 0
4 to 1 2 2 2 2 0 0
4 to 0 0 0 0 0 0 0
Mo Change 1 1 0 0 1 1
Orig. Total InJ, 7 7 6 6 1 T
TABLE 3-35

PERCENT INJURY REDUCTIONS IN NONFATAL SCHOOL BUS ACCIDENTS,

CATEGORIZED BY QUALITY OF ESTIMATE
(Based on Values in Table 3-34)

Quah‘ty of Estimate

Good + Fair + Poor

Good + Fair

Poor

Injury - : - -
Reduction Percent of Injured Percent of Injured Percent of Injured
Condition AN ANl ATl Al AN AT

(OAIS Level Change) | Accident | Except Accident | Except Accident | Except
Types Rollover Types Rollover Types Rollover

1to0 49.3 68.3 60.5 75.8 6.2 15.4
No Change 50.7 3.7 39.5 24,2 93.8 84.6

2 to 1 31.7 42.3 34,3 40.8 16.7 66.7
2to0 26.8 40.4 31.4 42.9 0 0
No Change 41.5 17.3 34.3 16.3 83.3 33.3

3to2 12.5 0 12.5 0 0 0

3to? 50.0 66.7 50.0 66.7 0 0

3to0 12.5 16.7 12.5 16.7 0 0

No Change 25.0 16.7 25.0 16.7 0 0
4 to 3 28.6 28.6 33.3 33.3 0 0
4 to 2 28.6 28.6 33.3 33.3 0 0
4 to 1 28.6 28.6 33.3 33.3 0 0
4 t0 0 0 0 0 0 0 0

Ne Cnange 14.3 14,3 0 0 100 100
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"Good + Fair," and "Poor." Doing so illustrates Lhe important point that
elimination of the "Poor'" estimates—-which have been shown in Table 3-33
to be primarily No Change--leaves the remaining group of "Good + Fair" esti-
mates showing a notably higher effectiveness of FMVSS 222 in achleving injury

as best seen in Table 3-35. These two tables show results both for

reduction,
all accident types, and for all accident types except rollovers. This was done
because the injury reduction estimates shown in Table 3-12 for reductions from
OAIS 1 and 2 injuries use the 39 non-rollover nonfatal MDAIL cases. The estimates
from Table 3-12 were used at the end of Section 3.6, to convert Table 3-24 into
Table 3=25.

For comparative purposes, the same conditions used in preparing Table 3-12
are invoked in Table 3-36, which uses selected information from Tables 3-34
and 3-35. .

by the Clinical Analysis Team been used, it is likely that the effectiveness of

Clearly, had only the clinical analysis results deemed Good and Fair

FMVSS 222, extrapolated to the national scale, would have been about 10 percent
higher than the results indicated at the end of Section 3.6. Approximately,

we would probably have concluded that about 77 percent of those passengers injured
in nonfatal school bus accidents would have benefitted, rather than the 69 per-
cent, which was obtained by including the injury reduction estimates judged Poor.
This would occur because eliminating the Poor estimates significantly reduces

the number of injured passengers estimated to incur No Change in injury status,

as a consequence of the Standard. To be on the conservative side, we prefer to
use the lower injury reduction rates based on all appropriate estimates, regard-
less of their quality.

TABLE 3-36

COMPARISON OF ESTIMATED INJURY REDUCTION RATES,
CATEGORIZED BY QUALITY OF ESTIMATE

Injury Quality of Estimate
Redugtjon Good + Fair + Poor Good + Fair Poor
bo?glggon Orig, Injury Orig. Injury Orig, Injury

Level No. Reduction No. Reduction No. Reduction
Change) ! Inj. Rate Inj. Rate Inj. Rate

1t00 416 68 % 364 76 4 52 15 4

*

2to1 , 52 42 49 41 3 67

2 toQ 52 40 49 - 43 3 0

3 to 2 8 12.5 8 12.5 0 0

3 t0 1 8 50 g 50 0 0

3t00 8 12.5 8 12.5 0 0

4 to 3 7 29 6 33 1 0

L to 2 7 29 6 33 0

4 to ] 7 29 6 33 1 0

1'The 0AIS Y and 2 injury reduction rates are based on 39 MDAI
17 rollover cases.

3-53

cases, which exclude

The OAIS 3 ane 4 rates are based on all 56 MDAl cases.




3.9 Credibility of the Egtimate of Natlonwide Effectiveness of FMVSS 222

3.9.1 Analysis of Additional FARS Data for Nonfatal School Bus Crashes

The extrapolation of the clinical analysis results for nonfatal school

bug accidents (Section 3.6) was accomplished by analyzing National Safety
Council figures for 1975, 1976, and 1977, and using certain "reasonable" assump-
tions concerning the number of school bus passengers injured per accident,
and the distribution of (nonfatal) injuries incurred by those passengers.

To shed some light on the credibility of these important assumptions, CEM
undertook two ancillary analyses. First, data were obtained and analyzed

for all FARS cases involving two (or more) vehicle school bus crashes, but in

which neither the bus driver nor any school bus passengers were killed. There
were 107 FARS cases (an average of about 27 accidents per year) that met the‘
conditions stated. In these 107 "other-vehicle-fatal" crashes, the injury

levels of the school bus passengers are as shown in Table 3-37. The distribution
of injuries as a function of number of passengers injured, and the distribution

of number of passengers injured per accident are given in Table 3-38.

TABLE 3-37

INJURY LEVELS FOR SCHOOL BUS PASSENGERS
IN OTHER-VEHICLE-FATAL CRASHES

Injury Level Total
c B A Injured

Year S

No. [ Row % | No. [ Row % | No. LRow % No. | Col. %
1975 65 { 36.2 98 | 55,7 13 7.4 176 21,5
1976 36| 24.5 91 61.9 20 13.6 147 18.0
1977 109 | 41.1 1391 s2.5 17 6.4 265 32.4
1978 104 | 45.4 110 | 48.0 15 6.5 229 28.0

= ’

Total 3141 38.4 | 438] s3.6 | 65 | s.0 817 | 100
Injured

It 1s apparent from the tables that these 107 FARS cases are too few to
draw significant conclusions. At best, the results only support the contention
that even in severe multiple-vehicle school bus crashes--in which someone in
another vehicle is killed--only a small fraction (8 percent) of the injured

passengers receive severe (A level) injuries.
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TABLE 3-38

DISBRIBUTION OF INJURY LEVELS AND NUMBER OF PASSENGERS
INJURED PER ACCIDENT FOR SCHOOL BUS PASSENGERS
IN OTHER-VEHICLE-FATAL CRASHES

(Source: FARS: 1975 - 1978)

No. of Injury Level Distribution
School Bus Total of Numbayr Cases
Passengers c B A Injured
Injured in .
Accident | No. | Row 2 | No. I Row % | No. | Row % No. col. % |[MNo. | %
1 6 31.5 9 47.4 4 21.1 19 2.3 19117.8
2 1 5.5 13 72.2 4 22,2 18 2.2 91 8.4
3 18 46.2 18 46.2 3 7.7 39 4.8 13112
4 1 30.5 21 58.3 4 11.0 36 4.4 91 8.4
5 12 30.0 22 55.0 6 15.0 40 4.9 81 7.5
Subtotal {1-5) 48 20.8 83 54.6 21 13.8 152 18.6 58 | 54.2
6 22 61.1 14 38.9 36 4.4 6| 5.6
7 1 4.8 14 66.7 6 28.6 21 2.6 3| 2.8
8 27 56,3 16 33.3 5 10.4 48 5.9 61 5.6
9 15 33.3 28 62.2 2 4.4 45 5.5 51 4.7
10 5 25,0 13 65.0 2 10.0 20 2.4 21 1.9
Subtotal{6-10)] 70 41.2 85 50.0 15 8.8 170 20.8 22 | 20.6
1-5 48 20.8 83 54.6 21 13.8 152 18.6 58 | 54.2
6-10 70 41.2 85 50.0 15 8.8 170 20.8 20.6
11-156 82 42.3 91 46.9 21 10.8 194 23.7 15 {14.0
16-20 21 38.2 34 61.8 55 6.7 3} 2.8
21-25 93 67.4 43 31.2 2 1.4 138 16.9 6| 5.6
26-30 ,
31-40 102 94.4 6 5.5 108 13.2 21 2.8
> 40
Total N4 38.4 438 53.6 65 8.0 817 100 107 100

*
The results also show that in these more severe, highly biased crashes,

there 1s an average of 7.6 passengers injured per accident, and 38.4 percent
receive C injuries; while 53.6 percent receive B injuries, and 8 percent receive
A injuries. The number of cases 1s too few for these values to have gtatistical

gignificance.

*These FARS data are highly blased because they couprise the very small subset
of all school bus accidents in the nation where the school bus was involved
in an accident in which at least one bus passenger was injured, but no
passengers were killed, and at least one person was killed in another vehicle
involved in the crash.
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3.9.2 Analysis of School Bus Accidents in Connecticut

At about the time that it became apparent that the analysis of the biased
FARS data described in Section 3.9.1 could not be applied to the assumptions in
Section 3.6, it was learned that staff of the Connecticut Motor Vehicle Department
recelve copies of reports of all motor vehicle accidents involving school buses.*
Accident reports are available for 730 cases in 1978 and 277 cases for the first
half of 1979, for a total of 1007 cases. Of these, only 46 (4.6 percent) involved
injury to passengers. In 31 cases, the school bus passenger injury levels were
estimated by the police officer submitting the accident report. In 12 cases, in=-
jury levels were not specified, but the reporting officer described the injuries in
sufficient detail to permit CEM to estimate the level of injury. In three cases.
the passenger injury levels are unknown, and no injury information is given,
other than the total number of injured. It ig clear there were no fatalities in
these accidents because that information would have been reported, and it is
virtually certain there were no serious (A level) injuries, from the description
of the accident. However, in these three cases, the distribution of B and C
injuries is not given.

Table 3-39 summarizes the characteristics of the Connecticut school bus acci-
dents. In these 46 school buses in crashesf*there were 227 injured passengers,
or about one~fifth of all pasgengers. This 1s an average of 4.9 passengers
injured per school bus lavolved {n an injury-producing crash. This figure is
higher (by a factor of about three) than the 1.4 passengers injured per crash,
estimated from Natlonal Safety Council data in Section 3.6 However, it is less
than the 7.6 passengers injured per accident,indicated by the 107 nonfatal FARS
cases in Section 3.9.1. It is much less than the average of 13 passengers injured
per accident in the 56 nonfatal MDAI accidents.

0f the 208 injured passengers for whom injury levels were given or could
be estimated from injury desecriptions, there were 126 C-injuries (60.6 percent)

and 82 B-injuries (39.4 percent).

*Until 1 October 1979, school bus accident reports had to be filed only 1if total
damage in the accldent was $400 or more, or someone was injured in the accident.
However, during that period, some reports iIn which there were no injuries and
damage was less than $400 were filed "to get them into the record.”" After
1 October 1979, a new Comnecticut law requires that motor vehicle accident
reports be filed if a school bus is involved in the accident, regardless of the
extent of damage.

Fok
One crash involved one school bus skidding on ice into the rear of another
school bus, as they were carrying children home in the afternoon,

3~56



TABLE 3-39

SUMMARY CHARACTERISTICS OF 46 CONNECTICUT SCHOOL BUS ACCIDENTS
INVOLVING PASSENGER INJURIES (JANUARY 1978-JUNE 1979)

Source: Connecticut Department of Motor Vehicles
Number Injury Level Total No. of Bus
CasefDate | ‘of Number | Un- | Vehicles |Mode! Comments
0. Passengers|{ K| A| B | C | Injured | injured| in Acc. | Year
1978
1 9 Jan 18 ™ ] 17 1 1974 | Ran off road. Hit tree. Ice.
2 9 Jan |["Several" 1* 1 Unk 1 1974 | Icy conditions,
3 |17 Jan 54 5 (16 21 33 2 1972 Ylcy conditions. Struck from rear.
One bus skidded
4 17 Jan 40 36 9 i 2 1970 [ into other. Ran into bus
in front.
5 30 Jan 12 1 1 11 2 1974 { Van,
1 Mar 6 5 (1 6 0 2 1974 | Van, turning left,hit in left
side by passing vehicle(snow).
7 1 Mar 4 Unknown 4 0 T 1974 | Van skidded off road (to right)
& hit building (snow).
8 3 Mar 14 2 2 12 2 1975 | Struck headon on curve; vehiclas
going slowly (snow).
9 17 Mar ) 1 1 0 2 1976 | Struck headon on downhill curve;
vehicles going slowly (snow).
10 |20 Mar 12 112 3 9 2 1973 | Struck from side(front left) in
intersection,Bus ran stop sign.
11 |22 Mar 12 1* 1 11 2 1974 | Struck from side in intersection.
12 6 Apr 27 ] 1 26 3 1970 j Struck from rear after abrupt
. braking.
13 {18 Apre 29 4 4 25 2 1974 | Struck on left side in intersec-
tion by car running stop sign.
14 |8 May 5 1 1 4 2 Unk | Bus braked abruptly to avoid
collision at intersection.
15 113 June 8 3 3 5 2 1972 | Struck in left side while
leaving curb.
16 |20 June| Unk. 3 3 Unk 2 1972 { Struck in front right (90°) in
intersection.Bus ran stop sign.
17|22 June 34 2 2 32 2 1973 | Forced off road to right,hit tree
18 |16 Aug Unk. Unknown 10 Unk 1 1968 | Brakes failed while being pushed.
Struck tree.
19 21 Aug 14 1* 1 13 3 1974 |Struck from rear.
20 {14 Sept 24 4 N2 16 8 2 1974 | Struck in front by passing car.
‘ Bus was stopped.
21 28 Sept 5 4 4 1 2 1976 | Station wagon. Struck in left
side, running stop light.
22 {24 Oct 15 3 3 12 2 1975 | Struck fn right side by car
leaving private driveway.
23 124 Oct 34 1 1 33 2 1976 | Struck from rear by another bus.
24 |1 Nov 13 311 4 9 1974 | Ran off road into tree.
25 |2 Nov 32 1 1 3] 1973 | Struck from rear while stopped.
26 121 Nov 25 Khd 3 22 1972 | Struck headon on curve by
oncoming car (wet).
27 |19 Dec 6 313 6 0 2 1972 {Bus struck car which ran red
light.
1978 Totals 444 0j0] 29170 113 345

*Injury level assigned by CEM, based on police officer's written description of injury.
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TABLE 3-39 (Continued)

Number Injury Level Total No. of Bus
Case | Date of Number Un- | Vehicles | Model Comments
No. Passengers | K| A| B | ¢ | Injured | injured| in Acc. | Year
1979

28 |3 Jan 7 1 1 6 2 1971 | Sideswiped on right by car whose
brakes failed.

29 |11 Jan 29 3 26 2 1976 | Struck from rear.

30 |18 Jan 30 I* | 3 24 1 1975 Ice. Skidded off road, knocked
down 8 small trees (right side).

31 122 Jan 4 1 1 3 2 1973 Ice. Struck in front left by
skidding car.

32 |30 Jan 38 1 1 2 36 2 1974 | Struck in left rear by passing
car.

33 Feb Unk Unknown 5 Unk 1974 | Struck in right rear.

34 |8 Feb Unk 1 1 Unk 19731 Struck in front left, right
angle.

35 |8 Feb Unk ] 1 Unk 1 1972 | Skidded off road. Hit pole,
right rear.

36 |2 Mar Unk 1 1 Unk 2 1971 | Struck headon (while stopped)
by speeding car.

37 116 Mar Unk 1 1 Unk 2 1972 | Struck front left fender by on-
coming car, on curve,

38 119 Mar 41 13 | g* 21 20 2 1974} Struck front left fender from
side (90°) at intersection, by
dump truck.

39 {2 Apr 21 1 1 20 2 1970 Struck from rear while waiting
for passengers,

40 |27 Apr 42 7% | &% 12 30 2 1972 | Hit in rear by second bus.

41 127 Apr 15 a* | 4% 8 7 2 1972 | Struck stopped bus (waiting for
passengers) in rear.

42 {30 Apr Unk 1* 1 0 2 1971 Struck car making u-turn,

43 {8 May 27 5 5 22 2 1973 | Struck car{bus right side to
car left rear) while making
left turn.

44 110 May 45 18*1 19* 37 8 2 19731 Struck oncoming car on right

- rear, then went off road to
right; hit tree.

45 |24 May 5 2 2 3 2 1976 | Struck in right side by left-
turning car at intersection.

46 |20 Juneg 26 5* 5 21 1 1972} Ran off road to right; struck
a20le front right.

1979 Totals 330 0 [0} 53|56 114 226

T ]**
otal:
1978 and 1979 | 774 0 (0|82 j126]| 227 571

*Injury level assigned by CEM, based on police officer's written description of 1njury.
*AT1 buses in this table are Pre-FMYSS 222.

However, in 1974, Connecticut imposed limited seat
padding requirements on all school buses, thus necessitating retrofitting. Three-and-two across
seating was required in all new school buses purchased in Connecticut after 1 September 1974.
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Table 3-34 suggests that approximately 89 percent of injuries in non-
fatal school busg accidents are QAIS 1, and 10 percent are OAIS 2; less than
one percent of the injuries are OAIS 3 or 4. Using the conversions for OAIS
to KABCO given in Table 3-29, these relationships convert to approximately 30
percent C-injuries, and 60 percent B-injuries, with about 10 percent A-injuries.
The Connecticut sample (60.6 percent C; 39.4 percent B; no A) does not conform to
these relationships, but this could be caused by reporting procedures or by the
statistically insignificant size of the sample. The Connecticut sample, con~-
verted to OAIS levels, would be about 80 percent OAIS 1 and 20 percent OAIS 2.
(All of the C-injuries would be OAIS 1, and about half of the B-injuries would
convert to OAIS 1 and the other half to OAIS 2.) While these Connecticut injury
levels do not correspond exactly to the asgumption used in Table 3-23, they are
cloge. As with FARS, the small gize of the Connecticut sample precludes assoac-
iating any statistical significance with the derived results, '

In Table 3-22, a distribution of number of school bus accidents involving
1, 2, 3, 4, and 5 or more injured passengers is assumed. 1In brief, it is sug-
gested that 99 percent of all pagsenger-injury-producing school bus accidents
(about 2900 per year) involve 4 or fewer injured passengers. Table 3-38 indicates
that from the nonfatal FARS data, only 46.7 percent of the injury-producing
accidents involved 4 or fewer injured passengers. Table 3-40 shows that in the
18-month period in Connecticut, 72,2 percent of the injury-producing accidents in~
volved 4 or fewer injured passengers. Figure 3~5 compares the frequency of number
of accidents as a functlon of number of passengers injured. 1t is cautioned that
the nonfatal FARS data represent a highly blased subset, and the Connecticut data
represent a very small sample that may also be highly biased, relative to the en-
tire nation, because of severe winter conditlons and high population density in
Connecticut. The most significant results from the Connecticut data appear to
be the demonstration that in a state containing 1.4 percent of the nation's popu-
lation, an 18~month period can exist when no school bus accident produces a serious
or ﬁatal passenger injury.%"This gupports the contention that the great majority
of injury-causing school bus accidents involving Pre-Standard buses produce only
minor injuries, which the Clinical Analysis has judged would be very effectively
reduced by the requirements of FMVSS 222,

*
In Connecticut, the period of no school bus passenger fatalities 1a at least 4.5
years long, of which only the last 1.5 years of detailed accident reports were
availlable for thils analysis.
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TABLE 3-40

DISTRIBUTION OF INJURY LEVELS AND NUMBER INJURED

PER ACCIDENT FOR CONNECTICUT (JANUARY 1978-JUNE 1979)
Source: Connecticut Departmentrof Motor Vehicles

No. of Injury Level
School Bus -
Passengers c B A Total Cases
Injured in -
Accident No. Row % No. Row % No. Col. % No. %
1 11 61.1 7 38,9 |0 18 8.7 18 | 41.9
2 7 87.5 1 12,5 | 0 8 3,9 4 9.3
3 17 9¢.4 1 5.6 |0 18 8.7 6| 14.0
4 9 75,0 3 25.0 | 0 12 5.8 3 7.0
5 5 50.0 5 50,0 | 0 10 4.8 2 4.7
5“?;Ig§a‘ 29 71,9 | 19 28.1 |0 | 68 32.7 33 | 76.9
6 7 38.9 N 60.1 | 0 18 8.7 3 7.0
7 0 0 0 0 0 0 0 0 0
8 4 50.0 4 50.0 {0 8 3.9 1 2.3
9 6 66.7 3 66,7 | 0 9 4.3 1 2.3
10 0 0 0 0 0 0 0 0 0
5"?;{?83] 7 48.6 18 51,4 |0 | 35 16.8 4| 11.6
B 1-5 49 71.9 19 28,1 {0 78 32.7 331 76,9
6-10 17 48.6 18 51.4 | 0O 35 16,8 41 11.6
11-15 5 41.7 7 58,3 {0 12 5.8 1 2.3
16-20 12 75.0 4 25.0 | 0 16 7.7 1 2.3
21-25 24 57,1 18 42.9 | 0 42 20,2 2 4.7
26-30 0 0 0 0 0 0 0 0 0
31-40 19 51.4 18 48.6 | 0 37 17.8 4 2.3
>40 0 0 0 0 0 0 0 0 0
Total 126 60.6 82 38.4 |0 208 100 43 | 100
100
Legend
90 +
| R FARS: 107 Cases
a0 - 2272 Conn: 43 Cases
Q Note: A1l cases are nonfatal.
: N
70 §
N
Distribution §
of Nonfatal 60 %
School Bus § =
Accidents §
50 NE:
(Percent) % ]
§ ;
40 §
% j
30 \
N |
\
20 Q :
§ :
10 ?
N |
oL &! N N K il Bl

1.5 6-10 ‘ 11-15 16-20 21-25 26-30 31-40
School Bus Passengers Injured per Accident

Figure 3-5. Comparison of frequencies of number of nonfatal school bus
accidents as a function of number of passenger injured.
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APPENDIX A

PHOTOGRAPHS COMPARING CHARACTERISTICS
OF PRE-STANDARD AND PQOST-STANDARD
SCHOOL BUSES




1971 Ford

Superior body and seats

Il Rows of seats

Total capacity:
- 66 children (6th grade or lower)

= 44 7th-12th graders on field trips

CEM

POST-STANDARD

1979 Ford

Z

® Thomas body and seats

€

I Rows of seqts

Total capacity:

- 5l three-iwo seating except ftwo-
two seating in rear row

There is apt to be very little difference in the outward appearunce of Pre-Standard school
buses and those that meet FMVSS 222--the major exception being that the height of windows
in Pre-Standard buses is 28.5 inches, while the height of windows in Post-Standard buses is
22.5 inches. In both Pre- and Post-Standard buses, the base of the windows is 32 inches

above the floor.

D~

Note: Al photographs and dimensional information was obtained through the courtesy of the Glastonbury,
o Connecticut, Board of Education. Glastonbury operates the lorgest rmunicipally-owned schoo! bus fleet

in Connecticut.
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- PRE-STANDARD

If a Pre-S5tandard bus stops or slows abruptly,
passengers can be thrown forward, with face
striking the hard seat back frame; knees
striking the hard seat back; shins slipping
under the hard seat back frame; and fingers
jamming info the right angle formed by the
metal seat back frame and the hard wood or
metal seat back. The low height ( 34 inches)
of the seat back makes it easy for passengers
to be catapulted forward, over the seat
backs(s) into the seai(s) in front of them,

sometimes causing collisions  with  other
passengers.
(Note: Passenger shown above is 5' 1".)

If a Post-Standard bus stops or slowrs abruptly,
a passenger thrown forward encouniers a

smooth  vinyl-covered seat back  covering
approximately 2 inches of siiff, =energy

¢

absorbing foam material on both the front anc
rear of an enclosed metal sent back, The
higher seat back (39.5 inches) and closer seats
(26,5 inches, back-to-back) reduce the
opportunity for passengers being catapulied
over the seat back(s) in front of them. The
higher seat backs also reduce the possibility
for whiplash, which could accur if ithe bus is

L3108

[ R A

struck  from behind, or o% a second-phase
injury from a sudden siop.
(Note: Pussenger shown above: is 5° 1.}




PRE-STANDARD

Inferior views, emphasizing the Post-Standard reduction in potential injuries due to
passengers falling into aisles, and incurring bruises, contusions, lacerations, and broken
bones, due to striking metal seat frames. Also, note reduced potential for whiplash in Post-
Standard seats.

Note: Passenger shown above is 5t 1",

Aty



PRE-STANDARD

2 Aeadisn e semaaed

Interior views, emphasizing the Post-Standard reduction in injury potential for passengers
sitting in the seat immediately behind the driver. In the Post-Standard bus, the horizontal
bar and vertical stanchion (padded, per Connecticut Law) are replaced by a full, padded seat
back (or, modesty panel), which prevents passengers from being hurled against the driver's
seat back, or info the left side of the driver's compartment.

Note: Pre-Standard horizontal bar height is 36 inchesy Post-Stondard seat back
panel) height is 36 inches.
A=5



PRE-STANDARD

e M s e

Pre-Standard

hdv
to resist collapse of legs to side, due to side
irnpact.

seats do not have gusset plates

POST-STANDARD

plates,
rame, which

Post-Standard  seats  have
connecting legs to seat bottom
resist collapse of legs to side.

In Pre-Standard buses, passengers thrown into
alsles can be hurt on exposed seat end frames.

In Post-Standard buses, seat ends are padded,
thus protecting passengers who fall into aisles.




APPENDIX B

DISTRIBUTION OF PASSENGERS INVOLVED
IN MDAT SCHOOL BUS ACCIDENT CASES




Pas- P;s-
sen- {Total|sen- |Dri- | Capa~
Study Number of Passengers Injured gers |Pas- |gers |ver city
No. Number In- {sen- [In- {In- of
‘ llo 2|° 310 “IO 5? Jured|gers |jured|jured| Bus
1. BO-1 g 20 39 51 X 55
2. -2 s st cesamecss ) 13 15 87 X 54
3. -3 s 6 45 13 X 60
4, -4 =l 2 2 {100 X 16
5. -5 J 39 43 91 X 73
6. RE-1 ) 4 13 31 X 55
7. -2 - 2 1 18 54
8. -3 1 46 2 X 66
9, -4 L 3 64 5 72
10. -5 -0 6 |14 | 43 55
n. -6 [0 5 133 |15 | x |66
12. FR~1 T 3 47 6 60
13. -2 — 6 43 14 X 60
14, -3 ‘ o 12 | 44 | 27 44
15. -4 Em—— 7 39 18 X 66
16. -5 46 51 90 X 72
17 FS-1 311 b2 | x |36
8. - 46 |49 | o4 | x |66
19. -3 -® 13 17 76 X 37
20. -4 L 15 55 27 66
21. -5 ® 16 39 41 X 66
22. -6 ] 30 54 56 X 44
23. -7 e 1 22 5 X 40
24, -8 [ 4 32 12 78
25. §S-1 s 3 17 18 X 72
26. sc-1 (van) pe@ 1 5 20 12
27. -2 45 52 87 91
28, -3 | — ] 4 4 |10 X 20
29. -4 prmc—) 7 |46 15 | ¥ {72
30. -5 (ol n 14 79 X 44
31. -6 pr———g) 5 148 10 | x |72
32. -7 R 12 |56 a1 | x |78
33. -8 - 23 25 Joe2 | x |66
34. -9 (van) 1@ 1 3 33 12
35. -10 ) N . ' CJ20 f2s e [ X |na,
Subtotals o 20 30 4o >0 435 1122 | 39 |25 1900

Figure B-1.

Distribution of passengers injured in 56 MDAI nonfatal

school bus accidents.




Pas- Pas-
. . sen- |Totaljsen- |Dri-| Capa-

Study Number of Passengers Injured gers |Pas- |gers |ver city

No. Number In- |sen- |In- {In- of

10 20 30 ko 50 |jured|gers |jured|jured Bus

1 | L i {

36. | HO-1 e 3 120 |5 60
37. HO-2 g 25 38 66 X 60
3. | HO-3 -» 6 |20 |e7 |x | a2
39. HO-4 el 7 9 78 X 10
40. RO-1 - 31 33 94 X 54
41, -2 —l 29 a4 66 48
42, -3 SEm— 8 68 12 X 72
43, -4 = 5 |18 J28 |x 66
44, -5 @ 4] 41 oo X 66
45. -6 A 18 |23 (78 | 66
46. -7 o 1 |6 2 X 66
47, -8 o 1 |6 6 66
48, -8 el 8 15 53 X 60
49, -10 ® 16 21 76 X 60
50. -1 & 16 38 42 €6
51, -12 - 1 1 100 | X 45
52. -13 p— 5 | 5 lio |x |45
53. -14 - 15 44 34 X 66
54, -15 9 20 24 83 X 36
55. -16 -9 13 13 100 { X 36
56. -17 [ommmnmey : ) ‘ N . 5 15 33 X 36

Subtotals o 20 30 ho 0 logs {566 | 50 |17 | 1126

Grand 719 |[1688 | 43 |42 3026

Total

Figure B~1. (continued).




s % |To-
z Study Humber of Passengers Killed and Injured Pas- | Pas~ | Pas- | Pas-{tal Capa-
8O- yymber sen- | sen- | sen- | sen-[Pas-[Dri-|Dri-{city
gers | gers | gers | gersisen-|ver |ver | of
10 20 30 40 50 K. Inj. | Inj. {gers| K. 1Inj.|Bus
1 o H ] [} -
1. | F<B0-1 Semmeem 0 o | 11 fwo |1 |x 16
{Van)
2. .2 e 1 3 0 o | 36 72
3. -3 Lo 2 25 3 {3} 8 9
(Yan) p——e
4, S ~ I 1 10 9 30 {10 v 79
5, -5 L 1 6 14 78 18 / 28
6. |F-F2-1 B ° 0l o 32 [wo |32 | x 73
7. | F-55-1 ";o 1 100 0 0 11X 72
2. 2 e . 2 4 | 33 | s9 | 56 v | 66
9. | FuSCrl pueem _ 3 8 | 29 | 73| 40 Yoy 66
10, -2 ::3 8* 50 8 50 1 16 | X 36
., -3 @ - 0 0 15 42 | 35 | X 60
12, -4 @ a 1 3 20 50 | 40 I 66
13. | F-RO-1 (@ 1 2 | 53 | s0| 59 /| 56
14. -2 -9 1 6 17 94 | 18 4 15
{Van) -
13, -3 e 1 7 13 93 | 14 v 16
(Van) ¢
16. A ——— 1 6 | 14 | 88| 16| x 20
(Van)
17. -5 =8 2 17 g { 75| 1 16
{van) °
12, -6 " o 3 9 30 91 ] 33 54
19, -7 e 3 o | 2 | s1] 32 /| 66
20, - [rter—e e 9 19| 26 | 35| 47 /| 66
21, -9 [ o 2 | 17| 8| 19 X 66
22. -lope o 2 6 | 29 | a8 | 33 /| 48
23. -1 o ® 29 57 22 43 | 81 " 79
24, -2 o 2 18 8 | 73| N v | 15
Van)
| S—Y
25, <1 3 e m——) 5 31 1 69 | 16 v/ 36
2. -149 — 2 4 | 41 | aa |49 /o6l
[ i 1 ) Fl 3
Total o 20 30 4o 50 133 {12 [490 |es {712 7 | 15| 1267

*
The bus driver was the only fatality in the accident.

Figure B-2. Distribution of passengers killed.and passengers injured
in 26 MDAI fatal school bus accidents.




APPENDIX C

DETAILED SUMMARIES OF FARS AND MDAI
FATAL SCHOOL BUS ACCIDENT REPORTS




TABLE C-1

FARS SCHOOL BUS ACCIDENT REPORTS: 1975
FARS Acc. | Type Passengers 4| of
Ncgge case| State | pate Veh. Passengers Killed or Injured K | 1nj. Driver Other
umber | “ng . (1975) Tota][Eject. K‘A] B ]c ]0 Age FexIK ]m. Veh.
School
Buses
1 0426 |Penn 4-111{ School 1 0 1 100{ - 58 (M |- |- -
2 {1320[0nio  [11-11] BUS | a3 2 |2 150 85 | 42 | F A -
3 0314 |Ark 9-11 34 - 10120 41 5 | M | K 1
4 |0614|Texas 3-6 1 1 1 100 - 321F (- |- -
5 1429 |Calif 6-23 10 1 1 5 4 101 90 23 | F B 1
6 0012 jATaska j 3-27 30 - ] 4 25 3{ 13 63 | M | - |~ 1
7 0019 |Alaska | 4-21 5 - 1 2 2 200 801 24 | M A 2
3 {0137 [%regon | 5-9 19 18 2 1121 3 2l 1] 79 ] a0 | F |« 1
Totals 113 22 9 23_21 _]/6 47| 8 50 | 42,1 213
14.1 | 19% 57 “V-“S avg.
avg. 8% age
occC.
Vans,
etc.
9 {0163 |NY 2-13 | Van 1 - 1 100 60 | M B -
10 0170 {Tenn 3-21 | Van 4 4 1 3 25{ 75 63 | M [ - |~ -
1M 1326 Mich 11-6 | Van 11 5 3] 8 27V 73 371 F K -
12 {0248 {Miss 5-8 |Van 8 3 2 41 25 25 23 F | - |- -
13 |o145 |Ariz 4-21 | van 1 ? 1 00 | 38| F | k8 -
14 {0390 |Ohio 5-2 | 4-dr 3 1 2 1 67/ 33} 18] F C 4
Sedan 1 Par,
Totals 28 14 6| 4113 1| 4| 21 64| 39.2 2 ]2
4.7 50% -1~ = avg.
avg. 18 85% age
Qcc.,
Driver
Only
15 1464 {NY 9-30 | Pick 0 6 F| K 1
Up
16 0073 {Ind 2-21 | School 0 571 M1 K 1
Bus
17 0822 |Ind 11-6 | School Q 521 M1 K -
Bus
Totals 48,3 3
avg.
age
Totals: School Buses & Vans 141 36 1524 34 17{ 51 1 53 140,9
10.1 3 N~ {avg.
av. 6% 75 64s  |age
occ.




TABLE C-2
FARS SCHOOL BUS ACCIDENT REPORTS: 1976

No.
Passengers
FARS Acc. Type R % % . of
Nﬁrizer Casel State | Date | Veh. Passengers Killed or Injured K | 1ng. Driver Other
No. (1976} Tota]lEJect. ﬂ A[ B [c ]o Age ISex[KTInj. Veh.
Schoo]
Buses
1 0799 |NY 6-20 | School 1 - 11 - - 132 Iw |« -
2 l0282|penn | 3-16] Bus 1 - |1 100 39 |F |k 1
3 0255 |F1a 2-16 51 1 {3 |48 6 194 |51 {M | 1
4 0074 INCar 1-28 17 - | wl 6] - [19 |Mm]|-] - -
5 0589 {0hio 6-8 16 - | 15 6 |94 |56 |F |KPY 1
6 N879 [Texas 5-11 36 - ] 35 3 - 51 F{- - -
7 0369 |Iowa 3-6 33 - 3 [15] 14 1 9 | 88 39 F A -
I unk
3 0425 | owa 9-24 3 - |11 5]e2s 3]97 (41 |F A 1
| 1401 {Calif | 5-2) 51 - |29 |18 2 57 |43 [s50 | M A -
10 0367 10reg 3-3 40 - 13 17118 |2 818 |54 |M A -
11 0192 [tleb 3-8 16 16 |8 | 51 3 50 50 |44 M |k® 1
’ Totals 293 17 | 5t{ot) 78 {18 |54 { 17 {64 [43.2 5| 8
26.6 6% ! ]& T~ Javg.
avg. 187 nk 81% age
Qcc.
Vans,
atc. .
12 0086 |Rh.1. | 4-13lSta.Wag| & 1o 4 20 |80 {43 | M ¢ 1
13 567 [Ny 5-13 Ista.Wag) & - 11 {4 20 |80 |52 M [K 1
14 0138 |Penn 1-19 Ista.Wag 10 - 118 1 1019 [38 | A 1
15 0483 {Penn 4-30( Van 2 - 2 me |37 |[F |k 1
16 n75(111, 1-12| Van 14 2 {1 (1} 93 7193 133 11 8 -
17 1161|0hio 9-9 | van 4 3 11 |3 25 175 {67 |F A% 1
18 0156 |ieb 7-14| Van 2 - 2 00 23 |F |k 1
1
1 Totals 42 5§ |5 io_ 9 j o128 |41.9 3] 4
6.0 14% 5; — avg.
avg, 100% age
QoCC.
Driver
Only
19 0277 |Penn 3-15 {Sch.Bus 21 F 1
20 0309 Neb 12-13 31 | F k@ .
Totals 25 2
avg.
: , ! age
rorals:  School Buses % Vane 335 | 23 [s6 1N’ 87! 26 |5ea|17 | 67 |42.7
. X
18.6] 7% N Jmk o’ 2.
avg. 224 84% 9
acc.




TABLE C-3

FARS SCHOOL BUS ACCIDENT REPORTS: 1977
CEM  |FARS Ace. | Type Passengers %1 9 :?
Number |Case| State | Date Veh. Passengers Killed or Injured K | nj. Driver Other
No. (1977) Total]Eject. K [ A| B [c |o Age ]Sex]K lInj. Veh.
School
Buses
1 2038 | NY 12-14 } School 29 1 1 1 27 3 3129 F |- -
2 onzfvirg | 3-8 | B | 32 - 32|52 9| 91 |57 |F 1
3 0420 Ala 6-27 1 1 1 100 42 M - -
4 1377 Fla 10~29 23 1 1 221 4 - 36 M- -
5 0172} Ga 3-18 1 - 1 100 29 F - -
6 No19| s.Car.} 1-19 11 1 1 10| 9 - 19 M - -
7 00841 Tenn 2=10 1 - 1 100 21 M- -
3 0130] N.Mex.| 4-26 5 I 1 41 20 -1 21 Mol - -
9 0710( Calif | 3-22 1 - 1 100 41 F |- -
10 0202} Idaho | 10-17 57 - 2 17 18 16114 4 28 | 40 M 1
" F-5C+ Ver 1-13 40 - 1 3 12 51191 3 50 | 26 M- 1
4
{not in FARS)
Totals 201 5 14 12 | 46 33( 96 7 a5 32.8 -
18.3 2.5% | N I I N avg.
vg.occ.| *” 91 52% age
Vans,
etc.
12 |o830| NY 6-18 |Sta.Yag] 8 - (1] o3 13 87|21 | i |- -
13 |0124| H.Mex.| 8-19] Van 10 1, 212 420 4026 | M- -
2 par
14 1359| Texas | 6-1 |Sta.Wagy 2 1 1 1 50 50 | 27 F 1
15 |0028] lowa | 1-24] Van 1 . 1 1 100 ) 22 | M|kt 1
16 04061 Mich 4-291 Van 18 5 1 5 9 3 6 94 | 23 F 1
Totals 40 9 5 10¥‘ 12 9i 41 13 77 123.8 1
3.0 avgl. r~\r'~“’ avg.
oce. 22% 31 9?% age
]
. R 241 14 13 |22 58 421001 8 ' 51 30.0
Totals: School Buses 4 Vans 16.1 o . / ava.
avg. 122 59% age
0cC,

c-3




TABLE C-4

FARS SCHOOL BUS ACCIDENT REPORTS: 1078
cH  |FARS Acc. | Type Passengers | % of
Neober |Case| State | Date Veh. Passengers Killed or Injured K [ 1Inj. Driver Other
No. (1978) TotallEject. k] A] B ’c ]0 Age ISex[K llnj. Veh.
School
Buses
1 [14624 Penn  |10-27 | School | 14 - 3| 100 | 46 | F | K 1
b Bus
2 n303 | Ga. 4-11 33 - 3130 ] 91 24 | F -
3 {3532 Miss | 4-20 K - 1 | 9| - 45 (M| - 1
4 0870 { it.Car.{ 9-15 38 - 1 1136 3 3 17 (M - -
5 1547 1 111, 10-30 48 - 1 47 2 98 40 | F -
) 0172 | Minn 4-28 19 - 1 4114 5 21 20 I M - -
7 14071 | Ohio [12-7 15 - 12y - | 20 | 51 |F | k® 1
8 0100 | Texas 1-16 24 - ] 3120 4 96 28 | M 1
] 3773 | Texas [12-8 23 1 5113 4 1 22 78 43 | M 1
10 0907 | Hiss 11-13 22 - 3 16 14 86 21 I M - 2
Totals 247 ] 16 146 76 _,/37 721 6 64 | 33.5 2
\ e’ avg,
24.7 1% ™
avg. 159 70% age
occ.
Vans,
etc
N 0679 | Penn 5-13 Van 5 - 2 1 21 - 60 18 | F er -
12 0320 N.Car.] 4-11 Van 1 1 1 110 23 [ F | - -
Totals 6 1 1 2 1 21 17 50 | 20.5 1
3 17% A — zvg.
avg, 3 67% ge
aco.
Driver
Onty
12 14624 Penn | 10-27 [Sta.MWagq, 47 | F K 1
a
13 0162| S.Car.} 3-2 ISc.Bus 40 | F 2
14 3057 | Kan. 11-29 | Van 50 | F 2
Totals 45.7 3
avg,
age
253 2 17 146 78 38 |74 7 64 31.3
Totals: School! Buses & Vans e Ay,
211 1% . 7
162 Ji% age
avg.
OCC.

C-4




FATAL SCHOOL BUS ACCIDENT REPORTS: 1270-1977

TABLE C-5

MDAI
ggzl Acci- Passengers Passengers Killed or Injured Bl oriver 0::ér
No-t pegig- | STae| dent 6] 5] 5|4 3] 2] 1] 0 |unk|] K|Inj| Age| Sex K|OAIS | Veh.
nation Date Total [Eject. F | NF
Schoo)
Buses
1 |F-R0-1 | Idaho|1970 59 | - 1 7t7 [2a) s|15| 2]6a] 18 | 4 ]
> |F-R0-8 | Col [9-11-71 47 | 39 |9 al3|8le6 | 5]2 19|55 | 23 | M 5¢ -
3 |F-R0-14 Lanada|12-72 49 5 | 2 35| 5] 628 27 | unkrjown X 1
4 |F-r0-101S.Car|5-23-73 3 | - 2 slo ] o} 2 88116 | F ) -
5 |F-R0-13|1Ind [10-31-73 | 16 1 |4l 1 6 31 (69 | 27 | M 3 1
6 |F-FR-1 [anada|6-74 32 | - 112 |29 - |wool 67 {M [k ]
7 |F-BO-4 |Calif|10-8-74 0| - 1 201 | 6 10 |90 | 36 |M ] -
g |F-RO-9 |Ore |[5-9-75 19 | 18 2 3131219 1090 | 40 | F |K® 1
9 |F-sc-3 |Ark l9-m1-75 7| 35 | - 3|7 20 - (4355 | M |k 1
10 {F-$5-1 | Penn |3-16-76 | 1 | - 1 100 39 | F |K 1
11 |F-B0-2 | Texas|5-11-65"| 36 | - 1 35 30- (52 |F |- - -
12 |F-RO-11 | Calif|s-21-76 | 51 | - 72212716151 2 57 143 | 50 | M 4 -
13 |F-R0-6 | lowa |8-6-76 33 | - 2|1 419 115 919139 |F 2 -
14 |F-sc-2 | Neb [8-8-76 *| 16 [ 15 |8 3|5 50 [50 | 44 [m |«k® Train
15 |F-5¢-1 | calif]9-8-76 *| 40 | - 3|1 {186 |13] 8 7173 ] 53 | M 3 | Train
16 |F-5c-4 |vt [1-13-77%| 40 | - 1 5 [151 19 2150 26 | m ] 1
17 {F-R0-7 |va [3-8-77 *| 32 T l2l 1121 |22] 3 gl |57 |F 1 -
18 |F-55-2 | 1daho{10-17-77"| 56 | - 2l V12114 {25 21 59 | 40 | M ) 1
Totals: 605 | 79 |40 '33 |14 24 56 74 190 |125 {43 | 12 59 |40.1 5 [12
135 | S~ N 5 s ) |avg.
71% age
Vans, Small Trans., Vehicles
19 |F-B0-5 |Calif [1-28-66 18 | - | ] 6 |71 3 6|78 | 42 |F 2 -
20 |F-RO-12 [ 111 |7-29-74 n | - 1] 2 51 1 18|73 ] 51 | M 3 -
21 |F-B0-3 [Mo [5-8-75 *| 8 | 3 3| 3 25138 | 23 |F |- | - -
22 IF-BO-1 [Mich |11-6-75"| 11 | - 2 1] 8 00| 37 {F |k -
23 [F-R0-3 L111 [1-12-76 " | 14 2 1 1 12 71931 33 |M 1 -
o4 |F-RO-4 |Onio |6-8-76 | 16 | - 1 nm| 1| 1] 6|81 ]s6 |F |k ]
05 [F-RO-5 | N.Mex[4-19-77 % | 11 3 |2 1 5 18{82 {2 [m |- | - -
26 |F-R0-2 |Mich |4-20-77" ) 18] 6 |1 1 1 10 69423 |f 1 1
Totals: 107 | 14 U K i” 61| 8 1 iﬁz 3394 2 | 3
165 | 10 88 91% |age
Totals:  School Buses, Vans | 712 | 93 (49 '3¢ [17 127 60 " o1 25)[133 [ag |10 63 |30 |7 |17
eeﬁ?gllsTransportat1on 13m &?ZFJ e ~ :;g.

* Indicates the MDAl case is in FARS.




TABLE C~6

IDENTIFICATION NUMBERS FOR MDAI AND FARS
FATAL SCHOOL BUS ACCIDENT REPORTS

CEM Number

FARS Case Number

CEM Number

FARS Case Number

F-B80-1
r-B0-2
F-80-3
F-$S-1
F-Ss-2
F-SC-1
F-SC-2
F-5C-3
F-SC-4

1975/1326
1976/0879
1975/0248
1976/0282
1977/0202
1976/0367
1976/0192
1975/0314

Included in Fars Analysis

but not in FARS

F-RO-2
F-RO-3
F-R0O-4
F-RO-5
F-RO-6
F-RO-7
F-R0-9
F-RO-11

197770406
1976/0175
1976/0589
1977/0124
1976/0369
197770112
1975/0137
1976/1401

-6




APPENDIX D

DETAILED COMPUTER ANALYSES
OF INJURY REDUCTION ESTIMATES,
BY QUALITY OF ESTIMATE

56 Fatal and 26 Nonfatal School Bus Accidents
Quality of Estimates

Good + Fair + Poor
Good + Fair

Good

Fair

Poor




TABLE D-1

SUMMARY AND ANALYSIS OF INJURY REDUCTION ESTIMATES
MADE BY THE CEM CLINICAL ANALYSIS TEAM
FOR
ALL NON FATAL ACCIDENT INJURIES AND
ALL QUALITY OF ESTIMATES (GOOD + FAIR + POOR)

oAa1s LeEvetsl ol 11 21 3] 4 )lsNF] SB5F | 6| SUB ITOTALIFREQ OF ND CHANGE |CHANGE IN
| | } | | I | ] | TOTAL] | AND CHANGE (%) JINJURED(X)
ORIGNALIHONFATAL | 969 | 617 | 821 81 71 ol | 11683 11683 |= ALL PASSENGERS |
0AIS| FATAL | | i ! | | I o1 ot ol 714 |= INJURED ONLY |
OAIS UNCHANGED | | | | i | | | | | { ]
1 | 1 313 ) ] ] | | | I 313 | | 50.7 |
2 | | I 34 | l | | | I o361 | 41.5 ]
3 | | 1] 21 | | | [ | 25.0 ]
6 | I | | P11 | | I 11 350 | 14.3 | 49.0
5N | I | | | 1 ol | I ot | 0.0 I
5F | | | | | | | ol | o | 0.0 I
6 | { | | | | ! { ol ol | 0.0 !
QUALXITY Gooo | } 61} 91 2141 o} o) of of 72 | 10.1 |
OF FAIR | fr321 1st o1 ol o]l o1 o1l 147} 3501 20.6 | 49.0
ESTIMATE POOR | 1204 10t ot v} ol ol o1l 131 | 18.3 i
OAIS CHANGES { | | | { | | | | | | |
1100 | 306 | | | | | ] | I 306 | | 49.3
27101 | I 26 | | | | | ] 1 26 | | 31.7 |
2100 | 22| | | | | | | | 22| | 26.8 {
3102 | | I 11 ] | | | I | | 12.5 |
3701 | [ ol | ] I | i i al | 50.0 |
3vo0 | 1} | | | | | | o1 { 12.5 |
4103 | { | b2 ] | | | ] 28.6 |
4702 | | | 21| | | | | 1 21 | 28.6 |
4101 | I 2 ] | | | | [ | 28.6 |
4a100 | 0| | | | | | | I 0] 364 | 0.0 [ 51.0
SNTO 4 | | | | I o | | I ol | 0.0 |
SN TO 3 | | | o ] ! | [ | 0.0 |
sMTo 2 | { I ol | | | | I ol | 0.0 ]
sNYOl | 1 ol ] ] l | | I o] } 0.0 |
sHt00 | 0] l ] | | ) J | | 0.0 |
5F T0 4 | | | { ool | ] ool | 0.0 |
5F 103 | | | | ol | | | ] ot | 0.0 |
5F T0 2} | 1 o | | | | (I | 0.0 |
sF T01 | I o | | | | | 1 ol | 0.0 |
5FT00 | ol | | | | } | I ol | 0.0 |
6 TO 5N | | { | | 1 ol | 1 ol | 0.0 |
6 T06 | | | | | o | | 1 o | 0.0 |
6703 | f | i ol | | | I ol | 0.0 ]
6102 | | I ol | | { | ] ol | 0.0 |
6TO01 | i o | | | | | I o | 0.0 i
6t00 | of | | { { | i I o ! 0.0 |
TOTAL CHANGES 1 3221 321 31 21 ol ol | | 1 ! |
QUALITY gooo 225t 161 11 o ol ol I | 242 | | 33.9 I
OF FAIR | 94} 1) 21 21 o1 ol | | 112 | 366 | 15.7 I 51.0
ESTIMATE pooR t a8t 21 ol ol ol ol I i 10 1| ] 1.4 |
PRE-STD.DIST.02) | 57.6) 36.71 4.9 0.51 0.4] 0.0l o0.0] 0.00100.0] = ALL PASSENGERS |
PRE-STD.ODIST.(2) | 0.0] 86.4} 11.5) 1.1] 1.0l 0.0] 0.0 0.01100.0] = INJURED OHNLY i
NEW OAIS TOTALS 1296 | 345 } 37 ) 4] 11 o} o} o j1683 | |
POST-5TD.DIS. (%) | 77.0] 20.51 2.2] o.21 0.1l o.0f 0.0l ©.0l1100.0] = ALL PASSENGERS ]
! o.0! 89.11 9%.61 1.0t o0.31 0.0l 0.0l 0.01100.0] = INJURED ONLY |

POST-STD.DIS. 1)




TABLE D-2

SUMMARY AND ANALYSIS OF INJURY REDUCTION ESTIMATES
MADE BY THE CEM CLINICAL ANALYSIS TEAM
FOR
NON FATAL ACCIDENT INJURIES FOR WHICH
QUALITY OF ESTIMATES ARE GOOD + FAIR

OAXIS LEVELSI o1l Y} 21 31 4 1BNF 1 BF 1 6| SUB |TOTALIFREQ OF NO CHANGE [CHANGE IN
| i | | ! | ] | frorart | AND CHANGE ) INJURED(Z)
ORIGNALIMONFATAL | 699 1 489 1 70|l 81 61 ol | 11272 [1272 |= ALL PASSENGERS |
OATXS| FATAL | | | | | ! I 6l o1l o0 5735 |= INJURED ONLY |
OAIS UNCHANGED | I | | | | | | | ! I |
1 | 193 | | | | | | I 193 | | 39.5 |
2 | i 1 24| | | i | I 24 | } 34.3 }
3| | | I 21 | | | 1 2 { 25.0 |
4 | } i | 1 ol | ] I o) 219 | 0.0 ] 38.2
sH | I | | | I o | I o | 0.0 (
SF ) ) | | | | I ol 1 o] | 0.0 |
6 | | I ] I ] | I ol ol ] 0.0 |
QUALITY GoOoD | 1 611 9} 21 ol ol ol ol 721 1 12.6 }
OF FAIR | i321¢) 151 ol of ol ol ol 1la71 2191 25.7 I 38.2
ESTIMATE poor | I ol of ol ot ol oi o ol | 0.0 |
OAIS CHANGES | | | I | I | | | | ] |
1700 | 296 | | ) I | | } | 296 | I 60.5 ]
2101 i I 24| 1 | | | ] | 24 1 | 34.3 |
2100 | 22} 1 } 1 1 1 ] 1 221 ] 31.4 |
3102 | ! | 11 ] | | | I 11 l 12.5 |
3101 | I a4l | { | | | | &l | 50.0 ]
3100 | 1} | | | | | | I 1| | 12.5% |
4103 | i | P2 ] | | | A | I 33.3 I
4102 | | i 2| ! [ | | I 2] ! 33.3 |
av01 |} 1 21 | | | | | I 2| | 33.3 !
avoo { o l | | { | ] I o | 354 | 0.0 | 61.8
SN TO 4 | | } | I ol | [ | i 0.0 [
ENTO 3 | | | I o1 } | | I o} | 0.0 |
sHTO0 2 | i I o | | | | oo | 0.0 !
5NTO1 | 1 o} | | I | { 1 o ] 0.0 ]
sMTpo | ol i | | | I { I ol | 0.0 |
SF T0 4 | I | | I ol | | I o} { 0.0 |
5F 703 | | ! I o1 | f | 1 ol ] 0.0 |
5F 10 2 | | | o | 1 | | I ol ] 0.0 |
5F TO01 | I o ] l | | | 1 o | 0.0 !
5F300 | 0| | | | | | | (I VI | | 0.0 |
6 TO 5N | ! l | | I ol | I ol | 0.0 |
6704 | | | | [ | | I o] | 0.0 |
6103 | | | I ol | | | I o | | 0.0 |
6102 | | I o} | | | ! [ | | 0.0 |
6101 | | o] i | | ] | I ol | 0.0 |
46100 | 0 | l | { i | i ol { 0.0 {
TOTAL CHANGES I 319t 301 3§ 21 of ol | 1 I | |
QUALITY coonp L2250 161 1}l el ol ol 1 | 242 | l 42.2 |
OF FAIR §{ 9 | 1| 21 21 ol ol | I 112 | 354 | 19.5 | 61.8
ESTIMATE poOR | o©1 o) of ol ol ol | I o | 0.0 I
PRE-STD.DIST.(Z) | 55.01 38.4) 5.5) 0.61 0.51 0.001 o0.0] 0.0)100.0) = ALL PASSENGERS i
PRE-STD.DIST.(Z) | o0.01 85.3] 12.2] 1.4] 1.0l 0.0l o.0l 0.01100.0] = INJURED ONLY }
MEW OAIS TOTALS f1018 | 223} 271 401 ol ot o1} o fre72 ) |
POST-S10.015.0%) | s0.0l 17.50 2.10 0.3l 0.0l o.0l o0.0! 0.01100.01 = ALL PASSENGERS {
POST-STD.DIS.(X) | © 1.61 0.0l o0.00 0.0l 0.01100.01 = INJURED ONLY |

.0l 87.81 10.6]




TABLE D-3

SUMMARY AND ANALYSIS OF INJURY REDUCTION ESTIMATES

MADE BY THE CEM CLINICAL ANALYSIS TEAM

FOR
NON FATAL ACCIDENT INJURIES FOR WHICH

QUALITY OF ESTIMATES ARE GOOD
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| INJURED ()

| AND CHANGE (Z)

| 491 | 491 |= ALL PASSENGERS |
0 [ 259 |= INJURED ONLY

o1

6 | SUB ITOTALIFREQ OF NO CHANGE|CHANGE IN
lToTALL

SF |
|

TABLE D-4
FOR
NON FATAL ACCIDENT INJURIES FOR WHICH
QUALITY OF ESTIMATES ARE FAIR

38
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MADE BY THE CEM CLINICAL ANALYSIS TEAM
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TABLE D-6

SUMMARY AND ANALYSIS OF INJURY REDUCTION ESTIMATES
MADE BY THE CEM CLINICAL ANALYSIS TEAM

FOR
ALL FATAL ACCIDENT INJURIES AND
ALL QUALITY OF ESTIMATES (GOOD + FAIR + POOR)
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TABLE D-7

SUMMARY AND ANALYSIS OF INJURY REDUCTION ESTIMATES
MADE BY THE CEM CLINICAL ANALYSIS TEAM
FOR
FATAL ACCIDENT INJURIES FOR WHICH
QUALITY OF ESTIMATES ARE GOOD + FAIR
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TABLE D-8

SUMMARY AND ANALYSIS OF INJURY REDUCTION ESTIMATIES
MADE BY THE CEM CLINICAL ANALYSIS TEAM
FOR
FATAL ACCIDENT INJURIES FOR WHICH
QUALITY OF ESTIMATES ARE GOOD
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SUMMARY AND ANALYSIS OF INJURY REDUCTION ESTIMATES

MADE BY THE CEM CLINICAL ANALYSIS TEAM

FOR
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TABLE D-10

SUMMARY AND ANALYSIS OF INJURY REDUCTION ESTIMATES
MADE BY THE CEM CLINICAL ANALYSIS TEAM
FOR
FATAL ACCIDENT INJURIES FOR WHICH
QUALITY OF ESTIMATES ARE POOR

oatrs LEVELs o) 11 21 31 a4 lswFl 5F 1 6 | suB |TOTALIFRER OF NO CHANGE |CHAHGE IN

| 1 | | | | | | ITovALl I AND CHANGE (%) JINJURED(X)
ORIGNALIMONFATAL | l1a l X100l 291 231 3| &l { | 183 | 189 |= ALL PASSENGERS |
0ATSI  FATAL ) 1 1 | { ! I 31 3§ 61 175 |= INJURED ONLY |
OAIS UNCHANGED | { | l { | { { | { | {
1| | 103 { | | | ( | | 103 | [ 93.6 |
2 | } } ez i | ) | } ] ez} | 75.9
3 | { { | 171 | | | | 17 1 | 73.9 ]
4 | ! | | o3 I | | 31 154 | 100.0 | 88.0
SN 1 | | 1 I 3 | 1 3 | 75.0 |
s | | { { | | 1 3 I 3 | 100.0 |
6 | I | | | | | I 31 3 | 100.0 }
QUALITY G000 | | ol of of ol ol of o of 0.0 |
OF FAIR | b ot ot ol of ol ol o1 o] 154 | 0.0 | 88.0
ESTIMATE POOR | l1oe3 ) 221 1221 31 31 3| 31 154 | | 88.0 |
OAXS CHAMGES | | | | | I | | | | | |
1700 | 71| | | | | | | (A | | 6.4 |
2101 | P70 | | | | { I 71 | 24.1 |
2100 | o0} | | | | ] | I ol | 0.0 {
3102 | | I 61 ] ] ] l | 64 | 26.1 {
37101 | { ol | | | | | i o { 0.0 !
31700 | 0l [ | | i ] | I ol | 0.0
4703 | | | {1 ol | | } ! o] | 0.0 |
9 T02 | | i ol | | { | I o | 0.0 1
4101 | I ol | | ] | | I o | 0.0 |
4100 | 01 | | | | | | I o 21| 0.0 | 12.0
s Y0 6 | ] | | (R A | | | (R B | | 25.0 {
SHTO 3 [ | | ot | | | I ol | 0.0 i
sHTD 2 | | | ol I | { | | ol | 0.0 |
sHy0 1 | I o | | | | | I ol | 0.0 |
sumtoo | ol I | i ( | | I o l 0.0 |
5F TO 4 | I i | oot | | I o} | 0.0 |
sF 103 | | } iood | i ] 1o i 0.0 |
5F Yo 2 | | ([ I | | | I o1 | 0.0 |
SF 101 | 1 o | i | | N 1 o | 0.0 |
sFt006 | 0} | | | | | { I o . 0.0 {
6 TO 54 | | | | | I ol | I o] | 0.0 |
6 T04 | ) | | [ ! I I ol | 0.0 |
6103 { | I o ] | | I o | 0.0 !
6 ToO2 | | I ol | | | | I o | 0.0 |
6101 | 1 ol | | | | | i ol | 0.0 |
6100 | o0} | | ! | | | i ol { 0.0 !
TOTAL CHANGES I 71 721 61 ol 11 ol ] | | } |
QUALITY soop I o ol ol ¢! ol ol | | ol [ 0.0 |
OF FAIR | o} o} ot ol o1 o | | o] 21 0.0 H 12.0
ESTIMATE pooR } 74 71 &1 ot 11 ol | ! 21 t 12.0 }
PRE-STD.DIST. () | 7.4l 58.2}) 15.3] 12.2] 1.6l 2.11 1.6} 1.6]100.0] = ALL PASSENGERS ]
PRE-STD.DIST.(Z) | 0.0] 62.9) 16.61 13.11 1.71 2.3 1.7] 1.71100.0} = INJURED ONLY !
MEM OAIS TOTALS | 2y Jx10i 28t 17} &1 31 3| 3] 189} |
POSY-STD.DIS. () | 11.1) 58.2) 14.81 9.0] 2.11 1.6l 1.6 1.61100.0] = ALL PASSENGERS |
POST-STD.DIS.(2) | 0.0} 65.5) 16.71 10.1) 2.41 1.81 1.81 1.81100.0) = INJURED ONLY !




APPENDIX E
SUMMARIES OF QUALITY OF
INJURY REDUCTION ESTIMATES




TABLE E-1

SUMMARY OF QUALITY OF INJURY REDUCTION ESTIMATES
FOR 56 NONFATAL MDAI CASES

Nonfatal Accidents Nunber _ Quality of Estimate
{56 Cases) i Good Fair Poor
OAIS Remains the Same
OAIS 1 313 61 132 120
OAIS 2 34 9 15 10
DAIS 3 2
OAIS 4 1 1
Total 350 72 147 131
OAIS Changes
OAIS 1 to O 304 213 a3 8
OAIS 2 to 1 26 12 12
OAIS 2 to O 22 1 11
OAIS 3 to 2 1 1
OAIS 3 to ] 4 3 1
QAIS 3 to O 1 1
0AIS 4 to 3 2 2
OAIS 4 to 2 2 1 1
0AIS 4 to ? 1 ]
Total . 364 242 12 10
Grand Total 714 314 259 141
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TABLE E-2

SUMMARY OF QUALITY OF INJURY REDUCTION ESTIMATES
FOR 26 FATAL MDAI CASES

Fatal Accidents Quality of Estimate
Number
(26 MDAI Cases) Gaod Fair Poor
DAIS Remains the Same
DALS 1 169 25 41 103
QAIS 2 53 7 24 22
OAIS 3 44 5 22 17
QAIS 4 19 5 11 3
0AIS 5 (NF) 13 4 6 3
DAIS 5 (F) 33 27 3 3
DAIS 6 43 29 11 3
Total 374 102 118 154
QAIS Changes

0AIS 1 to O 82 29 46 7
OAIS 2 to 1] 3 1 13 7
OAIS 2 to 0 7 7

OAIS 3 to 2 8 1 1 6
0AIS 3 to 1 8 5 3

0AIS 4 to 2 7 3 4

OAIS 4 to 1 ] 1

OAIS 5 (NF) to 4 1 1
OAIS 5 (NF) to 2 1 1

OAIS 5 (NF) to 1 2 2

QAIS 5 (F) to 1l 1 ]

OAIS 6 to 2 1 1

QAIS 6 to 1 3 3

QAIS 6 to O 2 2

Total 155 57 77 21
Grand Total 529 159 195 175




