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The Effectiveness of Electronic Stability Control in
Reducing Real-World Crashes: A Literature Review
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Objective, Electromic stabiliny conteal (ESCH is designed to fredp drivers mamnsain hewding controd of their velicles In Al gh-
speed o stdden munenvers and o slippery roads. The wider profiferation of ESC ucrosy the vehicle fleer has allowsd
evaliation of its effeces in realoworld crashes in many courtries. incliding fapan, Germuny, Swedfen, France, Great Britain,
andd the United Stares. Tiis article provides o summary of the fndinzs,

Methads, Stucdies Hhat examined the read-world effectiveness of ESC were reviewed. Crach effects have been examined for
differens rodwarys, wsing dyfering analviic methods, differant crash severities, and different mokeimodel vehicles including
hatk cars and SUVs, The review discusses the methodalogival differences and examines the frdines according o vehivle
tepe, crash e and severity, and road conditions.

Reqults. The overwhelming majoriry of shedies find that ESC ts highly effective i reducing single-vebivle crashes in cars
and SUVs, Fural single-vehicle crushes imalving cars are rediced by abour 30-50% and SUVs by SU-70% . Faral roflover
erasfies are estimted o be ahont TO-90% fawer with ESC regardlers of vehicle fvpe. A member of studees fimd improved
effectiveness in reducing crashes when oad comfitions are slippery, There i fittle or o effect of ESC in all malticavehivle

crashess hawever, there 5 a I 7-38% reduction in more serions, fatal mufti-vehicle crushes,
Conclusions. Given the extraordinary benefits of ESC in preventing crashes. especially those with more seriows onscomes,
the smplementation of ESC should be accelerated to cover the fall raege af passenper vehicles inbath develr sped and developing

morkets.

Kevwords  ESC; Crash Avoidance; Loss af Control

Electronie stability control (ESC) 1s an evolution of antilock
brake technology desigred to help drivers maintain heading con-
trol of their vehicles in high-speed or sudden maneuvers and on
slippery roads. Antilock brakes (ABS) have wheel speed sen-
sors and the ability to apply brake pressure to individual wheels,
ESC hus additionul sensors that monitor how well the vehicle is
responding o a driver’s steering input. If the sensors determine
that the vehicle is straying from the chosen path, brake pressure
will be nutomatically applied as necessary atindividual wheels to
bring the vehicle hack 1o the direction that the driver is steering.
In addition, in many cases engine pawer is reduced by means of
an electronic throttle, thus slowing the vehicle down even more.

Manufacturers first began equipping vehicles with ESC, in-
troduced under many different names, in the mid-1990s in Eu-
rope, and the technology appeared in other markets several years
later. As with muny new technologies, ESC first appeared as an
aption on more expensive luxury vehicles but within a few years
wits being offered as standard equipment on these and other less
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expensive models, Although Evrope and Japan initially led the
way, ESC s now standard on many vehicles in the United Statas,
According to the Insurunce Institute for Highway Safety (ITHS),
in the U.5. market ESC was standard on 0% of 2006 passen-
ger vehicle models and optional on another 13% (IIHS, 2006a),
By the 2007 model year, 315 of U.S. passenger vehicle models
were offered with ESC as standard equipment and an additional
14 offered it as an option (note that these percentazes are of
individual make/models and do not retlect the percentages in the
vehicle tleet), In European countries there are large differences
in the percantage of vehicles with ESC, with Germany leading
the way (Baurm, 2007,

Early studies on test tracks and using an advanced driving
simulator indicated that ESC bad the potential to be very ef-
fective in reducing loss-of-control crashes, For example, when
vehicles equipped with and withowt ESC were driven around
a shippery track, only 5% of drivers with ESC ran out of the
lane compared with 45% of dovers whose vehicles were nat
eyuipped with ESC ( Yamamoto & Kimura, 1996}, Using an ad-
vanced driving simulator and high-fidelity models of 4 sports
utthity vehicle (SUV) and a passenger car, Papelis and others
(200:4) found that drivers without ESC lost control 284 of the
tme in critical driving situations compared with only 3% of
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those with ESC, {Crtical conditions meluded 2 sudden maneu-
ver to avoid a vehicle, sudden wind pusts, and potentinl depar-
ture from the road on o curve.} As promising as these resulls
were, past experience has taught us that teack 1est or drving
simulator results may net be replicated in the real world. For
example, while reductions in stopping distances were seen on
the test track and crash reductions were predicted for vehicles
with ABS, studies of real-world effectiveness failed to live up 1o
those expectations (Farmer, 2001 Kahane, 19934). As a result,
there were some reservations about whether ESC would be as
effective in real-world crashes,

In the real world many loss-of-contrel crashes involve only
ene vehicle and are the result of excessive speeds, sudden ma-
neuvers to avoid obstacles, and slippery road surfaces, with
rollovers often resulting from these crashes, Rollovers are es-
pecially prevalent when vehicles with a higher center of gravity
are mvolved, such as SUVs and pickup trucks. For example, in
the United States, single-vehicle rollover crashes accounted for
6% of occupant deaths in SUVs in 2005, compared with 37%
of occupant deaths in pickups and 20% in cars (ITHS, 2006b).

The wider proliferation of ESC across the vehicle fleet has
allowed for evaluation of its effects in real world crashes in
many countries. Studies 1o assess the effectiveness of ESC now
have been conducted in Jupan, Germany, Sweden, France, Great
Britain, and the United States, These studies have used differ-
ent methodologies, various crash databases, and examinad the
effects of ESC among different vehicle madels, The purpose
of this paper is 1o review and summarize the results of this
literature, focusing on methodological differences and dispar-
ities in the outcomes of interest—for example, crash tvpe and
severity,

EFFECTIVENESS EVALUATIONS

There are many potential confounding factors to consider
when cvaluating the independent effects of ESC on passenger
vehicle crashes. When comparing the crashes or crash rates of
drivers in vehicles that have ESC with those that do not there
may be differences in vehicle designs and vehicle ages, in driver
gender and age, and in where and how much the vehicles are
driven, Effects also can be modified by calendar vear differences
in crash outcomes as a result of changes in seat bell use raes,
speeding, alcohol-impaired driving, and changes in annual ve-
hicle mileape due to economic conditions, to name a few.

A strong evaluation would compare crash rates of vehicles
that are identical except for the presence of ESC in overlap-
ping calendar years and control for differences in vehicle ex-
posure or miles driven, as well as other confounding factars.
For many reasons. such an ideal comparison is not possible,
New vehicle technology may be introduced at the same time
as other vehicle design changes are made, For example, there
may be simultanzous changes in the vehicle platform, structure,
or vehicle weight, and other safety features, such as additional
airhags, may be added that could affect the risk of mjury and
fatality. Even if vehicles can be identified that are identical in
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all other respects than the addition of ESC, vehicles with ESC
will tend to be newer thun those that don't have the technology
(unless it is possible to ascertuin, umong optional equipment.
those thut do and do not huve ESC). Crash databases may not
have sufficiently detatled vehicle make/model information 10
pemitit a precise identification of which vehicles are equipped
with ESC. Vehicle identification numbers, if available, may al-
low a mokefinodel determination to be made but there may b
no way 1o tell whether ESC has been installed on that particular
vehicle.

Methodological approaches. In spite of these limitations.
there are analvtic methods that can be used to control for many
of the potential confounding factors. Some methods are better
than others, but all make certain assumptions. There are two ba-
sic methods that have been used in most of the studies reviewed
hete, Both methods atternpt to control for vehicle exposure, but
different approaches are taken.

Cne approach, sometimes referred 10 as induced exposure
or case contrel, takes advantage of what is known abouwt the
anticipated benefits of ESC. Using this methed, the total number
of crashes in which ESC is expected 10 be effective (cases) is
divided by the total number of crashes where the technology
15 expected 1o have no effect (controls). The basic premise 1s
that the control crashes will vary with changes in vehicle miles
traveled, driver churacteristics, numbers of vehicles on the read,
among other factors, However, these control crashes should be
unaffected by the presence of ESC. Therefore, they can serve as
a proxy for the amounts and types of exposure.

Studies that have used this approach have made different
assumptions about which crashes constitute cases and which
constitute controls, Single-vehicle crashes, or some subset of
them (e.g., loss of control), are most often considered cases. In
other words, they are expected 1o be affected by ESC. Control
crashes have vared among studies, Some authors have assumed
that ESC plays no role in avoiding rear-end crashes (Bahouth,
20015, 2006; Green & Woodroffe, 2006; Lie et al., 2004, 20046;
Tingvall et al.. 2003); others have used multi-vehicle crashes
as controls (Dang, 2004; Green & Woodroffe, 2006). In yet
other studies the authors have used a combination of erash types
(Kreissetal,, 2005 NHTS A, 2006; Page & Cuny, 2006; Thomas,
2008 see Table 1), The ratio of the number of case crashes
divided by the number of control erashes for vehicles with ESC
is divided by the corresponding ratio for vehicles without ESC,
If ESC reduces case crashes, the resulting odds ratio s smaller
than one: if ESC results in increased crashes of that tvpe, the
odds ratio is larger than one. An odds ratio equal to one sugpests
that ESC makes ne difference in the crashes of interest. The
percent change can then be estimated as 100(1 — odds ratio).

The second approach accounts for vehicle exposure directly
{Bzhouth, 2006; Farmer, 2004, 2006; WHTSA, 2006). In the
studies reviewed here, the numbers of registered vehicles with
and without ESC is utilized. Some studies have attempied to con-
trol for potential differences in drver and vehicle characteristics
through comparison of vehicle make/models that are identical
except for the presence or absence of ESC. Others may attemp






