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ABSTRACT. Effects of Michigan’s law requiring all young
children to be restrained when traveling in automobiles
were assessed. Data on all reported residents of the state
who were involved in crashes from 1978 through 1983
were examined using times-series analysis methods. Re-
ported restraint use among injured children younger than
4 years of age involved in crashes increased from 12%
before to 51% after the law was implemented. More
importantly, a 256% decrease in the number of children
younger than 4 years injured in crashes was associated
with the law. A reduction of this magnitude was repeat-
edly found, whether analyzing the raw frequency of chil-
dren injured, the rate of injured children per crashed
vehicle, the rate of injured children per vehicle mile
traveled, or the proportion of all injured occupants ac-
counted for by young children. The substantial increase
in restraint use and decrease in number of children
injured appear to be direct results of the law, because
similar changes did not occur among any of the compar-
ison age groups. The 25% reduction in the number of
young children injured means that an estimated 522
children per year are protected from injury because of
Michigan’s compulsory child restraint law. Pediatrics
1986;78:662-672; injury, traffic crash, safety seat, child
restraint law.

Motor vehicle crashes are the leading cause of
death and disability in the United States for those
1 to 45 years of age. Approximately 43,000 car
occupants younger than 5 years and 80,000 5 to 15
years of age were injured or killed in 1983. The risk
of death or serious injury from traffic crashes is
reduced by at least half when children are properly
restrained in approved child restraint devices or
adult seat belts.’

Regardless of the exact effectiveness of child
restraint devices and seat belts, there is little doubt
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that such occupant protection systems significantly
reduce the risk of serious injury or death among
children involved in motor vehicle crashes. In the
middle 1970s, however, only 10% to 15% of motor
vehicle occupants (including children) were re-
strained when traveling in an automobile. To in-
crease use of child safety seats and seat belts, laws
requiring the restraint of young children traveling
in cars were implemented in several states in the
late 1970s and early 1980s. By 1985, all 50 states
and the District of Columbia had passed such leg-
islation, with the laws varying from state to state
but usually requiring restraint use among children
younger than 4 years. These laws were an effort at
primary prevention of child injury due to automo-
bile crashes. Prevention of these injuries before
they occur is clearly more desirable than treating
children after they are casualties of car crashes.

Several studies of the effects of child restraint
laws in the United States have appeared. Tennessee
was the first state to mandate restraint use for
young children. The law applied to children 3 years
of age and younger and took effect in January 1978.
Using convenience samples of young motor vehicle
occupants, Perry and associates® found that imple-
mentation of the law was associated with an im-
mediate increase in restraint use of about 6 per-
centage points, with the size of the increase decreas-
ing to only about 1 percentage point 12 months
after the law took effect. Child restraint use sub-
sequently increased; 24 months after the law took
effect, restraint use was 8 percentage points higher
than prior to the compulsory-use statute. The re-
searchers also examined Tennessee traffic crash
data for the 1976 to 1979 period, using 6-month
totals. No significant effect of the child restraint
law on the frequency of minor, serious, or fatal
injury crashes was found.

Williams and Wells® conducted an observational
survey of child restraint use in four Tennessee
cities. Restraint use was 8% 5 months before, 16%
4 months after, and 29% 29 months after imple-
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mentation of the law. Use was also observed in two
Kentucky cities 5 months before and 29 months
after the Tennessee law took effect, for comparison
with Tennessee. Child restraint use increased in
Kentucky from 11% to 14% during this period.

More recently, Decker and others* examined a
sample of 991 Tennessee children younger than 4
years of age who were involved in crashes in 1982
and 1983. Child safety seats were used by 40% of
the young children in 1982 and 48% in 1983. Com-
parison of these figures with the 29% reported by
Williams and Wells for early 1980 indicate that
restraint use in Tennessee continued to increase
several years after the law initially took effect.
Decker et al attribute this to increased child re-
straint enforcement efforts in the early 1980s.

Williams and Wells® also studied child restraint
use in Rhode Island, where a mandatory child re-
straint law was implemented in July 1980. Use of
child restraints increased from 22% before to 35%
after the law took effect. Although the increased
use of child restraints in Rhode Island may have
been the result of the new law, use also increased
(from 18% to 26%) in Massachusetts, which had
not yet passed child restraint legislation.

North Carolina made use of a restraint system
mandatory for children younger than 2 years of age
beginning July 1982. Hall and Daniel® conducted
observation surveys in June 1982 and July 1983.
Restraint use among children younger than 2 years
increased from 55% before the law to 75% after;
figures for 2- and 3-year-old children were 25%
before and 43% after the law. They also examined
data on children involved in crashes from 1974
through the middle of 1983. Restraint use among
these children younger than 2 years leveled off in
the middle of 1983 at about 48%, slightly higher
than the 44% level immediately after the law took
effect. Crash data revealed a decrease in the per-
centage of all children involved in crashes who were
seriously injured from 1.7% before to 1.0% after the
law took effect.

Kentucky’s child restraint law, which took effect
in July 1982, applies to children 101.6 cm (40 in)
or less in height. Agent” conducted statewide obser-
vation surveys before and after the law was imple-
mented. Use of child safety seats among children
younger than 4 years of age increased from 14%
before to 23% 1 year after the law was enacted. In
addition, the proportion of children restrained in
seat belts increased from 1.0% to 1.5%.

Guerin and MacKinnon® used time-series mod-
eling techniques to estimate the short-term effects
of California’s child restraint law. The law requires
that children younger than 4 years of age or weigh-
ing less than 18 kg (40 lb) be transported in a child

restraint device. The number of injuries to children
younger than 4 years decreased 8.4% during the
first 12 months the law was in place. There were
no significant changes in the number of 4- to 7-
year-old children injured in California or the num-
ber of 0- to 3-year-old Texan children injured, a
state that had no child restraint law at the time of
the study.

Wagenaar,”'® using time-series modeling tech-
niques, assessed the short-term effects of Michi-
gan’s child restraint law. That law, effective April
1, 1982, requires that children younger than 4 years
of age be properly restrained by an approved child
restraint device. Children 1 to 3 years may be
restrained by a conventional adult seat belt, pro-
vided they are riding in the rear seat.'! The study
examined crash-related injury trends from January
1978 through December 1982, including the first 9
months after the law took effect. Results revealed
a 50% decline in the number of infants (less than
1 year of age) injured and a 17% decline in the
number of 1- to 3-year-old children injured follow-
ing implementation of the law.

The present study is a follow-up to the initial
assessment of Michigan’s child restraint law and
includes an additional 12 months of postlaw data,
through December 1983. An evaluation of whether
the beneficial effects of the law have persisted and
an analysis of possible mediating factors affecting
the impact of the law was intended by extending
the follow-up period.

0

METHODS

Three basic dimensions of the study design are
noteworthy. First, a monthly time-series design was
used to control for numerous factors influencing
the number of injuries due to crashes reflected in
multiyear trends, cycles, or other regularities. Sec-
ond, multiple age groups were included for compar-
ison, to increase confidence that observed changes
in reported restraint use or injuries were in fact the
result of child restraint law and not other coinci-
dental factors. Age groups examined included 0- to
3-year-old children, who were directly affected by
the new law, and 4- to 15-year-old children, poten-
tially experiencing a “spillover” effect of the law.
Comparison age groups not expected to be affected
by the child restraint law included motorists aged
16 to 17 years, 18 to 24 years, 25 to 34 years, 35 to
54 years, and 55 years and older. Third, the avail-
ability of an extended 21-month period of postlaw
data permitted analyses of the differential effects
of the child restraint law by: (1) injury severity, (2)
level of damage to the crashed vehicle, (3) seating
position of the child, (4) age and sex of driver, (5)
time of day and day of week, and (6) various areas
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of the state stratified by population density and
poverty level.

Information on occupants involved in motor ve-
hicle crashes was obtained from the Michigan State
Police. Records were available for all traffic crashes
that occurred in the state between January 1978
and December 1983 reported to local or state police
agencies. Detailed information was available for all
crashes, vehicles, and injured occupants. However,
the only information available for uninjured occu-
pants was whether or not they were using a re-
straint at the time of the crash. Information on the
age and sex of uninjured occupants other than
drivers is not recorded by police officers investigat-
ing traffic crashes in Michigan.

These comprehensive crash data files were used
to construct monthly time series of the number of
motor vehicle occupants for numerous subgroups
of interest (eg, young injured children in right front
seat positions in a vehicle experiencing extensive
damage). The January 1978 through December
1983 time series were then analyzed using interven-
tion analysis. These methods measured the degree
to which restraint use and injury frequency in 1982
and 1983 (after the law went into effect) were
different from the level expected, based on patterns
during the previous 4 years. (Only passenger cars
and light trucks driven by Michigan residents were
included in the time-series analyses, because the
law excludes other types of vehicles and all vehicles
driven by nonresidents.)

Intervention analysis methods, developed by Box
and Jenkins,'? involve modeling autocorrelation in
time-series variables to produce unbiased estimates
of error variance in the presence of serially corre-
lated observations. An assumption of most conven-
tional statistical procedures is that the errors are
independently distributed; most time series are se-
rially correlated, violating that assumption. The use
of intervention components with autoregressive in-
tegrated moving average models make these tech-
niques the best currently available for the analysis
of quasiexperiments such as implementation of the
child restraint law.

On a conceptual level, the analytic strategy in-
volves explaining as much of the variance in re-
straint use or occupant injuries as possible on the
basis of the past history of restraint use or injuries,
before attributing any of the variance to another
variable, such as passage of a law making restraint
use compulsory. This approach of intervention
analysis was particularly appropriate for the pres-
ent study, because the objective was to identify
significant shifts in restraint use and injury rates
associated with the child restraint law, independ-
ently of observed regularities in the history of each
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variable. The time-series models were developed
iteratively, repeatedly going through cycles of spec-
ifying a model, estimating its parameters, and eval-
uating its adequacy in terms of the multiple criteria
established by Box and Jenkins.!? Details concern-
ing the statistical models used to estimate the sig-
nificance and magnitude of the effects of the child
restraint law are shown in the Appendix. All results
discussed here were significant at P < .05.

Results do not include a detailed discussion of
separate analyses of child fatalities, despite the
emphasis on fatalities by policymakers, mass me-
dia, and others. Fatal crashes involving children
are obviously a significant public health problem
deserving the attention of pediatricians and others.
However, when the effects of a program or policy,
such as the child restraint law, that apply to only
one segment of the population are carefully evalu-
ated, the number of fatalities is too small to reliably
assess the effects of that program or policy.

The random variation from year to year in the
number of young children in Michigan who are
fatally injured in traffic crashes is larger than the
expected effect of the child restraint law. Data from
the Fatal Accident Reporting System were used to
examine the number of Michigan 0- to 3-year-old
automobile occupants (excluding nonoccupants
such as pedestrians) killed in crashes 3 years before
and 1 year after the child restraint law took effect.
Twelve young child occupants were killed during
the first year the law was in effect (April 1982
through March 1983). In the year immediately prior
to implementation of the law (April 1981 through
March 1982), nine child occupants were killed. Two
years before the law took effect (April 1980 through
March 1981) 20 child occupants were killed. Finally,
3 years before the law took effect (April 1979
through March 1980) 10 child occupants were
killed. Thus, the number of child occupants killed
increases or decreases 30% to 50% from year to
year, without any major change in policy or pro-
gram. The expected effect of a child restraint law
is only in the 20% to 30% range. One could imply
that the Michigan child restraint law is detrimental,
because child fatalities increased 33% during the
first year the law was in effect. However, few re-
searchers or physicians would, upon reflection, base
a conclusion concerning the effectiveness of the law
on three additional fatalities during a 1-year period.
To avoid such problems with small numbers of
cases, each of the variables analyzed in this study
were grouped in such a way to ensure adequate
frequencies to reliably estimate significant changes
over time. Most noteworthy was the inclusion of
the much larger number of child injuries as well as
fatalities.



RESULTS

The proportion of injured children involved in
crashes traveling restrained at the time of the crash
increased from 12% before and child restraint law
to 51% after (a 299% increase; Fig 1). The increased
rate of child restraint use after the law took effect
was confirmed by direct observation of child car
occupants at a probability sample of 240 intersec-
tions throughout Michigan.”® The December 1984
survey of children not involved in crashes younger
than 4 years of age revealed that 60.8% were re-
strained either by a child safety seat or seat belt.

A slight spillover effect of the law on restraint
use among 4- to 15-year-old children was also
found. Restraint use among this group increased
significantly, from 6% before to 14% after the law
(a 131% increase). Although important, the spil-
lover effect was small compared with the change
among 0- to 3-year-old children. Only small changes
in seat belt use were found among the five older age
groups. Because of the extensive database and pow-
erful analytical procedures used, increases in re-
straint use among occupants 16 to 17 years of age
and 18 to 24 years of age were statistically signifi-
cant. The magnitude of those changes, however,
was only about 2 percentage points (ie, from 8% to
10%), small when compared with the changes ob-
served among young children directly affected by
the new law.

These findings do not clearly establish the ben-
eficial effects of the child restraint law because of
questions about the measurement of restraint use.

If the use of a restraint is not obvious to a police
officer investigating a crash, the officer may rely
on the self-report of the drivers involved. One effect
of the child restraint law may have been to increase
the number of drivers involved in crashes who
report that their child was restrained when in fact
the child had not been, because reporting that a
child younger than 4 years of age was not restrained
is admitting a violation of law.

Correct v incorrect use of child restraints is an-
other complicating factor. The degree to which
restraint devices are used correctly is not assessed
and recorded by police officers. Incorrect use sig-
nificantly reduces the protection provided by child
seats. Surveys have indicated that as many as 70%
of all child restraint devices are used incorrectly.'*
A recent survey in Michigan revealed that at least
20% of child seats were being used in an obviously
incorrect manner.*

Finally, Michigan’s police crash report form was
changed in January 1982 to include a separate
category for child restraint device use (added to
existing belt use codes). The addition of child seat
codes to the form, along with increased education
and public information efforts, may have increased
awareness of child restraints among police officers,
therefore resulting in an increase in police-reported
child seat use, independently of any change in
actual use rates. To avoid inferences based only on
recorded restraint use, this study focused on the
effects of the law on the ultimate outcome of inter-
est, namely, the number of children injured in
crashes.
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Fig 1. Restraint use among injured motor vehicle occupants 0 to 3 years of age.

ARTICLES 665

Copyright © 2001 All Rights Reserved



The number of children younger than 4 years
who were injured in traffic crashes declined 28%
(from 180 to 130 per month) after the child restraint
law was implemented (Fig 2). The slight increase
in the number of 0- to 3-year-old children injured
in 1983 seen in Fig 2 does not mean the effect of
the law deteriorated. Rather, this increase is con-
sistent with increased exposure to risk of injury
among all age groups in 1983, due to increased
travel mileage. To control for changes in the
amount of motor vehicle travel, the rate of young
children injured per billion miles traveled was ana-
lyzed (Fig 3). Results indicated a 28% decrease
associated with implementation of the child re-
straint law.

In addition to changes in total vehicle miles
traveled, there are other factors that may influence
the risk of crash-induced injury, such as changes in
the type rather than total amount of travel (eg,
recreational travel tends to be more hazardous than
work-related travel). To control for such factors,
rates of occupants injured per 10,000 crashed vehi-
cles were analyzed for each age group. (The rates
are the number injured in a given age group per
10,000 total crashed vehicles in the state; the de-
nominator of the rate is not age specific because
age of uninjured occupants is not recorded.) This
indicator is particularly appropriate, because the
child restraint law is expected to reduce the risk of
injury to children who are involved in crashes, but
not affect the number of crashes. Controlling for
the total number of crashes does not appreciably
change the estimated effect of the child restraint

law. The rate of injured 0- to 3-year-old occupants
per crashed vehicle declined 27% during the postlaw
period (Fig 4).

To increase confidence that observed reductions
in the injury rate among young children were the
result of the child restraint law, injury rates for
several comparison age groups were also analyzed.
A statistically significant 5% decline in the injury
rate for occupants 18 to 24 years of age was found;
this decline is small when compared with the 27%
decrease among young children. The rate of injured
occupants 35 to 54 years of age increased 11% in
the postlaw period, and the injury rate among those
55 years and older increased 13%. Increased injury
rates among those 35 years and older provide fur-
ther support for the hypothesis that the substantial
decline in the rate of children injured is the result
of the restraint law and not other broader factors
influencing rates of injury among occupants of all
ages.

Finally, broader trends in crash-induced injuries
were controlled by analyzing the number of injured
children younger than 4 years of age as a percentage
of the total number of injured occupants across all
age groups (Fig 5). Results revealed a 29% decrease
attributable to the child restraint law.

The findings clearly indicate that compulsory use
of child restraint devices significantly reduced in-
juries among young children. The various estimates
of the magnitude of the law’s effect are remarkably
similar: a 28% reduction in number of children
injured, a 28% reduction in the rate of children
injured per vehicle mile traveled, a 27% reduction
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in the rate of children injured per crashed vehicle,
and a 29% reduction in the percentage of all injured
motor vehicle occupants accounted for by young
children. In addition, comparisons with other age
groups revealed that these substantial declines in
injuries only occurred among young children, the
focus of the new law.

The number of children younger than 4 years of
age residing in Michigan declined 3% from 1981 to

i 1981 ! 1982 i 1983

o Actual

Injured motor vehicle occupants 0 to 3 years of age per 10,000 crashed vehicles.

1982. Subtracting this population decrease from the
estimated 28% decrease in number of children in-
jured leaves a 25% reduction attributable to the
mandatory child restraint law. A 25% decrease
means 522 children per year are apparently pro-
tected from injury by Michigan’s child restraint
law. (The number of children saved from injury is
based on the number of children injured in 1981,
the last full year before the law went into effect.)
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Fig 5. Injured motor vehicle occupants 0 to 3 years of age as percentage of all injured
occupants.

These impressive reductions in the number of
children injured would be less dramatic if the law
were most effective in preventing minor injuries
and had less effect on fatal and incapacitating
injuries. Therefore, injured children were separated
into two groups for analysis. The first group con-
sisted of children classified as having a possible (no
visible injury but complaint of pain or momentary
unconsciousness) or nonincapacitating (any injury
not incapacitating but evident to others at the
scene) injury. The second group consisted of chil-
dren classified as having an incapacitating (any
injury other than fatal that prevents normal activ-
ities and generally requires hospitalization) or fatal
injury (any injury that results in death). (In terms
of the injury coding scheme used by most police
agencies in the United States, children experiencing
K and A injuries were compared with those expe-
riencing B and C injuries.) Injuries were grouped
into these two categories to ensure a sufficient
number of cases for reliable time-series analyses.

The child restraint law was slightly more effec-
tive in reducing the number of children experienc-
ing less severe injuries than the number experienc-
ing incapacitating or fatal injuries. A decline of 32%
in the number of children experiencing moderate
injuries was associated with the law, whereas the
decrease in the number of children severely injured
was 22%.

When crashes were stratified by the level of
damage to the vehicle, the child restraint law was
associated with a 37% decrease in number of chil-
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dren injured in vehicles with low levels of damage,
a 27% decrease in the number injured in medium-
damage vehicles, and no significant decrease in the
number of children injured in high-damage vehicles.
(Alternative statistical models revealed significant
decreases in number of children injured in high-
damage vehicles. Regardless of the specific model
used, however, the decrease in the number of chil-
dren injured in high-damage vehicles was always
smaller than the decrease for low-damage vehicles.)
One possible explanation for larger effects of the
child restraint law in reducing child injuries in low-
damage crashes is that the postlaw increase in
restraint use was more dramatic among children in
less severe crashes. The rate of restraint use for
children in low-damage vehicles increased 204%;
children in medium-damage vehicles increased
179%, whereas children in high-damage vehicles
increased (only) 151%. (These estimates are based
on comparisons of restraint use during April to
December 1982, after the law was implemented,
with use during April to December 1981, before the
law took effect.)

A second explanation of lowered effectiveness of
the law in reducing serious injury may be related to
the high rates of improper use of child restraint
devices. A child safety seat that is used incorrectly
may protect children in minor crashes from injury
but fail to protect children in serious crashes.

Michigan’s child restraint law requires front seat
passengers younger than 4 years of age to be re-
strained in a child safety seat, whereas rear seat
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passengers 1 to 3 years of age may be restrained
either with an adult seat belt or a child safety belt.
In addition, much of the publicity surrounding the
law emphasized the increased safety of rear seat
positions for young children. Therefore, effects of
the law were also examined separately by seating
position. The number of children injured in the
front center position decreased 43%, and the num-
ber in the front right position decreased 39%. The
number of children injured in the rear center posi-
tion, generally considered the safest position, de-
clined by 55% after the law went into effect. There
were no significant changes in the number of chil-
dren injured in rear left or rear right seat positions.

Because there was no measure of the number of
uninjured occupants in each seating position, it was
not possible to determine the reason for the pattern
found. The differences may be the result of changes
in restraint use by seating position, differences in
the protection provided by restraint devices in dif-
ferent seating positions, differences in the protec-
tion provided by child safety seats in the front seat
v the protection of a lap belt in the rear seat
position, or to a shift in seating patterns of children
following implementation of the child restraint law.

There is some evidence that child restraint laws
may be associated with a decrease in the number of
children riding in the front seat. Surveys of occu-
pant restraint use in 19 cities in the United States
in 1978 to 1979, before most child restraint laws
were implemented, and in 1982 to 1983, after many
states passed child restraint laws, showed that the
proportion of infants riding in the front seat de-
clined from 64% in 1978 to 1979 to 50% in 1982 to
1983. Of toddlers 1 to 3 years of age, 44% occupied
front-seating positions in 1978 to 1979, whereas
only 35% were in the front seat in 1982 to 1983.'>'
An observational survey of restraint use in Michi-
gan in December 1984 revealed that only 33% of
children younger than 4 years of age rode in the
front seat.!® These studies indicate that the larger
decline of injured children in front seat positions
is, in part, the result of a decrease in the proportion
of children riding in more dangerous front seat
positions.

The age of the driver was also related to the
magnitude of the effect of the child restraint law.
When drivers were separated into four age groups,
significant reductions in the number of children
injured were found only among children riding with
drivers 25 to 34 years of age. Drivers in this age
group are those most likely to be traveling with
young children. Furthermore, drivers in the 25 to
34-year age group are more likely to be a parent of
the child they are transporting, whereas drivers in
other age groups are less likely to be a parent of the

child. Prior studies have indicated that children are
more likely to be restrained when the driver of the
vehicle is the child’s parent.**!"

Effects of the child restraint law in urban and
rural areas of the state were also examined. The 83
Michigan counties were ranked according to popu-
lation density and were then divided into five cat-
egories for separate analyses. The most densely
populated counties experienced the smallest de-
clines in the number of children injured after the
law took effect (20%).

Effects of the child restraint law varied little with
respect to sex of the driver, day and time of the
crash, and proportion of residents below the poverty
level in the county where the crash occurred.

DISCUSSION

Results of this study clearly indicate that Mich-
igan’s child restraint law has been associated with
significant increases in reported restraint use and
significant declines in the reported number of in-
jured young children. The accuracy of these esti-
mates was enhanced by use of state-of-the-art
methods of data analysis and careful consideration
of confounding variables. However, definitive con-
clusions regarding the exact magnitude of the ef-
fects of the child restraint law are limited by the
quality of the data on which the analyses are based.
As with any source of data, police records on re-
straint use and number of injured children in traffic
crashes are not perfect. First, the measure of re-
straint use is based on police officers’ judgments
concerning use in serious crashes and on a combi-
nation of officer judgment and self-reporting in less
serious crashes. Motorists with young children
might be less likely to correctly report an unre-
strained child when restraint use is legally required.
Thus, a change in reported restraint use after the
law took effect may be a combination of a change
in actual use and a change in reporting.

The main question, however, is whether police
crash reports accurately reflect actual trends in the
number of children injured in motor vehicle
crashes. Recent studies indicate that police reports
underestimate the number of motor vehicle-related
injuries. Two studies by McGuire!®'® found that
driver self-reports reveal more crashes than are
indicated in police reports. Bull and Roberts? re-
ported that 30% of injury-producing crashes in
England had not been reported to police. Greenblatt
and others,?! using a telephone survey, estimated
that 21% of injury-producing crashes are not re-
ported to police. A survey of records from hospital
emergency departments in northeastern Ohio found
that 43% of the crash-related injuries were not
recorded in police reports.?
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Underreporting the true incidence of occupant
injury in police crash reports does not necessarily
imply that police reports cannot be used to assess
the effects of a mandatory restraint law. If the law
has not affected reporting practices, then the pro-
portion of injuries that do not get into police records
should be constant through the pre- and post-law
periods. A consistent undercount of the number of
occupants injured does not prevent an accurate
estimate of the change in injury frequency associ-
ated with the mandatory restraint law. A more
serious question is whether reporting of injured
occupants changed when the law took effect. Such
a coincidental change in reporting would make it
more difficult to determine the true impact of the
law on the incidence of occupant injury. It is pos-
sible that drivers involved in crashes are less likely
to report injured children after a law mandating
child restraint use is implemented. However, there
is little incentive for a driver involved in a crash to
lie about injured children, because the penalty for
failure to restrain a child in Michigan is a maximum
of $10 and citations for failure to restrain a child
are infrequent.

If it is assumed that 43% of all crash-injured
occupants are not included in police records, the
estimate, based on police records, of 522 children
per year saved from injury by the child restraint
law is an underestimate of the total number of
occupants who avoided injury. The majority of un-
reported injuries are minor and occur in less severe
crashes. Results of the current study indicate that
the child restraint law had a larger effect on chil-
dren in minor crashes with low vehicle damage.
Therefore, it seems likely that the number of un-
reported children who were injured decreased at
least as much as the 25% reduction in the number
of reported children who were injured. If so, there
is a further reduction in the number of children
injured associated with the child restraint law of
394 children per year.

The use of police-reported injury data also results
in a conservative estimate of the beneficial effects
of the law because they do not include the number
of child occupants injured from noncrash motor
vehicle incidents. Hall and Council®® estimated that
approximately 25% of child occupants injured in
motor vehicles are injured in such noncrash events
as sudden stops and sharp turns. Many such non-
crash injuries would be recorded in hospital data
systems. Significant increases in restraint use
among children not involved in crashes following
passage of the child restraint law have been docu-
mented.’® As a result, sizable reductions in the
number of children injured in noncrash incidents
may also be associated with the mandatory re-
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straint law. Finally, some children injured in motor
vehicles (either from crash or noncrash events) may
not be reported to police or visit a hospital. Never-
theless, prevention of a portion of such (presumably
minor) injuries to children is also a likely benefit
of the mandatory child restraint law.

One reason the Michigan child restraint law had
such clear beneficial effects may be the extensive
public information and education program imple-
mented along with the law.? The public informa-
tion and education program began in January 1982,
3 months before the law took effect. The prelaw
program was associated with a 30% decrease in the
number of infants younger than 1 year of age in-
jured in crashes and a 20% reduction in the number
of children age 1 to 3 years of age injured in
crashes.” Because the public information and edu-
cation program and the law were implemented at
approximately the same time, it is difficult to mea-
sure the independent effects of each. Nevertheless,
it appears that the public information and educa-
tion program contributed to the beneficial effects
of the child restraint law.

In conclusion, Michigan’s mandatory child re-
straint law was clearly effective in improving child
health in the state, reducing the number of children
injured in motor vehicle crashes by 25%. The ben-
efits of child restraint laws may be enhanced by
passage of legislation requiring motor vehicle oc-
cupants of all ages to travel restrained. Adult seat
belt laws have already taken effect in several states
(including Michigan). Because child restraint use
is correlated with seat belt use by the driver with
which they aré traveling, increased seat belt use
among drivers after mandatory seat belt laws take
effect may also lead to further increases in the
proportion of children traveling restrained.*"!3

Nevertheless, 40% of young children continue to
travel in automobiles unrestrained. Of the child
seats in use, a substantial proportion are being used
incorrectly. There are two major dimensions of
correct use. First, the device must be carefully in-
stalled in the car, with the seat secured by the
automobile seat belt correctly routed through the
frame of the child safety seat. Second, the child
must be secured to the child restraint device by
correctly fastening the safety seat harness over the
child.

A high priority of pediatricians should be educa-
tion of patients concerning the importance of cor-
rect child safety seat use. At a minimum, child
restraint issues need to be directly addressed by
practicing pediatricians at three stages of the child’s
development. The first is immediately postpartum,
when new parents are first faced with the require-
ment of transporting a child. The second is at the
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first-year check-up, when the child has outgrown a
child restraint device designed specifically for in-
fants or when a convertible child restraint device
must be changed from a rearward-facing reclined
position to a forward-facing upright position. The
third is when the child is approximately 4 years of
age, when the child outgrows a child restraint device
designed for toddlers, and parents need to be re-
minded of the importance of consistent use of an
automobile seat belt to restrain the child whenever
traveling in a motor vehicle. Finally, pediatricians
should continue to strongly advocate policies and
programs to significantly reduce injuries to children
and others, such as (1) expansion of child restraint
laws to motor vehicle occupants of all ages, (2)
regulations requiring vehicles be designed in such a
way to prevent injury, including mandating the
installation of automatic restraint systems, and (3)
requirements for construction of roads in such a
way to minimize the risk of crash-induced injury.
Although compulsory use of child restraint devices
has significantly reduced child injury, efforts on the
part of pediatricians and others must continue on
many fronts to provide adequate protection to all
children and adults traveling in automobiles.
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APPENDIX

Combination autoregressive integrated moving aver-
age/transfer function models used to assess the statistical
significance and magnitude of hypothesized effects of the
child restraint law were of the form: (1 — ¢,B — .. .¢,B")
(1-B)1—-B)LnY,=a+(1~-6B-..6B)(1-
O,B)u, + yP, + wS,, where B is the backshift operator
such that B(z,) equals z,_,, ¢, to ¢, are the regular auto-
regressive parameters, d is the order of nonseasonal dif-
ferencing, D is the order of seasonal differencing, s is the
seasonal span, LnY, is the natural logarithm transfor-
mation of the dependent time series, a is a constant, q is
the order of the moving average process, 6, to §, are the
regular moving average parameters, O, is the first order
seasonal moving average parameter, and u, is the random
error component. The two intervention components
added to the autoregressive integrated moving average
model are P, and wS,, where ¢ and w are parameters to
be estimated. P, is a pulse function with the value 1 for
the 3 months of intensive public information activities
(January to March 1982) and 0 otherwise. S, is a step
function with the value 0 prior to implementation of the
child restraint law (April 1982) and the value 1 after the
law took effect.

The specific time-series models were developed itera-

tively, repeatedly going through cycles of specifying a
model, estimating it, and evaluating its adequacy in terms
of accounting for all significant autocorrelation patterns
in the series. The dependent variables were log trans-
formed prior to parameter estimation to reduce heteros-
cedasticity. All of the resulting models met the multiple
criteria for model adequacy established by Box and Jen-
kins.'?

The estimates of w, based on log transformed series,
were converted to the percentage change in the series
after the child restraint law was implemented from the
levels expected, given baseline patterns. Legal impact
percentage change = (e* — 1) 100.

The statistical models for selected variables are listed
below (models generated for other variables examined in
the study can be found in reference 25). Adjusted R*
statistics ranged from .67 to .88 for these models. Stand-
ard errors are shown in parentheses below each parameter
estimate.

Restraint use among injured motor vehicle occupants 0
to 3 years of age:

(1 — .420B)LnY, = 2.529 + .297P, + 1.38S, + u,
(.113) (.057)  (.187)  (.102)

Number of injured motor vehicle occupants 0 to 3 years
of age:

(1 - B)LnY, = (1 — .378B — .437B%u,
(.102) (.101)

— .291P, — .323S,
(.145)  (.135)

Injured motor vehicle occupants 0 to 3 years of age per
billion vehicle miles traveled:

(1 = B)LnY, = (1 — .871B)(1 + .417BY)y,
(.062) (.131)

— .035P, — .3358,
(.104)  (.091)

Injured motor vehicle occupants 0 to 3 years of age per
10,000 crashed vehicles:

(1 — B®)LnY, = (1 + .359B + .334B* + .305B°)

(.102) (112) (.108)
-(1 — .792B%)u, — .208P, — .314S,
(.051) (.079)  (.045)

Injured motor vehicle occupants 0 to 3 years of age as
percentage of all injured occupants:

(1 — B¥)LnY, = (1 + .265B + .413B°)

(.111) (.107)
-(1 — .815B")u, — .148P, — .344S,
(.056) (.061) (.037)

REFERENCES

1. 1984 Accident Facts. Chicago, National Safety Council, 1985

2. Perry RL, Heathington KW, Philpot JW, et al: The Impact
of a Child Passenger Restraint Law and a Public Information
and Education Program on Child Passenger Safety in Ten-
nessee. Knoxville: University of Tennessee Transportation
Center, 1980

ARTICLES 671

Copyright © 2001 All Rights Reserved



3. Williams AF, Wells JK: The Tennessee child restraint law 15. Phillips BM: I. Safety Belt Usage Among Drivers. I1. Use of
in its third year. Am J Public Health 1981;71:163-165 Child Restraint Devices, Passenger Safety Belts and Position
4. Decker MD, Dewey JD, Hutcheson RH Jr, et al: The use of Passengers in Cars. I11. Motor Cycle Helmet Use. National
and efficacy of child restraint devices. JAMA 1984;252:2571— Highway Traffic Safety Administration report No. DOT HS
2575 805 398. Princeton, Opinion Research Corporation, 1980
5. Williams AF, Wells AK: Evaluation of the Rhode Island 16. Perkins DD, Cynecki MJ, Goryl ME: Restraint System
child restraint law. Am J Public Health 1981;71:742-742 Usage in the Traffic Population. National Highway Traffic
6. Hall WL, Daniel RB: Effect of Educational, Distribution, Safety Administration report No. DOT HS 806 582. South-
and Legislative Activities on Restraint Use Rates for North field, MI, Goddell-Grivas, July 1984
Carolina Children. Chapel Hill, University of North Carolina 17. Philpot JW, Perry RC, Hughes EC, et al: 1978 Annual
Highway Safety Research Center, 1983 Report: Tennessee Child Passenger Safety Program. Knox-
7. Agent KR: Child Safety Seat Usage in Kentucky After En- ville, Transportation Center, University of Tennessee, 1979
actment of a Mandatory Usage Law. Lexington, University 18. McGuire FL: The nature of bias in official accident violation
of Kentucky Transportation Research Program, 1983 records. J Appl Psychol 1973;57:300-305
8. Guerin D, MacKinnon DP: An assessment of the California 19. McGuire FL: The validity of accident and violation criteria
child passenger restraint requirements. Am J Public Health in the study of drinking drivers. J Safety Res 1976;7:46-47
1985;75:142-144 20. Bull JP, Roberts BJ: Road accident statistics—A compari-
9. Wagenaar AC: Effectiveness of mandatory child restraint son of police and hospital information. Accident Anal Pre-
laws, in Petrucelli E (ed): Proceedings of the Twenty-Eighth vent 1973;5:45-53
Annual Conference of the American Association for Auto- 21. Greenblatt J, Merrin MB, Morganstein D, et al: National
motive Medicine. Arlington Heights, IL, American Associa- Accident Sampling System Nonreported Accident Survey.
tion for Automotive Medicine, 1984, pp 319-330 Rockville, MD Westat, Inc, 1981
10. Wagenaar AC: Impact of child restraint laws on childhood 22. Barancik JI, Chatterjee BJ, Greene YC, et al: Northeastern
injuries. J Safety Res 1985;16:9-21 Ohio trauma study: I. Magnitude of the problem. Am J
11. Child Restraint Use Act, Michigan Public Law 117 of 1981 Public Health 1983;73:746-751
12. Box GEP, Jenkins GM: Time Series Analysis: Forecasting 23. Hall WL, Council FM: Warning: In Cars, Children May be
and Control, revised ed. San Francisco, Holden-Day, 1976 Hazardous to Their Parents’ Health: The Role of Restraints
13. Wagenaar AC, Wiviott MBT: Direct Observation of Seat Belt in Preventing Collisions. Chapel Hill, University of North
Use in Michigan: December, 1984. Ann Arbor, University of Carolina Highway Safety Research Center, 1980
Michigan Transportation Research Institute, 1985 24. Office of Highway Safety Planning. Public Act 117 Compre-
14. Shelness A, Jewitt J: Observed misuse of child restraints, in hensive Plan. Lansing, Michigan Department of State Po-
Society for Automotive Engineers/National Highway Traffic lice, 1981
Safety Administration Child Restraint and Injury Conference 25. Wagenaar AC, Webster DW: Effectiveness of Michigan’s
Proceedings, San Diego, October 17-18, 1983. Warrendale, Mandatory Child Restraint Law. Ann Arbor, The University
PA, Society for Automotive Engineers, 1983 of Michigan Transportation Research Institute, 1985
MASSACHUSETTS WILL PROVIDE DATA ON CAESAREAN SECTION
Pregnant women who register for care at Massachusetts hospitals will get
detailed information about such birth practices and how frequently they perform
Caesarean sections, under a law signed by Gov. Michael S. Dukakis.
Massachusetts is the first state to require such disclosure. The law arose out
of concern among consumers, health officials and obstetricians that doctors are
performing too many surgical births.
The law’s advocates argued that avoidable Caesareans exposed women and
infants to needless risks and emotional and physical trauma as well as increased
the cost of giving birth without commensurate benefit.
Opponents countered that the requirement would burden hospitals and that
expectant parents would not know how to interpret the information.
Submitted by Student
From The New York Times. Jan 4, 1986.
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