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Multinational Business Services, Inc.

11 Dupont Circle

Washington, D. C. 20036

U. S. A. (202) 293-5886 Regulatory and Trade
Fax: (202) 939-6969 Counsellors

September 17, 1997

The Honorable Frank W. Hunger

Assistant Attorney General

Civil Division

Room 3143

Department of Justice

Tenth Street and Constitution Avenue, N.W.
Washington, DC 20530

RE: NHTSA Proposed Air Bag Deactivation Rule; Docket No. 74-14;
Notice 107

Dear Mr. Hunger:

I would like to call your attention to a Federal regulation under development
which would:

» Violate President Clinton’s Executive Order 12988 on Civil Justice Reform;
and

» Create long-term complex litigation which would needlessly result in
further overloading of the Federal court system.

The National Highway Traffic Safety Administration (NHTSA) has issued a
Notice of Proposed Rulemaking that would permit vehicle owners to deactivate
the driver and/or passenger air bag on request, provided that a fact sheet was
read, warning signs installed in the car and an authorization form signed by the
owner. The proposed form includes a liability waiver to be signed by the vehicle
owner. There are several key deficiencies with regard to the proposed liability
waiver which would result in significant litigation in state and federal courts.

The Multinational Companies
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1. The proposed waiver would not shield vehicle owners, repair
businesses, and manufacturers from litigation under state common
law; and

2. The proposed waiver does not even attempt to shield manufacturers

from liability under Federal law.

Attached is a legal opinion prepared by Maynard, Cooper & Gale, P.C. of
Birmingham, Alabama. The opinion clearly documents that, even with a signed
waiver, there is a very serious risk that manufacturers, dealers and vehicle owners
would be held liable under Alabama common law in the event of accidents
following deactivation of an air bag. The magnitude of awards in Alabama is
staggering, please refer to Exhibit C of the legal opinion.

I would note, and the legal opinion points out, that Congress specifically stated
that "compliance with a motor vehicle safety standard ... does not exempt a
person from liability at common law." If compliance with a Federal safety
standard is not sufficient protection against suit under common law than surely
deactivating a Federally-mandated safety device likely would not be exempted
from potential liability under common law. -

We have not researched the laws of other states, but we suspect that the Alabama
situation will be applicable in many, if not most, other states.

The bottom line is that the proposed regulation will likely result in significant
numbers of new cases filed in both state and federal courts. Every person injured
in a vehicle in which the air bag has been deactivated is a potential plaintiff, even
if the deactivation was performed properly and in a non-negligent manner. The
taxpayers will have to pay for the increased resources which will have to be
devoted to the justice system, and consumers will have to pay for the increased
costs incurred by vehicle and component manufacturers, vehicle dealers and other
repair businesses in defending a multitude of lawsuits. Vehicle owners also will
be the target of such litigation (which likely will drive up personal insurance
costs).

Executive Order 12988: Civil Justice Reform
President Clinton signed Executive Order 12988 on February 5, 1996 in order to

promote increased efficiency in Federal courts and to reduce needless litigation.
Section 3 of the Order explicitly directs Federal agencies to "..Promulgate
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Regulations Which Do Not Unduly Burden the Federal Court System.” However,
by:

* Allowing for the deactivation of a Federally-mandated safety device
without a showing of case-specific cause or need to deactivate the device;
and

* Using a waiver system which would not shield parties from liability under
common law;

NHTSA would be creating a regulation which would result in needless litigation
in Federal court in violation of the Executive Order.

It is important to note that the regulation is, in itself, needless, i.e. the result of the
regulation, deactivation of air bags, can be efficiently accomplished when justified
under current NHTSA procedures. The only real purpose of the regulation would
be to reduce the NHTSA resources used to administer the current petition-based
air bag deactivation process.

We conclude that the Department of Justice should conduct a formal review of
this regulation under Executive Order 12988 prior to its submission to OMB under
Executive Order 12866. 1 would like to arrange a meeting with you at your
earliest convenience so that we can discuss this issue to ensure that the proposed
regulation does not become yet another needless burden on Federal courts.

Sincerely,

. Tozzi
Dirextor

Attachment



Harvard Center for Risk Analysis

September 30, 1997

Senator Dirk Kempthorne

Committee on Environment and
Public Works

United States Senate

Washington, D.C.

Dear Senator Kempthomne:

I was encouraged to learn of your recent legislative effort to enhance the design of future
airbag systems by prohibiting the use of unbelted dummies in the safety compliance tests used by
the National Highway Traffic Safety Administration. As you know, the use of an unbelted
dummy in the government's compliance test has played a perverse role in airbag design by
inducing vehicle manufacturers to produce airbag systems that deploy with more speed and force
than is necessary to protect properly belted adults and young children. I support your legislative
effort to focus NHTSA and industry efforts toward providing enhanced safety for belted adults
and fewer risks to children. I would also like to suggest some additional steps that could be
taken by Congress to enhance and refine the effort that you have initiated.

WHY WE SHOULD FOCUS ON PROTECTING THE BELTED ADULT

Although the airbags produced under NHTSA's unbelted compliance test have already
saved thousands of lives, it is becoming increasingly clear that those lives could have been saved
with less aggressive designs that would have inflicted fewer and less severe injuries on young
children as well as belted adults. For both philosophical and practical reasons, it is constructive
to focus the energies of regulators and the private sector on improvements in occupant-restraint
design that enhance the safety of belted occupants. Please consider both of these arguments.

The philosophical argument is that the safety of adults who fail to obey mandatory safety
belt use laws should not be a priority of the federal government, unless providing safety to these
occupants can be achieved at little or no economic cost, at no safety disadvantage to the adults
who regularly buckle up, and at no safety disadvantage to children. Those who do buckle up and
respect the law are in a stronger ethical position to expect and demand further regulatory
protections from government.

The practical argument is that the public and private sectors have limited engineering and
fiscal resources to devote to auto safety efforts, such as those now underway around the world to
enhance the design of airbag systems. By forcing regulators, suppliers, and manufacturers to
focus limited resources on measures to enhance safety for belted occupants, the safety payoffs for
the investment of available resources will be enhanced. This argument may seem
counterintuitive, since the unbelted drivers are most at risk and may currently be involved in
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more crashes, but long-term trends in belt use need to be considered.

Safety belt use rates among American adults have increased from 10% in 1980 to
roughly 60% in 1996. It is reasonable to expect that they will continue to increase in the decade
ahead. The vehicles produced in the year 2,000 will be on the market for 10 to 20 years, when
belt-use rates may begin to approach the high levels that have already been achieved in many
other developed countries around the world. Even among high-risk teenage drivers, who appear
to be reaping significant benefits from current airbag designs, behavioral norms are gradually
changing. Safety belt-use rates among teenagers in the year 2010 are likely to be much higher
than they are today precisely because these children will have been raised with different norms
toward safety belt use than today's teenagers and parents have been.

SUGGESTIONS FOR ENHANCING NHTSA'S APPROACH TO CHILD PROTECTION

As you consider refining your legislative approach to the occupant-restraint issue, [
would like to recommend additional steps that may strengthen your effort. Some would entail
subtle modifications to your occupant-restraint amendment while others would entail more
emphasis on encouraging NHTSA to explore new strategies aimed at protecting children in
crashes.

First, your amendment should be clarified to permit NHTSA to use unbelted, out-of-
position child dummies in future amendments to FMVSS 208. The retention of such authority
might encourage introduction of "child-friendly" airbag designs, with or without such a standard.

In my professional judgment, which is certainly aided by the benefit of hindsight, it has been a
mistake to deploy airbags on the passenger side of vehicles in crashes where young children are
occupying the front seat. If it were technically feasible, NHTSA should retain the authority to
write a performance standard aimed at protecting children (restrained or unrestrained) through
use of an unbelted child dummy that might be placed "out of position" in the compliance test.

In other words, in the case of childhood protection, I think there is merit in making an
exception to both the philosophical and practical objections to the use of unbelted dummies in
compliance tests. The safety of young children (unrestrained as well as restrained) should be a
priority of government because such children are more vulnerable in crashes than adults and less
capable than adults of protecting themselves. I suspect, based on conversations with Gary Smith,
that you did not intend to preclude use of unbelted child dummies in future standards but it is my
fear that the current language of your amendment could be interpreted in such a restrictive
fashion. I do agree that unbelted adults should not be permitted in the compliance tests and I
concur with your decision to allow belted adult dummies of different sizes and positions to be
used in future standards.

Second, I recommend that you take appropriate steps to make sure that NHTSA takes
seriously the recommendations of NTSB to promote laws in each state aimed at requiring
children under the age of 13 to ride in the back seat when such a seat is available (subject to

medical exceptions) and be properly restrained. Rhode Island has recently taken a modest step in
2



this direction by requiring children under the age of six to ride in the back, but primary
enforcement of this law needs to be added in the future. Grants and financial incentives should
be made available to states that are pioneers in this area. Our Center's national survey of licensed
drivers in America (enclosed) indicates that the vast majority of citizens (including parents with
young children) would support a legal requirement that children be seated in the back and be
properly restrained.

Currently, NHTSA and the states are not even collecting observational data on how
frequently children in each state ride in the front seat. Without such data, it is not clear how
NHTSA intends to make measurable progress on this crucial issue that has been highlighted by
NTSB. As an attachment to this letter, I have enclosed some information that our Center shared
with NHTSA on this point, as well as the written response we received from NHTSA
Administrator Ricardo Martinez. Based on this letter and conversations with career staff at
NHTSA, I am convinced that NHTSA lacks both the commitment and resources to get serious
about child seating policy, a situation that can only be corrected by congressional action.

For your information, I have also enclosed a proposal that our Center developed to create
community-based educational programs aimed at encouraging children to ride in the back seat.
You may be interested to know that we have not yet been successful in getting NHTSA
interested in this proposal. Regardless of what you may think about child-seating laws,
community-based educational efforts will be critical to making sure that owners of resold cars
with passenger -side airbags take appropriate steps to protect their children from airbag
deployment in the years ahead. Much of the educational effort to date has been directed at the
original owners of vehicles, yet we know that owners of used cars, who are often less aware of
safety issues, are likely to allow children to ride unrestrained in the front seat.

The safety advantages of the rear seat are substantial. Recently, the Insurance Institute
for Highway Safety quantified the intrinsic safety advantages of rear seat occupancy for children,
as well as the magnification of this advantage attributable to the widespread introduction of
passenger-side airbags into cars and minivans. [ am hopeful that you will become a
congressional champion of the need to develop a new national norm that "kids ride in the back",
a norm that can complement the one that is already developing regarding proper use of restraints.

SUMMARY OF SUGGESTIONS

In summary, I am requesting that you take three steps to enhance the federal
government's approach to occupant-protection policy. First, I recommend that you persist in
your efforts to make sure that future occupant-restraint standards focus the energies of regulators
and the private sector on improving the protection provided to the belted adult. A side benefit of
this effort is likely to be airbag designs that are less aggressive and therefore less injurious to
children. Second, I recommend that you refine your recent amendment to make sure that the
government is clearly permitted to use an unrestrained child dummy in future compliance tests, if

that appears to be a technically feasible and cost-effective approach to enhancing airbag design
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and child safety. Even if educational and legal approaches are wildly successful, it is realistic to
expect a significant number of unrestrained children riding in the front seat during the next 20
years. Third, I recommend that you look into what NHTSA is doing in response to NTSB's
recommendations about child-seating policy and take steps to make sure that NHTSA gives
adequate priority to the child-seating issue.

Thank you in advance for your consideration of these issues. I have appreciated the
opportunity to discuss this matter with Gary Smith, who has been a patient listener as well as an
articulate advocate of your point of view. Please do not hesitate to contact me if there is
anything I can do to enhance your efforts or elaborate on these issues. [ am certainly willing to
meet with you and/or your staff if you feel such a meeting would be worthwhile.

Sincerely,

A

in D. Graham, Ph.D.
irector

cc: Ricardo Martinez, M.D.
James Hedlund, Ph.D.
v Jerry Mande
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US. Department Administrator
of Transportation

National Highway
Traffic Safety
Administration

400 Seventh Street, S.W.
Washington, D.C. 20530
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John D. Graham, Ph.D.

Harvard Center for Risk Analysis
Harvard School of Public Health
718 Huntington Avenue

Boston, Massachusetts 02115

(W
Dear Dr. Grgham:

Thank you for your letter and your preliminary report, Kids at Risk: Where American
Children Sit in Passenger Vehicles. Your results are interesting and I have passed
them on to the appropriate staff here to consider as we move forward on the issue of
getting kids to ride in the back seat.

Your suggested action steps are appreciated. As you are probably aware, at this time
we cannot require states to submit annual data on seat belt use, child safety seat use,
or seating position. States continue to struggle to collect these data. We are
currently working with Congress on a state incentive program for primary seat belt
laws in conjunction with the President’s Initiative to Increase Seat Belt Use
Nationwide. We will continue to push for upgraded child passenger safety laws in the
states, though it is uncertain if Congress will consider another occupant protection
incentive program next year. The agenda for the National Association of Governors’
Highway Safety Representatives (NAGHSR) Annual Meeting next week is already
set, but my staff talked with NAGHSR Executive Director Barbara Harsha about
your idea and we have been told it will be considered as an agenda item next year.
This year there is a session about older child passengers and I am confident the
subject will be raised during that discussion.

I agree with you that getting kids in the back seat is crucial, regardless of other air
k forward to talking with you the next time you are in town.
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Ricardo Martinez, M.D.

Administrator

National Highway Traffic Safety Administration
400 7th St. SW :

Washington, D.C. 20590

Dear Ricardo:
RE: GETTING KIDS IN THE BACK SEAT

The growing body of data on the risks that passenger airbags pose for children has been a
persistent source of concern to everyone in the safety community. As the 30 million vehicles
with passenger bags are resold over the next 10 to 20 years, it is quite possible that the gravity of
the childhood mortality problem will worsen. The purpose of this letter is to share some ideas
about how we might take some useful steps toward protecting children from passenger bags. An
important part of the solution is a redoubling of our efforts to increase the rate of proper child
restraint use but there are real limits to what can be achieved in this area.

I have been encouraged by the aggressive educational efforts undertaken by NHTSA and
the private sector, particularly those begun in the fall of 1995 that highlighted the rear seat as the
safest location for children. The National Transportation Safety Board has also played an
important role with its recent recommendation that all 50 states consider enactment of
amendments to their child passenger safety laws requiring children under the age of 13 to ride in
the rear seat if such a seat is available. Rhode Island has recently passed a legal requirement that
children under age six be seated in the rear, although it is not yet clear whether this law will be
enforced rigorously. National education campaigns are important, but it is now apparent that
aggressive educational and enforcement efforts will be needed in each of the 50 states if the risks
of passenger-side airbags to children are to be minimized through changes in where kids sit.

In order to document the extent of the behavioral changes that are required, we have
analyzed fatal crash data for the years 1985-1996 to determine where children (dead or surviving)
were seated. An interesting feature of this study (enclosed) is a ranking of the 50 states
according to the percentage of children who were riding in the front seat when fatal crashes
occurred. Our key findings are that (1) about a third of the children (32.5%) were in the front
seat, (2) this percentage declined gradually over the 12 year period among infants and toddlers
but not among older children, (3) an unused rear seat was available over 90% of the time, and (4)
there were significant differences among the states in child seating behaviors. The “best” states
were Hawaii, Vermont, Rhode Island, New York, and Montana; the “worst” were Massachusetts,
Mississippi, Oklahoma, North Dakota, and Kentucky. We understand that there are some
limitations to the use of fatal crash data for the purpose of documenting child seating behaviors.

Harvard School of Public Health 718 Huntington Avenue  Boston, Massachusetts 02115 ek (617) 432-4497 fax: (617) 432-0190



In light of our findings of interstate differences, I recommend that NHTSA take some
specific steps to increase our understanding of why states are different and devise better data
systems to rank states on this issue. First, NHTSA should encourage or require each state to
report annually the percentage of children observed riding in the front seat. Roadside
observational surveys will be more representative, larger in sample size, and more timely than
use of fatal crash data. These data should be supplied on an annual basis, possibly in conjunction
with annual safety belt use data. I am aware that the agency has some limited observation
surveys underway that include information on child seating behavior but these surveys are not
designed to provide data on interstate comparisons. Second, NHTSA should consider working
with Congress on some type of incentive grant program aimed at encouraging states to take steps
that will increase the percentage of children in the rear seat. We need numerical goals on child
seating just as we have used such goals effectively on adult safety belt use. Third, it might be
useful for NHTSA to organize a session at the annual meeting of the Governors Highway Safety
Representatives to elicit information on what states are currently doing in this area and what
strategies seem to work in getting kids in the back seat. Perhaps such efforts are already
underway.

As you know, our Center also remains quite interested in community-based intervention
trials as a tool to determine whether it is feasible to induce rapid and substantial changes in child
seating behaviors. We are beginning to work with CDC and some people on the Hill on a
funding strategy for community-based projects. We are targeting fiscal year 1999. If you would
like NHTSA to play a significant role in this activity, please don't hesitate to contact me.

I know you must be very frustrated that the controversy about disarming airbags is
consuming so much time and energy. I agree that something must be done on choice but the
more important challenge is to get kids in the back seat with proper restraint. The safety payoffs
from that activity will, in my opinion, prove to be more important than what can be achieved
through manual cut-off switches or the freedom to disarm airbags.

I hope to see you again the next time I am in D.C. Your thoughts on these issues would
be appreciated but I understand how busy you are these days.

Sincerely,
D. Graham, Ph.D.
irector

cc: James Hedlund
Congressman Frank Wolf
Mike Finkelstein
Barry Felrice
Harry Teeter
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ABSTRACT

The risks that.passenger-side airbags pose for children has caused renewed iptérest in
where children should sit in mo_tér vehicles. lThis study cxamine§ where .children (dead or
surviving) were sitting in paésénger vehicles when fatal crashes occulr_red in the United States
during the years 1985-1996.. The major findings are that ¢)) roughly'onc-thi'rd (32.5%) of
children under the age of 13-in cafs and rh_inivans were seated in the fr_ont seat; (2) this
percentage was higher for infé_nts (45.4%) than i.t was for téddlers (31.8%), young .c.lllildren
(29.6%), or subtéehs (33.8%); (3) this pércentage was larger (55.9%) wﬁep childfen are the only
passengers in the vehi;:le than When at least one adult .or teenége passenger is in the veh'i_cle
(17.3%); and (4) this p_crc;ntaQe is larger among.children in light trucks (58.2%) than among
children in passenger cars an.dl miniyans (32-.5%‘). OVef the lZ-y_éarIIl)eriod anélyzéd, the
percentage of cﬁildren in the front seat has declined steadily among infants and toddlers but not
for young children and subtélens. The sfates_ with the highest_ percentage of chi-ldren. in the front
seat were Massachusetts (40.0%), Mississippi (39.8%), Okla_hdma (38-.2_%'), North Dakota
(37.4%), and Kentucky (37.2%); ﬁlose with the lowest percentages were Hawaii (24.0%),
Vermont (24.6%), Rhode .Islahd_(26.2.%), New York (27.3%), and Mont;ana (27.4%). When a
child was seated in the front, the reaf seat was completely empty in 65% 'of the crashes involving
cars and minivans. The rear seat had three or more passengérs less than 4 percent of the time.

More systematic study of child seating behaviors is recommended.



INTRODUCTION

Based on post-crash invéStigations, the National Highway Trafﬂ_c.Safety Adrﬁinistration
(NHTSA) has determined thét,' from Jan'u'ary 1989 to Auguét 1997, 44 children .under. age 13
were killed by passenger-side airbags in crashes thaf normally would not ha\}e been fatal
(NHTSA Web Site, 1997). Overall, it appéars that the installation of passenger-side airbags has
caused a net increase in fatdliiy risk to cﬁildren, although the various estimates of the rﬁagnitude
of the increase are 21% (F ergUSOh, 1996), 40% (Braver et al, 1997), and .28% t6 88%. (Kahane,
1996). Most of the risk to éhilldr.eh has been 'incﬁrred.by infaﬁ.ts.who w.e_re. piaced in rear-facing
restraints in front of the'airbég housing or by children who were.ulxll_restra'ined. or iméroperly
restrained (NTSB, 1996). quever, there have been cases reported where properly restrained :
children have been killed or seriously injured by péssenger-side airbag dcpioyments (NTSB,

1996; O'Donnell, 1996).

Future airbag systems may be redesigned in order to reduce the risk of children. The
depowered airbags now being introduced in the fleet should reduce the sévérity lof injuries to
children (NHTSA, .l 997). Hiéhér decelgrati_on thresholds.for airbég deﬁloyment and fh_e
introduction of dual-stage inﬂatc;rs may .redﬁce. both the number of dcpléyment_s and the
aggressivity of deployments in relatively low-speed i_r_hpacts. -Sensor technology may also be

employed to suppress deployment entirely if young children are detected in the front-right seat.

As promising as technological innovation may prove to be, it will do nothing for children
riding in the 30 million vehicles in the United States that were sold with passenger-side airbags

from 1989 through 1996. Another 20-30 million such vehicles are in the pipeline and can be

1]
¢



expected to be used by multiple owners over the next 10 to 20 years. Recognizing the need to
protect children in the existing ﬂee't,_ NHTSA has recommended since late 1995 that infants and
young children be seated in-.the .rear. seat _and be restrained propérly. The Naiional Transporta[ioh
Safety Board has recently taken é stronger étep by recommending that state legislatures amend
child passenger safety laws to require children under the age of 13 to be seated in the.rear seat if
a seat is available (NT S.B, 1997). Rhode I'slan_d has.' rééeﬁtly ..adopte'd suﬁh a law for children

under the age of six; several other states are conSideping similar legislation.

It is well established that the rear seat is generally safer than the _front_ seat (Evahs and
Frick, 1988). Recent studies ha\-/e demonstrated that this .sa'fet}l' advantage of the rear seat is
significant for childrenl(Herté-, 1996; Bféver lét 'al,. 1§97)ﬁ The rapid penetration of péssenger—s_ide
airbags into the fleet makes it p'arti_cﬁlarly imporfa_nf tﬁat vulncrablé occupants such as small

children be seated in the rear and be properly restrained (Rivara et al, 1997).

The purpose of this éﬁiclc is to prOvide baseline infqrrﬁat_ibﬁ_ on where American children
have been sitting in passenger v_ehicleé _from 1985 through earl& 1996, réughly the period prior to
the recent public interest ih ch11d seatiﬁg position ﬁleled by the airbag contr;)versy. We focus on
children in different age groups in each olf the 50 states. We intend tQ update"this anlalysis in
future years in order to detéfminé; whether child s'eating. patterns are éhanging in the United

States in response to concern about passenger-side airbags.



PRIOR LITERATURE

The U.S: govémment does not regularly monitor thé seating pgttems of children through
the most direct and reliable method: roadslidc_ and shopping-center ob-servlation. Although for
several years NHTSA collected this in_formation annuallyl in 19 US. citiés, this effort was
terminated in 1991. Under NHTSA supervision, each of the 50 states now reports information
on rates of safety belt use to the fecieral govémment, but the.st.ate.s are not required to report _
consistent and complete in_fonﬁatio_n on 'Whefe child_reﬁ sit in p'aésengéf \}ehicles. NHTSA
receﬁtly launched a national .su.rvey that ingl;idcs s.o.me. obéefvationa_l _data' on thé seating behavior
of children but such data are not yet publicly_ éVailable and will not be,ektensivé en;ugh to

permit interstate comparisons of where children sit in vehicles.

The Crashworthineés Data Systém (CDS) was uged by Edwérds and Sullivan (1997) to
examine the seating behaviéfs of Childreh involved in i)assengér car crashes severe enough that
the car was not driyeable. The study found thgt children weré more likely to sit in the ﬁont seat
if they were the only passenger, the oldest passe'_nger, or riding with an ;mrestrained driver.
Overall about 39% of child péssehgers under thirteen yéérs of age w;re riding in thé fro_ni seat,
and only 3.5% of those children had n(')'rear. seat available. Whén a child was the only passenger,
62% of infants, 60% of toddlers (1 to 4 year.olds), and 93% of subteens (5 to 12 year olds) were
seated in the front. When a child was %mco_rﬂpanied by other paéseng_efs, 49% of infants, 31% of

toddlers, and 39% of subteens were seated in the front.



DATA AND METHODS

The Fatal Accident Reporting System (FARS) is a census of all motor vehicle crashes in
the United States that result in at least one fatality. Among other \_/ariablcs,' information on the

age and seating position of both dead and surviving 6écupan_ts is recorded.

For the years 1985- June 1996, wel_identiﬁed each child un_der the age of 13 v.vho was
recorded in FARS to have been_ seated in a passenger vehicle when a fatal crash 6ccu;red. The
time period was chosen in order to prec;éde the @usiv¢ media publicity .regarding the.dangers of
passenger-side airbags, thué providing an interesting baseline ﬁortra'it of child séating behaviors

in fatal crashes in the United States.

Passenger cars, mini-vans, and light trucks were inqlgdcd in the analysis. Data are
presented separately for passenger cars and minivans .vers.us' _li'ght trucks Beﬁause some ligh;
trucks do not have rear seats. Childrcri were excluded from tﬁe analysis if they were recorded as
the driver of the vehicle or if their seating position was unknown. '-Chi_lcliren Werel-_g.rouped.b.y age
into four categories: less than 1 year of age for infants, 1 to 3 years 'o.ld for toddlers, 4 to 8 yeafs
old for young childrep, and 9 to 12. years old for subteeps. Sepa;at_e counts were made for each of

the 50 states.



RESULTS

For the entire twelve-year period, we identified 50,08 1 éh_il_dren under the age of 13 who
were occupants of passérigc.:.r éars or minivans and inv_ol.vcd in f;ltal lc.:r.ashes in the United States.
Another 14,629 children under the lagc of 13 who were occupants of light trucks were also
involved in fatal crashes during this period. Overall, thé peréegtage of children riding in the

front seat was 32.5% for passenger cars/minivans and 58.2% for light trucks.

If there is no adult or teenage passenger in thé.'vehicle,- it is rrjuch more likely thaf a child
under the age of 13 will be fo.und in the front seat. In Tablé_ i, flo_r. exémple, it is sthn that .the
percentage of children riding in the front s.eat. of paséer_l'ger qars/miniyans is 55.9%__when. there are
no adult or teenage passenglers versus 17;3%_ When there is at least'c')n{: passénger in the vehicle

over the age of 12.

A shortage of rear seating capacity is nof, as Figure .1 i_n'dicates, a valid explanation for
the substantial percentage of children.riding .in the ﬁoﬁt'seat. When chiidren were olccupying a
front seating position, the distri_b_ﬁtion of occupiéd rear seats was 0 (64.7%), 1 (2,1.2%)', 2 (9..9%),
and 3 or more (3.3%) for passénger cars/minivans and 0 (90.2%).; 1 (6_.0%), 2 (2.6%); and 3or
more (1.2%) for light trucks. It should be Inoted that the iight truck category includes vehicles
with no rear seats in the 0 seat category, thﬁs.a:tiﬁcially iﬁﬁétipg the pe_r(:ent of light trucks with
no rear seats occupied and deflating the percents of 1, l2, and 3 or mére seats 'occup_ied.. ‘However,

it is apparent that more than 95% of the children recorded in the front seat of minivans and cars

could have been riding in a rear seat (unless non-human cargo indposed additional restrictions).

1]
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As indicated in Table 1, the percentage of children seated in the front seat varies by age
of child. For infants, toddlers, young children, and sﬁbteéns the percentagé riding in the front
seat was 45.4%, 31.8%, 29.6%, and 33.8%, respectively. The annual dlata by age of child are
plotted in Figure 2 to provide an indication of national trends. There has been a steady, gradual
decline in the numbers of infant.s and toddlers riding in the front seat. No such trend is apparent .

for children in the two older age groups.

We examined' the infefstate variation in'chiid seatipg behaviors. Table 2 repoﬁs the
percentage of children in the front seat of passenger cars/minivans by state for the twelve yéars
combined. States are ranked frorﬁ .t.he highest .to the lowest on the pe'rc_entage of éhildren seated
in the front seat. The percentage varies from a low of 24.0% in Hawaii to a high <-)f'40.0% in
Massachusetts. When children are traveling with a teen or an adult passenger the percentage of
children in the front seat varies from 2.9% in Alaska to 26.6% iﬁ South'Dz_a.kota. When there is
no teen or adult passénger, the percent of children riding in thc.front seat is much higﬁer, fanging
from 39.4% in Hawaii to 84.6% in North Dakota. Table 3 p.resen.ts gimilar data for children
riding in light trucks. Controlling for vehiclé type, présence of # teen or .zlic.iult paséenger, calendar.
year, age category, and number of children in the vehicle, the Mantel-Haenszel test of general
associat.ion found that there was a difference in the proponion of ch.ildren seated in the front

across states ( x’=345.6, p=.001 ).

Next we grouped the states by geographic region. .As shown in Table 4, the percent of

children seated in the front was 4'7% in southemn states; between 43% and 44% in the



midwestern, mountain, Pacific west, and south Atlantic states; and 38% in the northeast. The
association between seating behavior and region was significant ( x’=202.6, p=.001 ) controlling
for vehicle type, presence of a teen or adult passenger, calendar year, age category, and number

of children in the vehicle.

LIMITATIONS

The data reported here concemn child seating behavio_rs in crash situations that are serious
enough to cause at least one fatality (adult or child). These data may not be representative of

child-seating behaviors observed via roadside o'bseryaﬁon or in prOperty-damagé crashes.

In order f_of a crash to be included in FARS, at least one fatality must occur. If children
are seated in the front seat when a crash -occurs, the _chaﬁggé of a fatality oc;c_urf'mg are elevated.
For this reason alone, the FARS data will tend to find more children in _the front seat.than would
a database on all crashes (regardless of injury severity). Mqreover, if adults inyolved in fatal
crashes are less safety conscious than the average adult and if safety conscious drivers are more
likely to have their child;en ri_de in the rear seat, then the percentage 'of .c}.u'ldren in the front seat
may be higher in FARS data than it would be estimated by roadside observ_ation of a random
sample of vehicles. If theSé biases exist,_ they should not neceséarﬂy éﬂ’éct the trends we report,
the differences across age groups, or the rankings of the states (aséuming that similar biéses exist .

across these categories). There is also an unknown degree of inaccuracy and incompleteness in



the child-seating information contained in FARS, particularly among children who survive.

DISCUSSION

Based on the fatal c.rash data from 1985 to mid 1996, it is apparent that a substantial
percentage of children in the United States ride in the front seat when traveling iﬁ motof vehicles.
This behavior varieé td some extent by age of child, vehicle typé, the 'age of other passéngers in
the vehicle, and regioq of the coﬁntry. It is quite clear from the fatal cras.h data that a shortage of
rear seating capacity is not a valid explanation for why children in Arﬁérica ﬁaé in the front ;e.at.
In.prior survey research, it was found thét parents ir_1_ the United States have no consensus
viewpoint about precisely when it is s;afe for children to. ride in the front seat (Gra.ha-m. et al,

1997).

Until recently, it was comhonly accepted in the United States that this behavior was
acceptably safe as lorig as the chi.ld was properly restrained in an appropﬁate child restraint.
device or lap/shoulder belt. Interéstingly, a different norm developed in coptinental Europe
beginning in the mid-i970s, where it became customary for chil.dren under the age of 12 to sit in

the rear seat, even if the front passenger seat was not occupied. ‘

When a properly belted 5-year old child, Frances Ambrose of Néshville_Tennessee, was
killed by a passenger-side airbag in the fall of 1995, the message of America’s safety
establishment changed. The Airbag Safety Campaign, a national education campaign launched

[
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by automakers, suppliers, insur'elrs',.and NHTSA, Began to embha_sizc that chi-ldrcn.should be
seated in the back seat and restrained properiy. Bills have been introduced in numerbus stéte
legislatures that would require youhg children to ride in tﬁe ;ear seat..if a seat is av;lilable, Rhode
Island has already applied such a legal requirement to children under the age of 6 and the
National Transportation Safety Board is urging the Governors of éach state to promote such

legislation.

The data presented in this plaplef constitute a c_o_rhbrehensiVe portrait of what child seating
behaviors were in the United States prior to this marked _c.han.ge in th¢ safety cOmrhunity’s
message about child passenger protection that occurred in late 1995. We pla;l similar aﬁalyses in
the years ahead to deteﬁnine whether concern about.passenge.lr-side airbaés, as influenced by
legislation, the media, and the Airbag Safet& Campaign’s educational activities, reslu'lts iﬁ an
observable change in the seating locatién of childrén in motor vehicles -- both in tHosg makes

and models that are equipped with passenger side airbags and those that are not.

There is good reason to believe that the child mortality rate in.crashes could increase in
the next ten years if this e&ucational campaign is not highly effective NHTSA, 1997). The
number of vehicles on the road with passenger-side airbags is growing rapidly and an increasing
number of less educated car buyé'rs will soon purchase used vghicles in the resale market that are
equipped with passen.ger_-side airbags. It éan reasonably be expectéd thatlthese less educated
owners will be more likely than new vehicle owners to allow children to ride in the front seat
without proper restraint. These behaviors.will cause many ﬁwre children, who will often slide

forward during pre-crash braking, to be placed in close proximity to the explosive forces of



rapidly inflating airbags. Given the low deployment thresholds t_haf are fypical of current airbag
designs, many of these children could be injured or even killed by airbags in crashes that would

not otherwise be serious (NTSB, 1996).
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Figure 1 Number of Oécupied Rear Seats in Passenger Vehicles with |
Child Seated in Front, 1985-June 1996 (Fatal Crashes) .
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Figure 2 Time Trend for Children Seated in the Front
of Cars and Mini-vans by Age Category, 1985-1996
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Table 1

Percent of Children Under Age 13 Seated in the Front RoW of Cars and

Minivans Involved in Fatal Crashes, 1985 - June 1996, by Age Category

State All Children Children Traveling with | Children Traveling Alone or
' a Passenger Aged 13+ | with Other Children Under
| - | Age 13 -
N | Percent in N Percent in N Percent in
Front Seat Front Seat Front Seat
Infant 3752 45.4 2522 38.1 1230 60.3
Toddler | 14083 |31.8 8695 21.6 5388 48.1
Young 19049 |29.6 10974 119 _' - 8075 537
Subteens | 13197 33.8 ' 8130 13.5 5067 .66.4
Total 50081 32.5 30321 17.3 19760 55.9




Table 2 Percent of Children Under Age 13 Seated in the Front Row of Cars and
Mini-vans Involved in Fatal Crashes, 1985 - June 1996, by State

State All Children . Children Traveling with a | Children Traveling Alone or |

Passenger Aged 13 or Older | with Other Children Aged
' 1 - _ ' 12 or Younger
N | Percent in | Rank N | Percentin | Rank N | Percentin | Rank
Front Seat ' Front Seat ' Front Seat
AL | 1246 357| 8| 719 195] 10 | 467 627 4
AK 134 284 | 45 69| 29| 51 65|  554| 23
AZ 1237 30.1 39 856 195 11 381 538 28
AR 710 35.4 9( 445 198 8 | 265 615 7
CA 5668 29.9 41| 3593|  15.8]| 36 2075 544 26
CO 660 33.2 22 385 - 164 30 275 5671 19
CT 309 28.5 4| 172 145| 41 | 137 460 49
DE 159 32.7 27 88 148 40 | 71 549 25
DC 43 34.9 11 26 23.1| 3 17 529| 34
FL 3348 32.6 29 | 2044 17.1| 26 1304 569 | 17
GA 1836 36.2 6| 1057 212 5 779 56.5| 20
HI 183 24.0 51 112 143 | 45 71 394 51
ID 347 32.0 32 197 183 18 | 150 50.0| 45
IL 1649 31.3 34 996 169 28 653 533 32
IN 1022 3411 16 567 173 | 24 455 550 24
IA 471 34.4 14 255  18.0] 19 216 53.7] 30
KS 529 33.8 17 308 21.1| 6 221 51.6| 38
KY 1107 3721 5 688 |- 218| 4 419 625 5
LA 1021 33.2 21 648 194 12 373 5711 16
ME 220 35.0 10 117 18.8| 16 103 53.4( 31
MD 791 33.0| 24 444 | 173 23 | 347 53.0 33
MA 190 40.0 1| 95 ©19.0| 13 .95 61.1 10
MI 2088 31.2 351 1160 145 42 928 521 36
MN 510 325| 30| 313 176 22 197 56.4| 21
MS 1122 39.8 2 713 240| 2 409 672 3
MO 1029 3341 20 628 158 | 37 401 61.1 9
MT 248 27.4 47 162 154| 38 86 500| 46
NE 294 32.7 28 155 161 32 139 51.1) 41
NV 298 279 46 189 13.8 | 47 109 523 | 35
NH 126 302 | 38 74 162 31 52 500 | 47
NJ 797 30.4 36 468 16.0 | 34 329 508 | 43
NM 653 28.6 43 481 17.1| 27 172 61.1| 11
NY 2071 27.3 48 | 1239 11.6| 48 832 50.7| 44
NC 2271 34.8 12| 1399 177 21 872 623 6
ND 99 37.4 4 73 206 | 7 26 84.6 1
OH 1928 33.5 19| 1035 17.8 | 20 893 51.6( 37



Children Traveling with a

State All Children Children Traveling Alone or |
Passenger Aged 13 or Older | with Other Children Aged
12 or Younger
N Percent in | Rank N Percent in | Rank N Percent in | Rank
Front Seat Front Seat Front Seat

OK 730 38.2 3 396 19.7 9 334 60.2 13
OR 732 30.2 37 455 1584 35 277 53.8 29
PA 1653 30.0 40 997 1431 44 656 53.8 27
RI 42 26.2 49 21 95| 50 - 21 429 50
SC 1051 343 15 594 16.5( 29 457 57.6 15
SD 191 34.6 13 128 26.6 1 63 50.8 42
TN 1427 36.0 7 827 | 185 17 600 160.2 14
TX 4206 32.3 3] 2724 189 15 1482 56.8 18
UT 473 29.6 42 314 14.0| 46 159 . 604 12
VT 118 24.6 50 74 | 10.8| 49 44 47.7 48
VA 911 33.6 18 527 173 25 384 56.0 22
WA 811 31.3 33 449 151 39 362 51.4 39
wVv 479 32.8 26 322 189 14 157 61.2 8
Wi 695 32.8 25 366 16.1 | 33 329 51.4 40
wY 148 331 23 97 144 | 43 51 68.6 2
Total | 50081 32.5 30321 17.3 19760 55.9




Table 3  Percent of Children Under Age 13 Seated in the Front Row of Light Trucks
Involved in Fatal Crashes, 1985 - June 1996, by State

State All Children Children Traveling witha | Children Traveling Alone or |
Passenger Aged 13 or Older |  with Other Children Aged
12 or Younger
N | Percent in | Rank N | Percentin | Rank N | Percentin | Rank
Front Seat Front Seat Front Seat

AL 295 65.8 12 156 53.2| 14 139 799 26
AK 70 48.6 46 44 31.8| 46 26 76.9( 38
AZ 679 505( 44| 510 40.6| 32 169 80.5| 22
AR 326 67.8 10] 212 58.5] 7 114 851 11
CA 1942 50.9 42 1302 385 37 640 76.1 40
CO 296 54.1 37 190 41.6 | 30 106~ 764 39
CT. 51 60.8 24 21 - 571 8 30 633 49
DE 34 47.1 47 24 292 47 10 90.0 4
DC 7 85.7 1 5 80.0 | 2 100.0 1
FL 710 62.8 23 425 53.2 15 285 71.2 35
GA 420 63.3 22 223 47.1 ) 21 197 81.7( 19
HI 70 37.1 51 42 26.2| 49 28| 536 51
ID 179 49.2 45 117 35.0] 42 62 75.8| 42
IL 301 56.1 32 165 38.8| 36 136 772 34
IN 193 69.9 8 102 60.8| 6 91 802 | 24
IA 89 70.8 6 44 614| 5 45 80.0] 25
KS 194 64.9 13 106 5191 16 88 80.7| 21
KY 286 72.4 31 142 655 2 144 792 27
LA 354 63.8 20 232 - 534 13 122 83.6 14
ME 62 56.5 30 37 459 | 24 25 - 72.0 46
MD 123 38.2 50 83 16.9| 50 40 82.5 17
MA 42 714 5 16 62.5| 4 - 26 76.9 1 37
MI 446 534 39 242 39.7| 34 2041  69.6 47
MN 121 702 7| . S3{ 547 11 68 82.4| 18
MS 263 67.3 11 155 5481 10 108 - 85.2| ‘10
MO 316 687 9 166 5421 12 150 84.7 13
MT 130 58.5 27 82 . 451 25 48 - 813 20
NE 77 63.6 21 39 41.0] 31 38 86.8 9
NV 137 51.1 41 90 389 35 47 74.5 44
NH 31 64.5 16 14 35.7| 41 17 88.2 6
NJ 116 50.9 43 56| - 37.5| 39 60 63.3 50
NM 374 63.9 19 257 5641 9 117 803 23
NY 294 54.1 36 153 340 45 141 7591 41
NC 482 64.3 18 273 46.5| 22 209 87.6 7
ND 34 64.7 15 14 28.6 | 48 20 90.0 3
OH 372 60.5 25 239 48.1 1 20 133 82.7 15




State All Children Children Traveling with a | Children Traveling Alone or |
Passenger Aged 13 or Older | with Other Children Aged
_ ' 12 or Younger
N Percent in | Rank N Percentin | Rank | N Percent in | Rank
Front Seat Front Seat ' Front Seat

OK 315 64.4 17 177 503 17 138 82.6 16
OR 274 54.7 34 173 4161 29 101 77.2 33
PA 301 58.5 26 138 348 43 163 78.5 31
RI 9 44 .4 49 5 0.0 51. 4 - 100.0 2
SC 169 75.7 2 93 64.5 3 76 89.5 5
SD 58 53.4 38 30 433 27 | 28 64.3 48
TN 312 64.7 14 171 462 23 141 87.2 8
TX 1967 56.4 31 1288 - 447 26 679 78.6 30
UT 245 453 48 182 - 341 44 63 77.8 32
VT 32 71.9 4 12 500 18 20 ~ 85.0 12
VA 223 57.8 28 145 | . 483 | 19 .78 75.6 | 43
WA 306 549 33 171 374 40 135 7701 36
wv 208 54.3 35 1411 = 426 28 67| . 79.1| 28
Wi 187 56.7 29 95 © 40.0] 33 .| @ 92 73.9 45
wY 107 52.3 40 69 37.7] 38 38 78.9 29
Total | 14629 58.2 8921 | - - 44.8 - 5708 79.1



Table 4

Involved in Fatal Crashes, 1985 - June 1996, by Vehicle Type and Region

Percent of Children Under Age 13 Seated in the Front Row of Vehicles

State All Children Children Traveling | Children Traveling Alone
with a Passenger or with Other Children
Aged 13+ Under Age 13
N | Percentin N | Percent in N | Percentin
Front Seat Front Seat | Front Seat
All Vehicles '
Midwest 12440 43.2 6934 28.3 5506 61.9
Mountain 5774 44.5 3782 33.1 1992 66.1
Northeast 6266 37.8 3546 21.6 2720 58.9
Pacific 9317 43.3 5653 | 304 3664 63.2
South Atlantic 12736 44.1 7460 29.2 5276 65.2
South 15008 47.1 9172 33.5 - 5836 | 68.5
: - Cars and Mini-vans .
Midwest 10295 37.5 5835 22.6 4460 57.0
Mountain 3993 34.9 2618 22.6 . 1375 58.3
Northeast 5401 33.6 3155 18.5 - 2246 54.8
Pacific 7211 36.4 4408 23.2 2803 57.1
South Atlantic 10668 38.7 6309 23.4 4359 60.7
South 11411 39.3 7083 25.2 4328 62.4
Light Trucks
Midwest 2145 70.4 1099 58.2 ¢ 1046 83.1
Mountain 1781 66.0 1164 56.8 617 83.3
Northeast 865 63.8 391 46.0 474 78.5
Pacific 2106 67.1 1245 56.1 861 83.2
South Atlantic 2068 72.2 1151 60.6 917 86.6
South 3597 71.8 2089 61.7 1508 85.7
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SURVEY OF AMERICANS SHOWS
AIRBAGS ARE MISUNDERSTOOD

Boston - Despite recent news reports that highlight the danger for young children of
passenger side airbags, Americans overwhelmingly favor the use of airbags. However,
their support is based on a variety of misperceptions about their use and safety. The

findings come from a survey reported today by the Harvard School of Public Health.

The survey was designed by investigators of the Center for Risk Analysis at the Harvard
School of Public Health. The survey was administered to 1,000 Americans in 48 states
by a survey research firm, the weekend of February 28-March 2, 1997. All those

surveyed are licensed to drive a motor vehicle.

Almost 60% of respondents are under the mistaken impression that more children have
been saved by airbags than have been killed. Although respondents recognized that the
airbag can save lives, they were unclear about the scope of injuries, both mild and
serious, caused by airbags. Nearly 78% feel that using a seatbelt eliminates the risk of
airbag-induced injury, a belief which is shown by studies to be incorrect. Those surveyed
are largely unaware that a majority of lives saved by airbags have been among people

who were not wearing seatbelts.

Harvard School of Public Health ¢ 718 Huntington Avenue® Boston, Massachusetts 02115
telephone 617-432-4497 ¢ facsimile 617-432-0190



A hint of ambivalence about airbags is indicated by nearly 30 % of respondents who, in
buying their next vehicle, would be likely to request that the dealer disconnect the airbag

system.

Although respondents generally favor the use of airbags, a large majority (71%) would
favor a law in their state requiring children under the age of 10 to be seated in the rear
seat and buckled. Other findings include that one third or less of those interviewed knew

at what speeds airbags release

The survey found that women are developing some doubts about airbags. A smaller
percentage of women (35.8% , men 43.9%) favored strongly current airbag regulation
and, in the last 3 years, many women (32%) have developed a less favorable attitude

toward airbags.

Comments John Graham, lead author on the study, “A startling result of our survey was
the lack of consensus in America about when a child is old enough to be seated in the
front seat. In Germany and France, all young children under age 10 are required by law

to sit in the back seat!”

He continues, “Our findings also indicate public interest in the design of new airbag

systems that would suppress or slow airbag deployment when children are at risk.”
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EXECUTIVE SUMMARY

The Centers for Risk Analysis and Injury Control of the Harvard School of Public Health
sponsored a representative survey of 1,000 randomly-sampled Americans regarding their
knowledge, perceptions, and attitudes about airbags and passenger safety. The key findings of

the survey are summarized below.

KNOWLEDGE

--67.1% of respondents recognize that it is dangerous to place an infant in a rear-facing restraint
in the front seat of a vehicle with a passenger-side airbag.

--71.0% of respondents recognize that a driver can be seriously injured or killed by an alrbag if
the driver is seated too close to the steering wheel.

--68.4% of respondents recognize that more lives of female drivers have been saved by airbags
than have been killed by airbags.

MISPERCEPTIONS

--59.9% of respondents are under the (mistaken) impression that the lives of more children have
been saved by airbags than have been killed by airbags.

--When asked when it becomes safe for a child to sit in the front seat, fewer than 25% of
respondents with children in the home picked age 12 or greater, even though safety experts
recommend that children under age 12 sit in the rear seat.

--77.8% of respondents are under the (mistaken) impression that the risk of airbag-induced injury
is minimal if a driver wears a seatbelt properly.

--51.3% of respondents are not aware that a majority of the lives that have been saved by airbags
have been among people who were not wearing seatbelts.

--74.0% of respondents are not aware that the deployment threshold for airbags has been set by
manufacturers at a level equivalent to hitting a cement wall at 12 miles per hour.



ATTITUDES

--70.9% of respondents would favor a law in their state requiring children under the age of 10 to
be seated in the rear seat and buckled.

--66.3% of respondents favor the current law requiring all new vehicles to be equipped with dual-
front airbags.

--Although 54.0% of respondents state they have the same opinion toward airbags that they did
three years ago, there is clear evidence that women are developing less favorable attitudes toward

the technology.

--1f given the opportunity to do so, 29.0% of respondents, when buying their next vehicle, would
be likely to request that the dealer disconnect the airbag system.

--If their next vehicle were equipped with a manual cutoff switch, 33.0% of respondents can
imagine circumstances where they would turn the airbag system off at the start of a trip.

CONCLUSION

The survey results suggest that there is a widespread public support for airbags in the
United States. However, this support is contingent to some extent on a variety of misperceptions
about the technology. There is also substantial public support for policies to reduce the dangers
of airbags, such as requiring children under the age of 10 to sit in the rear seat and wear safety
belts. The public is also interested in improved airbag systems.
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SURVEY METHODS

The survey instrument was designed by scientists at the Center for Risk Analysis and
Injury Control Center at the Harvard School of Public Health. The instrument was administered
to a random sample of 1,000 Americans in the 48 contiguous states by Market Facts Inc., a
survey research firm based in Chicago, Illinois. The survey was conducted on the weekend of
February 28-March 2, 1997.

The sample of respondents was generated through random digit dialing procedures, with
three attempts made at each telephone number. A screening question identified whether the
respondent was licensed to drive a motor vehicle. The average respondent took 15 minutes to
answer the airbag-related questions. A copy of the complete survey instrument is available from
the authors upon request. The summary results reported here are for the 933 respondents who are

- licensed to drive a motor vehicle.

RESPONDENT CHARACTERISTICS

Gender Education
Male 51.3% S High School or Less 46.1%
Female 48.7% College 43.7%
Post-Graduate 10.2%
Age
18-24 9.9% Primary Vehicle Has Air Bag
25-34 19.4% Driver-side only 19.4%
35-44 24.8% Dual front 19.8%
45-54 19.8% None 60.3%
55-64 12.5% DK 0.5%
65+ 13.5%
Family Member Ever Involved in
Children in House Crash Where Air Bag Deployed '
Yes 39.5% Yes 6.3%
No 60.5% No 93.5%
DK 0.2%
Race
White 85.4% Self-Reported Belt Use
Nonwhite 14.6% Always 70.0%
Most of the time 17.9%
Region of Country Sometimes 5.2%
Northeast 21.0% Rarely or never 6.9%
Midwest 25.6%
South 34.1%
West 19.3%



KNOWLEDGE ABOUT AIR BAGS AND PASSENGER SAFETY

1. True or False: Air bags are not a danger to an infant in the front seat if the infant is restrained

in an approved, rear-facing child restraint device.

Response All Respondents Respondents with Kids
True ' 243 (26.3%) 92 (24.8%)
False 621 (67.1%) 260 (70.3%)

DK 61 ( 6.6%) 18 ( 4.9%)
TECHNICAL COMMENT

According to safety experts, the correct answer is “false”. Rear-facing infant or child restraints
should never be placed in the front seat of a vehicle equipped with passenger-side airbags. A
rear-facing restraint placed in the front seat places the child’s head and body very close to the

airbag housing. When the bag deploys, it can cause the child to suffer severe or fatal brain
injury.

Reference

K Weber, “Rear-Facing Restraint for Small Child Passengers: A Medical Alert,” University of Michigan
Transportation Research Institute Research Review. April-June 1995, pp.12-17.



2. True or False: If a driver is seated too close to the steering wheel, the airbag can cause serious

injury or death to the driver in a crash.

Response Males Females Total

True 317 (68.6%) 340 (73.4%) 657 (71.0%)
False 104 (22.4%) 73 (15.8%) 177 (19.1%)
DK 41 ( 8.9%) 50 (10.8%) 92 ( 9.9%)

TECHNICAL COMMENT

This statement is true, and is amply supported by both experimental data and investigations of

real-world crashes.
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3. True or False: The lives of more female drivers have been saved by air bags than have been

killed by air bags.

Response Males Females Total
True 342 (74.0%) 290 (62.7%) 632 (68.4%)
False 70 (15.2%) 86 (18.6%) 157 (16.9%)
DK © 49(10.7%) 85 (18.4%) 134 (14.7%)
TECHNICAL COMMENT

This statement is correct and could also be correctly made for male drivers.
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SECTION 2: MISPERCEPTIONS ABOUT AIRBAGS AND PASSENGER SAFETY

1. At what age would you say it is safe for a child to sit in the front seat?

Age in Years All Respondents Respondents with Kids
4 or less 141 (15.3%) 59 (16.0%)
5 89 ( 9.7%) 43 (11.7%)
6 126 (13.6%) 46 (12.5%)
7 58 ( 6.2%) 29 ( 7.8%)
8 90 ( 9.7%) 34 ( 9.2%)
9 17 ( 1.9%) 9 ( 2.5%)
10 144 (15.6%) 54 (14.7%)
11 7( 0.8%) 2( 0.5%)
12 93 (10.0%) 35( 9.4%)
13 or more 97 (10.5%) : 49 (13.3%)
DK 62 ( 6.8%) | 9 ( 2.3%)
- TECHNICAL COMMENT

The American people have no consensus belief about when it is safe for children to sit in the
front seat of a motor vehicle. Safety experts recommend that children under the age of 12 be
seated in the rear seat and properly restrained. In vehicles with passenger-side air bags, this
recommendation is especially critical because a restrained child or unrestrained child may slide
forward into the airbag’s deployment zone during pre-crash braking. In several European
countries (e.g., Germany and France), children under the age of 10 or 12 are required by law to

be seated in the rear seat.

Reference

National Highway Traffic Safety Administration, Effectiveness of Occupant Protections Systems and Their Use.

Third Report to Congress, Washington, D.C., December 1996.



2. True or False: The lives of more children have been saved by airbags than have been killed by

airbags.

Responses Males Females Respondents with Kids All Respondents
True 307 (66.4%) 247 (53.4%) 206 (55.7%) 554 (59.9%)
False 107 (23.0%) 166 (35.9%) 128 (34.7%) 273 (29.5%)
Don’t Know 98 (10.6%) 49 (10.6%) 35( 9.5%) 98 (10.6%)
TECHNICAL COMMENT

Based on the best available evidence, the correct answer to this statement is “false”. We are
assuming that “children” are defined, as we intended and believe respondents intended, in the age
range of 12 and below. The front-seat death rate for children in cars with passenger-side airbags
is elevated (relative to the death rate for front-séat children in cars without passenger-side
airbags) for kids of all ages from 0 to 14. The magnitude of the increase in danger to children is
not.known with any precision and conclusions about the statistical sigr;iﬁcance of the elevated

risk are sensitive to the choice of analytical technique.

Much of the increased danger to children from airbags is attributable to behaviors that must be
changed (e.g., allowing children to ride in the front seat unrestrained or placing rear-facing infant
restraints in front of the passenger-side airbag). Even if all children were properly restrained, it
cannot be stated with confidence that passenger-side airbags would save more lives than they
kill. There have been case reports of properly restrained children who were killed or seriously
injured by airbag deployments. Whether or not airbags offer a net lifesaving beneﬁt to children

who are restrained properly is not known. The consensus of safety experts is that children under



age 12 should ride in the rear seat with restraints fastened, especially in cars with passenger-side

air bags.
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3. True or False: If a driver wears their seatbelt properly, the chance of being injured by an

inflating airbag is minimal.

Response Males Females Total
True 369 (79.9%) 351 (75.7%) 720 (77.8%)
False 75 (16.1%) 78 (16.9%) 153 (16.5%)
DK 19°( 4.0%) 34 ( 7.4%) 52 ( 5.6%)
TECHNICAL COMMENT

According to the available literature, this statement is false. A significant number of injuries to
the hands, wrists, arms, and faces of belted drivers are being reported. Although most of these
injuries are minor, the frequency of moderate and serious arm injuries from airbag deployment
has been larger than what safety experts expected before airbags penetrated the vehicle
‘marketplace. The risk of moderate or serious arm injury from airbags may actually be larger for

belted occupants than unbelted occupants.
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1996.
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4. True or False: Airbags cause at least as many injuries to drivers as they prevent.

Response Males Females Total
True 107 (23.2%) 141 (30.5%) 248 (26.8%)
False 326 (70.6%) 296 (64.0%) 622 (67.3%)
DK 29 ( 6.2%) 26 ( 5.6%) 55 ( 5.9%)
TECHNICAL COMMENT

This is a difficult question to answer definitively because injuries vary enormously in their
degree of severity. The most frequent injuries in crashes are minor. Airbags probably do cause
at -l:e-fast as many minor injuries (abrasions and contusions) as they prevent, since the best
available estimates are that 20 to 40% of air bag deployments result in at least one deployment-
induced injury. For injuries of moderate or éreater severity, airbags are reducing significantly the
number of injuries to the heads and faces of belted and unbelted drivers, while increasing the
number of upper-extremity injuries. Among unbelted drivers, airbags can cause a signiﬁcént
number of moderate and serious chest injuries as well. For serious injuries alone, existing
analyses of the National Accident Sampling System have not reached definitive conclusions, but
it appears that airbags are reducing serious head injuries to a greater degree than they are
increasing serious injuries at other body regions. More study of the injury issue is needed.
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3. True or False: A majority of the lives that have been saved by airbags have been among people

who were not wearing seatbelts.

Response Males Females Total
True 194 (42.0%) 164 (35.4%) 358 (38.7%)
False 225 (48.6%) 250 (54.0%) 475 (51.3%)
DK ' 44 ( 9.4%) 49 (10.5%) 92 (10.0%)
TECHNICAL COMMENT

Although airbags are less effective in preventing fatalities among unbelted occupants than
originally thought, a majority (59%) of the lives that have been saved have been among unbelted
motorists. This calculation depends on the relative number of belted and unbelted motorists
involved in crashes risk (roughly 1 to 1 in serious crashes throughout the United States) and the

estimated effectiveness rate for unbelted and belted occupants (13% and 9%, respectively).
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6. Suppose a car with airbags is crashed into a cement wall. How fast must the car be traveling at

impact in order to inflate the airbag? Please answer in miles per hour.

Response Males Females Total

5 MPH or less 80 (17.3%) 33 ( 7.2%) 114 (12.3%)
6 to 15 MPH 162 (35.2%) 79 (17.0%) 241 (26.1%)
16 to 20 MPH . 60 (12.9%) 43 ( 9.3%) 103 (11.1%)
21 to 30 MPH 64 (13.8%) 119 (25.6%) 168 (18.2%)
31 MPH or more 61 (13.2%) 117 (25.4%) 179 (19.4%)
DK 34 ( 7.4%) 71 (15.3%) 105 (11.4%)
TECHNICAL COMMENT

U.S. manufacturers have set the deployment threshold around 12 mph, with a “guarantee no fire”
value of 9 mph and a “must fire” value of 15 mph, with considerable variability among
manufacturers and in the performance of sensors. Serious technical questions have been raised,
based on recent field experience, about whether the deployment threshold for air bags should be
adjusted upward. A higher threshold would reduce the number of deployments, the replacement
costs, and the number of airbag-ihduced injuries. Setting the threshold higher would, however,
cause some people to experience crash-related injuries that might have been prevented by the
deployment of an airbag. The technical case for a higher deployment threshold is particularly

strong for drivers and passengers who regularly wear safety belts.
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7. When you drive a vehicle, how many inches of space would you guess there are between the

center of the steering wheel and the bridge of your nose?

Response (inches) Males Females
12 inches or less 72 (15.5%) 149 (32.2%)
13 - 18 inches 147 (31.8%) 143 (31.0%)
19 - 24 inches | 156 (33.7%) 94 (20.3%)
More than 25 inches 72 (15.6%) 26 ( 5.7%)
DK 15 ( 3.4%) 50 (10.7%)
TECHNICAL COMMENT

Some clinicians have recommended that drivers allow at least 12 inches of space between their
nose and the airbag housing. The best available evidence suggests that women perceive that they
drive closer to the steering wheel than they actually do. When a large sample of women drivers
were videotaped during normal driving situations, less than one percent had fewer than 12 inches
of space between their nose the center of the steering wheel. Yet one third of women in the
survey guessed that the bridge of their nose was within 12 inches of the steering wheel. To verify

this perception, both the survey results and the observational results need to be replicated.

Reference
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SECTION 3: ATTITUDES ABOUT AIR BAGS AND PASSENGER SAFETY
1. Would you favor or oppose a law in your state that would require all children under the age of

10 to be seated in the back seat and buckled?

Responses All Respondents Respondents With Kids
Favor strongly 476 (51.5%) 171 (46.4%)

Favor mildly 179 (19.4%) 86 (23.4%)

Oppose mildly 125 (13.5%) 47 (12.6%)

Oppose strongly 120 (13.0%) 57 (15.5%)

DK 25 (2.6%) 8(2.1%)

TECHNICAL COMMENT

Since the mid-1970s, Germany and France have had laws that require younger children
(under age 12 in Germany and 10 in France) to be seated in the rear seat (if a vehicle has a rear
seat). This practice has become customary in these countries. The percentages of German and
Frencl} children observed riding in the front seat are typically less than 10%. In the United
States, anywhere between 30 and 50% of children under the age of 12 are observed riding in the
front seat. Several states (New York, California, and Massachusetts) are at the beginning stages
of public deliberation about whcther state legislation should be passed to require children to sit in

the rear seat.



2. Do you favor or oppose the current law requiring all new vehicles to be equipped with dual-

front airbags?

Responses Males Females All Respondents
Strongly favor 203 (43.9%) 166 (35.8%) 369 (39.8%)
Mildly favor 117 (25.3%) 127 (27.5%) 244 (26.4%)
Mildly oppose 62 (13.4%) 74 (15.9%) 135 (14.6%)
Strongly oppose 67 (14.5%) 69 (15.0%) 136 (14.7%)
DK 14 ( 2.9%) 27 ( 5.8%) 40 ( 4.4%)
TECHNICAL COMMENT

This strong level of public support for mandatory air bags is no less than the level of public
support measured in the mid-1980s and early 1990s. The stronger level of support of men

compared to women is not typical of a public health and safety issue, possibly reflecting concerns

of women about the airbag technology.

Reference
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3. Compared to three years ago, would you say your attitude toward airbags is more favorable

now, less favorable now, or about the same as it was three years ago?

Responses Males Females All Respondents
Less Favorable Now 95 (20.5%) 146 (31.5%) 240 (26.0%)
More Favorable Now 96 (20.7%) 79 (17.0%) 174 (18.8%)
About the Same 270 (58.4%) 230 (49.6%) 500 (54.0%)
DK 2 (0.4%) 9( 1.9%) 11 ( 1.1%)
TECHNICAL COMMENT

Given the massive negative publicity about the dangers of airbags, it is perhaps surprising
that supportive public attitudes have been maintained. Clear indications of erosion in women’s

support for airbags are evident.



4. Suppose your next vehicle is equipped with airbags but the government allowed dealers to

disconnect the airbags at the buyer’s request. Would you be likely to request that your airbags be

disconnected?

Response Males Females All Respondents
Yes 108 (23.4%) 160 (34.6%) 268 (29.0%)
No 342 (74.0%) 289 (62.4%) 631 (68.2%)
DK 12 ( 2.6%) 14 ( 3.1%) 26 ( 2.8%)
TECHNICAL COMMENT

The government currently allows disconnection only for documented medical reasons. NHTSA
is now reconsidering this policy, though there is substantial opposition to a “disconnect on

demand” policy.
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5. Suppose your next vehicle is equipped with airbags that can be turned on or off by the driver

at the start of the trip. Can you imagine any trips when you might choose to turn your airbag

J

system off?

Responses Males Females All Respondents
Yes - 141 (30.5%) 165 (35.6%) 305 (33.0%)
No 315 (68.0%) 288 (62.3%) 603 (65.2%)
DK ' 6 ( 1.5%) 9( 2.1%) 17 ( 1.8%)

Most common examples cited in support of “yes” response are: child/baby in front seat (30.5%),

leave off all the time (16.7%), short trip (15.4%), short people (12.2%).

TECHNICAL COMMENT

Manual cutoff switches are already permitted on vehicles that do not have a rear seat (e.g., pickup

trucks).
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6. On the next vehicle you buy, would you be willing to pay $150 extra for a special airbag that

would not deploy in a crash if someone was located too close to the airbag?

Response Males Females All Respondents
Yes 225 (48.6%) 268 (57.9%) 493 (53.3%)
No 219 (47.4%) 167 (36.1%) 386 (41.8%)
DK 18 ( 3.9%) 28 ( 6.0%) 46 ( 5.0%)
TECHNICAL COMMENT

There are various technical approaches to designing a system that would suppress or slow airbag
deployment when children are in the deployment zone. These systems use proximity sensors.
Their reliability is now under serious examination. The incremental cost of most of the
suppression systems under discussion are much lower than the $150 per vehicle cited in this

question.

CONCLUSION

The survey results suggest that there is widespread public support for airbags in the
United States. However, this support is contingent to some extent on a variety of misperceptions
about the technology. More public education about the risks and benefits is clearly needed.
There is also substantial public support for policies to reduce the dangers of airbags, such as
requiring children under the age of 10 to sit in the rear seat and wear safety belts and designing

improved airbag systems.
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PROJECT SUMMARY

This prospectus calls for the design, implementation, and evaluation of ten community-based
intervention projects around the country aimed at changing the seating locations and restraint-use
patterns of children in passenger cars and light trucks. The growing prevalence of passenger-side
air bags, which pose a real danger to children in the front seat (especially unrestrained or improperly
restrained children) has highlighted the safety advantages of rear-seat occupancy. The goal of the
campaign is to induce all children under the age of 12 to be seated in the rear seat (if one exists) and
to be properly restrained in a safety belt or child restraint device. If successful, such projects could
pave the way toward a new national norm about child safety in America.

The projects will be executed in an experimental design, with matched treatment and control
communities. Rigorous evaluation based on roadside observation of child behaviors and surveys
of attitudes/knowledge of parents and children will be conducted in each community. The primary
message of each campaign would be proper seating position (“KIDS IN THE BACK”), with a
related plug for proper restraint (‘BUCKLE UP”). The ten community-based campaigns are
intended to complement -- and act synergistically with -- the national education campaigns that have
been launched since Delores Ambrose, a properly belted 5-year old girl, was fatally injured by an
inflating airbag in Nashville, Tennessee in the fall of 1995.

Funding for the project is being sought from the Centers for Disease Control, and the
National Highway Safety Administration, agencies with experience supervising community-based
projects. It is estimated that each community-based campaign (including evaluation) would cost
$250,000 over a two-year period, for a total cost of $2.5 million. The program will be led by
scientists at the Harvard School of Public Health and the Education Development Center in Newton,
Massachusetts, with designated leaders from each of the ten participating communities responsible
for community-based activities. An advisory committee of scientists from NHTSA, CDC, and the
private sector will help guide the project.



STATEMENT OF THE PROBLEM

During the 1985-1996 period, 15,000 American children under the age of 12 were killed when
traveling as an occupant of a motor vehicle. Another 75,000 children suffered serious nonfatal
injuries. About one-third of these deaths and injuries -- 5,000 and 25,000, respectively -- struck
children who were seated in the front seat of a passenger car or light truck. The best estimates are
that 30% of these children (1,500) would be alive today had they been seated in the back seat instead
of the front seat at the time of the crash. The number of seriously injured children would have been
reduced by a comparable percentage.

If aggressive steps are not taken, the number of children killed and injured in the front seat may
actually increase in the next ten years. The widespread introduction of passenger-side air bags into
passenger cars and light trucks is exposing young children to larger risks of death and injury in
crashes than would have occurred had passenger-side airbags not been introduced. Although future
airbag designs may be more protective of children, there are already 30 million vehicles on the road
with passenger-side airbags and another 30 million vehicles in the production pipeline that are
unlikely to be completely safe for children. The United States is unlikely to turn against passenger-
side airbags because the best available evidence, while limited, suggests that the lives of significant
numbers of adult passengers are being saved by passenger-side airbags. The danger posed by airbags
presents an opportunity for America to do what it probably should have done decades ago: develop
norms concerning the proper seating position of children in motor vehicles.

BEHAVIORAL SOLUTIONS ARE FEASIBLE

It is eminently feasible to change parental and child behaviors regarding motor vehicle safety. In
1978, only 20% of infants and toddlers in the United States were observed traveling in a child
restraint device. Today, that number exceeds 80%.

Child seating position behaviors also can be changed. In France and Germany, younger children
generally sit in the rear seat. Observational surveys undertaken by the Harvard Center for Risk
Analysis have shown that fewer than 10% of German and French children under the age of 12 sit in
the front seat. In contrast, the best available estimates are that three times as many American
children of the same ages (30+%) are observed riding in the front seats of motor vehicles.

The child seating patterns of American children vary substantially throughout the country. The
national Fatal Accident Reporting System records the seating position of every child (dead or alive)
in the United States who is in a vehicle when a fatal crash occurs. During the past decade, the
percentage of children (age 12 and under) located in the front seat during these crashes varied by
state, from a high of 40% in the state of Mississippi to a low of 20% in Rhode Island. Among
infants, the state-by-state variation is larger: from a high of 56% in Mississippi and North Dakota
to a low of 9% in Massachusetts. For toddlers the range is from 42% in Kentucky to 10% in Rhode
Island. For 5-8 year olds the range is from 40% in Maine to 14% in Hawaii. For the older children,
aged 9-12, the range is from 57% in Vermont to 18% in Rhode Island. This substantial variation in
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child seating behaviors suggesfs that, through changes in social norms, the seating positions of
children can be changed.

THE CONTROLLED, COMMUNITY-BASED INTERVENTION TRIAL

A central tool in the science of public health protection is the controlled, community-based
intervention trial. In an ideal situation, communities with similar characteristics are identified and
then randomly assigned to “treatment” and “control” communities. More often (in real-world
situations), the “treatment” communities are recruited based on a combination of factors, and the
“control” communities are selected to match them.

The nature of the intervention depends upon the health problem of focus and current knowledge of
available, effective prevention strategies. The “treatment” communities receive the intervention,
which may include screening, distribution or installation of devices, enforcement of laws and
regulations, or health education programs, while the “control” communities serve as comparisons
for evaluating the effectiveness of the intervention. The evaluation consists of baseline and post-
campaign measurements selected to reflect the objectives of the intervention. To test for lasting
effects, repeat measurements may be taken well after the campaign is concluded. In addition,
process and formative evaluations are carried out to describe the steps taken to implement the
intervention and document any local characteristics and variations that may serve to hinder or
promote the success of implementation.

The classic controlled, community-based intervention trial was the Stanford Heart Disease
Prevention Project, which demonstrated in the 1970s that a multi-media approach, in conjunction
with face-to-face counseling, was successful in changing dietary and lifestyle factors, thereby
reducing risk factors for coronary heart disease. In the field of injury prevention, recent trials have
demonstrated success at increasing the rate of both safety belt use and bicycle helmet use.

Some interventions have multiple messages (e.g., the Massachusetts Statewide Childhood Injury
Prevention Program and the Massachusetts Saving Lives Program), while others focus on a single
message (the Harborview bicycle helmet promotion campaign). There has been only one
community-based attempt in the United States to change child seating behaviors. In North Carolina,
the Insurance Institute for Highway Safety sought to both increase child restraint use and move
children to the rear seat by conducting a campaign at several schools and day care centers. Other
schools and day care centers in the same communities served as controls. In this limited campaign,
which emphasized restraint use more than seating position, the seating positions of children were
not affected significantly (though restraint-use behaviors were). Thus, a major controlled trial with
a single uniform message to place children in rear seating-positions is clearly needed.

THE OVERALL GOAL OF A CHILD SEATING-POSITION TRIAL

The basic purpose of a child-seating trial would be to demonstrate that social norms about child
seating position (as reflected in increased rate of placement of children in the rear seat) can be



accomplished at the community level through known interventions to effect behavioral change,
without engendering intense opposition from parents, children, and community leaders. If such
evidence is generated in several diverse communities throughout the United States, the groundwork
will be improved for a new national norm, such as those now in effect in Germany and France, that
younger children to sit in the back seat. In addition, as has been the case with the increasing
popularity of bicycle helmet campaigns, the information can be used to develop local health
promotion efforts to work in concert with legislative and enforcement efforts. If the trial is not
successful, U.S. policymakers should be encouraged to pursue other strategies, perhaps advanced
technological ones, aimed at better protection of children who sit in the front seats of motor vehicles.

Some states (California, New York, and Massachusetts) are already at the beginning stages of
deliberation about the passage of laws to require children to sit in the rear seat. Rhode Island
recently passed such a law. If the historical track record regarding safety belt use laws and child
restraint use laws is any guide, it will take at least a decade for these laws to be passed and enforced
in a majority of states around the country. Indeed, evidence from the trial proposed here could play
an important role in accelerating the interest of legislators in passing seating-position laws.

TRIALS AS PART OF A LARGER NATIONAL CAMPAIGN

There is already a national campaign aimed at moving kids from the front seat to the back seat. It
began in the fall of 1995, when a 5-year old girl in Nashville, Tennessee (Delores Ambrose) was
fatally injured by a passenger-side airbag. By all accounts, this girl was probably belted when the
crash occurred. Both the federal government and the private sector (car manufacturers, insurers, and
airbag suppliers) are participating in this multi-million dollar campaign. The national campaign
emphasizes safety belt and child restraint use, but it also highlights the rear seat as the safest place
for children.

Although the community-based interventions proposed here would occur in the context of the
national campaign, to which both the control and treatment communities would be exposed, our
proposed project differs from the national campaigns in three respects. First, the proposed
community program will focus on a single, uniform message (“Safer in the back”). Second, it will
have several components to reinforce this message in multiple settings and institutions at the
community level. Third, it would rely on a well-organized, grass-roots campaign with a substantial
level of local involvement that can rarely be engendered by national campaigns. Thus, the national
efforts and the trial proposed here would be complementary: the readiness of the communities to
accept the message delivered by the proposed project will be enhanced by the existing national
media campaign.

THE TRIAL

The development of the intervention will be guided by concepts derived from various social
sciences: the Theory of Planned Behavior and the Health Belief Model. Such concepts are now



being commonly applied in the design and implementation of public health efforts that aim to alter
health-related behaviors. The process will also incorporate community-organizing principles with
local groups involved in the steps taken to define the problem, set up goals, develop strategies, and
implement the program.

Design: Ten diverse communities in the United States will be selected to receive the intervention.

Site selection criteria will include size (number of residents, children, and new vehicles), location
(rural, urban, suburban), historical rates of children riding in front seat (based on FARS data and the
older 19 cities study), the historical rate of injuries to children, the proportion of ethnic minorities,
median household income, and the presence of a local health department/health officer. Each
intervention community will be matched with two control communities for the evaluation. The
controls- will not be located in close geographic proximity to the intervention sites.

The Intervention: There will be two components to the intervention. The first component is the
establishment of a community coalition to provide direction and broad penetration of the campaign.
The coalition will be developed by a local coordinator paid for services by the national project who
is affiliated with a local agency (such as health department, police, or Mayor’s office). The coalition
will identify the most promising local channels for disseminating information and stimulating
collaborative efforts with public and private organization to support the project and carry out the
intervention.

The second component of the intervention is an extensive health education program to increase
placement of children in the back seat of motor vehicles. The health-education program will be
devised to address the spectrum of prevention, relying on a six-tier approach: Strengthening
individual knowledge and skills; promoting community education; educating providers; fostering
coalitions; changing organizational practices; and influencing policy and legislation. The program
will include a media campaign of informational messages and special features carried by local media
(newspapers, local radio and cable tv) that will be reinforced by projects and activities in a variety
of settings (schools, day care centers, youth serving organizations, businesses, soccer and baseball
leagues, physician offices, local police and fire departments).

The development and implementation of the health education program will be led by the Education
Development Center (EDC) in collaboration with behavioral scientists and maternal and child health
specialists at the Harvard School of Public Health. EDC has extensive experience in numerous
health promotion and education programs aimed at children, parents, and professionals. These
programs range in topics from teen worker safety, drug abuse, and violence prevention to safety belt
and child restraint use.

Evaluation: The primary outcome measure used to evaluate the intervention will be the proportion
of children riding in the front seat. A 10 percentage point reduction in the rate at which children ride
in the front seat (say, a decline from 30 to 20%) would certainly be a successful accomplishment,
though the longrun target should be to reduce the rate below 10%, as has been achieved in Germany
and France. This change would be above and beyond what is achieved in the control communities



through the national education campaign. Rates of child seating positions will be determined
- through observations at pre-selected, representative random sites in each of the 30 communities (10
treatment, 20 control). Baseline observations will be conducted in both control and treatment
communities in the fall of 1998, prior to launching the intervention during calendar year 1999.
Interim measurements will be taken in mid-2000. The final measurements will be taken six months
after the trial ends, in the late fall of 2001. This outcome evaluation will be supplemented by
surveys of community households with children to elicit self-reported practices, knowledge, and
attitudes about child sitting positions, to be administered through telephone interviews pre- and post
intervention. These telephone surveys will also solicit information about exposure to the
interventions in order to determine the rate of penetration of the message in each of the participating
communities.

A detailed process evaluation will be carried out at each of the intervention sites. Tools for the
process evaluation will be developed centrally and completed by the coordinator at each site. The
process evaluation will include records of the intervention activities, such as the number of media
events that took place, quantities of materials distributed, number of coalition meetings convened,
and joint activities carried out by community organizations. Extensive formative evaluation will be
done prior to the initiation of the intervention in order to design materials, identify barriers and
facilitating factors, and fine tune the manner of implementation to the target population in each
locale.

MANAGEMENT OF THE TRIAL

The trial will be designed, managed, and evaluated as a collaborative effort between Harvard and
EDC with Graham and Gallagher as co-principal investigators. Professor John D. Graham, Ph.D.
of the Harvard School of Public Health is a national authority in the field of auto safety research
with special expertise in the field of occupant crash protection. Ms. Susan Gallagher of the
Education Development Center directed the pioneering community-based injury prevention program
known as SCIPP during 1979-1982, and has extensive experience in evaluation of community
programs.

SCHEDULE FOR THE TRIAL

This three-year project will be conducted in several phases as follows:

Phase 1. Baseline: The plan is to launch the project in the fall of 1997, starting with site
selection, reaching agreements with the intervention communities, conducting baseline observations
of seating positions, and household telephone surveys, and hiring of community coordinators.

Phase 2. Planning: The community coalitions will be convened January 1, 1998 and operate
for the duration of the project. During this phase, focus groups will be conducted and the appropriate
materials developed.

Phase 3. Implementation: The intervention will be implemented and followed by planned
evaluation measures, including process evaluation, observations of sitting positions during the
intervention and at its conclusion, and a repeat telephone survey at the end of this implementation



phase.
Phase 4. Assessment: The final observation is scheduled to take place six month following
the end of the intervention. Data analysis and final report will be completed during this phase.

BUDGET

The budget for the trial is $250,000 per community, or a total of $2.5 million for the three years.
About 10% of this amount will be awarded to EDC and Harvard. The cost for each community
includes a full time project director, three part-time community coordinators, partial compensation
for the Co-Pls, random dial digit telephone surveys at pre- and post intervention, focus groups,
vehicle observation studies in 30 communities at four different points of time, material development,
travel (primarily to the chosen communities), and data analysis costs.

Funding is being sought from the Centers for Disease Control and the National Highway Traffic
Safety Administration. An advisory committee of scientists from CDC, NHTSA, and the private

sector will help guide the project.
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among elderly, short women, have oc-
curred because of air bag deployments
in various crash ‘situations.' Most dis-.
turbing is the mounting evidence from
in-depth crash investigations that chil-

dren in the front passenger seat are en- -

countering unique hazardsintheirinter-

-actions with air bags.!™*® Front passen-

ger air bags have been responsible for 38
child fatalities in crash situations that
would not likely have been fatal in the
absence of the air bag deployment.'s!?

The objective of our study is to evalu-, -

ate the costs, benefits, and cost-effec-

tiveness of US airbag systems compared
with manual safety belt systems, We '
" specifically evaluate the incremental

benefits, risks, and costs of the addition
of driver’s side air bags to the familiar
manual safety belt systems and of front

_ passenger air bags to driver’s side air

bags. We also. compare the cost-effec-

_ tiveness ratios for air bags with ratios -

fora variety of common medicaland pub-

“lic health interventions. We emphasize

how the cost-effectiveness ratios for air
bags might change if federal agencies,
state governments, manufacturers, or
citizens implement various behavioral
policies or technological innovations cur-

rently under consideration.

. METHODS

Cost-effectiveness Analysis

The method of! cost-effectivenessanaly-
sis used here, particularly our reference

. case analysis, is consistent with the con-

sensus recommendations of the Panel on
Cost-effectiveness in Health and Medi-

- cine commissioned by the US Depart-

ment of Health and Human Services.??

. Intended toinform resource allocationde- |

cisions at the societal level, the analysis
adopts the societal perspective and in-
corporates information on all risks, costs,
and benefits resulting from these strat-
egies, regardless of who incurs them. The
reference case is defined by a standard.
set of methods and assumptions and
serves to facilitate valid comparison of
cost-effectiveness ratios across studies
of diverse public health and clinical-
interventions.-

A cost-effectiveness analy51s evalu-
atesagiven healthintervention through
the use of a cost-effectiveness ratio. In

this ratio; all changes in resource use
* (relative to a stated alternative and val-

ued in monetary terms) are captured in

the numerator, and all health effects of .

an intervention (relative to the alterna-

tive) are captured in the denominator. -
. Thus, the productivity costs of morbid-

ity and functional limitation are incorpo-

‘rated into the denominator.? The refer-

ence case incorporates both mortality

and’ morbidity consequences in the de- -
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nominator using the smgle meastire of
quahty adjusted life-years (QALYs).

A deterministic state transition model
using an Excel spreadsheet? was de-
vised to track a hypothetical fleet of 10 mil-
lion new vehicles for a period of 20 years.
The number of vehicles in.the fleet de-
creases as they are scrapped because of -

mnormal use and accident-related dam-

age. The overall normal vehicle scrap-

'page rates were assumed to be 15% at year

5,50% at yéar 10,65% at year 15, and 100%

at year 20 (the maximum vehic]e life is as-
sumedto be 20 years).® The number of air

bag deploymentsin a year is estimated by
multiplying the number of vehicles in the
fleet for that year by the deployment rate

(ie, deployments per vehicle-year). If the -
“cost of replacement approaches the re- .

sidual value of the damaged vehicle, then
the deployed air bags are not replaced and
the vehicle is assumed to be scrapped.

Based on limited expérience, the replace-

ment rates for air bags are 70% during
year.1,59% during year2, 56% during year
3, 40% during year 4, 21% during year 5,

10% during years 6 through 10, and 0% -

during years 11 through 20.%
Based on the profile of vehicles in the

fleet over its lifetime, we project changes -

inresource costs and health outcomes for
3strategies: (1) installation of manual lap
and shoulder belt systems as the status

quo, (2) installation of driver's side air’
bags in addition to safety belts, and.

(3)installation of front passenger air bags

‘inaddition to safety belts and driver's side

air bags. The results are presented as in-
cremental cost-effectiveness ratios with
health effects expressedin QALYs and
costs expressed in 1993 US dollars. All

future health effects and costs (incurred .

beyond the initial year of the interven-
tion in the model) were discounted us-
ing a 3% annual discount rate, which is

. intended toreflect areal rate of time pref-

erence or a real rate of return on alter-

~ native investment opportunities. The
_cost-effectiveness estimates are inde-
" pendent of the size of the fleet modeled.

The target population of the present
study is drivers or. front passengers of
any age in the United States. The litera-
turesuggests differencesinthe effective-

ness of air bags for distinct subgroupsin

the population (ie, for children younger
than 10years, adultsaged between 10 and

' 64 years, and adults older than 65 years)

asreviewed below, We assume that own-
ers will not disarm their air bags and that

driver behavior is not affected by the.
presence of an air bag. The number of fa- -
. talities avoided for a subgroup is esti-

mated by - multiplying the number of ve-

hicles, the baseline fatality rate, the per-.
centage of the population involved. in

crashes represented by the subgroup,

and the effectiveness of the intervention’

for reducmg fatali  for the subgroup
Similarly, the numberof norifatali injur
avoided for a subgroup.is estimated as
the number of baseline fatalities for the
subgroup multiplied by the ratio of inju-
ries to fatalities and the effectiveness of
the_intervention for reducing injuries.
" The model estimates the installation, re-
placement, and maintenance costs and
the medical and legal resources saved by
anintervention asa functionofthe profile
of vehicles in the fleet over its lifetime,
the rates of air bag deployment and ve- .
hicle scrappage, and the numbers of fa-

" talities and injuries, The model estimates
" changes in QALYs by combining the es-

timated numbers of fatalities and injuries
avoided with weights that are generated
by a Markov submodel using TreeAge*
based on average health-related® and
trauma-related® quality-of-life data.

To explore and validate the behavior
of theé model, we performed a global uni-
variate sensitivity analysis that varied
-each model input by +30%. Focused sen-
sitivity analyses were then performed
onthe most uncertain mput parameters
to determine how much the cost-effec-

* tiveness ratios changed in response to

plausible changes in their values. Refer-

.ence case values and-ranges for model . -

mputs are listed in Table 1,2591012142325.31

Event Rates for In]urles
and Fatalities

Rates of death and i lmury vary by seat—
ing position. In 1994, there were 115 .
driver fatalities per million vehicles com-
pared with 36 front passenger fatalities
per million vehicles.** The smaller rate of
death in the right front seat reflects the
lower rate of occupancy in this seating po-
sition. Among the fatally'injured drivers’
in1994,16.2% were aged 65 years or older.
Among the fatally injured front passen-
gers, 5.3% were younger than 10 years,
and 21.6% were aged 65 years or older.*

Crash-related injuries are typically

“classified by severity using the Associa-

tion for the Advancement of Automotive
Medicine’s 6-point Abbreviated Injury
Scale (AIS).2 According to this scale, lev-
els AIS 1to AIS 6 correspond to progres-
sively more life-threatening injuries. The -
most severe injury any individual suffers
is normally referred to as the maximum
"AIS(MAIS): Since air bags have little net
effectiveness on MAIS 1 injuries (as dis-
cussed below), they arenot includedinthe
analysis. In addition, most MAIS 6 inju-
ries are fatal, and we assume they are
counted among the fatalities. For each oc- -
cupant killed in 1994, another 8.7 occu-
pantssuffered moderateto critical (MAIS
2-5) nonfatal injuries as defined by the
1990 version of the AIS2 Since we use the
only injury cost estimates available in the
literature and they refer toinjuries coded
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"Table 1 —Reference Case Values and Ranges Used in Sensmvny Analysis

! References

Varlables - Basallne Value ] Rane
. Event rates ’ . : . ) . N
\ Fatality rate per milion vehlcle years No. Coe - ) ' . .
Driver ‘ 115 .o . 80-149% i ] ' NHTSA* -
Front passenger , ! 36- . 25-47t . : . '
Ratio of MAIS 2-5 injuries to latalmes % 16.8 11.8-21.8¢ NHTSA? Garthe et a*’ :
Air bag deployment rate per 1000 vehicle-years 4 - 2.8-5.2¢ Ferguson et al®?
Percent ol MAIS 2-5 by ' o :
MAIS 2 77.6 )
MAIS 3 . 18.6 ’ :
! - SRR Segui-Gomez,® Garthe et al”’
~ MAIS4 : 3.0 )
. MAISS 0.8
Target population, %
Drivers >64 y 16.2
Front passengers <10y ' 53 NHTSA*
Front passengers >65 y 216 .
Intervention effectiveness rate : "
Occupant seat belt use, % . 50 :' . o Evans® NHTSA®
Seatbelts. % . ! 45 - /

' 13 - 519
5 . 0-19
-21 ¢ . -88-0

"1 Alr bags for adults 10-64 y, %
Air bags for adults >64 y, %
Air bags for children <10y, %

Costs, in 1993 dollars
Air bag installation’

Driver's side ' N - 278 : 236-319 ] NHTSA® - - -

Ferguson,® Kahane'

x

Dual 410 356-464
Air bag maintenance T ) . : ‘
Driver's side '° - 25 . 0-50 American Honda Motors Co® - -~ B
Dual 50 0-100 . - - E !
Air bag replacements e o . ) . (
Driver's side . 664 240-1800 Werner and Sorenson® H
Dual 1452 720-5435 . : . ‘ §

Fatality, total cost 99992 | . - 69994-129 9901 ' Blincoe?

Injury, lifetime cost : (
MAIS 2 . 13884 ) ©9718-18043t 7] B Y
- © MAIS 3 ‘ , 46 469 32528-60 410t Blincos.” Garthe et af” I3
MAIS 4 : 137116 . 95981-178251% ' ¢ : ) 8
MAIS 5 | : 440802 . 308561-573 0431 J ‘ . . .8
‘Quality-of-life weights : . . ) . : 1
Because of injury for . : o a
MAIS 2 ’ o7 . 0.50-0.92¢ |, 7] ' . ' A
::AA:: j - - - - gg: - g;;g:;: . Segui—Gomg;,' AAMA.™ MacKenzie et al™ :;
MAIS 5 - ) 0.06 004008t | g o -
For aging of general population§ . ' ’ i o v
<45y - 10,10 7 B . L . _ ’ . .
4554y 0.94, 0.0 . : S . o
5564y i . . 0.7, 0.67 L C Fryback et al™ . d
; 5-74 y . ' 0.84,0.83 ’ . i Ce
P 75'85y Do o . . 0.84,079 ) . . ) . ot
: 85y - . 082,080 . : . : e st
' ‘MAIS Indlcates maxlmum Abbrevlated ln]ury Scale NHTSA the Natlona| nghway Tratﬁc Salery Admmlsuahon AAAM the Assomatlon 1or the Advancemenl ol Aulomotlve :.
. I

Medicine; and ellipses, not applicable.

tRange reflects $+30% of base-case value. °
$See “Methods”, section in text for the probabilities of alr bag replacement as a function of vehicle age and vehicle survival data.

1 §These are age specific welghts from the time trade-olf method for the general poputation for men and women trom the Beaver Dam Health Outcomes Study. to t:
] S e
& -accordmg bo the 1985 version of AIS, we than old cars, yet old:cars tend to have  States™;consequently,49statesadopted : e:
[ adjusted this ratio of nonfatal injuriesto  more high-risk drivers than new cars.  some form of mandatory safety belt use 5 B
fatalities to.16.8 using a recently sug- The sensmvnty analyses relax our as- - law for adults (all but New Hampshire).® - . fi
t gested method™ and distributedthecases  sumptions in both directions. All 50 states also have laws requiring . it
| by MAIS level (77.6% MAIS 2, 18.6% young children to travel in proper re-' i w
MAIS 3,3% MAIS 4, and 0.8% MAIS 5). Effectlveness of Lap-Shoulder Belts . gyraint systems. The laws covering the ci
Event rates of fatalities and injuries - ‘Lap-shoulder belt systems reducethe  behavior of adults and children are 4 0 a
per vehicle-year for. the reference case  risk of fatality and serious injury (given  not rigorously enforced by the police in ol
{1 ' are based on the above'data and are as-  a collision) by about 45% when used by ~ most states, even though it has been 4
1 sumed to be constant from the point of  drivers and front passengers.*® For  demonstrated that restraint use rates " ne
| vehicle purchase until the vehicle’is  yearsvoluntaryratesofadultsafetybelt ~ depend onthe amount and type of police : b:
l - serapped. New-cars are driven more . use were less than 20% in the United enforcement U3 - | B
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known to be biased to unknown degrees

. by several sources of measurement error.

The lower end of the range represents the
rate of belt use among fatally injured oc-

cupants. The upper end of the range rep- -

resents use among occupants whosuryive
tow-away crashes and is probably an
overestimate because crash survivors
may be untruthful to police regarding ac-
tual use given cwrrent laws. Roadside ob-

. servationalsurveysare themostaccurate

measure of actual behaviorbut are known
to overestimate the belt use rate in crash

-situations. We assume the operative rate-
- of safety belt use in the United States is

50% in crash situations,****® In the sensi-
tivity analysis we consider the: 1mphca-
tions of 100% belt use.

Effectiveness of Alr Bags
for Fatalities

Nationwide fatahty and injury counts
have not yet been influenced significantly
by air bags becaise fewer than 30% of the
vehicles on the road in 1995 were equipped

withanairbagsystem, However, national

databases with make, model, and type of

*crash information have been analyzed to

assess the real-world performance of air
bag systemsg, 69:15:18

A 1995 study used vehlcle registration
data to compute overall driver fatality
rates per 10 000 registered vehicles for ve-
hicles with air bags and belts and for the
same model vehicles with belts only.! The
study reported driver fatality rates to be
16% lower than expected for vehicles with
air bags and manual belts compared with
vehicles with belts only." The validity of
this estimate depends on the assump-
tions that crash severities and safety belt
userates are comparable in the 2 fleets of
vehicles, While these assumptions are rea-

_sonable, they cannot be verified rigor-
- ously with information in'the Fatal Acci-

dent Reporting System (F ARS),a national

" census of fatal motor vehicle crashes main-

tained by the NHTSA. An update of this

~ study used more data and 2 different meth-

ods and reported 2 slightly lower effec-
tiveness estimates of 14% and 15%.'?

The largest air bag evaluation effort

to date was based on FARS data for cal-
endar years 1986 to 1996." This analysis

‘estimated air bag effectivenessinreduc-

ingdriver fatalities using2 methods. The
first method, which compared the fatal-
ity ratios of drivers topassengersin cars
with driver-only air bags to ratios.asso-
ciated with similar model cars with no
air bags,led toan effectiveness estimate
of 10%. The second method, which com-
pared the ratio of fatalities in frontal to

" nonfrontal crashes for vehicles with air
~ bags to the same ratio for vehicles with .
- noairbags(based on the assumptionthat

JAMA, November 5, 1997—Vol 278, No. 17

Nationial estimates of belt use vary, air bags are not effective in nonfrontal 88%) were" epor’oed
-from 30% to 70%:2 These éstimates are™ “¢rashes), ledtoan effectiveness estimate ™™

of 12%. These estimates suggest that the

" presence of an air bag system reduces .

the driver's overall fatality risk (in all
crashes) by about 11%.4
The. 11% effectiveness . estimate

‘roughly comprises a 13% (95% confi-
dence interval [CI], 6%—19%) reduction”
in fatality risk among unbelted drivers
and a 9% (95% Cl, 3%-15%) reduction in
fatality risk among belted drivers.' Al-
though the difference in effectiveness

for unbelted and belted drivers is not

statistically significant, the differenceis ...
- consistent with the results from a simi-
lar study of the same data® and with ex-
pectations derived from biomechanical -

theory and experimental crash testing ¥

The effectivenessinformation for front
passenger air bags is more limited than
for driver’s side air bags because front
passenger air bags entered the fleet sev-
eral yearslaterthandriver’'ssideair bags,
and there is a much lower rate of occu-

pancy in the front passenger seat.’ Initial

estimates using FARS data for 1992 to
1995 model vehicles suggested 18% fewer
passenger deaths overall than expected
infrontal crashes of vehicles with dual air
bags compared with vehicles with driver-
only air bags, or about an 11% effective-
ness rate in all crashes.'”? The Kahane"
analysisindicates that airbagsreducethe
fatality risk of front seat passengersolder
than 13 years by about 13%. In its review
of the available studies, NHTSA found

that the data suggest that driver’s side

and front passenger air bags appear tobe

equally effective for occupants aged 13 *

years and older.?

While front passenger air bags appear
to decrease fatality risks for adults, evi-
dence suggests that they increase fatal-
ity risk for passengers younger than'10
to 15 years.!3!4 The adverse effects of air
bags on small -children—particularly
those who are unrestrained or improp-
erly restrained and slide forward during
precrash braking or those who are in
rear-facing infant restraint devices—
are increasingly documented and often
occur in low- to moderate-severity

crashes that may not have been fatal (or

even injurious) in the absence of air bag
deployment 9,12.14,17.18

For both driver's side and front pas-
senger air bags we assumed effectiveness
rates of 13% for occupants aged 10 to 64

years and 5% for occupants older than 65.
years.? For front passenger air bags, we -

assumed an increase of 21% in fatalities
and injuries for children younger than 10

years, even though this estimate isbased

on small counts of childhood fatalities and
does not differ significantly from zero.?

Larger estimates of increased risk to chil-
drenaged 12 years and younger (28% and

_ inputs to the model

Eﬁectlveness of Alr’ Bags ln'
" Preventing Nonfatal In]urles e

¢

: g
“Somewhiat ¥ different™data* Sensitivity

analyses were performed on these key

Se— s

Airbags are demgned to prevent head

- face, and iipper torso injuries but can
~ also cause upper extremity, chest, and
. facial injuries. The challenge in air bag
‘effectlveness researchis to quantlfy the
K changes in magnitude of each type of in-
"jury by severity level.:

“"‘]r T

The air bag‘s effectiveness in reduc-

" ing serious injuries s to the head, face, and

upper torso in frontal crashes is statis-

*_ tically significant, has been conﬁrmed in

several studies, and is apparent for

belted as well as unbelted drivers.!0143.
_The precise magmtude of the effect is

unknown, since estimates from the dif-
ferent studies vary considerably.
Injuries induced by air bag deploy-
ment are frequently reported,'®®# with
somewhat greater frequency among fe-
male drivers.® In a study of 2007 air bag
deployments in the United States, 42% re-
sulted in at least 1 such injury to a front
seat occupant.? Of these air bag-induced

injuries, 97% were minor (MAIS 1), com-

posed primarily of head contusions and

abrasions to the head, neck, face, and up-

per extremities. An additional 2% were
moderate (MAIS 2) and included concus-
sions and rib, sternum, and upper extrem-
ity fractures. Among the remaining se-
vereinjuries (MAIS 3+), heart lacerations,
]ung contusmns, forearm fractures, and eye
injuries were reported. Whether these in-
Jured occupants would have suffered more
orless severe injuries in the absence of air
bag deployments remains unclear,
Forbaseline values, we assume that air

" bags cause asmany AIS 1injuries as they

prevent, and thus we focus on the more
seriousinjuries (MAIS2-5), which are ex-

~ pected to have'a greater impact on qual-
ity-adjusted life expectancy and costs. We

also make the assumption that air bags

‘are as effective at reducing MAIS2to 5

injuries as they are at reducing fatalities,

based on the evidence indicating reduced

injuries tothe head, face, and chest. How-

-ever, this assumption will need to be re-

placed in the future with rigorous esti-
matesderived from detailed studies of the
seventy distributions of nonfatal injuries
in vehicles with and without air bags

-Costs

, Like many injury-related preventive
healthinterventions, the major resource
investment occurs at the time of the fac-
tory installation of the belts and air bags,

The factory installation costs for mass-
produced manual lap and shoulder belts
areassumed tobe approximately $57 per

. Cosi-effecliveness of Air Bags by seating Position—Graham et al 1421




‘ Table 2.—Reference Case'Results*

Total Net Cost

Totl

(includes Savings) - Effectiveness Incremental Cost ' _Incremental Cost-effectiveness
per 10 Million - per 10 Million per 10 Million Ettectiveness per Ratio, Incremental
Vehicles, In Milllons, Vehicles, Vehicles, in Millions, - 10 Million Dollars per
Strategles 1993 Dollars QALYs ' 1993 Dollars Vehicles, QALYs Incremental QALY
Discounted results (3%) . : : ’ C : ’
No air bags {manual lap-shoulder belts) -1357% - 219629 e e e
Driver's side air bag (plus manual restraints) 853 312735 2210 93106 24000
. Dual'air bag system (plus manual restrainls) 2184 3334531 1331 21796 61000
" Undiscounted results . | o
No air bags (manual lap: shoulder belts). -1853t ‘479431 . e .
" Driver's’ side-air bag (plus manual restraints) 210 ] 683 821 ' 2063 204390 10000
Dual air bag system (pius manual restraints) © 1542 728361 o 1332 . 44541 30000
Discounted results (5%) i ' ) ‘ :
No air bags (manual lap-shouider belts) - =1110¢ 145234 L c.
Driver's side air bag (plus manual restraints) . 1172, 206471 2282, - 61237 37000
~Dual air bag system (plus manual restraints) 2502 221104 1330 . 14633 91000

*QALYs indicates quality-adjusted fife-years: ellipses, not applicable.
tNet costs are negative because savings exceed belt costs.

vehicle.*%! The air bag costs are as-
sumed to be $278 for the driver’s side air

bag inthe steering wheel and forthe sen- -
'sor and control unit and $410 for the dual -

air bag system.® The reported charge

. for air bag replacement after a crash

ranges from $720 to $5435, with a central

. estimate for high-volume cars around

.$664 for the driver's side air bag and
$1452 for dual air bags.!° We further as- -

sume that air bags require a one-time
maintenance check at 10 years (at least

for air bags with electronic sensors) that -
- will-entail approximately 30 minutes of

labor per air bag at a cost of $50 per hour
of labor.* The costs of air bags (particu-
larly for electronic sensors) may be de-
clining, and thus we performed sensitiv-
ity analyses for these estimates.
Resources are consumed as a result of
crash-related injuries and fatalities: The
present value of lifetime injury-related
costs are estimated to be an average of

~ $99992 per fatahty and $27 057 per non-.
~fatal MAIS2to 5injury. > Thesefigures
include insurance administrationand le- .

gal fees, court costs, and medical- costs

- associated with emergency services,

. habilitation, These costs are included as’

hospitalization, outpatient care, and re-

. savings (ié’,' negative c()sts)

Health- Related Quallty of Life . .
A Markov submodel was used to deter-

mine the appropriate weights for conver-
sion of the estimated numbers of avoided -
fatalitiestand injuries to total QALYs
* gaved for'éach’subgroup of the popula- -
tion. Using data from US life tables and

actuarial data on the age distribution of

~ fatalities in’ motor vehicle crashes; Sithe

-Markov. submodel estimates. dlscount,ed

_ life expectdncy and- quality-adjusted life

."-~"expectancy Although cost-effectiveness

" analyses havetypically assumed that a

v

< fectlveness Health and Medxcme rec-

. life-year'saved by an intervention is val- .

ued at 1.0-QALY, the Panel on Cost-ef- -

L)

\

ommends, in the reference case, that life-
years saved be adjusted to reflect the av-
erage health-related quality of life in the

- target population.®?' Lacking specific

data' on the health status of people in
crashes, we used age- and Sex-adjusted
weights derived from the time trade;off
estimates reported in the Beaver Dam
Health Outcomes Stu(ly (BDHOS).% The
BDHOS is an ongoing longitudinal cohort
study of health status and health-related

‘quality of life for a random sample of

adultsina community population. We con-
servatively assumed that the quality
weight for each year of life saved for those
younger than45 years was 1.0, largely be-

-cause no quality-adjusted data were col-
* lected for this younger (and presumably

healthier)-age range. Discounted QALYs
lost per fatality were estimated for anav--
erage adult aged between 10 and 65 years
(ie, a 37-year-old), an‘average adult older
than 65 years (ie, a 75-year-old), and an:

“average child younger than 10 years (ie,a -

b-year-old). We explored the impact of us-
ing-an alternative health state classifica-
tion system,(ie, the National Center for

Health Statistics' Years of Healthy Life®)

in the sensitivity analysis. We also report
results. without adjusting for baseline

. .population health-related quality of life

(ie, assuming QALY welghts of 1.0 per

- . life-yeéar).

. To account for dlmmlshed health-re-
lated quality that results from crash-re-
lated injuries, we used quality weights as-

“gociated with each MAIS injury as mea-_
“sured by-the Functional Capacity Index
(FCI.®.The FCI weights represent rat-
. -ing scale preferences:elicited from a con-
. venience sample for injuries that resultin - .
functional limitations persisting longer
ithan 1.year after injury, and they are not
~™age or sex specific. Using data from the
¢ ‘National Accident-Sampling System’s

* Crashworthiness Data System (NASS
-.CDS) for 1994 and 1995 for those injuries

Athat lead to some functlonal lumtatlon av-

Lo Cosleﬂectnveness of Aur Bags by Seating Posmon—-Graham at al

- erage residual quality weights of 0.71, -

0.67,0.51,and 0.06 were assigned to MAIS

-2,MAIS 3, MAIS 4, and MAIS 5, respec- .
tively.>* Because some MAIS 2to 5 inju-

ries are transient (ie, within 1 year the
healthstateisrestored tonormal) and the

- model considers both persistent and non-
- persistent injuries, these residual quality
weights were multiplied by the propor- -
tions of MAIS 2, MAIS 3, MAIS 4, and -
' MAISSpersxstenthunes(37 1%, 47.7%,

14.9%, and 85.7%, respectively) and added
tothe complementary proportions of non-
persistent injuries that were assigned
QALY weights of 1.0. This resulted in re-

sidual quality weights for all injuries of
0.89(MAIS2),0.84 (MAIS 3),0.93 (MAIS

4), and 0,19 (MAIS 5)5 The relatively
small percentage of MAIS 4 injuries that
result in functional deficits lasting longer
than 1 year reduces the relatwe signifi-

" cance of these injuries. .
The final QALY weight for the remain-

ing life expectancy of an injured person
was then obtained by multiplyinhg the in-
jury-specific QALY weight to the corre-
sponding age-specnﬁc baseline QALY
weight for use in the Markov submodel.

.The QALYs saved by avoiding injuries -
are then estimated by finding the differ-
- enceinQALYsbetweeninjured individu-

alsand noninjured individuals at the base-

" line health-related quahty of life.

RESULTS

The reference case results are shown in
Table 2. Safety belts alone are cost sav-
ing, even at a'50% usage rate. The incre-
mental cost-effectiveness of the addition
of a driver’s side air bag was estimated to
be $24 000 per QALY saved. The incre-

mental cost-effectivenéss of the addition .

of the dual air bag system (front passen-
ger plus driver’s side air bags) relative to

-the driver-only air bag was $61 000 per

QALY saved. The dual'air bag strategy

-was less attractive because the excess fa- -
: tahty nsk for chlldren (1e, negat,we effec—
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.x.iivéness) combined .with the lower oceu- -

pancy rate on the frontipassenger side

,resultedinasmaller number of i mcremen- .

talQALYs saved, fedhai gt el
+..Of special interest is the beneﬁt-nsk

ratlo for front passenger air bags, where -

the lives of about 10 adults are being
saved for each child killed using the point
estimates in the reference case. As Fig-
ure lindicates, thisratioisuncertain and

‘changes dramatlcally asafunctionofthe’

assumed effectiveness for children. The
ratio will need to be reevaluated in the
future as vehicles with front passenger
air bags are resold to owners with less
income and education, .- -
Deterministicsingle variable sensitiv-
ity analyses were performed in which
the value of ea¢h input variable was var-
ied by-+30% to explore the behavior of

the model (Table 3). These results indi- -

cated that estimates of cost-effective-
ness for various air bag strategies were
substantially influenced by the unit cost
of the air bag systems, the effectiveness

' rates for the systems, the baseline fatal-
ity rates, the ratio of injuries to fatali-

ties, and the real discount rate. Results
were less sensitive to changes in valua-
tions of nonfatal injuries, the cost of
treating MAIS 2 to § injuries, the main-

- tenance and replacement costs, and the
air bag deployment rate.’

Considering the full ranges of the un-
certain model inputs, the choice of dis-

" count rate and the effectiveness rates for
- the systems have the largest impacts on

the model output. Asshownin Table 2, ap-
plying adiscount rate of 5% causes the in-
cremental cost-effectiveness ratio'to

worsen from $24 000 to $37 000 for the driv- -

er’s side air bag system and from $61 000
to $91 000 for the dual air.bag system.

As shown in Table 3, decreasing the ef-
fectiveness of air bags in reducing mor-
tality and morbidity in adults aged be-

tween 10 and 64 years by 30% (from 13%

to9%)increased the cost-effectivenessra-
tio for the driver's side air bag by 54% to
$37000 per QALY and for the front pas-
senger air bag by 59% to $97 000 per

QALY. These disproportionaté increases

occur because the lower effectiveness rate

- increases the costs (by reducing the medi-

cal savings).and deci-eases the number: of -

QALYssaved. At aneffectiveness rate of
17%.for adults aged between 10 and 64
years, the cost-effectiveness ratio im-
proves from $24 000 to $16 000 per QALY
saved for the driver-only air bag and from
$61 000 to $43000 per "QALY saved for
the addition of a dual air bag system. Sen-
sitivity of the cost-effectiveness ratios for

both the effectiveness for adults aged be-’

tween 10 and 64 years and the discount
rate is demonstrated in Figure 2,
Efforts toincréase adult safety belt use

toward 100% could save lives in nonfron-.
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Figure 1 .—Risk-benefit ratio for front passenger alr bags asa function of lhe eﬂecllveness for children (un-

dlscounled) QALYs Indicates quality- adjusled Ille -years. .

.‘«w, v

Table 3. —Sensmwly Analysns Results Changes In Cosleﬂeclweness Ratios (Dollars in Thousands per QALY)'

St e 4

i L ,,".-'

- Cost-eflectiveness

. COSt-eﬂectlveness Ratio

- for Values Changed
Ratlo When Values Over Plausible Range
Changed £30% (if Different)
Uncertain Varlable Changed ll)rlvm' Dualj [l')rlver Dual]
" Base case i 24 61
Installation costs per car . 3315 ) 79-43 28-19 o 67-56
Replacement costs 24-24 62-60 . - 25-23 75-60
' Maintenance costs 24-23 63-59 © 25-22 67-55
Cost per MAIS 2-5 and per fatality 21-26 58-64 :
Effectiveness for adutts 10-64 y 17-37 44.97
Effectiveness for adults >64 y 23-24 60-62
Effectiveness for children <10y’ 24 65-58
All effectiveness aestimates . 16-37 41-110 ...
Baseline fatality rates 16-37 . 45-91 ) o
MAIS 2-5 injuries to fatalities ratio - 18-33 49-80
QALY [osses 18-34 . 4787

T i S S ———
~*QALY mdlcales quallry ad]USIBd life- year MAIS, maximum Abbfevualed Injury Scale; and ellipses, not applicable.

350, * Dual Air Bags (5% Discount Rate)
- Dual Air Bags (3% Discount Rate)
. Dual Air Bags (Undiscounted) -
01\ - eaa- Driver's Side Air Bag (5% Discount Rate)
- - - - Driver's Side Air Bag (3% Discount Rate}
s \. LI/ Driver's Side Air Bag (Undiscounted)

2004

1504

Incremental Cost-effectiveness Ratio

1001

(Dollars in Thousands per QALY)

w» -
o .

13

15 17 19 21

1"
) Air Bag | Eﬂecllveness for Adults Aged 10-64 12 %
L - -]

Figure 2.—Sensitivity of incremental cost-effectiveness ratios ($1000 per quality-adjusted life-year [QALY] -
for driver's side and front passenger air bags) as a function of air bag effectiveness for adults aged 10 to

64 years and discount rate.
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screening for carotid stenosm in asymp- -

saved (in 1994 US dollars)"’; and renal di- -

alysis costs $30 000 to $35 000 per year of -

o mcreasmg the frequency to every 2yéars; ;
tomatic persons costs $120 000 per QALY" *“results'in an increniental ratio of $262800

life saved (in 1990 US dollars).*® In many -

preventive interventions, the actual cost-

effectiveness ratio is dependent on the -

risk of the group being targeted and the

intensity of the proposed intervention.
For instance, the ratio for cervical i cancer

screeningevery4 yearshasbeenreported
to be $10000 per QALY increasing the

frequency to every 3 years results in an

mcrementa.l ratio of $184 500 per QALY;
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‘tal crashes and prevent many air bag-

induced injuries. However, such efforts

would not necessarily improve the incre-
mental cost-effectiveness ratios for air bags
because at higher rates of use belts will pre-
vent some of the fatalities arid injuries that
are now prevented by air bags. Since Fer-
guson’® finds an approximately 30% lower
. overall effectiveness of air bags for belted
occupants than for unbelted occupants, we :
adjusted the effectiveness estimates ac-
.cordingly to 9% for belted adults aged be-'
tween 10and 64 years and to 3% for belted
adults older than 65 years. Thus, if all adults
woresafety belts, the cost—eﬂ'ectlveness ra-
. tios would change from $24 000 per QALY
to $38000 per QALY saved for the addi-
tion of adriver’s side air bag to safety belts

and from $61 000perQALYto$102000per ‘

QALY saved for the additional front pas-
senger air bag.

Several European -countries. (eg,

- .Franceand Germany) used torequireall

children youngerthanaspecified age (10

or 12 years) to be seated in the rear of a

- motor vehicle (when a rear seat exists).

Despite recent amendments to-their

laws that now allow children to sit in the

frontifthey are properly restrained, itis

still customary for children in these

countries toride in theback seat of cars.

If similar behavior existed in the United
States, then' safety benefits would
result. In our model when children
younger than 10-years are moved to the
back seat (with .the front seat left
empty), the incremental cost-effective-
ness ratio for front passenger air bags
" declines from $61000 per QALY to
$51000 per QALY, since the danger of
. air bags to children is eliminated.
. If air bags are not effective at reduc-
ing MAIS 2 to 5 injuries, then including

resources and QALYs saved by avoid- °

ing injuries leads to an underestimation
of the cost-effectiveness ratios. Consid-
ering only the reductions in fatalities as-
sociated with air bags, the ratios would
"be $105 000 per QALY and $235 000 per

QALY for driver’s side and front pas--

senger air bags, respectlvely
~ The effect of airbags on the safety of
adults older thaii 65 years is uncertain. If

- senger air bags, respectively).

ness ratio would fall from $24 000 per
QALY savedto$22 000 per QALY saved.
for the driver's side air bag, and from

$61 000 per QALY saved to $55000 per -

QALY saved for the dual airbag system.
Using an alternative health state classi-

fication systemasasource of community

weights, such as the Years of Healthy
Life, did not change our qualitative re-
sults (327000 per QALY and $69 000 per
QALY for driver’s side-and front pas-

COMMENT

We compared the cost effectiveness of
adding driver’s side air bags to safety

belts with that of adding front passenger -

air bags to the driver-only air bag system.

QALY saved with current rates of safety
belt use. The addition of a front passenger
air bag, makmg a dual front air bag sys-
tem, costs $61 000 per QALY beyond the

‘Our analysis revealed that the addition of
-a driver-only air bag costs $24 000 per

savings with a driver-only air bag. Tothe -

best of our knowledge, this analysis rep-
resents the first cost-effectiveness evalu-
ation of air bags using the real-world ef-
fectiveness data that are now available,

These figures are applicable only to US

air bag systems and do not necessarily ap-

- ply to the somewhat different air bag de-

signs now available in Australia and parts

of Europe, where road conditions and-

safety belt usage rates are also quite dif-

- ferent.* There i$ also some variability in

the design of US airbags that may be rel-

evant to cost-effectiveness, but that was

not analyzed here. :

+ The estimated beneﬁt-nsk ratio for
front passenger air bags deserves seri-
ous consideration by decision makers.
One can question whether it is appropri-
ate to maintain a mandatory policy that
causes 4 net increase in mortality risk to

~ children, even though: the lives of 10

air bags are actually as effective for

" adults older than 65 years asthey are for
adultsbetween 10and 65 years, then the
_ratios drop to $22 000 per QALY saved

and $55 000 per QALY saved fordriver’s

side' and front passenger air bags, re-

spectively. Alterriatively, if the air bags:

are 0% effective for elderly adults, the
ratios increase to $25000 per QALY

saved and $65 000 per QALY saved for -

driver’s side and front- passenger air
bags, respectwely. o ;

“If years of life saved ot adJusted
‘for the average health-related quality'of .,
ation, the cost- eﬁ'ectlve-

adults are being saved for each child that

_is lost. We are aware of no other manda-

tory health measureinthe United States
with & benefit-risk ratio so close to 1.
The net safety benefits and cost-effec-
tiveness of dual air bags would improve
considerably if the United States were to
adopt policies that encourage or require

- children to sit in the rear seat. More and

design feature may not be adequate to
achieve the effectiveness rates docu-
mented for driver’s side systems. In ad-
dition, USairbagsystems were optimized
to protect an unbelted 76.5-kg adult male,
which may cause effectiveness on the
front passenger’sside (whereadispropor-
tionate share of women and children are
located) to be lower than the effective-
ness achieved on'the driver’s side. Fur-

ther research onthe effectiveness of front

passenger air bags is needed.

The preference weights for health-re-
lated quality of life are subject to change
as methodological developments con-
tinue. For example, the FCI data were

“elicited from a convenience sample that
_ included several subgroups of the popu-
lation and used rating scales whose in- .

terval properties are controversial %
Ongoing FCI validation efforts will-im-
prove the estimates of the proportions of
injuries that lead to some persistent

functional disability and might change + @

the preference values assigned to those

injuries. Since the values for adults were

assumed toapply dnrectly tochildrenand
the elderly in our analysis, research sug-
gesting differences between subgroups

“could also change the results.

Since there is no consensus on.which
particular set of community weights for
the general population should be used in

_studies to inform resource allocation, the -

quality adjustments for the years of life
saved as a result of preventing fatalities
could also change. We used time trade-

.off, community-based preference weights

from the BDHOS in the reference case.

If years of life saved are not adjusted for
- the average health-related quality of life
-in the population, the cost-effectiveness
- ratio would fall from $24 000 per QALY ~

saved to $22 000 per QALY saved for the

- driver’s side air bag and from $61 000 per

QALY saved to $55 000 per QALY saved
for the dual system. These smaller ra-

tios for air bags should be used when com- -

parisons.are made with other lifesaving

- interventions that did not adjust for

proper use of child restraints would also .

. _be uieful..On the other hand, efforts to

increase generally therate ofadult safety -

. belt use, although essential in their own

- right, s would reduce the incremental
" cost-effectiveness of air bags.
Thetrue cost-effectivenessratio for the -

front ‘passenger air bag may be worse

" than our analysis suggests, because effec-
tlveness information is limited. The front

passenger air bag is larger; reflecting
. greater variability in passenger position

at the txme of deployment but even thls

health-related quality of life. We found
that using an alternative healthstate clas-

‘gification system (the Years of Healthy

Life) did not change our qualitative re-
sults ($27 000 per QALY for the driver’s
side air bag and $69000 per QALY for
the front passenger air bag). "

.No consensus currently exists about
what levels of expenditures are cost-ef-
fective, and consequently it is difficult to
make absolute statements about whether
an intervention is a worthwhile safety in-
vestment. We can compare the marginal

cost-effectiveness of interventions soci- '
ety has chosen to accept and those that it

has not: For example, screening for hy-
pertension costs $12200 to $42 000 per

year of life saved (in 1993 US dollars)“"
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Reductlons in Deaths in Frontal Crashes

-Among Right Front Passengers -
in Vehicles Equipped
With Passenger Air Bags

Elisa R. Braver, PhD; Susan_A. Ferguson, PhD; Michael A. Greene, PhD; Adrian K. Lund, PhD

Context.—Virtually all new cars now are equipped with passenger air bags. De-

termining whether 'passenger air bags are saving lives is important, particularly be-

- cause passenger air bags ‘have caused some deaths among children and adults.

.Objective.—To.assess the effectiveness of passenger air bags in reducmg the
risk of death in frontal-crashes for right front passengers. .

- Design.—Air bags are designed to protect occupants in frontal crashes Using
Fatality Analysis Reporting System data for calendar years 1992 through 1995, the
relative frequency of right front passenger- deaths in frontal vs nonfrontal fatal
crashes was compared for cars with dual air bags and for cars with driver-only air
bags.

Maln Outcome Measures. —Odds of right front passengers dying in frontal
-compared with nonfrontal fatal crashes were computed for 1992 through 1985

model year cars with dual air bags and for cars with dnver-only air bags. Percent-
age reductions in right front passenger deaths in dual air bag vehicles were esti-
mated.

Results.—Right front passenger fatalities were 18% Iower than expected in
frontal crashes of cars with dual air bags and 11% lower in all crashes. Anestimated

73 fewer than expected right front passengers died in 1992 through 1995 model

cars with dual.air bags during 1992 through 1995. The risk of frontal crash death
for right front passengers in cars with dual air bags was reduced 14% among those

_reported to be using belts and 23% among belt nonusers. Children younger than

10 years-in cars with dual air bags had a 34% lncreased risk of dylng in frontal
crashes.

Conclusions. —Passenger air bags were associated with substantial reductlons
in fatalities among right front passengers in frontal crashes. However, more children
are being killed than are being saved by air bags. Immediate countermeasures 1o

reduce the dangers of air bags to children and adults are suggested. .
JAMA. 1997,278:1437-1439

\

THE ON-ROAD EXPERIENCE of

cars equipped with driver air bags in-

"dicates that air bags are very effective

in reducing driver deaths in frontal
crashes.'* However, until now there has
been insufficient experience to estimate
the effectiveness of passenger air bags.
Individual crash investigations show
these restraints have caused some

-deaths. As of September 1, 1997, a total

of 45 children and infants—33 children
aged 1 year through 9 years plus 12 in-

From the Insurance Institute for Highway Safety, Ar-
lington, Va.
Reprints: Elisa R. Braver, PhD, Insurance Institute for

Highway Safety. 1005 N Glebe Rd, Arlington, VA 22201
'(e-mail: iihs@hwysalely.org). .

JAMA, November 5, 1997—Vol 278, No. 17

fants—were reported to have been
killed by passenger air bag deployments
inlow-severity crashes that should have
been survivable in the absence of the air
bags.®® The infants were in rear-facing
child seats, which place infants' heads
very close to air bag modules so that the
force'of the deploying air bag can cause

serious or fatal head injuries.>” Among®
the older children, 16 were aged 1 year

through4 yearsand 17 wereaged 5 years
through 9 years. Almost all (27 of 33)

- were unbelted, and 3 (aged 4 years, 7

years, and 9 years) used only their lap

belts according to National Highway

Traffic Safety Administration(NHTSA)

investigators.>® As a result of braking

before impact, the children probably

moved forward very close to air bag-

modules at the time of deployment, and
most died from neck injuries. Only 2
deaths of children (both'aged 5 years)
thought to have been using both lap and

shoulder belts have been attributed to'

passenger air bags. Three deaths of
adults are believed to have been caused
by a passenger air bag, 2 elderly women
(aged 66 years and 98 years) and a 57-
year-old man.® These deaths occurred

because the energy required to inflate b
“an air bag in a fraction of a second to
protect an unbelted occupantinasevere

frontal crash can cause serious injuries
to out-of-position occupants if they are
close to the bag as it begins to inflate.

See also p 1418.

With.these serious adverse effects

identified, it is important to determine '
the extent to which passenger air bags"
are saving lives. This study providesini- - -
tialestimates of passenger air bag effec- -

tiveness using data from the Fatality
Analysns Reportmg System (FARS)

Methods
The FARS data for calendar years‘

1992 through 1995 were used for this

analysis.! FARS is a census of all fatal -

motor vehicle crashes oceurring on pub-
lic roads in the United States in which
the death occurred within 30 days of the
crash. The study population consisted of
right front passengers killed in 1992
through 1995 model year cars with dual
airbags ordriver-only air bagsthat were

*in crashes during the calendar period

1992 through 1995. Crashes involving
more than 2 vehicles, which account for
7% of all fatal passenger vehicle crashes
were excluded because of the multiple

"impacts to 1 vehicle that often occur in

these crashes. Single-vehicle noncolli-
sion events, such as immersion or gas

Passenger Air Bags—Braver et al 1437




inhalation, also wereexcluded. Study ve-

hicles included cars and passenger vans

but excluded other types of passenger
vehicles (pickup trucks, utility vehicles).

Cars with driver-only air bags and dual

air bags were identified from their ve-

hicleidentification numbers using a com-
puter program developed by the High-
way Loss Data Institute.®

Passenger air bag effectiveness was
assessed based on the location of dam-
age to cars in which right front occupant
fatalities occurred. Air bags are de-
signed to protect occupants in frontal
and front-angle crashes, not crashes at
other impact locations.? Air bags will de-
ploy only if there is significant decelera-

. tion,in the longitudinal axis of the ve-

hicle. Most deploymentsinvolveimpacts

to the front or front corners of the ve-

hicle. Thus, if passenger air bags reduce .

deaths in frontal ‘crashes, the relative

. frequency of right front passenger fa-.

talities in frontal vs nonfrontal crashes
shouldbelowerin cars with dual airbags.
than in cars with driver-only air bags.:

. Frontal damage was defined as initial or

_principal location of impact at clock po- .
sitions 10, 11, 12, 1, or 2. Although clock .

positions 10 and 2 refer toimpactson the

"sides of passenger vehicles, they are
defined as frontal collisions for™ this

- analysis because many of theminvolve a
frontal force component.® Nonfrontal
crashes are defined as all other impact
locations, including overturns and ve-
hicles with unknown impact locations.

The distribution of impact locations—
frontal vs nonfrontal-—was compared for
cars with dual air bags and cars with

. driver-only air bags that were involved -
in crashes in which the right front pas-
senger died. The number of right front
passengers who died in- fatal frontal
crashes was divided by the number who

. died in fatal nonfrontdl crashes. This -

-, number, which is the odds of death in a

- “frontal crash, was computed separately

for cars with dual air bags and cars with

driver-only air bags. The odds for pas-
senger air bag cars then were divided by
the odds for driver-only air bag cars.

" The percentage reductions in right
front passengerdeathsinfrontal crashes
of dual air-bag vehicles were estimated
by dividing the difference between the
.odds for dual air bag cars and for driver-
only air bag cars by the odds for the
driver-only air bag cars and multiplying
by 100. The 95% confidence intervals
(CIs) were computed for the percentage
reductions in frontal crash deaths. To es-
timate percentage reductions in deaths

. in all fatal crashes, the percentage re-
duction in frontal crash deaths among
right front occupants of dual air bag cars

- was multiplied by the percentage of
right front passenger deaths that oc-

. curred in frontal cmshes of dnver -only

air bag cars.

* Other variables affecting crash out-

comes were examined, including police-

_reported belt use, number ofinvolved ve-

hicles, and sex of the passenger. Within
each category of these variables, deaths
among right front passengers were com-
pared in cars with dual air bags and with
driver-only airbags. The analysis also con-
sidered various occupant age groups—0'

through 9 years, 10 through 64 years, and .

65 years or older—because individual
crash investigations indicated that chil-

dren and the elderly may be more sus- -

ceptible to air bag-induced injuries.t

The number of deaths prevented

among right front passengers in dual air

bag cars was estimated by computing an '

expected number of deaths in frontal
crashes if dual air bag cars had the same

frontal to nonfrontal odds as driver-only .

airbag cars. The number of observed fron-
tal crash deaths was thensubtracted from
the number of expected deaths to esti-
mate the net number of deaths prevented.

This method of analysis, which is simi-

lar to the location-of-damage analysis

used in previous studies to assess driver

airbageffectiveness,'?* assumesthat air

bags have no effect on deaths in nonfron-
tal crashes. Another assumption is that
other temporal trends did not affect the
occurrence of frontal and nonfrontal fa-

tal crashes differently. Although cars

with driver-only air bags are older, on
average, than cars with dual air bags,
this potential confounding effect is mini-

. mized by restricting carsin the'study to "
model years 1992 through 1995. Only fa- -
tal collisions were studied because colli- -

sions that would have been fatal in the
absence of air bags or other protective
factors cannot be identified. -

Results

Inthe years 1992 through 1995, a total
of 336 right front passengers in dual air

- bag cars (model years 1992 through
" 1995) died in frontal crashes, and 288

died in nonfrontal crashes. In cars with
driver-only air bags (model years 1992

through 1995), 668 right front passen--

gersdied in frontal crashes, and 470 died
in nonfrontal crashes.

The.Table shows percentage reduc-
tions in right front passenger fatalities

in cars with dual air bags. The odds of.

right front passengers dying in crashes
with frontal impacts to those with non-
frontalimpacts were 1.17 for dual air bag

" carsand 1.42 for driver-only air bag cars,

Thus, right front passenger fatalities

were 18% (95% CI, 0%-33%) fewer than-

expected in frontal crashes of cars with
dual air bags.

For all fatal crashes (frontal and non- -
. frontal), deaths were 11% lower among

"1438 * JAMA, November 5, 1997—Vol 276, No. 17 .

nght front passengers in cars with dual
air bags. From 1992 through 1995, it is
estimated that 73 fewer deaths occurred

among right front passengers with dual.

air bags in 1992 through 1995 model cars
in 1-vehicle and 2-vehicle crashes. Thisis
the net benefit, accounting, for deaths
prevented by air bags as well as deaths
caused by air bags.

Comparing right front passengers
reported by police to have been using
seat belts in cars with dual air bags to.
right front belt users in cars with
driver-only air bags, fatalities in fron-

tal crashes were reduced by 14% in

cars with passenger air bags. Among
right front passengers reported to be
unbelted or for whom belt use was un-
known, the reduction was 23% in cars

*with dual air bags.

- Femalesin cars with dual air bags had

" a 12% reduction in frontal crash deaths

and males had 4 23% reduction. Analysis

. by passenger age shows that air bags

reduced fatalities among right front pas-
sengersaged 10 yearsto 64 years by 24%
in frontal crashes. However, among chil-

dren younger than 10 years, fatalities

were34% higher (95% CI, -249%t049%)
than expected in frontal crashes. The

deaths of 3 infants and 11 children were-:

attributed to air bags during the calen-
dar period of the study.® A modest 6%
reductionindeaths was observed among
passengers aged 65 years or older. Re-
ductions in frontal crash deaths among
cars with dual air bags were 20% in
1-vehicle and 15% in 2-vehicle crashes.

Comment

Initial estimates of passenger air bag
-effectiveness suggest they have sub-

stantially reduced fatalitiesamong right
front passengers in frontal crashes.
These results are similar to those of

Kahane,? who also reported that passen- .

ger air bags reduced deaths in frontal
crashes. However, fatalities among chil-
dren younger than 10 years were higher

_in cars with dual air bags than in cars’

with driver-only air bags. This finding is
consistent with individual crash investi-

gations that found.passenger air bags-
cankill childrenin the right front seat in -

low-severity crashes.® Because of small
sample sizes, these estimates of percent-
age reductions in deaths have wide Cls,
and the estimate of 73 deaths prevented
in vehicles with passenger air bags dur-
ing the years 1992 through 1995 is asso-
ciated with a high degree of statistical
uncertainty. Estimates of air bag effec-
tiveness may change somewhat when
more calendar years of data are added.

" The effectiveness estimates based on

-reported belt use should be interpreted

with caution because information on belt
use in crashes, even fatal ones, often is

Passenger Air Bags—'Braver etal
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Percentage Reduchons in Right From Passenger Dealhs In Fronlal and All Crashes tov 1992 Through 1995 Model Year Cars and Passenqer Vans Wlh Dual

R

Airbags, 1992 Through 1995¢ -

' L - Right Front

In Frontal Cras

.

Passenger Deaths

hes

-

Right Front
- Passenger Deaths In
Nonfrontal Creshes

Odds of Right Front v
Passenger Death
.in Frontal Crash

. Reductions of Right Front

r ] f ' 1 1 i
: Dual Drlver Dual Driver . Dual Driver Fronlal Crashu. , AII
- Study Variable Alrbag ' Alrbag Airbag Alrbag ‘Alrbag . Alrbag -% (85% CI) Crashes, %.

LAl L ’ 336 668 288 470 117 - 1.42 18 (0 to 33) . 1
Reported belt use ) R . : : .

Used . 152 339 133 256 1.14 132 14 (-151035) - . 8

Not used or unknown 184 329 155 214 1.19 - 1.54 23(-21041) | : 14
Number of vehicles involved . v o

1 Co 165 247 146 174 1.13 142 20(-710 41) 12

2 ] Y X' 421 142 . 296 1:20 1.42 15(-111035) ' 9
Sext _— ' : S . = N [N

Female 178 395 141 275 - 1.26 144" - 12(-151033) 7
- Male . 157" 272 145 194 1.08 1.40 23(-31042) . 13
Aget : ) . . . '

09y . : ’ 22 . 26 10 17 2.20 1.65 ~34 (—249 10 49) ~21

. 1064y . T 228 434 218 317 1.05 1.37 24'(3 10 40) : 14
zSSy . ' 85 ‘205 60 - - 136 1.42 151 N 6(—-401037) 4

‘Froma| damage deﬂned as initial and/or pnnqpal Iocatlon of |mpact at clock posmons 10, 11,12, 1, and 2; C\ indlcales confidence interval.
tSex or age was unknown for some occupanls

inaccurate.' Belt use tends to be over-
reported by police officers,'® possibly
more so among survivors of crashes. Be-
cause only fatally injured occupants
were studied, belt use data in this study
may be less affected by overreporting.
Although initial - estimates suggest
that the net effect of passenger air bags

is more lives saved than lost, they also -

-suggest that more children are being
killed than are being saved by air bags.
It is unacceptable for children to lose
their lives in low-severity crashes that
they would have otherwise survived.
Countermeasures to redice the number
of infants and children killed or seriously
injured by air bags are needed immedi-
ately. Accordmg to the results of crash
‘investigations, child deaths todate have
involved mostly unbelted or improperly .
“belted children. Stronger restraint-use
-lawsand active enforcement of such laws

shown in other studies of vigorous belt"

law enforcement.'*''s Travel in the rear
seat also should be strongly encouraged
because it provides substantial reduc-
tions in risk of death among children
whether or not vehicles have passenger
air bags.!®

Adults at highest risk of air bag-.
related injuries are those who are posi-

tioned close to the air bag at the time of
deployment, particularly shorter adults
and adults who ride unbelted.! The risk

of air bag-related i m_)unes and all other

motor vehicle injuries can be greatly re-

_duced by using seat belts and moving the

seats as far away as possible from the
steering wheel and dashboard."® The rec-

. ommended-minimum distance between

should reduce child air bag mJunes as
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Editor's Note

Reductions in Deaths in Frontal Crashes Among Right Front Passengers in Vehicles
Equipped With Passenger Air Bags

Elisa R. Braver, PhD, Susan A. Ferguson, PhD; Michael A. Greene, PhD, Adrian K. Lund, PhD

Context.—Virtually all new cars now are equipped with passenger air bags. Determining whether
passenger air bags are saving lives is important, particularly because passenger air bags have caused
some deaths among children and adults.

Objective.—To assess the effectiveness of passenger air bags in reducing the risk of death in frontal
crashes for right front passengers.

Design.—Air bags are designed to protect occupants in frontal crashes. Using Fatality Analysis
Reporting System data for calendar years 1992 through 1995, the relative frequency of right front
passenger deaths in frontal vs nonfrontal fatal crashes was compared for cars with dual air bags and for
cars with driver-only air bags.

Main Outcome Measures.—Odds of right front passengers dying in frontal compared with nonfrontal
fatal crashes were computed for 1992 through 1995 model year cars with dual air bags and for cars with

driver-only air bags. Percentage reductions in right front passenger deaths in dual air bag vehicles were
estimated.

Results.—Right front passenger fatalities were 18% lower than expected in frontal crashes of cars with
dual air bags and 11% lower in all crashes. An estimated 73 fewer than expected right front passengers
died in 1992 through 1995 model cars with dual air bags during 1992 through 1995. The risk of frontal
crash-death for right front passengers in cars with dual air bags was reduced 14% among those reported
to be using belts and 23% among belt nonusers. Children younger than 10 years in cars with dual air
bags had a 34% increased risk of dying in frontal crashes.

Conclusions.—Passenger air bags were associated with substantial reductions in fatalities among right
front passengers in frontal crashes. However, more children are being killed than are being saved by air
bags. Immediate countermeasures to reduce the dangers of air bags to children and adults are suggested.

JAMA. 1997;278:1437-1439

From the Insurance Institute for Highway Safety, Arlington, Va.

EDITOR'S NOTE.—This analysis shows that, on balance, passenger air bags are beneficial. It estimates
that 74 lives were saved by passenger air bags during 1992 through 1995. However, the study also found
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that young children traveling in the front seat are more likely to be harmed than helped by passenger air
bags. The risk of injury from a deploying air bag is probably related to positioning of the automobile
passenger. In this study, most fatally injured passengers were out of position because they were not
wearing safety belts. However, some children who were belted were apparently positioned in harm's way
just because of their small size. Although this study was unable to demonstrate an increased risk for
small adults, a reasonable recommendation is that children and small adults, even if belted, should not
ride in the front passenger seat of an automobile equipped with a passenger air bag.

Thomas B. Cole, MD, MPH, Contributing Editor

Read the Science News Update for this article
Continue J4MA abstracts
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Editor's Note
The Cost-effectiveness of Air Bags by Seating Position

John D. Graham, PhD; Kimberly M. Thompson, ScD; Sue J. Goldie, MD, MPH,; Maria Segui-Gomez,
MD, MPH: Milton C. Weinstein, PhD '

Context.—Motor vehicle crashes continue to cause significant mortality and morbidity in the United
States. Installation of air bags in new passenger vehicles is a major initiative in the field of injury
prevention.

Objective.—To assess the net health consequences and cost-effectiveness of driver's side and front
passenger air bags from a societal perspective, taking into account the increased risk to children who
occupy the front passenger seat and the diminished effectiveness for older adults.

Design.—A deterministic state transition model tracked a hypothetical cohort of new vehicles over a
20-year period for 3 strategies: (1) installation of safety belts, (2) installation of driver's side air bags in
addition to safety belts, and (3) installation of front passenger air bags in addition to safety belts and
driver's side air bags. Changes in health outcomes, valued in terms of quality-adjusted life-years
(QALYs5) and costs (in 1993 dollars), were projected following the recommendations of the Panel on
Cost-effectiveness in Health and Medicine.

Participants.—US population-based and convenience sample data were used.
Main Outcome Measure.—Incremental cost-effectiveness ratios.

Results.—Safety belts are cost saving, even at 50% use. The addition of driver's side air bags to safety
belts results in net health benefits at an incremental cost of $24,000 per QALY saved. The further
addition of front passenger air bags results in an incremental net benefit at a higher incremental cost of
$61,000 per QALY saved. Results were sensitive to the unit cost of air bag systems, their effectiveness,
baseline fatality rates, the ratio of injuries to fatalities, and the real discount rate.

Conclusions.—Both air bag systems save life-years at costs that are comparable to many medical and
public health practices. Immediate steps can be taken to enhance the cost-effectiveness of front
passenger air bags, such as moving children to the rear seat.

JAMA. 1997:278:1418-1425

From the Center for Risk Analysis, Harvard School of Public Health, Boston, Mass.

EDITOR'S NOTE.—Preventive strategies should not be undertaken unless they have been shown to be
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effective in reducing morbidity or mortality or improving the quality of life. Among strategies found to
be effective, some offer greater value than others. The authors of this study estimated the
cost-effectiveness of air bags, using the best available data and a rigorous analytic method. Estimates for
the cost-effectivness of seat belts alone, seat belts plus a driver's side air bag, and seat belts plus a dual
air bag system were computed and adjusted for possible errors in the underlying assumptions of the

analysis. There were large differences in the estimated cost-effectiveness of the 3 occupant protection
systems evaluated.

Thomas B. Cole, MD, MPH, Contributing Editor
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