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The United States was the first country to experience
deaths and injuries from motor vehicle crashes in large
numbers. As other countries motorised, they, too,
experienced large numbers of crash deaths and
injuries. Early efforts to address this problem were
based largely on guesswork, with the principal focus on
educating motorists. This simplistic and narrow
approach continued for decades, even though the
numbers of crash deaths and injuries continued to
grow.1

In the 1960s a public health approach to the prob-
lem emerged in the United States and other motorised
countries. Under this new approach, the available pre-
vention options greatly expanded, and the effective-
ness of countermeasures was scientifically evaluated
before widespread adoption. This emphasis on evalua-
tion was important because the earlier efforts
continued for decades without evaluation, and when
some of these programmes were eventually evaluated
there was no evidence of effectiveness.2

Today motor vehicle crashes are causing substantial
numbers of deaths in countries that are relatively new
to motorisation.3 A key question is how these countries
can avoid the many unnecessary deaths and serious
injuries that occurred in today’s motorised countries
during the decades that motor vehicle use was rapidly
expanding, ineffective countermeasures were in place,
and potentially effective countermeasures were being
ignored.

Methods and review of the evidence
This review reflects the authors’ knowledge accumu-
lated over more than 50 years combined in this subject.
The published literature on highway safety is unfortu-
nately fragmented and not always easy to retrieve. For
example, many articles on various aspects of the crash
performance of vehicles and human tolerance to
injury are published in various specialist journals that
focus on biomechanics and other aspects of vehicle
crashworthiness. But the published research on behav-
ioural issues tends to be widely scattered, with work
relating to traffic laws and enforcement appearing in
publications ranging from public health journals to
criminology journals.

Medical journals have frequently rejected research
on behavioural issues, especially those showing various
road safety programmes to be ineffective. This
publication bias is well known in scientific literature but
is especially unfortunate in the case of safety
programmes aimed at changing road user behaviour
because the overwhelming bulk of programmes, when
scientifically evaluated, have not been shown to be
effective. This means that often only researchers who
have been active in the subject for many years are
aware of the many unpublished (or published in
sources other than scientific journals) articles on
ineffective programmes. Yet the field of road safety is

constantly faced with enthusiastic newcomers who are
convinced that their particular countermeasure will be
effective. As a result, resources are continually
squandered on ineffective programmes.

Research based countermeasures
The public health approach to road safety has resulted
in a mix of countermeasures, and the choices among
them are driven by research on their effectiveness. This
mix includes measures aimed at improving vehicles,
roads, and road user behaviour. A planning tool used to
help identify the complete range of options is the Had-
don matrix,4 derived by first dividing the time sequence
of a crash into three phases (precrash, crash, and
postcrash) and then considering the human, vehicular,
and environmental factors that can interact during each
phase of a crash. The result is a nine cell matrix, each cell
of which offers opportunities for intervention to reduce
motor vehicle crash injuries (fig 1).

Under the old approach virtually all prevention
efforts were focused in the precrash-human cell.
Opportunities to prevent deaths and injuries by taking
measures such as designing better vehicles or less haz-
ardous roadsides or improving emergency medical
systems were ignored.5 The failure to identify a range
of countermeasures meant, for example, that as late as
the 1970s newly built highways in the United States
had rigid signposts and other roadside hazards that
guaranteed that the consequences of many crashes
would be severe (fig 2).

Summary points

One consequence of the rapid growth in motor
vehicle use in many countries is increasing
numbers of crash deaths and injuries

To reduce this toll, countries need to adopt a
broad array of research based measures

Despite being widely advocated as essential safety
programmes, driver education or training
programmes have not been found to reduce
motor vehicle crashes

Almost all of the demonstrable gains produced by
changing road user behaviour have resulted from
properly enforced traffic safety laws

In many less motorised countries a disparate mix
of road users share the roads, and so local
measures will be required, such as setting safety
standards for the front ends of motor vehicles to
make them less hazardous for pedestrians and
bicyclists
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Changing road user behaviour
In motorised countries today most countermeasures
have been shown by good research to be effective. Ves-
tiges of the older unscientific approach still exist, how-
ever, and, for measures aimed at road user behaviour in
particular, people continue to advocate programmes
that have not been shown to be effective.6

Virtually all educational and training programmes
aimed at adults that have been evaluated show no evi-
dence of effectiveness. Driver education or training
programmes have not been found to reduce motor
vehicle crashes, but they still are widely advocated as
essential safety programmes.7–9 Research shows driver
education programmes can increase knowledge, but
this rarely results in appropriate behaviour change.
Similarly, driver training programmes have not been
shown to reduce crashes. They may be useful for teach-
ing beginning drivers, and in some cases they may
improve driving skills, but better skills do not automati-
cally lead to fewer crashes.10 Some advanced driver
training programmes have even been shown to make
things worse. For example, programmes that taught
skid control, off-road recovery, and other emergency
measures produced drivers with higher crash rates
than drivers who did not take the course.8 Comprehen-
sive reviews of driver and motorcycle training
programmes have found no studies showing any crash
reductions due to the training.11 Yet blind faith in the
education and training of road users continues in
many quarters.

The belief that increasing motorists’ or other road
users’ knowledge or skills will produce fewer crashes
reflects a naïve view of human behaviour. Most motor-
ists and other road users acknowledge that serious risk
taking and other behaviour problems are prevalent
among drivers, but few people will admit that they may
be part of this problem. Surveys of drivers’ self ratings
of their skills show that virtually no motorists believe
their own skills are below average. So motorists agree
that there are many “bad” drivers, but virtually all
believe that the “bad” drivers are someone else. For
example, drivers in motorised countries know that
ignoring stop signs and running red lights are
inappropriate behaviours, yet these obviously unsafe
actions are common in the United States and are lead-
ing causes of crashes.12 Similarly, all motorists know
that driving after consuming alcohol increases the risk

of crashing, but billions of trips are taken each year by
alcohol impaired drivers worldwide.

Traffic laws and enforcement
Almost all of the demonstrable gains produced by
changing road user behaviour in motorised countries
have resulted from traffic safety laws.13 However, laws by
themselves often are not sufficient: the key factor in the
effectiveness of a traffic law is motorists’ perception that
they run a high risk of being detected and punished for
violating the law. The perception of likelihood of
apprehension is a much stronger deterrent than the
severity or the swiftness of the penalty.14 Thus, laws
requiring motorcyclists to wear helmets typically
produce compliance close to 100% in the United
States and much of Europe, largely because riders
know they are easy to detect if they ride without a hel-
met. But in countries where motorcyclists’ perceptions
are that such laws are not likely to be enforced, levels of
helmet use are much lower. Experience in less motor-
ised countries like India confirms this behaviour.15

Laws work because it is possible to convince
motorists that they face a considerable risk of punish-
ment if they violate the laws. One reason education
fails is that most motorists cannot be convinced that
they are at risk of a crash, and many other road users
(such as small children, teenagers, and people who are
psychologically disturbed, under stress, under the
influence of alcohol, or elderly) may not act according
to their knowledge. Instead motorists believe it is other,
“bad” drivers who are involved in crashes. For laws to
work, however, effective enforcement and sanctions
must be in place. This is not the case in many countries,
so there is a strong tendency to revert to education as
the preferred approach to changing road user
behaviour.

International issues
In several countries that have been motorised for a
long time, motor vehicle crash deaths are no longer
increasing. This is largely because of the adoption of
countermeasures shown to be effective. However, crash
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Fig 1 The Haddon matrix, used to help identify possible
countermeasures to road vehicle crashes

Fig 2 As late as the 1970s newly built highways in the United States had rigid signposts
and other roadside hazards, which meant that the consequences of a vehicle hitting one
would be severe
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deaths and injuries are increasing dramatically in many
countries where motor vehicle use on a large scale is
relatively new.3

Some of the countermeasures that are effective in
motorised countries will be applicable in others, but
some will need to be adapted to local traffic conditions.
For example, in many less motorised countries traffic
use patterns, especially the disparate mix of road users
sharing the same roads, will require traffic engineering
measures that are different from those that have been
successful in motorised countries, where traffic mixes
are more homogeneous (fig 3).5 6 11 Motorcycles domi-
nate the roads in many less motorised countries, and
they share the road with bicycles and other human
powered vehicles, pedestrians carrying loads, and
locally designed vehicles. Today’s motorised countries
did not experience these kinds of traffic mixes even
when they were rapidly motorising, so traffic engineer-
ing solutions that work for their traffic are likely to have
a much smaller effect on the roads of today’s less
motorised countries.

Most of the road crash deaths in less motorised
countries occur among so called vulnerable road
users—pedestrians, bicyclists, motorcyclists, etc. These
categories of road users make up a much smaller pro-
portion of crash deaths in motorised countries. This is
not necessarily because of successful programmes
aimed at such road users. For example, recent
estimates from Britain suggest that the number of trips
per person made on foot fell by 20% between 1985-6
and 1997-9.16 Such trends suggest that reductions in
pedestrian fatalities could be largely because of the
reduced exposure of these road users rather than the
road environment being “safer” for them. Similarly,

pedestrian deaths have been declining for many years
in the United States without major programmes to
improve their safety. The most likely reason is a decline
in walking. In less motorised countries many more
pedestrians are killed by impacts with buses and trucks
than in motorised countries, so a strong case can be
made for pedestrian-friendly fronts for buses and
trucks.17 Yet such measures presently are not given any
priority.

Motorised countries have safety standards for pas-
senger vehicles, but vehicles exported to less motorised
countries often do not meet these standards. It would
make sense for all vehicles sold in less motorised coun-
tries to conform to some minimum international
standards; there should not be a two tier system with
safer vehicles sold in motorised countries and less safe
ones sold elsewhere. Many less motorised countries
manufacture vehicles locally (three wheeled scooter
taxis, tuk-tuks, jeepneys, etc) that are not used in
motorised countries. These vehicles generally are used
as taxis but are not designed with any concern for crash
performance. Since they are not used in motorised
countries there is little pressure to improve their
designs.

Future directions
The above discussion shows why the simple replication
of motorised countries’ policies in less motorised
countries will not be sufficient to address their road
safety problems. However, the body of research knowl-
edge can be used as a foundation to develop effective
programmes to reduce crash deaths and injuries in less
motorised countries. This means using professionally
trained practitioners to develop a broad array of
appropriate measures. To accomplish this, countries in
the process of motorising and experiencing substantial
mortality and morbidity from motor vehicle crashes
should:
x Establish national or regional road safety agencies
which should be staffed with trained professionals and
be responsible for accident data surveillance and
analysis, funding of research activities, setting vehicle
and road standards, and developing appropriate traffic
engineering approaches18

x Promote effective speed control measures, including
traffic calming suited for conditions specific to less
motorised countries19 20

x Develop safety standards for the front ends of motor
vehicles to make them less hazardous for pedestrians
and bicyclists
x Promote safety measures likely to work in all
locations—such as daytime running lights for motorcy-
cles, more conspicuous bicycles and other small
vehicles, compulsory helmet use for motorcyclists,
effective enforcement of laws against alcohol impaired
driving21–25

x Develop appropriate human resources. Fewer than
a dozen road safety professionals presently work in less
motorised countries. Training programmes should be
institutionalised. This will happen only if road safety
and transportation research departments are set up in
selected universities and research institutions.

These recommendations reflect policies that have
been shown to contribute to highway safety. Newly
motorising countries cannot afford to ignore the

Fig 3 In many less motorised countries a disparate mix of road
users share the same roads (top), so traffic engineering measures
will be required that are different from those that have been
successful in motorised countries, where traffic mixes are more
homogeneous (bottom)
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evidence on what works, and equally important what
doesn’t work, to reduce deaths and injuries from motor
vehicle crashes. In the United States and elsewhere,
many lives were lost unnecessarily in crashes during
the first 50 years of motorisation because highway
safety advocates promoted ineffective measures while
at the same time resisting approaches that later were
shown to be effective. It will be a tragedy if the
countries relatively new to motorisation repeat these
mistakes.
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Designing road vehicles for pedestrian protection
J R Crandall, K S Bhalla, N J Madeley

Collisions between pedestrians and road vehicles
present a major challenge for public health, trauma
medicine, and traffic safety professionals. More than a
third of the 1.2 million people killed and the 10 million
injured annually in road traffic crashes worldwide are
pedestrians.1 Compared with injured vehicle occu-
pants, pedestrians sustain more multisystem injuries,
with concomitantly higher injury severity scores and
mortality.2 Although a disproportionately large
number of these crashes occur in developing and tran-
sitional countries, pedestrian casualties also represent a
huge societal cost in industrialised nations. In Britain
pedestrian injuries are more than twice as likely to be
fatal as injuries to vehicle occupants3 and result in an
average cost to society of £57 400, nearly twice that of
injuries to vehicle occupants.4

Despite the size of the pedestrian injury problem,
research to reduce traffic related injuries has concen-
trated almost exclusively on increasing the survival
rates for vehicle occupants. Most attempts made to
reduce pedestrian injuries have focused solely on
isolation techniques such as pedestrian bridges, public
education, and traffic regulations and have not
included changes to vehicle design. The lack of effort
devoted to vehicle modifications for pedestrian safety

has stemmed primarily from a societal view that the
injury caused by a large, rigid vehicle hitting a small,
fragile pedestrian cannot be significantly reduced by

Summary points

Pedestrian-vehicle crashes are responsible for
more than a third of all traffic related fatalities
and injuries worldwide

Lower limb trauma is the commonest pedestrian
injury, while head injury is responsible for most
pedestrian fatalities

Standardised tests that simulate the most
common pedestrian-vehicle crashes are being
used to evaluate vehicle countermeasures to
reduce pedestrian injury

Energy absorbing components such as compliant
bumpers, dynamically raised bonnets, and
windscreen airbags are being developed for
improved pedestrian protection
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