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The Effectiveness of Electronic Stability Control in
Reducing Real-World Crashes: A Literature Review

SUSAN ALFERGLSON
Fergusen International, LLC, McLean, VA, USA

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
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Table I Review of key pubished studies evaluating ESC [Cantinged)

Findings (hgures in
parentheses represent 955
confidence intenals unless
clherw se indicated)

Comments

Authors’
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date Coustry ESC type Dratebases Methids
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to control for driver and vehicle differences using regression
analyses (although some make no adjustments for potential dif-
ferences ). The advantage of this approach is that no assumptions
need to be made about which crash types might be affected by
ESC and which might not. Thus, the effects of ESC can be eval-
uated among all crash types without the potential confounding
effects of crash type. The expected number of crashes in vehi-
cles with ESC can be estimated as the product of the observed
crash rates of the non-ESC vehicles and the registration counts
for the ESC-equipped vehicles. The risk ratio is the sum of the
observed crash counts of the ESC vehicles divided by the ex-
pected crash counts. As indicated above, a risk ratio of less than
one would be expected if ESC reduces crashes; greater than one
would indicate an increased crash risk and so on.

Other study variations, Aside from the hasic methodological
differences outlined above, there are ather significant differences
in the approaches used. Automakers are equipping their vehicles
with various versions of ESC and marketing the systems under
various names, For example, Dynamic Stability Control is the
name used by BMW and Jaguar; Electronic Stability Program
is used by Mercedes-Benz, Audi, and Volkswagen: Vehicle Sta-
bility Contro! by Lexus and Toyota: Vehicle Stability Assist by
Honda and Acura; AdvanceTrac by Ford: Electronic Stability

Control by Hyundai: Dynamic Stability and Traction Control by
Volvo; and StabiliTrak, Active Handling, and Precision Conirol
by General Motors,

Although the hardware in these systems is similar, there are
variations in the way the systems are programmed to respond
once 1oss of control is detected, with sportier models generally
allowing more wheel spin and sliding while still maintaining
control, These differences potentially could influence ESC sys-
temn effectiveness; however, no studies to date have had a suffi-
cient sample size 1o separate out the effects of different systems,
A few studies have examined just one variant of ESC on differ-
ent models (Aga & Okada, 2003; Bahouth, 2005, 2006; Page &
Cuny, 2006; Unselt et al., 2004) but most have amalgamated the
effects of different makes and models.

In the United States, ESC is offered most often on SUVs,
followed by cars, but far fewer pickup trucks offer the tech-
nology, All U.S. studies have examined both cars and SUVs
{Bahouth. 2005, 2006; Dang, 2004; Farmer, 2004, 2006; Green
& Wondroffe, 2006; NHTSA, 2006). In other countries, where
SUVs are less common, studies typically have examined pas-
senger cars (Aga & Okady, 2003; Kreiss et al., 2005; Lie et al..
204, 2006; Page & Cuny, 2006; Thomas, 2006; Tingvall et al.,
2003; Unseltetal,, 20043, A few studies, particularly more recent
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analyses, have been uble to separate outthe effects of ESCamong
cars and SUVs but many have looked only at cars or have com-
bined both vehicle types.

The choice of vehicles to include in the analysis has important
implications. Comparing the same makes/models with and with-
out ESC can help limit the extraneous influence of driver factors,
<ince it is reasonable 1o assume that people who drive particular
makes and models, regardiess of whether the vehicle is eq uipped
with ESC, are similar in many respects (age, gender, driving
stvle, beltuse, etc. ). Comparing different vehicle makes—forex-
ample, Audis with Fords—can introduce dniver differences that
need to be controlled for, However, even when matching makes
and models there still may be differences in vehicle structure,
weight, and the safety features available, Munufacturers often
make platform changes and introduce new safety features con-
currently with a vehicle redesign, such as airbags and ESC.

During the period when ESC was being introduced, many
vehicles also were being equipped for the first time with side
airbags and munufacturers were making improvements 10 the
vehicles” frontal structures to meet frontal offset test require-
ments now in place in many countries, A methadological re-
finement that can help overcome these problems is to compare
only makes and models that are identical in all other respects
except for the introduction of ESC (Farmer, 2004, 2006). One
limitation of this approach is that the analyses are confined 1o o
more restricied group of vehicles, However, the results are less
subject to the influence of other confounding factors,

RESULTS

The findings of the reviewed studies should be imerpreted in
light of the assumptions made and approaches used, As men-
tioned earlier, because the comparisons are made across model
vears, the vehicles with ESC typically are newer than vehicles
without the technology. Studies have demonstrated that older
vehicles have higher crash risks (Blows et al., 2003; Farmer &
Lund, 2006: Poindexter, 2003; White et al., 1994). Farmer and
Lund (2006) reported that fatality risk rises with each additional
vehicle year of age. For example, the risk for two-vear-old mod-
els is approximately 2% higher than the nsk for one-year-old
models. and the risk for three-vear-old medels is an additional
2% higher. Thus, studies that do not adjust for vehicle age effects
may be overestimating the effects of ESC.

‘Another assumption that may have implications for effect
size when using the induced exposure method is the choice of
control crashes. If a chosen control crash type is itself affecied
by ESC, estimates can be either higher or levwer than estimated.
If ESC reduces control crashes, effects will be underestimated.
If it increases control crashes effects will be overestimated.

Single Velicle Crashes

Tahle 1lists study details, including study methodology. » ehicles
examined. and study findings. Limitations and strengths of the
study designs also are discussed.
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Researchers have examined the effects of ESC on single-
vehicle police-reporied crashes, police-reported injury crashes,
and fatal crashes including some combinations of these cate-
gories. Some studies have examined cars, some have examined
SUV's, and some have combined estimates for the two vehicle
types, The estimated effects of ESC on single-vehicle crashes
are mostly positive and are remarkably similar regardless of the
methods used, When examining police-reported single-vehicle
crashes (most of which involved injury), cars with ESC had
about a third fewer crashes of this type than cars without the
technology (Aga & Okada, 2003; Dang, 2004 Farmer, 2006
NHTSA, 2006), SUVs had 56-67% fewer such crashes (Dung.
A04: Farmer, 2006; NHTSA, 2006}, and for cars and SUVs
combined there were about 40-50% fewer crashes (Bahouth,
2005: Farmer, 2004). Some researchers combined single-vehicle
crashes with other crash tvpes, or looked specifically at loss
of comtral crashes, Reductions across these more diverse crash
types were estimated at 31-54% for cars with ESC (Green &
Woodroffe, 2006: Kreiss et al., 2005; Lie et al., 2006; Page &
Cuny, 2006}, T0% for SUVs (Green & Woodroffe, 2KI8) An
exception to this pattern was found in Great Britain (Thomas.
2006). In this study of police-reported injury crashes, there was
no significant reduction in single vehicle crashes.

A few studies in the United States have examined fatal
crashes. For these more serious single-vehicle crashes, estimates
for reductions among cars were around 30-35% in three studies
(Dang, 2004 Green & Woodroffe, 2006 NHTSA, 20046)
but a fourth estimated the reduction at §3% (Farmer, 2006).
Combining cars and SUVs resulted in estimated reductions of
560 (Bahouth, 2006: Farmer, 2004 ), and SUVs alone resulted
in & S0-67% reduction (Dang. 2004; Farmer, 2006; Green &
Woodroffe, 2006; NHTSA, 2006). Again, one recent study in
Great Britain (Thomas, 2006) found much lower effectiveness
in single-vehicle fatal crashes. Among cars with ESC, these
crashes were reduced by a non-significant 24%. Fatal crashes
in this study were few in number so statistical significance was
difficult to achieve,

The majority of studies that examined rollover crashes,
whether they involved injury or fatality, cars or SUVs, found re-
ductions of 69-88¢% (Farmer, 2006; Green & Woodroffe, 2004
NHTSA, 2006). However, Green and Woodroffe (2006) found a
a0% reduction in fatal rollover crashes among cars and Thomas
(2006} found a 50% reduction in injury rollover crashes among
cars.

To summarize, in almost every study reviewed vehicles with
ESC had significantly lower single-vehicle crash risk than ve-
hicles without the technology, The esumated reductions were
not markedly different as crash severity increased, but typically
were higher for SUV's and for crashes 1y olving rollovers.

Multi-Viehicle Crashies

Fewer studies have examined the effectiveness of ESC an multi-
vehicle crashes, One study examined multi-vehicle head-on
crushes (Bahouth, 2005, one examined at-fault multi-vehicle
crashes (SHTSA, 2006), and a third looked at all multi-vehicle




crashes combined (Farmer, 2004, 2006), In analyses of police-
reported multi-vehicle crashes of all severities, including injury
crashes, Farmer {2006) found no change due to ESC. Reductions
of 12% were found in multi-vehicle head-on crashes (Bahouth.
30405, and reductions of 11=16% were found for at-fault mulu-
vehicle crashes (NHTSA, 2006). Analyses of fatal multi-vehicle
crashes yielded higher estimated reductions ranging from 17—
38 (Farmer, 2004, 2006: NHTSA, 2006). Thus, ESC does not
seem 1o have much influence, if any, on less severe multi-vehicle
crashes but leads ta reductions in fatal multi-vehicle crashes that
are smaller than those seen for single-vehicle crashes. Thus,
studies using multi-vehicle crashes as controls may underesti-
mate fatal crash effectiveness, although effectiveness estimates
for crashes of all severities may be unaffected.

All Crashes Caombined

Farmer (2004, 2006) estimated the effects of ESC in reduc-
ing all crashes combined. In the 2004 study, estimates for cars
and SUVs were combined but in the 2006 study, sepurate es-
timates were provided. In the 2004 study, all police-reported
crashes and injury crashes of SUVs and cars were T-9% lower
with ESC (Farmer, 2004}, but in the 2006 study, which applied
a more stringent adjustment for vehicle age differences. there
were no differences in crash risk among cars or SUVs with and
without ESC. Thomas (2006) also found very liule difference
in all injury crashes due to ESC. Among the more serious fatal
crashes, ESC reduced all crashies by an estimated 34% tor cars.
and SUVs combined (Farmer, 2004), 38% for cars, and 46%
for SUVs (Farmer, 2006). Both Lie et al, (2006} and Bahouth
(2006} examined all crashes excluding rear-ends which servedas
a control, Estimated crash reductions using rear-ends, as a con-
trol {which are expected to be unaffected by ESC) ranged from
17 to 31% for all crashes and injury crashes (Lie et al., 2006;
Bahouth, 2006) and 53 for serious injury and fatal crashes
{Bahouth, 2006).

Other Crash Types

A number of studies examined the effectiveness of ESC in dif-
ferent road conditions (dry, wet, slippery, etc.). Tingvall et al.
(2003) reported estimates that were higher tor cars with ESC in
wet and icy road conditions compared with dry roads (9% on
dry roads vs. 32% in the wet, and 38% in snow and icel, Also,
Thomas (2006 found higher effectiveness for ESU on wet or
icy roads than on dry roads, and the differeances were more pro-
nounced for the more severe crashes (serious and fatal injury
crashes were reduced by 9% on dry roads, 34% an wet roads,
and 53% on icy/snowy roads). However, when Farmer {2006)
examined the risk of multi-vehicle crashes under adverse condi-
tions (wet, slippery roadways, or in foggy weather or on curves),
he did not tind increased benetits under those conditions.

Insurance Losies

The U.S. Highway Loss Data Institute (HLDI) has cenducted the
only study to examine changes in insurance losses in vehicles
with ESC as standard equipment versus vehicles that had no
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ESC or offered it as an option (HLDI, 20062}, Insurance claims
ate far more numerous and typically less severe than police-
reported crashes. Cluims may range from less than S100 for
damage sustained in a minor impact, up 1o the market value
of a vehicle for a total loss (HLDL 2006b), HLDI researchers
compared insurance losses in vehicles with and without E3C
under several coverage types, They compared claims freque neies
and average loss costs for collision coverage (which insuras
against physical damage sustained in crashes to drivers’ own
vehicles und property damage liability (which insures against
physical damage that at-fault drivers cause to ather peoples’
vehicles and property in a crashl, The study vehicles consisted
of 1997200k luxury model cars, sports cars, and SUVs, and
losses were examined based on the first 3 years of the vehicle's
life. Overall collision losses (which comprise the product of the
claim frequencies and the average-loss payments per claim) were
165 lower among SUVs with ESC than among models without
it, 17% lower among luxury cars, and 15% lower among spors
cars, Ovenall property damage liability losses were litle affected.

CONCLUSIONS

Many studies now confirm the benetits of ESC in a vanety
of world markets, on different roadways, using different ana-
Fytic methods, and different muke/model vehicles. Findings of
the earliest studies now have been replicated as additional data
have become available and more refined analyses have enabled
4 more detailed understanding of the etfects of ESC under a
range of conditions, There 1s strong evidence that ESC is highly
effective in reducing single-vehicle crashes in cars and 5UVs,
Many studies now have estimated that ESC reduces fatul single-
vehicle crashes by between 30 and 30% among cars and 50-T0%
among SUVs. Furthermore, fatal rollover crashes are estimated
to be T0-907% lower with ESC regardless of vehicle type. Farmer
(2006) estimated that n the United States alone, if all vehicles
in the fleet were equipped with ESC, then at least 604,000 of the
two million single-vehicle crashes could be avoided every year.
and 10,000 fatal crashes prevented.

Because ESC can help prevent drivers from losing control
of their vehicles, it was expected that it would reduce the ingi-
dence of single-vehicle crashes, especially the more severs anes.
However, multi-vehicle crashes ure much less often the result of
loss of control, and the study findings reflect that. A number
of studies indicate that there is little or no effect of ESC in
police-reported multi-vehicle crashes and because such crashes
are more numerous overall, police-reported crashes seem unaf-
fected (Farmer, 2006). However, in fatal multi-vehicle crashes,
some of which may result from loss of control, there 15 asmaller
but significant benefit of having ESC on the vehicle. ESC often
is described as being effective when road conditions are slip-
pery. A few studies have found higher effectiveness in wet and
icy conditions (Lie et al,, 2003, 2006; Thomas, 2006 although
Farmer {2006) did not.

Data from insurance claims reinforce these findings. The
largest crash reductions for vehicles with ESC are among the
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more severs single-vehicle crashes. Thus, it was expected tha
celliston claim losses, because they cover damage to an at-tault
driver’s own vehicle, would be somewhat reduced, In fuct, the
main benelit was to lower the average amount of insurance pay-
ments per claim by substantially reducing the most expensive
claims, Property damage labality, which covers damage to other
peoples’ vehicles in crashes, which by definition involve more
than one vehiele, saw little change.

While there is strong evidence that ESC svstems are highly
effective as a whole, no research has addressed whether there
are varations in the effectiveness of the different systems avail-
able in the marketplace. There are well-known variations in the
ways ESC systems are programmed and the ways in which they
respond once loss of control 1s detected, with some vehicles
intervening sooner 1o maintain vehicle contral, However, it is
uncertamn whether these differences have resulted in variutions
in effectiveness,

One question sometimes raised is why ESC 1s so effective
in reducing crashes when the predecessor technology, antilock
brakes, was not. It has been suggested that many car owners
may not know how to use antilock brakes effectively and in
a survey of drivers with antilock-equipped cars, between 40
and 50% of respondents incorrectly thought they should pump
the brakes (Williams & Wells, 1994}, Another idea posited is
that some motorists may drive more riskily because they per-
ceive that antilock brakes allow them to brake better. However,
one major difference between these technologies is reliance on
the driver, To improve braking performance with antilock brakes
the driver has to apply them in the correct manner, With ESC,
once the vehicle sensors detect a loss of control, the ESC system
quickly and automatically applies brake pressure to bring the ve-
hicle back in line. The driver is required to do nothing more than
steer the vehicle in the desired direction. A lack of reliance on
the driver to do the right thing in an emergency likely is a key
factor in the demonstrated effectivencss.

It has been suggested that features that provide direct and
immediate feedback to drivers, such as beaking or acceleration
capabilities, can chanpe the doving task with the result that some
muotorists may change their behavior (Hedlund, 2000; O'Neill
& Williams, 1998). This roises the possibility that improved
handling of vehicles with ESC could lead to risk compensation,
thus reducing the potential benefits, Certainly there 15 no current
evidence that this is the case given the dramatic benefits seen so
far in certain crash types, Studies have yet to address the longer
term benefits, thus continued evaluation of ESC as the vehicle
fleet ages would help address this issue.

In recent years, ESC has become a more common feature
on vehicles in the United States and around the world. In April
2007, the ULS. Department of Transportation announced plans to
require ESC on all passenger vehicles sold in the United States
by the 2012 model vear, NHTSA estimated that 297% of the 2006
muodel vehicles sold in the United States already were equipped
with ESC. However, some markets clearly lag behind in their
adoption of this life-saving technology. Given the extraordinary
benefits of ESC in preventing crashes, more should be done
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to accelerate the implementation of ESC in the full range of
vehicles in both developed and developing markets,
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