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This study was conducted in response to a congressional mandate, con-
tained in the Department of Transportation and Related Agencies Ap-

propriations Act, 2001 (Public Law 106–346), which required the U.S.
Department of Transportation to fund a study by the National Academy
of Sciences

on whether the static stability factor is a scientifically valid mea-
surement that presents practical, useful information to the public,
including a comparison of the static stability factor test versus a test
with rollover metrics based on dynamic driving conditions that may
induce rollover events.1

In response to a request from the National Highway Traffic Safety Ad-
ministration (NHTSA), the Transportation Research Board (TRB) of the
National Research Council (NRC) formed a committee of 13 members
under the leadership of David Wormley, Dean of the College of Engineer-
ing at the Pennsylvania State University. Panel members have expertise in
the following areas: mechanical engineering and vehicle dynamics; vehicle
safety and testing; vehicle control systems; roadway and roadside design;
statistics, econometrics, and data analysis; risk assessment and communi-
cation; public policy; consumer information; and human factors and driver
behavior.

The committee met four times between April and October 2001. The
first two meetings were devoted primarily to information gathering; details
of invited presentations and participation in the open discussions are given
in Appendix B. Additional information-gathering activities undertaken by
committee members included visits to the Consumers Union Vehicle Test
Facility in East Haddam, Connecticut, and site visits to Ford, General Motors,
and DaimlerChrysler facilities in the Detroit area (see Appendix B). The
third and fourth committee meetings were devoted to deliberative discus-
sions and preparation of the committee’s final report. An interim report,
issued in July 2001, presented the committee’s preliminary findings and
identified outstanding issues to be addressed during the remainder of the
study. To expedite the study process, the committee divided into three groups,
each of which assumed primary responsibility for information gathering and
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1 The full text of the congressional mandate is provided in Appendix A.



analyses in one of the major subject areas of the study—vehicle dynamics,
statistics and data analysis, and consumer information. Contributions from
each of the working groups were used by the committee as a whole to develop
this consensus report.

This report has been reviewed in draft form by individuals chosen for
their diverse perspectives and technical expertise, in accordance with proce-
dures approved by the NRC’s Report Review Committee. The purpose of
this independent review is to provide candid and critical comments that will
assist the authors and the NRC in making the published report as sound as
possible and to ensure that the report meets institutional standards for ob-
jectivity, evidence, and responsiveness to the study charge. The content of the
review comments and draft manuscript remain confidential to protect the
integrity of the deliberative process. We wish to thank the following indi-
viduals for their participation in the review of this report: James W. Dally,
University of Maryland, College Park; Thomas D. Gillespie, University of
Michigan Transportation Research Institute, Ann Arbor; Robert L. Mason,
Southwest Research Institute, San Antonio, Texas; M. Granger Morgan,
Carnegie Mellon University, Pittsburgh, Pennsylvania; Paul A. Ruud, Uni-
versity of California, Berkeley; John M. Starkey, Purdue University, West
Lafayette, Indiana; and Michael S. Wogalter, North Carolina State Univer-
sity, Raleigh.
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the Report Review Committee, and Lester A. Hoel, University of Virginia,
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examination of the report was carried out in accordance with institutional
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Motor vehicle rollovers involving passenger cars, vans, pickup trucks,
and sport utility vehicles (SUVs) result in approximately 10,000 deaths

and 27,000 serious injuries each year in the United States. Although rollover
occurs in fewer than 1 in 10 tow-away crashes involving light vehicles,1 these
crashes account for almost one-third of light-vehicle occupant fatalities.

The National Highway Traffic Safety Administration (NHTSA) has
developed a five-star rating system to inform consumers about the rollover
resistance of passenger cars and light multipurpose passenger vehicles and
trucks. This system has been incorporated into the New Car Assessment
Program. The ratings derive from a correlation between measured values
of static stability factor (SSF)2 for a range of vehicles and corresponding
rollover rates determined from single-vehicle crash data. Among the 2001
model vehicles currently rated by NHTSA for rollover resistance, most SUVs
received two- or three-star ratings, while most passenger cars received four-
or five-star ratings (five stars indicates the best vehicle performance and one
star the worst).

Congress requested this study of NHTSA’s rollover resistance rating sys-
tem. Public Law 106-346 required the U.S. Department of Transportation to
fund a study “on whether the static stability factor is a scientifically valid mea-
surement that presents practical, useful information to the public, including a
comparison of the static stability factor test versus a test with rollover metrics
based on dynamic driving conditions that may induce rollover events.” Par-
ticular emphasis was to be placed on the potential role of consumer informa-
tion on vehicle characteristics, in particular SSF, in achieving a reduction in the
rollover crash rate and in related deaths and injuries. In response to a request
from NHTSA, the Transportation Research Board of the National Research
Council established a 13-member committee to conduct the study.3,4

Executive Summary

1

1 Light vehicles are defined by the National Highway Traffic Safety Administration (NHTSA) as the combi-
nation of (1) passenger cars and (2) multipurpose passenger vehicles under 10,000 pounds gross vehicle weight
rating.

2 SSF is defined as the vehicle’s track width, T, divided by twice its center of gravity height, H; i.e., SSF = T/2H.

3 The committee met four times between April and October 2001, gathering information from a range of in-
terested parties. Members of the committee also visited the Consumers Union Vehicle Test Facility in Con-
necticut, as well as Ford, General Motors, and DaimlerChrysler facilities in the Detroit area. In addition, the
committee reviewed information on motor vehicle rollover from the technical literature, the Internet, NHTSA
dockets, and the popular press.

4 Although not specifically asked to do so by Congress, the committee has included in this report comments on
the relevance of electronic stability control systems to rollover in response to a request from NHTSA.



BACKGROUND

Automobile crashes are complex events involving three main contributing fac-
tors and their interactions: the driver, the driving environment (e.g., weather
and road conditions, time of day), and the vehicle. The crash data files used by
NHTSA to develop its rollover resistance rating system5 include information
characterizing the driver and road conditions associated with the crash. This
information defines different crash scenarios that can be associated with
markedly different risks of rollover. For example, scenarios involving young
drivers (under age 25) or those who have been drinking carry a relatively high
risk of rollover, as do scenarios involving inclement weather or curves in the
road. The important question addressed by this report is the extent to which
the vehicle—and in particular its SSF value—affects the risk of rollover for
different drivers and driving environments.

As noted, in accordance with the requirements of Public Law 106-346,
this study focuses on the potential for reducing the rollover crash rate, as well
as resulting deaths and injuries, by providing consumer information related
to vehicle characteristics, specifically SSF. It is important to remember that
other approaches may be as or more effective. For example, a change in driver
behavior leading to increased seat belt use also could result in a reduction in
rollover-related deaths and injuries; NHTSA estimates that belted occupants
are about 75 percent less likely than unbelted occupants to be killed in a
rollover crash. Furthermore, it is essential to ensure that changes in vehicle de-
sign leading to a reduction in one contributor to overall vehicle risk—such as
rollover—do not compromise other aspects of vehicle safety. Many complex
risk trade-offs need to be considered in pursuing the ultimate goal of improved
road safety.

FINDINGS

The committee’s findings regarding SSF and NHTSA’s star ratings for rollover
resistance are presented below.

Static Stability Factor

NHTSA, vehicle manufacturers, and others have used various static measures
and driving maneuvers to characterize the rollover behavior of vehicles. In de-
veloping its consumer information on rollover, NHTSA selected SSF as an in-
dicator of rollover propensity in single-vehicle crashes. This decision resulted
in part from the ability to measure SSF directly for vehicles, and in part from

2 • NHTSA’s Rating System for Rollover Resistance: An Assessment
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the statistical correlation between observed crash outcomes (rollover or no
rollover) and SSF.

In developing its rating system, NHTSA undertook statistical studies to in-
vestigate the relationship between measured values of SSF for a range of vehi-
cles and corresponding rollover rates determined from crash data. The agency
reviewed crash frequencies and rollover rates, and used data from six states,
selected as representative of national trends, for regression analyses using an
exponential statistical model.6 At the request of the committee, NHTSA con-
ducted additional analyses of these crash data using a logit statistical model.
The agency computed separate rollover curves and associated confidence
bands for different crash scenarios.7 These curves indicate that an increase in
SSF reduces the probability of rollover in the event of a single-vehicle crash,
although this trend is less pronounced for lower-risk scenarios.

Finding 1

Through a rigid-body model, SSF relates a vehicle’s track width, T, and center
of gravity height, H, to a clearly defined level of the sustained lateral accelera-
tion that will result in the vehicle’s rolling over. The rigid-body model is based
on the laws of physics and captures important vehicle characteristics related
to rollover.

Finding 2

Analysis of crash data reveals that, for higher-risk scenarios, SSF correlates
significantly with a vehicle’s involvement in single-vehicle rollovers, although
driver behavior and driving environment also contribute. For these scenarios,
the statistical trends in crash data and the underlying physics of rollover pro-
vide consistent insight: an increase in SSF reduces the likelihood of rollover.

Finding 3

Metrics derived from dynamic testing are needed to complement static mea-
sures, such as SSF, by providing information about vehicle handling character-
istics that are important in determining whether a driver can avoid conditions
leading to rollover.

Executive Summary  • 3

6 NHTSA refers to this as a linear model.

7 In the present context, a crash scenario is defined by a unique combination of driver and environmental vari-
ables likely to affect the outcome of the crash. Such scenarios can be ordered by their observed frequency of
rollovers. When the frequency is low, the scenarios are said to be low risk, and when the frequency is high,
the scenarios are high risk. An example of a high-risk scenario would be one involving a male driver who had
been drinking and was negotiating a curve on a road with a speed limit of 50 mph or greater.



NHTSA’s Star Ratings for Rollover Resistance

NHTSA derived its star ratings for rollover resistance using an exponential
statistical model and regression analysis correlating SSF with crash data. The
agency based the ratings on an average rollover curve calculated using a dataset
comprising single-vehicle crash data from six states. This average rollover curve
gives the rollover risk—defined as the probability of rollover in the event of a
single-vehicle crash—for each value of SSF, assuming an average scenario. Data
on driver and environmental variables were used in estimating the curve. When
developing its ratings, NHTSA did not consider the uncertainty in the average
rollover propensity curve as reflected in the associated confidence bands.

NHTSA partitioned the average rollover curve into five regions, based on
the rollover probability in the event of a single-vehicle crash. If a vehicle’s SSF
corresponds to a rollover probability range of 0–10 percent, as defined by the
average rollover curve, the vehicle is assigned five stars. If its SSF corresponds
to a rollover probability range of 10–20 percent, it is assigned four stars, and
so on. If the vehicle’s SSF indicates that—according to the average rollover
curve—it has a rollover probability of greater than 40 percent in the event of
a single-vehicle crash, it is assigned a one-star rollover resistance rating. Roll-
over curves generated from crash data represent an average over many dif-
ferent vehicle makes and models. Therefore, a data point representing the
probability of rollover in a single-vehicle crash for a given vehicle make or
model may fall above or below the curve.

NHTSA used two series of consumer focus group studies to develop and
evaluate its star rating system. The first series addressed rollover and the ef-
fects of information about rollover on consumers. In the second series, con-
sumer awareness and understanding of rollover problems were explored, and
consumer comprehension of two potential texts aimed at explaining the
agency’s rollover resistance ratings was evaluated. The rollover information
on NHTSA’s website has attracted interest, as indicated by site use statistics.
However, no empirical data on consumers’ use of the ratings were available
to the committee.

Finding 4

NHTSA’s implementation of an exponential statistical model lacks the confi-
dence levels needed to permit discrimination among vehicles within a vehicle
class8 with regard to differences in rollover risk.

4 • NHTSA’s Rating System for Rollover Resistance: An Assessment
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Finding 5

The relationship between rollover risk and SSF can be estimated accurately
with available crash data and software using a logit model. For the analysis of
rollover crash data, this model is more appropriate than an exponential model.

Finding 6

The approximation of the rollover curve with five discrete levels—
corresponding to the five rating categories—is coarse and does not adequately
convey the information provided by the available crash data, particularly at
lower SSF values, where the rollover curve is relatively steep.

Finding 7

There is a gap between recommended practices for the development of safety
information and NHTSA’s current process for identifying and meeting con-
sumer needs for such information. In particular,

• The focus group studies used to develop the star rating system were lim-
ited in scope.

• The agency has not undertaken empirical studies to evaluate consumers’
use of the rollover resistance rating system in making vehicle safety judgments
or purchase decisions.

SUMMARY FINDINGS

The committee has synthesized its findings in the areas of vehicle dynamics, sta-
tistics and data analysis, and consumer information into two summary findings
that respond to the congressional mandate for this study.

Summary Finding 1

SSF captures important vehicle characteristics related to rollover propensity
and is strongly correlated with the outcome of actual crashes (rollover versus
no rollover), as demonstrated by statistical analyses of crash data. Data from
dynamic testing could provide important information on vehicle crash-
avoidance metrics that would complement static measures.

Summary Finding 2

NHTSA’s star ratings for rollover resistance are likely to be of limited use in
presenting practical information to the public because

Executive Summary  • 5



• There were shortcomings in the statistical methodology used to derive
the average rollover curve.

• The approximation of the rollover curve by five discrete rating categories
is coarse and does not adequately convey the degree of resolution among vehi-
cles provided by available crash data.

• The limited procedures used by NHTSA to develop and evaluate the star
rating system do not demonstrate with reasonable confidence the likely effec-
tiveness of the system.

RECOMMENDATIONS FOR A FUTURE APPROACH

The committee concludes that consumer information on motor vehicle rollover
can assist the public in choosing safer cars and encourage manufacturers to
investigate ways of making vehicles less susceptible to rollover. To be com-
prehensive, such information needs to capture

• The results of dynamic tests that assess a vehicle’s control and handling
characteristics, and

• Information from static measures indicative of a vehicle’s rollover
propensity.

In accordance with the requirements of the Transportation Recall 
Enhancement, Accountability, and Documentation (TREAD) Act (Public Law
106-414), NHTSA is investigating several driving maneuver tests for rollover
resistance. Challenges remain in developing the requisite dynamic tests, to-
gether with related consumer information that is technically accurate, as well
as practical and useful to the public. Nevertheless, the committee has not iden-
tified any insurmountable engineering barriers to the development of a repre-
sentative dynamic test (or tests) that would differentiate meaningfully among
vehicles. Similarly, the development of consumer information based on static
measures and dynamic tests appears feasible, particularly if NHTSA takes ad-
vantage of recommended development practices and proven techniques for
communicating risk-based information to consumers.

Despite the absence of technical barriers to providing more comprehen-
sive consumer information on rollover, the protracted history of NHTSA’s
rulemaking initiatives on rollover suggests that the agency may encounter dif-
ficulties in obtaining support for its actions from all the major stakeholders.
Furthermore, vehicle manufacturers, consumer groups, and others involved in
vehicle testing are likely to incur additional costs when NHTSA introduces dy-
namic testing related to rollover. For these reasons, the committee concludes
that consumer information on rollover that captures both static measures and
dynamic test results probably will not be available in the near future.

The current rollover resistance ratings are likely to be of limited use to the
public because of the way in which information on SSF is delivered. However,
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SSF may form a reasonable initial basis for developing consumer information
on rollover until additional measures based on both static metrics and dynamic
testing become available.

Recommendation 1

NHTSA should vigorously pursue its ongoing research on driving maneuver
tests for rollover resistance, mandated under the TREAD Act, with the objec-
tive of developing one or more dynamic tests that can be used to assess tran-
sient vehicle behavior leading to rollover.

Recommendation 2

In the longer term, NHTSA should develop revised consumer information on
rollover that incorporates the results of one or more dynamic tests on tran-
sient vehicle behavior to complement the information from static measures,
such as SSF.

Recommendation 3

NHTSA should investigate alternative options for communicating informa-
tion to the public on SSF and its relationship to rollover. In developing revised
consumer information, NHTSA should

• Use a logit model as a starting point for analysis of the relationship be-
tween rollover risk and SSF.

• Consider a higher-resolution representation of the relationship between
rollover risk and SSF than is provided by the current five-star rating system.

• Continue to investigate presentation metrics other than stars.
• Provide consumers with more information placing rollover risk in the

broader context of motor vehicle safety.

Executive Summary  • 7



Motor vehicle rollovers have been a source of concern for more than
30 years, not only because of the resulting fatalities and injuries, but

also because they carry a relatively high risk of occupant death or injury as
compared with other types of crashes. In 1999, 10,142 people were killed in
light-vehicle1 rollovers—almost a quarter of the 41,717 traffic crash victims
in the United States for that year.2 During the period 1995–1999, 7 percent of
light-vehicle tow-away crashes involved rollover, but these crashes accounted
for 31 percent of light-vehicle occupant fatalities (Kratzke 2001). The risk of
death or injury is particularly high for single-vehicle rollovers, which repre-
sent approximately 80 percent of light-vehicle rollover crashes (Garrott and
Boyd 2001). The Insurance Institute for Highway Safety (2000, 1) has noted
that “single-vehicle crashes involving rollover accounted for 43 occupant
deaths per million registered passenger vehicles in 1999, compared with 10
deaths per million in multiple-vehicle crashes.” In 1999, 8,345 people were
killed in single-vehicle rollovers, representing 26 percent of all light-vehicle
occupant fatalities3 for that year, and during the period 1995–1999, an av-
erage of 19,000 people annually suffered severe injuries in such crashes (Gar-
rott and Boyd 2001). These data indicate that a reduction in light-vehicle
rollovers—particularly those involving single vehicles—would likely lead to
a decrease in the total numbers of occupant deaths and injuries resulting from
motor vehicle crashes.

All automobile crashes—including rollovers—are complex events. Three
main factors, and interactions among them, contribute to a crash: the driver,
the driving environment (e.g., weather and road conditions, time of day), and
the vehicle. Most experts acknowledge that reductions in the number of
deaths and the number and severity of injuries associated with rollover likely
would result from a combination of

• Changes in driver behavior, notably an increase in seat belt use;
• Design improvements in both roadsides and roadside structures, par-

ticularly in rural areas; and

9

1 Light vehicles are defined by the National Highway Traffic Safety Administration (NHTSA) as the combi-
nation of (1) passenger cars and (2) multipurpose passenger vehicles under 10,000 pounds gross vehicle weight
rating.

2 Fatality data taken from the Fatality Analysis Reporting System (FARS) for 1999.

3 Rollover-related fatalities are not evenly distributed across vehicle classes. In 1999, single-vehicle rollover
crashes accounted for 51 percent of occupant deaths in sport utility vehicles, compared with 36 percent of
deaths in pickups and 19 percent of deaths in cars (IIHS 2000).
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• Vehicle modifications that would reduce the likelihood of rollover and
provide additional occupant protection should rollover occur.4

Policy decisions about the need for and scope of federal government action
in one or more of the above areas—and about relative priorities among the three
areas—involve complex technical, social, and financial considerations. The pres-
ent study was requested by Congress to inform its investigation of the rollover
issue, with particular emphasis on the potential role of vehicle characteristics and
related consumer information in achieving a reduction in rollover-related deaths
and injuries. Public Law 106-346 (Department of Transportation and Related
Agencies Appropriations Act, 2001) requires the U.S. Department of Trans-
portation to fund a study by the National Academy of Sciences on “whether
the static stability factor [SSF]5 is a scientifically valid measurement that presents
practical, useful information to the public, including a comparison of the
[SSF] test versus a test with rollover metrics based on dynamic driving con-
ditions that may induce rollover events.”6

NATIONAL HIGHWAY TRAFFIC SAFETY ADMINISTRATION’S 
INITIATIVES ON ROLLOVER

The National Highway Traffic Safety Administration’s (NHTSA’s) formal ini-
tiatives on rollover began in 1973 with the issuance of an advance notice of
proposed rulemaking for a safety standard that would specify minimum per-
formance requirements for rollover resistance. A related program of research
was undertaken to investigate the handling and stability of different types of
vehicles in severe steering maneuvers associated with untripped rollovers.7

Action on the proposed rollover resistance standard was terminated in 1978
because untripped rollover was found to be difficult to predict and to accom-
plish in tests, even on highly skid-resistant surfaces. Computer simulation of
dynamic testing was tentatively identified as a more repeatable alternative to
full-scale track testing (Federal Register 2000).

In the late 1980s, several groups and individuals renewed efforts to per-
suade NHTSA to develop a safety standard for rollover resistance. A 1986 pe-
tition by Congressman Wirth asked NHTSA to establish a standard based on
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4 The characteristics and features of a motor vehicle that affect its safety can be classified into two broad cat-
egories: those helping the driver avoid a crash (crash avoidance) and those helping to protect vehicle occu-
pants from harm during a crash (crashworthiness) (TRB 1996).

5 SSF is briefly defined later in this chapter; detailed technical discussion of its meaning and use is provided in
Chapter 2.

6 The full text of the congressional request is given in Appendix A.

7 Untripped rollovers are defined by NHTSA as those for which there is no apparent tripping mechanism—
such as a curb or roadside feature—other than normal surface friction. Tripped rollovers are defined as those
resulting from contact with a mechanical obstacle (tripping mechanism) such as a curb or other surface irreg-
ularity. NHTSA’s classification of rollovers as either tripped or untripped is discussed in Chapters 2 and 3.



a minimum allowable value of SSF. This request was denied on the grounds
that the proposed approach would “neither adequately encompass the causes
of vehicle rollover nor satisfactorily ameliorate the problem,” although
NHTSA acknowledged that “a vehicle’s stability factor has some relation to
its overall involvement in rollover accidents” (Federal Register 1987). A 1988
petition by Consumers Union for a safety standard to protect vehicle occu-
pants against “unreasonable risk of rollover” led to a 5-year vehicle and data
analysis program during which NHTSA studied more than 100,000 single-
vehicle rollover crashes.

In response to the requirements of the 1991 Intermodal Surface Trans-
portation Efficiency Act, NHTSA issued an advance notice of proposed rule-
making for a minimum performance standard for rollover resistance. In 1994,
this rulemaking effort was terminated on the grounds that a standard based
on static vehicle measurements “would not appreciably decrease crash fatal-
ities and injuries in rollovers” (Federal Register 2000). Similar reasons were
cited in NHTSA’s 1996 denial of a petition from Advocates for Auto and
Highway Safety and the Insurance Institute for Highway Safety to reconsider
the termination of rulemaking on a rollover standard. In addition, the agency
noted that such a standard would eliminate a popular vehicle type—the com-
pact sport utility vehicle (SUV).

The 1994 notice from NHTSA terminating work on the development of
a rollover standard also proposed a new consumer information regulation re-
quiring manufacturers to label vehicles with information on rollover stability
based on either tilt table angle or critical sliding velocity.8 After 20 years spent
considering various options for a rollover standard, NHTSA shifted its focus
to consumer information, and has pursued this approach ever since.

In September 1994, Congress requested a study by the National Acad-
emy of Sciences on the communication of vehicle safety information to con-
sumers, and required NHTSA to review the results of that study before issuing
a final rule on vehicle rollover labeling. Following publication of the study
report, Shopping for Safety (TRB 1996), and a revised rulemaking proposal
from NHTSA, a final rule on a modified SUV rollover warning label was
issued in 1999 (CFR 1999).9 Under the new rule, utility vehicles with a wheel-
base of 110 inches or less are required to have the rollover alert label shown
in Figure 1-1 on the driver side sun visor.

In parallel with its efforts during the late 1990s to develop a revised SUV
rollover warning label, NHTSA initiated a project to develop a dynamic test
for rollover and control stability in light vehicles. This action was taken, in
part, in response to a petition from Consumers Union asking the agency
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8 A discussion of static vehicle metrics, including tilt table angle and critical sliding velocity, is provided in
Chapter 2.

9 Before this rulemaking, small and mid-sized SUVs were required to have a text-only warning label; guide-
lines were provided for label size, style, and content. For the modified warning label, the use of graphics, bright
colors, and short bulleted text messages is mandatory.



to develop a test of vehicle emergency handling and to provide test results on
new vehicles to the public as consumer information. In July 1999, NHTSA
published the results of its research on dynamic emergency handling maneu-
vers that can induce on-road, untripped rollover (Garrott et al. 1999). The
agency concluded that “several maneuvers appear to be able to discriminate
between vehicles [that have] low static and dynamic rollover propensity mea-
sures and those that do not.”

NHTSA’s work on dynamic testing is continuing in response to the re-
quirements of the Transportation Recall Enhancement, Accountability, and
Documentation (TREAD) Act of November 2000 (Public Law 106-414). This
legislation requires NHTSA to develop a dynamic test for consumer infor-
mation on rollover, conduct appropriate tests, and determine how best to dis-
seminate the resulting information to the public. These actions are to be
completed by November 1, 2002. In July 2001, NHTSA issued a request for
comment on its plans to evaluate several driving maneuver tests for rollover
resistance in accordance with the requirements of the TREAD Act (Federal
Register 2001b).

In June 2000, NHTSA issued a request for comments on a proposed roll-
over consumer information program based on SSF (Federal Register 2000). As
noted in the request for comments, this recent initiative reflects a change in
NHTSA’s focus from untripped to tripped rollovers, and a resulting reassess-
ment of the agency’s previous view (Federal Register 1987) regarding the effi-
cacy of SSF:

Since the vast majority of rollovers are tripped, we have now decided
that primary consumer information should be based on factors rele-
vant to tripped as well as untripped rollover, and we have reconsid-
ered the merits of Static Stability Factor as an indicator of rollover
risk for consumer information. (Federal Register 2000)

Crash reports in the National Automotive Sampling System Crash-
worthiness Data System distinguish between tripped and untripped rollovers,
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FIGURE 1-1 Rollover alert label. (SOURCE: CFR 1999.)



although it is generally acknowledged that practical difficulties in interpreting
field data can make such a distinction difficult (Woodill and Brophy 2001).
According to NHTSA’s National Center for Statistics and Analysis, the vast
majority of rollovers are tripped.10 An average of 7,866 untripped rollovers
occurred annually during the period 1992–1996, constituting approximately
4 percent of all rollover crashes involving cars, light trucks, and vans (Fed-
eral Register 2000).

NHTSA’s STAR RATINGS FOR ROLLOVER RESISTANCE

In January 2001, NHTSA issued its final rule to provide consumers with star
ratings for rollover resistance based on SSF (Federal Register 2001a). The de-
finitions of the star ratings are given in Box 1-1. A five-star rating indicates the
highest rollover resistance and a one-star rating the lowest. The ratings pro-
vide an estimate of the probability of rolling over in a single-vehicle crash,
but do not predict the likelihood of that crash or the type or severity of injuries
expected.

Rollover resistance ratings for several vehicles have been incorporated
into NHTSA’s New Car Assessment Program (NCAP). This program is the
main source of information on motor vehicle safety made available to con-
sumers by the federal government. NCAP provides information on frontal
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10 As discussed in Chapters 2 and 3, this report is not concerned with making the distinction between tripped
and untripped rollovers.

BOX 1-1
NHTSA’s Rollover Resistance Ratings

In a single-vehicle crash, a vehicle with a rating of

Five stars ★★★★★ has a risk of rollover of less than 10 percent.
Four stars ★★★★ has a risk of rollover between 10 percent

and 20 percent.
Three stars ★★★ has a risk of rollover between 20 percent

and 30 percent.
Two stars ★★ has a risk of rollover between 30 percent

and 40 percent.
One star ★ has a risk of rollover greater than 40 percent.

SOURCE: Federal Register 2001a.



and side crash ratings, as well as rollover resistance ratings, for the most pop-
ular light vehicles (passenger cars, SUVs, light trucks, and vans). Each of the
individual ratings uses the star system, with five stars indicating the best per-
formance and one star the worst.

In general, SUVs receive between one and three stars for rollover resis-
tance, pickup trucks between one and four stars, vans two or three stars, and
passenger cars four or five stars. The rollover information on NHTSA’s web-
site (www.nhtsa.dot.gov) includes guidance on interpreting the ratings, and
notes that, “[as with] side crash ratings, it is possible to compare vehicles from
different classes when looking at rollover resistance ratings.” Information is
provided on what consumers can do to reduce rollover risk; the importance
of wearing a seat belt to reduce the risk of death or serious injury in a rollover
crash is emphasized. The value of SSF, which as noted forms the foundation
for NHTSA’s ratings for rollover resistance, is listed for each rated vehicle.

Static Stability Factor

The SSF of a vehicle is defined as its track width, T, divided by twice its center
of gravity height, H; i.e., SSF = T/2H. The at-the-curb value of H is typically
just over 20 inches for a passenger car and several inches higher for an SUV.
The corresponding values of SSF are approximately 1.35–1.45 for passenger
cars and 1.05–1.20 for SUVs (Heydinger et al. 1999). Typically, loading the
vehicle changes the center of gravity height. For many SUVs, the center of grav-
ity height increases—and SSF decreases—when the vehicle is loaded because
the loads are placed above the center of gravity of the empty vehicle. For many
passenger cars, loading results in a minimal change in center of gravity height
and SSF (Heydinger et al. 1999).

According to NHTSA’s analyses of 220,000 actual single-vehicle crashes,
taller, narrower vehicles, such as SUVs, are more likely than lower, wider
vehicles, such as passenger cars, to trip and roll over (NHTSA 2001). NHTSA’s
five-star rollover resistance rating system is based on a statistical correlation
between SSF and probability of rollover in a single-vehicle crash, as determined
from crash data (Federal Register 2000, 2001a). The number of stars awarded
to a vehicle depends on the value of SSF, as shown in Table 1-1.
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Star  Comments
1 1.03 or less  
2 1.04–1.12
3 1.13–1.24

Typical SSF values 
for SUVs 

4 1.25–1.44
5 1.45 or more

Typical SSF values  

SSF

for passenger cars 

TABLE 1-1 Relationship Between NHTSA’s Rollover 
Resistance Star Ratings and SSF Values



Reactions to the Ratings

Automobile manufacturers and some consumer groups have expressed con-
cern about NHTSA’s decision to base the five-star ratings for rollover resistance
on SSF alone (see, for example, Alliance of Automobile Manufacturers 2000;
Consumers Union 2000), and view the use of a purely static metric, with no
consideration of dynamic vehicle behavior, as a serious deficiency in NHTSA’s
ranking of rollover propensity. During its meetings with representatives of
automobile manufacturers, the committee established that SSF is one of
many metrics—both static and dynamic—that are taken into consideration
in optimizing overall vehicle performance. The meaning and use of a variety
of static vehicle metrics, as well as features of dynamic testing, are discussed
in Chapter 2.

The Alliance of Automobile Manufacturers (2000) has further criticized
NHTSA’s rollover resistance ratings on the grounds that (a) the ratings are
based on flawed statistical analyses, and (b) consumers are likely to be misled
and confused by the star rating system. These issues are addressed in Chap-
ters 3 and 4, respectively.

As noted during presentations to the committee (see Appendix B), other
groups, including Advocates for Highway and Auto Safety (2000) and Public
Citizen (2001), have acknowledged NHTSA’s rollover resistance rating system
as a step in the right direction from the consumer’s perspective, but regard
it as insufficient to protect the American public from the injuries and fatalities
resulting from rollover crashes. Some of these groups believe a rollover per-
formance standard that reduced the likelihood of rollover would be more ef-
fective than consumer information in addressing the fundamental causes of the
rollover problem. The committee was unable to obtain any empirical data on
the reactions of consumers themselves to NHTSA’s rollover resistance ratings,
other than limited information on visits to the rollover sections of the agency’s
website (see Chapter 4).

CONSUMER INFORMATION ON MOTOR VEHICLE SAFETY

Meeting Consumer Needs

As noted earlier, in 1994 Congress requested that the National Academy of Sci-
ences conduct an independent study of consumer needs for automotive safety
information. The authors of the resulting report, Shopping for Safety (TRB
1996), recommended a number of short-term improvements to existing auto-
motive safety information, as well as the longer-term development of new sum-
mary measures to provide consumers with comparative safety information on
overall vehicle performance. Such summary measures were identified as poten-
tially more helpful than currently used data in informing consumers’ vehicle
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buying decisions. Progress on developing summary measures and their rele-
vance in informing the public about rollover are discussed briefly in Chapter 4.

Stimulating Improvements in Vehicle Safety

One of the most important effects of consumer information is that it stimu-
lates manufacturers to modify their products. In the field of automotive safety,
NCAP scores for crashworthiness have improved steadily since the program’s
inception in 1978, with the largest improvements coming early on. A real-
world reduction in the likelihood of fatality for drivers involved in head-on
crashes similar to those simulated by the NCAP test is attributed, at least in
part, to the NCAP program (TRB 1996). The Insurance Institute for High-
way Safety’s frontal offset crash test program also has resulted in significant
improvements in vehicle design; among 32 updated vehicle designs tested
since 1995, 20 have obtained improved ratings (IIHS 2001).

The incorporation of a rollover resistance rating into NCAP could result
in automobile manufacturers modifying vehicle designs to obtain higher rat-
ings for their products. Five-star NCAP crash ratings are often featured by
manufacturers when marketing vehicles to safety-conscious consumers. How-
ever, it is essential to avoid unintended—and detrimental—consequences in
modifying a vehicle to improve a single aspect of its performance. The numer-
ous and complex trade-offs involved in the vehicle design and development
process make improving safety overall particularly challenging. Vehicle de-
signers must ensure that vehicles remain safe in a wide range of maneuvers
while also endeavoring to respond to consumer preferences regarding vehi-
cle ride and handling. In light of the numerous factors that contribute to over-
all vehicle safety, techniques such as quantitative risk assessment (see Box 1-2)
may be helpful in informing decisions about vehicle safety initiatives11 and
placing individual risks in their proper context.

An improvement in rollover resistance could degrade other aspects of ve-
hicle performance and compromise occupant safety in a variety of nonrollover
driving scenarios. For example, several manufacturers have pointed out to
NHTSA that some changes designed to improve a vehicle’s tilt table perfor-
mance12 could degrade its control and handling attributes (Federal Register
2000). Similarly, the likelihood of experiencing two-wheel lift in an obstacle-
avoidance maneuver13 can be reduced by fitting very “slippery” tires, which
also result in a loss of directional control and severe difficulty in steering the
vehicle around bends, corners, or obstacles. Nevertheless, experience with the
NCAP frontal and side crash ratings and the Insurance Institute for Highway
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11 The use of consumer information, as opposed to regulation, may not lead to optimal outcomes (see, for
example, TRB 1996, Chapter 4).

12 An explanation of tilt table metrics is given in Chapter 2.

13 Obstacle avoidance maneuvers are discussed in Chapter 2.



Safety’s frontal offset crash rating indicates it is possible for vehicles to achieve
good ratings in several categories simultaneously.

STUDY APPROACH AND ORGANIZATION OF REPORT

To respond to the congressional study request contained in Public Law
106-346, the Committee for the Study of a Motor Vehicle Rollover Rating
System undertook three main tasks:

• A comparison of the information provided by the SSF static metric with
that obtained from tests of dynamic vehicle performance;
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BOX 1-2
Quantitative Risk Assessment

The large number of vehicles and their accident histories provides ana-
lysts with a robust database for conducting studies on how to improve
vehicle safety. Generally, an analysis of accident statistics leads to an
understanding of the factors contributing to accidents and provides 
important insights for improving future designs of vehicles, roads, and
driver training programs. The committee used statistical analysis in 
assessing NHTSA’s rollover resistance rating system.

The committee briefly considered alternatives to the analysis of
accident statistics for developing insights on how to improve vehicle
safety—alternatives that do not depend on an extensive accident his-
tory. The analysis technique known as quantitative risk assessment
(QRA) was developed to assess the likelihood of major accidents 
involving nuclear power plants for which there is little or no accident
history. The foundations of QRA are rooted in uncertainty analysis
and probability theory (see, for example, Garrick and Kaplan 1995).
The technique has contributed to improved safety of nuclear facilities
throughout the world, and also has proved to be a powerful analytical
tool for improving safety in other fields, including marine, chemical,
space, defense, and transportation systems.

Future studies addressing broad issues of vehicle safety could bene-
fit from the use of the QRA thought process for scenarios for which
there is little or no experience—for example, the impact of new vehicle
types on the national vehicle mix or the influence of innovative high-
way systems on traffic flows. Vehicle manufacturers and government
agencies involved in transportation likely would find QRA helpful in
analyses of future systems and associated impacts on public safety.



• An assessment of whether SSF is a valid measure of vehicle rollover
propensity, as indicated by the involvement of vehicles with a range of SSF val-
ues in actual rollover crashes; and

• An assessment of whether vehicle test results, both static and dynamic,
can be interpreted and used by consumers in making informed decisions about
vehicle purchases.

The vehicle dynamics of rollover is described in Chapter 2, which also in-
cludes discussion of static measures and dynamic vehicle testing. The mandate
for this study did not require the committee to comment on NHTSA’s dynamic
vehicle testing activities under the TREAD Act or to recommend one or more
dynamic vehicle tests as a basis for consumer information on rollover. Within
the context of its charge, however, the committee has provided some comments
on the use of dynamic testing in investigating rollover crashes and the associ-
ated challenges. Although not specifically asked to do so by Congress, the com-
mittee has also included in this chapter comments on the relevance of electronic
stability control systems to rollover, in response to a request from NHTSA.

Chapter 3 presents the committee’s review of the statistical analyses used
by NHTSA as the foundation for its five-star rating system for rollover resis-
tance. Statistical analyses of rollover crash data have been conducted by
Exponent Failure Analysis Associates, Inc. (Exponent) at the request of the
Alliance of Automobile Manufacturers (Donelson et al. 2000; Donelson and
Ray 2001). The committee has considered these studies within the broad con-
text of its assessment, but a detailed commentary on Exponent’s methodology
and results was judged to be beyond the scope of the present study.

The committee’s assessment of NHTSA’s consumer information on roll-
over is presented in Chapter 4. In the absence of empirical data on consumers’
use of this information, the committee assessed the practicality and usefulness
of the rollover resistance ratings by extrapolating from research on a range of
consumer products, using its judgment, and evaluating the process used by
NHTSA to develop the ratings. The committee’s assessment also draws on the
findings and recommendations of the Committee for the Study of Consumer
Automotive Safety Information, which prepared the report Shopping for
Safety (TRB 1996).

Finally, the committee’s major findings and recommendations for a future
approach are presented in Chapter 5.
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Vehicle rollover is a complex event that has been the subject of many in-
vestigations since the 1950s.1 The term “rollover” describes the condi-

tion of at least a 90-degree rotation about the longitudinal axis of a vehicle.2

When lateral forces create a large enough roll moment about the vehicle’s
center of gravity for a sufficient length of time, the vehicle will roll over.
These lateral forces can be generated under a variety of conditions, such as
contact with a mechanical obstacle (a curb, pothole, or furrow plowed during
an off-road maneuver), or during maneuvers on the roadway.

A wide variety of testing has been performed in an effort to understand
rollover. Vehicle tests and simulations typically deal with the onset of roll-
over rather than a full 90-degree roll. Testing generally falls into one of two
categories:

• Static testing is performed in the laboratory. It may involve the mea-
surement of vehicle parameters (e.g., center of gravity height, track width)
that are then combined to yield static metrics related to a vehicle’s rollover
propensity—for example, static stability factor (SSF). Alternatively, static tests
of entire vehicles, such as the tilt table and side pull tests described later in this
chapter, may be performed to obtain data that can be correlated with a vehi-
cle’s rollover propensity.

• Dynamic testing is performed on a test track and involves driving ma-
neuvers. Although dynamic tests are potentially helpful in understanding the
events immediately preceding rollover, they are expensive and require safety
precautions for test drivers. Furthermore, repeatability may be difficult to
achieve. In view of the challenges associated with dynamic testing, computer
stimulations have been undertaken using mathematical models to predict
vehicle behavior associated with rollover.

This chapter responds to the congressional request for “a comparison of
the static stability factor test versus a test with rollover metrics based on
dynamic driving conditions that may induce rollover events.” Following some
brief background, the chapter provides a review of static measures of rollover
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1 For a review of the literature on rollover, see Lund and Bernard (1995a).

2 The Crashworthiness Data System (see Chapter 3) also classifies “end over end” rotation about the lateral
axis of a vehicle as a rollover, contrary to the normal vehicle dynamics definition of the term. However, end-
over-end rollovers typically constitute a very small proportion (on the order of 2 percent) of the total number
of rollovers.

2
Vehicle Dynamics



propensity, with particular emphasis on SSF. Discussion of the different phases
of a rollover crash then illustrates the complementary nature of static measures
and dynamic tests, and makes the case for dynamic testing. Next, some general
comments are provided on dynamic testing and the associated challenges fac-
ing the National Highway Traffic Safety Administration (NHTSA) in its task,
mandated under the Transportation Recall Enhancement, Accountability, and
Documentation (TREAD) Act, of developing dynamic tests pertinent to con-
sumer information on rollover. The chapter concludes with the committee’s
findings and recommendations in the area of vehicle dynamics.

BACKGROUND

With few exceptions, vehicles that may roll over during a vehicle test are con-
strained by outriggers that prevent rollover. Test engineers define the onset
of roll in a variety of ways. Most conservatively, the onset of roll is defined
as at least one wheel leaving the ground during the course of a test; less con-
servative definitions require two-wheel liftoff or contact of the outriggers
with the test pad.

From the viewpoint of simulation, the onset of rollover may also be
determined in a variety of ways. The vehicle model leading to SSF character-
izes the onset of rollover as a scenario in which the lateral forces become large
enough that, if they continue long enough, rollover must result. As Figure 2-1
indicates, T is the track width (strictly, the average of the front and rear track
widths), and H is the height of the vehicle’s center of gravity. SSF is defined as
the track width divided by twice the center of gravity height; i.e., SSF = T/2H.
The theoretical basis for SSF calls for rollover if the sum of the lateral forces
on the tires, divided by the weight of the vehicle, is greater than T/2H for
a sufficient length of time (Gillespie 1992).

Using more complex models, analysts focus on the instant when both of
the normal forces between the tire and the road on one side of the vehicle drop
to zero in the course of a given maneuver. Alternatively, incipient roll can be
categorized by the instant in time when the vehicle’s center of gravity moves be-
yond the balance point above the leading side tires, as illustrated in Figure 2-2.

Rollover events are sometimes classified as either tripped or untripped. A
rollover that occurs as a result of forces on the tire created by a mechanical
obstacle, such as a curb or other surface irregularity (e.g., a furrow plowed
during an off-road maneuver), is described as tripped. In contrast, a rollover
is described as untripped if the vehicle rolled solely as a result of the lateral
forces created at a smooth tire–road interface. As discussed in Chapter 3, the
National Automotive Sampling System Crashworthiness Data System cate-
gorizes rollovers as either tripped or untripped on the basis of interpretation
of crash scene and vehicle inspections, as well as other supporting evidence.
However, the physics governing the motion of vehicles reveals that it is the
magnitude and duration of the forces on the vehicle that determine whether
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FIGURE 2-1 Important dimensions relating to SSF.
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FIGURE 2-2 Vehicle at incipient rollover (the
balance point). (NOTE: Fy = lateral force; N = normal
force; W = weight of vehicle.)



a rollover will occur (see the later discussion of SSF). Therefore, the present
discussion focuses on the magnitude of the forces rather than the mechanism
of force generation, and is not concerned with making the distinction between
tripped and untripped rollovers.

STATIC MEASURES OF ROLLOVER PROPENSITY

Several static measures and tests have been developed to characterize a vehi-
cle’s rollover propensity (see, for example, Lund and Bernard 1995b). The
commonly cited measures fall into two categories:

• Quantities such as SSF and critical sliding velocity (CSV) that are cal-
culated from measured vehicle parameters; and

• Quantities derived from tests of entire vehicles—notably the tilt table
test, side pull test, and centrifuge test—that depend on experimental results
instead of measurements of vehicle dimensions and inertial properties.

The following discussion addresses the advantages and disadvantages of
these different static measures, with particular emphasis on SSF—the metric
that forms the basis for NHTSA’s star ratings for rollover resistance.

Static Stability Factor

When a vehicle has a velocity vector at a large angle from the direction in which
it is aligned, the tire–road interface can generate large lateral forces on the tires,
as illustrated in Figure 2-3. Assuming a rigid-body model, that is, a model that
does not deflect under the influence of the applied forces, straightforward
physics yields the insight that if the sum of the lateral forces on all four tires is
large enough for a sufficiently sustained period of time, the vehicle will roll
over. Note that the rigid-body model cannot predict time-dependent details of
the rollover, which are scenario-specific. Simulation of time-dependent roll-
over requires a much more complex model (see, for example, Chrstos and
Heydinger 1997).

In particular, the vehicle model predicts rollover if, for a sufficiently
sustained period of time

ΣF > W(T/2H) (1)

where W is the weight of the vehicle, ΣF indicates the sum of the lateral
forces on all four tires, and T/2H is the vehicle’s SSF.

Relationship 1 is often viewed another way. Fundamental physics
states that

ΣF = ma (2)
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where a is the lateral acceleration, and m is the mass of the vehicle (= W/g,
where g is the gravitational constant).

It follows directly from Relationship 1 and Equation 2 that if, for a sus-
tained period of time,

a/g > T/2H (3)

the vehicle model will predict rollover. This relationship is a scientifically
valid statement of the physics of the motion of this vehicle model and the cor-
nerstone of the utility of SSF. In particular, the model predicts that rollover
will occur when the lateral acceleration in g’s exceeds the SSF for a sustained
period of time.

Consider now Relationship 3 in the context of a smooth road surface. For
the scenario depicted by Figure 2-3, it is common to characterize the relation-
ship between the lateral forces on the tires and the normal load upward on the
tires by a coefficient of friction, µ. This can be stated as

ΣF = µW (4)

That is, the sum of the lateral forces is equal to the product of a tire–road
friction coefficient, µ, and the weight of the vehicle. In this case, Relationship 1
yields the information that if, for a sustained period of time,

µ > T/2H (5)
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FIGURE 2-3 Lateral forces leading to rollover: plan view with steered
wheels to the front. (NOTE: xy axis = vehicle coordinate axis; Frl = lateral force on
the rear left tire; Ffl = lateral force on the front left tire; Frr = lateral force on the rear right
tire; Ffr = lateral force on the front right tire; and CG = center of gravity.)



rollover will occur. For a good dry paved surface, µ may be in the neighbor-
hood of 0.9; for a wet or icy surface, µ is considerably less.

The importance of Relationship 5 is that if situations such as that depicted
in Figure 2-3 continue for a long enough period of time, the model yields
rollover if the friction coefficient characterizing the tire–road interface exceeds
the SSF. If µ is relatively low, as on a wet or icy road, the vehicle will slide
rather than roll because the lateral forces will be small, and the lateral accel-
erations will be far less than T/2H. In other scenarios not involving a smooth
road surface, the large lateral forces resulting in rollover can be generated by
interactions between the tire(s) and a curb, a pothole, a roadside slope, a fur-
row plowed during an off-road maneuver, or some other tripping mechanism.

The model that leads to Relationships 3 through 5 presumes that the ve-
hicle is a rigid body. For real vehicles, rollover is expected in maneuvers that
are less severe than called for by Relationships 3 through 5 because T is re-
duced as a result of lateral compliance of the suspension and tires, suspen-
sion kinematics (geometry changes), and body roll. In addition, for large roll
angles, H can be increased by suspension kinematics. In particular, the lat-
eral acceleration that, in time, produces rollover is lower than the level called
for by Relationship 3. Thus for a real vehicle, Relationship 5 indicates that
rollover is expected even if µ is less than T/2H. In each case, a 15 percent
lower rollover threshold is a reasonable expectation, with the variation
among particular vehicles being significant (Lund and Bernard 1995b).

More detailed mathematical models can yield information about the de-
crease in lateral acceleration that causes rollover compared with the value in-
dicated by SSF. In a generic sense, simple additions to the model that yields
SSF give an indication of the likely decrease (see, for example, Bernard et al.
1989). However, the provision of information applicable to specific vehicles
requires far more detail. Furthermore, implementing vehicle-specific details in
a complex simulation involves a great deal more time and expense than test-
ing the vehicle itself. Thus the compelling feature of SSF, as seen in Relation-
ships 3 through 5, is that it provides a clearly defined bound: if the sustained
lateral acceleration exceeds this bound, rollover occurs. Follow-up analysis,
not obvious from the preceding discussion, indicates that although the lateral
acceleration in g’s can exceed T/2H for a short time without causing rollover,
the more this acceleration exceeds T/2H, the less will be the time to rollover.
Rollover events involving very large lateral accelerations far in excess of T/2H
g are sometimes classified as tripped rollovers.

Critical Sliding Velocity

Like SSF, CSV is calculated using measurements of vehicle parameters. CSV
is an estimate of the minimum sideways velocity required for a vehicle to
just barely tip over as a result of sliding sideways into a curb, as illustrated
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schematically in Figure 2-4. [A simple derivation of CSV is presented by
Meriam (1959) and Jones (1973), with slightly more complicated versions
presented by Lund and Bernard (1995a).] Like SSF, CSV increases when
track width increases and decreases when center of gravity height increases.
A criticism of this measure is that it is based on the presumption of no en-
ergy loss after the collision with the curb, thus ignoring important losses in
the suspensions (Gillespie 1992). Furthermore, in contrast to SSF, which
is about equally sensitive to changes in T and H, CSV is much more sensi-
tive to T than to H. This greater sensitivity derives from CSV’s focus on curb
trip as opposed to the more general focus of SSF—a vehicle sliding out of con-
trol on a smooth surface (Lund and Bernard 1995b).

Tilt Table Ratio

To determine tilt table ratio (TTR), the vehicle is positioned at rest on a table.
As indicated by Figure 2-5, the table is tipped up until the (restrained) vehicle
attempts to roll downhill. TTR is the tangent of the angle of the table when
the front and rear wheels on the uphill side of the vehicle first lift up. If the
suspension of the vehicle and its tires were rigid rather than compliant, the
measurement of TTR would be the same as SSF.

Some believe TTR is a better measure than SSF and CSV because it in-
cludes some of the effects of the compliance of the suspensions and tires. Thus,
TTR yields a lower threshold of minimum lateral acceleration needed to pro-
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duce a rollover than is the case with SSF. The flaw in the test is that as the table
is tipped up, the total weight supported by the tires (perpendicular to the tilt
table) drops, and the suspension tends to move into rebound (i.e., the suspen-
sion loads drop) and away from the curb equilibrium position. This in turn
causes the vehicle center of gravity to move away from the tilt table, and thus
makes the car more prone to rollover than it would be on a horizontal surface.

There is also a potential undesirable consequence of using TTR to assess
rollover propensity. In some cases, measured TTR values can be increased by
altering suspensions in a way that degrades vehicle directional response. In par-
ticular, best test results are obtained by having front and rear uphill wheels lift
at the same time. This means vehicles with balanced front and rear roll stiffness
will yield better TTR test results than otherwise similar vehicles with unequal
roll stiffness, even though unequal roll couple distribution often produces im-
proved dynamic performance (Federal Register 2001). Thus, a vehicle rating
system that used TTR to rank rollover propensity could encourage undesirable
design trade-offs and vehicles with inferior directional response characteristics.

Side Pull Test

The side pull test provides another static measure of vehicle rollover propen-
sity; Figure 2-6 shows a schematic of a side pull test facility. In this case, test
engineers pull the vehicle sideways with a horizontal force at the height of
the vehicle’s center of gravity. If there were no compliance in the suspensions
and tires, the force required to tip the vehicle over, divided by the weight of
the vehicle, would be the same as the SSF. Because of suspension and tire
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FIGURE 2-7 Schematic of centrifuge test. (SOURCE: Federal Register 2001.)

compliance, however, the side pull test yields results lower than SSF; in other
words, it predicts a lower sustained lateral acceleration level required for
vehicle rollover. As in the case of TTR, some believe the inclusion of suspen-
sion and tire compliances makes the side pull test superior to SSF. Detractors
point out that the side pull test has one of the same flaws as TTR: it is possi-
ble in some cases to obtain improved results by making suspension changes
that degrade the vehicle’s directional response. Furthermore, the side pull test
is difficult to perform.

Centrifuge Test

Another vehicle-based static measure of rollover propensity derives from the
centrifuge test, illustrated in Figure 2-7. The centrifuge device uses an arm
attached to a powered vertical shaft. The test vehicle is parked on a horizontal
platform at the end of the arm. As the platform rotates, the parked vehicle is
subjected to lateral acceleration. When the lateral acceleration is high enough,
the vehicle will tip up against its restraints. If there were no compliance in sus-
pensions and tires, the acceleration required to tip the vehicle up would be the
same as that predicted by SSF. A positive aspect of this test is that, as with TTR
and side pull, compliance in the tires and suspensions influences the measure-
ments. This test also shares an important flaw with TTR and side pull: it is pos-
sible in some cases to obtain improved results by making suspension changes
that degrade the vehicle’s directional response (Federal Register 2001).



Summary

In summary, SSF is an important indicator of vehicle rollover propensity. Based
on a rigid-body model of a vehicle, it relates easily measured vehicle param-
eters to a level of sustained lateral acceleration that leads to vehicle rollover.
Real vehicles roll over at lower sustained levels of lateral acceleration than
the accelerations predicted by SSF.

There are comparable static metrics derived from measurement of vehicle
parameters (CSV, TTR) or from tests of entire vehicles (side pull and centrifuge
tests). All things considered, SSF is preferable to CSV because its underlying
model is better, and it has a wider range of applicability. Furthermore, unlike
the tilt table, side pull, and centrifuge tests, SSF does not encourage vehicle
designs that could, in some circumstances, lead to undesirable trade-offs
affecting directional response.

There remains the concern that SSF is overly broad-brush because it does
not address the question of how the vehicle might have gotten into situations
such as that illustrated in Figure 2-3. In short, why did the vehicle start slid-
ing sideways in the first place? And if the out-of-control vehicle had been
equipped with a stability control system, would the vehicle have remained
under control? These questions cannot be addressed by static measures; to
resolve them, dynamic testing is required.

NEED FOR DYNAMIC TESTING

Both vehicle design and driver skill influence the way a vehicle handles in any
maneuver. During transient maneuvers involving high lateral acceleration,
many vehicle design parameters have been shown to have an effect on vehicle
handling behavior (e.g., front-to-rear roll couple distribution, roll axis loca-
tion, tire behavior, suspension characteristics, and roll resonant frequency, to
name a few). The handling characteristics of the vehicle during such a maneu-
ver have a significant influence on the ability of the driver to maintain control
of the vehicle in an emergency situation. Under such circumstances, and before
control of the vehicle is lost, there are significant differences among vehicles.
These differences cannot be understood on the basis of static metrics.

Consider, for example, Figure 2-8. At the left side of the figure (Phase 1)
the vehicle is under control. In the left section of the middle portion of the
figure (Phase 2), both driver control inputs and vehicle characteristics deter-
mine the outcome of the maneuver. In this region, particularly at its very start
where loss of control begins, all vehicle braking, acceleration, and handling
characteristics could be important, depending on the control inputs selected
by the driver. The driver inputs are limited to three: use of the steering wheel,
the brake pedal, and the accelerator pedal. As loss of control progresses from
mild to severe (the right section of the middle portion of Figure 2-8), driver
inputs and vehicle design parameters become less important. Finally, the right
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side of the figure (Phase 3) shows the vehicle out of control, in a situation
analogous to that of Figure 2-3. Once the vehicle is in this configuration, SSF
and the terrain over which the vehicle is moving are the dominant deter-
minants of whether rollover will occur. The main motivation for dynamic
testing is the need to understand the transition region of Figure 2-8, where
driver actions, vehicle design, and such features as electronic stability control
are important.

Electronic Stability Control

Some manufacturers are now offering computer-controlled systems that
attempt to stabilize the vehicle early in the transition region of Figure 2-8. There
are several trade names for these systems, but they all fall into the category of
electronic stability control.

Electronic stability control systems monitor a vehicle’s movement and
the direction the driver is steering by measuring such items as steering wheel
position, vehicle speed, and rate of rotation of the vehicle about its vertical
axis (yaw rate). If the driver inputs and the vehicle response do not corre-
spond, a computer attempts to enhance the driver’s ability to maintain con-
trol of the vehicle by selectively braking individual wheel(s) or changing
power applied to the wheels. These computer-adjusted control inputs3 cause
the vehicle to conform more closely to a trajectory estimated from vehicle
sensors as that desired by the driver.

Electronic stability control systems are able to stabilize a vehicle only if
there is sufficient reserve frictional capacity between the selected wheel or
tire and pavement to generate a force at the tire in the right direction to sta-
bilize the vehicle. The merit of these systems lies in preventing a vehicle from
entering a situation leading to the out-of-control region in which rollover oc-
curs (Phase 3 in Figure 2-8).

Static measures such as SSF do not provide information about the per-
formance of electronic stability control systems. Such an assessment requires
dynamic testing.4

Complementarity of Static Measures and Dynamic Testing

On the basis of discussions with a wide range of interested parties (see Ap-
pendix B), the committee concluded that there is broad agreement among in-
formed constituencies that static metrics such as SSF are valuable in assessing
a vehicle’s rollover propensity. Nevertheless, because SSF does not provide

3 Current systems involve selective braking and engine power reduction. Future systems are likely to include
steering and selective power injection to individual wheels as well.

4 The example of antilock brakes indicates that caution is needed in extrapolating the results of track testing
to real-world experience.



insights into how vehicles get out of control, it cannot yield an understanding
of a rollover crash in its entirety, from initiation to final outcome. Gaining
this understanding requires investigation of the transition region illustrated
in Figure 2-8.

DYNAMIC TESTING: FEATURES AND CHALLENGES

Important Features

The characteristics that distinguish dynamic testing from other vehicle tests
are the transient nature of the controls applied to the vehicle and the vehicle’s
subsequent transient response. Dynamic tests can address one of three possi-
ble regimes: the normal driving range, which includes lateral accelerations up
to about 0.3 g on a smooth, dry surface; the midrange of lateral acceleration,
usually up to about 0.5 g on a smooth, dry surface; or the very high range of
lateral acceleration. Typically, tests well above the range of 0.5 g of lateral ac-
celeration on a dry surface are referred to as limit maneuvers, that is, maneu-
vers that test the limits of vehicle performance.

There is an important difference between testing in the range of normal
driving and testing near the limits of vehicle performance. In the normal driving
range, a few tests can provide information applicable to other scenarios in
that range. In contrast, near the limits of vehicle performance, vehicle re-
sponse to input controls is scenario-specific. In short, results from one test
conducted near the limit of vehicle performance are not necessarily a reliable
indicator of the results to be expected from another such test.

Dynamic testing, from the normal driving range through limit maneu-
vers, is pursued by every major automobile and truck manufacturer, various
government and consumer agencies, and popular enthusiast magazines. The
tests performed take different forms, reflecting the variety of interests of the
test designers. Those interests determine why the tests are conducted, and
include vehicle design, comparative evaluation of vehicles, regulatory devel-
opment, and research.

Challenges

Section 12 of the TREAD Act directs NHTSA to “develop a dynamic test on
rollovers by motor vehicles for a consumer information program; and carry
out a program conducting such tests.”5 These tests will be limit maneuvers.

Since the results of all limit maneuvers depend on the particular scenario
used for the test, the development of dynamic tests for rollover is challenging.
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The challenge is to choose scenarios that have broad applicability, with the
understanding that the results do not cover all situations that could lead to
rollover. An additional challenge is that vehicle manufacturers and consumer
groups have experience with the tests they currently use.6 They likely will be
required to duplicate any new tests mandated at their own facilities. Such tests
either will replace or will be added to current test protocols, and in either case,
manufacturers, consumer groups, and others involved in vehicle testing will
incur additional expense.

A further difficulty is that any test chosen and incorporated into regula-
tions will influence manufacturers’ designs. Given the complex trade-offs
associated with vehicle design, NHTSA will be challenged to select one or more
dynamic tests that will not have unintended detrimental consequences as
manufacturers pursue a competitive advantage by designing to the test(s).

The tests recommended by NHTSA in response to the TREAD Act will
need to be repeatable. That is, it will be expected that the tests can be repeated
at the same track on the same day under nearly identical conditions with highly
similar results. Furthermore, it will be desirable, though not expected, that the
tests can be repeated with similar results from one test track to another. Re-
producibility from track to track is problematic, however, because limit ma-
neuvers are affected by environmental conditions. In particular, the coefficient
of friction between the tires and the track varies from place to place.

In any discussion of the repeatability of the results of limit maneuver
tests, an additional challenge arises: the need to choose between closed-loop
and open-loop tests, each of which has its proponents. Some favor closed-
loop tests, in which human drivers encounter situations that test roll stability.
Others favor open-loop tests, in which the control inputs to the vehicle are
predetermined and delivered to the vehicle in a highly repeatable way, often
with a computer-based controller.

An advantage of closed-loop testing is that there can be a satisfying intu-
itive match between the tests and the challenges faced by human drivers.
An example of such a test is the Consumers Union double-lane-change short-
course avoidance maneuver, which is designed to simulate real-world situa-
tions in which a driver needs to avoid an obstacle in the road. This test is used
to determine the maximum speed at which a test driver can navigate a course
involving a series of sharp turns. On the other hand, closed-loop tests are some-
times criticized because the drivers have too great an influence on the outcome.

An advantage of open-loop testing is that the outcome of the test is not
driver-dependent. An example of an open-loop test is the fishhook test now
under development by NHTSA (Federal Register 2001). In fishhook tests,
vehicles under computer control execute a precisely controlled steering input
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one way, followed, at a time signaled by the on-board computer, by a precisely
controlled steering input the other way. Such tests are sometimes criticized
on the grounds that the maneuvers are not similar to those made by drivers
on the road (Federal Register 2001).

From the perspective of the controls input to the vehicle, it is clear that
open-loop testing is more repeatable than closed-loop testing and, in that
sense, more objective. Debate remains, however, as to whether open-loop
tests provide information that pertains to real-world driving experiences. The
committee regards this as an area in which legitimate differences of opinion
can exist. Should NHTSA rely on open-loop testing, it will be incumbent on
the agency to provide the rationale linking the open-loop scenarios selected
to actual driver experiences.

Summary

In summary, SSF is a scientifically based static measure that provides infor-
mation on a vehicle’s rollover propensity in out-of-control situations. Dynamic
testing provides information on a vehicle’s crash-avoidance characteristics; it
discriminates among vehicles with a similar SSF but a different likelihood of
getting into out-of-control situations. Both static measures and dynamic test-
ing are needed to investigate a rollover crash in its entirety, from initiation to
final outcome. A suitable dynamic test protocol should, at a minimum, make
it possible to segregate driver or vehicle systems that are susceptible to loss of
control from those that are more robust.

FINDINGS AND RECOMMENDATION

Findings

2-1. Through a rigid-body model, SSF relates a vehicle’s track width, T, and
center of gravity height, H, to a clearly defined level of the sustained lat-
eral acceleration that will result in the vehicle’s rolling over. The rigid-
body model is based on the laws of physics and captures important
vehicle characteristics related to rollover.

2-2. SSF is preferable to other static measures as an indicator of a vehicle’s
rollover propensity.

2-3. Dynamic testing is needed to understand the loss-of-control phase of a
crash in which driver actions, vehicle design, and such features as stabil-
ity control are important. The development of one or more appropriate
dynamic tests will require complex choices and extensive evaluation of
test options.

2-4. Dynamic testing is required to assess the performance of electronic sta-
bility control systems and their potential for reducing the likelihood of
a loss of control before rollover.
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Recommendation

2-1. NHTSA should vigorously pursue the development of dynamic testing
to supplement the information provided by SSF.
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The National Highway Traffic Safety Administration’s (NHTSA’s) final
rule regarding consumer information on rollover resistance (Federal Reg-

ister 2001) notes that “the effect of SSF [static stability factor] must be shown
to have a significant influence on the outcome of actual crashes (rollover vs.
no rollover) to be worth using for consumer information.” To this end, the
agency undertook a statistical study to investigate the relationship between
measured values of SSF for a range of vehicles and corresponding rollover
rates determined from real-world crash data (Federal Register 2000). The
agency subsequently conducted further statistical analyses in response to
public comment on the first study (Federal Register 2001).

As noted in Chapter 1, rollover crashes are complex events influenced by
driver characteristics, the driving environment, and the vehicle and the in-
teraction among the three. Therefore, one of the challenges in analyzing
rollover crash data is to isolate the effect of a particular variable—such as
SSF—from that of other variables. Differences in rollover risk1 due to how,
when, where, and by whom a vehicle is operated complicate comparisons of
the rollover risk of different vehicles. NHTSA’s analyses of crash data in-
volved the use of binary-response models. A binary-response model is a re-
gression model in which the dependent variable (outcome of the crash) is
binary (“rollover” or “no rollover”). NHTSA used such models to study the
effect of various explanatory variables—such as driver characteristics, envi-
ronmental conditions, and vehicle metrics—on the probability of rollover.

According to NHTSA, the results of its statistical analyses reveal that, in
the event of a single-vehicle crash, the effect2 of SSF on the probability of
rollover is highly important, even when driver characteristics—such as age—
and environmental characteristics—such as road and weather conditions—
contribute to the crash. This statistical correlation between SSF and the
probability of rollover is the foundation for NHTSA’s star rating system for
rollover resistance and for the one- to five-star ratings assigned to different
vehicles.

1 For consistency with NHTSA’s analyses, rollover risk is defined as the probability of rollover in the event of
a single-vehicle crash. In the present context, rollover risk does not predict the likelihood of a single-vehicle
crash or the type or severity of injuries expected.

2 The analyses described in this chapter demonstrate that there is a causal relationship between SSF and the
probability of rollover, but it is difficult to isolate the causal effect from confounded effects using data on
past crashes. Confounding occurs if variables that are correlated with both SSF and the probability of
rollover are omitted.

3
Statistics and Data Analysis
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This chapter presents the committee’s review of the statistical analyses
that form the basis for NHTSA’s rollover resistance rating system. The re-
sults of additional statistical analyses performed by the agency at the com-
mittee’s request are also discussed. The purpose of all these analyses was
to investigate what crash data indicate about the effect of SSF on a vehi-
cle’s propensity to roll over. The chapter begins with a review of the avail-
able sources of crash data and a description of the data selected by NHTSA
for use in its analyses. Some basic statistical ideas and the notation used in
the chapter are then presented. The next section describes the binary-response
models used by NHTSA in constructing a rating system. The influence of the
driver and driving environment on the probability of rollover is then exam-
ined in depth, and a preliminary estimate of a nonparametric version of the
binary-response model for rollovers is presented. Next, the potential—from
a statistical perspective—of the binary-response models used by NHTSA to
provide practical, useful information to the public is examined. The chapter
concludes with a summary of the committee’s findings and recommendations
in the area of statistics and data analysis.

ROLLOVER CRASH DATA

This section begins with a brief overview of the major sources of data avail-
able to NHTSA for the purposes of its statistical analysis of rollover crashes.
The rationale behind the agency’s choice of crash data is then reviewed, with
particular emphasis on the selection of data from six states for use in con-
structing the rollover resistance rating system.

Crash Data Files

Four major databases maintained by NHTSA have the potential to support
evaluation of rollover collisions, including rollover rates:

• State Data System (SDS);
• Fatality Analysis Reporting System (FARS);
• General Estimates System (GES); and
• Crashworthiness Data System (CDS).

Table 3-1 summarizes the key features of these databases. All four in-
clude some information on rollover crashes. As indicated in the table, how-
ever, there are variations in the numbers of rollovers reported and in the level
of detail provided about each crash (e.g., extent of injuries or information on
crash site).
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Database Key Features Data on Rollover Crashes       
State Data 
System 
(SDS) 
 

• Contains police-reported crash data 
collected in 17 states 

• Crash files developed and maintained by 
responsible agency in each state 

• Large amount of rollover crash data 
available 

• Need to be aware of state-to-state 
differences in road characteristics, 
driver use patterns, and reporting 
practices 

Fatality 
Analysis 
Reporting 
System 
(FARS) 

• Data for all fatal crashes in the country 
occurring on public roads 

• Data obtained from police crash reports, 
driver licensing files, vehicle registration 
files, hospital records, and other sources 

• Used to generate NHTSA’s annual 
publication Traffic Safety Facts 

• Moderate number of rollover crashes 
• Restriction to fatal crashes limits use 

for examining propensity of vehicles to 
roll over under the full range of 
possible collision types 

 

General 
Estimates 
System 
(GES) 

• Part of National Automotive Sampling 
System (NASS); became operational in 
1988 

• Approximately 50,000 crashes included 
annually 

• Data acquired from sample of police-
reported crashes in 400 jurisdictions 
within 60 areas across the United States  

• Can be used to produce national estimates 
of crash-related safety problems at all 
levels of injury severity, from property-
damage–only to fatal 

• System relies on sampling, so number 
of rollover crashes is relatively small 
compared with datasets within SDS 
database 

•    Estimates of rollover rates, injury 
severity, and other characteristics 
associated with rollover crashes should 
provide reasonable national estimates 
of the problem, provided the sampling 
is not biased 

 

Crash-
worthiness 
Data 
System 
(CDS) 

• Part of NASS 
• Includes detailed postcrash data collected 

by trained investigators 
• 4,000–5,000 crashes included annually, 

selected randomly from a sample of 
national jurisdictions; includes all levels 
of injury severity 

• Data acquisition includes detailed review 
of crash site, examination of vehicle(s) 
involved, review of medical records of 
injured, and interviews with crash victims 

•      Expensive to develop 

• Contains most-detailed crash data 
available in any national file, including 
an entire subset of variables associated 
with rollover 

• Does not contain sufficient numbers of 
rollover crashes to be useful for 
modeling analysis 

• Used by NHTSA to assess relative 
frequencies of “investigator defined” 
tripped and untripped rollovers 

TABLE 3-1 Features of NHTSA’s Major Crash Databases

Rationale Behind NHTSA’s Selection of Data

The crash data used by NHTSA to develop statistical models are derived
from police crash reports and form part of the SDS. The decision to use data
from specific states within the SDS was driven largely by the desire to have a
robust data set for the analysis. The GES and CDS were judged inappropri-
ate because the numbers of rollover crashes reported in these databases are
relatively small. And although the FARS database includes a moderate num-
ber of rollovers, the restriction to fatal crashes limits the range of crash sce-
narios represented in which a vehicle may overturn.

Although the police-reported data in the SDS are the most important in
understanding NHTSA’s modeling efforts, the three other databases man-
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aged by NHTSA and listed in Table 3-1 are often referenced in reports and
documents addressing the rollover crash problem.

All three of these databases were considered by NHTSA in the process
of identifying appropriate data for statistical modeling. Thus although the
FARS, GES, and CDS databases were deemed inadequate, they were useful
in informing NHTSA’s analyses.

Importance of Single-Vehicle Crashes

NHTSA’s analyses used SDS crash data relating to single-vehicle events only
(see below). Indeed, although FARS and GES data were not used to derive
the statistical correlation between rollover rates and SSF, these data highlight
the preponderance of rollover-related deaths and injuries associated with
single-vehicle crashes. For example:

• Analysis of 1999 FARS data shows that 82 percent of light-vehicle
rollover fatalities were associated with single-vehicle crashes.

• According to 1999 FARS data, rollover accounted for 55 percent of
all occupant fatalities for single-vehicle crashes involving light vehicles.

• GES data for the period 1995–1999 indicate that, on average, 241,000
light vehicles rolled over each year nationwide. Of this total, 205,000 (85 per-
cent) were single-vehicle events that resulted in 46,000 severe (incapacitating)
or fatal injuries.

Tripped Versus Untripped Rollover

The CDS database—part of the National Automotive Sampling System
(NASS)—identifies many different categories of rollover, including “trip-
over” (also known as tripped rollover) and “turn-over” (also known as un-
tripped rollover).3 The different rollover types coded in the CDS database
are determined primarily from crash scene and vehicle inspections, with ad-
ditional evidence derived from photographs, police reports, and interviews
with drivers and others.4 It is widely acknowledged that the interpretation
of crash scene evidence can be problematic, with resulting uncertainties in dis-
tinguishing between tripped and untripped rollovers. In 1998, the coding of
a number of crashes in the CDS database for the period 1992–1996 was re-
visited, and revisions were made. In particular, many of crashes originally coded
as untripped were recoded as tripped (NHTSA 1999). NHTSA has sought to
demonstrate that the vast majority of single-vehicle passenger-vehicle rollovers
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are tripped. According to the agency’s analysis of CDS data for the period 1992
through 1996, more than 95 percent of single-vehicle crashes involving
rollover were tripped (NHTSA 1999; Federal Register 2001).

As noted in Chapter 2, it is the magnitude and duration of the forces on
a vehicle—rather than the tripping mechanism—that determine whether
rollover occurs. In light of this observation, as well as the practical difficul-
ties involved in distinguishing the two categories of rollover, tripped and un-
tripped rollovers are not addressed separately in the present discussion.
Moreover, the SDS data used by NHTSA in developing its rollover proba-
bility model and subsequent rating system do not distinguish between the
two types of rollovers, and crash data for both types were included in the
agency’s statistical analyses.

State Selection

NHTSA’s analyses were based on SDS data for specific states, selected on the
basis of the following criteria (Federal Register 2000):

• The state had to participate in the SDS and must have provided data
for 1997.5

• The vehicle identification number (VIN) had to be included in the elec-
tronic file.

• The file had to include a variable indicating whether a rollover oc-
curred as either the first or a subsequent event in the crash.

NHTSA selected six states for modeling: Florida, Maryland, Missouri,
North Carolina, Pennsylvania, and Utah. The corresponding single-vehicle
crash data were used in the modeling analysis that resulted in the curve used
to establish the star rating values for individual vehicle models. Data from
New Mexico and Ohio were also used for some of the supporting analyses,
but were not included in the modeling efforts because of differences in crash
reporting practices.

Single-vehicle crashes served as the exposure measure for assessing the
relative magnitude of the rollover problem (i.e., number of rollover events or
number of single-vehicle crashes). The crashes included in the analysis were
single-vehicle collisions for all light vehicles (less than 10,000 pounds gross
vehicle weight) between 1994 and 1998 (see Table 3-2). Such crashes were
defined as not involving another motor vehicle, pedestrian, bicyclist, animal,
or train. Special classes of vehicles were also excluded from the analysis,
notably emergency vehicles (e.g., fire, ambulance, police, or military),
parked vehicles, and vehicles pulling a trailer. The total number of single-
vehicle crashes initially included in the dataset was 227,194.
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NHTSA identified 100 different vehicle make and model combinations,
each with a unique SSF (see Federal Register 2001, Appendix I). All the 227,194
single-vehicle crashes in the dataset involved vehicles with VINs that matched
one of the 100 groups. However, any of the 100 make and model groups for
which there were fewer than 25 crashes were excluded from the analysis. The
final dataset used for analysis comprised 226,117 crashes in 87 make and
model groups. Of these crashes, 45,574 (20.16 percent) resulted in rollover.

In light of NHTSA’s responsibilities for establishing national policy and
providing information relevant at the national level, it is important that the
rollover crash data used to derive consumer information be representative
of all states. Hence, the agency undertook an additional effort that involved
using the GES database to determine whether the rollover rate for a national
sample of single-vehicle crashes was similar to the rate for the six states in-
cluded in the original analysis. Using GES data for 1994 through 1998 (the
same years as the SDS data), a total of 9,910 vehicles were identified that
(1) had VINs that placed them in the group of 100 make/model categories,
and (2) were involved in single-vehicle crashes. Of these vehicles, 2,377
rolled over. After applying the appropriate weighting factors to account for
the GES sampling scheme, NHTSA obtained national estimates for single-
vehicle crashes and subsequent rollover crashes of 1,185,474 and 236,335,
respectively. The resulting rollover rate was 19.94 percent—essentially the
same as the rate of 20.16 percent derived for the six states used in the mod-
eling analysis.

BACKGROUND AND NOTATION

This section reviews some basic statistical ideas relevant to the present dis-
cussion, together with the notation used in statistical analyses of rollover
crash data. As stated earlier, NHTSA’s rollover resistance rating system is
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Calendar Year of Data  
State Total 
Florida 10,766 10,832 45,619 
Maryland 23,101 
Missouri 41,030 
North Carolina 8,555 
Pennsylvania 9,303 a 48,861 
Utah 

Total 227,194 

SOURCE:  Federal Register 2001.     

 

a1998 data for Pennsylvania were not used because they did not contain curve and grade variables.   

1998 19971995 19961994

4,974
9,620

58,58412,86613,60912,88010,674
8,9578,9887,4646,001
4,9575,0794,2963,795

9,5528,2956,174

9,9992,4762,3381,9551,7311,499
40,76855,51251,9844,360335,327

11,143 13,530 14,885

TABLE 3-2 Single-Vehicle Crash Frequencies for Six States 
Included in Modeling Analysis



based on a binary-response model of rollover events. The dependent variable
and explanatory variables of the model are first described, and the specifica-
tion of the relation between the dependent variable and explanatory vari-
ables is then discussed. Finally, the concept of the rollover curve—the basis
for NHTSA’s rating system—is introduced, and two interpretations of this
curve are presented.

Dependent and Explanatory Variables

The binary-response model for rollovers states that the probability of rollover,
given that a single-vehicle crash has occurred, is a certain function of selected
explanatory variables. Let Y denote the dependent variable in a binary-response
model of rollovers. This variable Y is equal to 1 if there is a rollover and 0
otherwise. Thus, the probability of a rollover is the probability that Y = 1.
This probability depends on the values of the explanatory variables incor-
porated in the model.

The commonly used explanatory variables include driver characteristics,
environmental variables, and vehicle metrics. An example of a driver vari-
able is YOUNG (Z1), where Z1 = 1 if the driver is under 25 years old and 0
otherwise. An example of a road condition variable is CURVE (Z2), where
Z2 = 1 if the crash occurred on a curve area and 0 otherwise. An example of
a vehicle metric is SSF, which is denoted by X.

The explanatory variables are typically divided into two groups: the
vehicle metrics are in one group and the driver characteristics and environ-
mental variables in the other. This latter group defines what is called a sce-
nario. Let Z denote the array of driver and environmental variables. To
simplify the exposition, suppose a scenario is defined by one driver variable
and one environmental variable, unless noted otherwise. In this case, Z has
only two components: Z = (Z1, Z2). If a scenario is defined by the variables
YOUNG and CURVE, there are four possible scenarios: (0,0), (0, 1), (1,0),
(1,1). For example, the scenario (1,1) describes the case of a single-vehicle
accident involving a young driver on a curve.

SSF is the only vehicle metric used by NHTSA for the purpose of con-
structing a rating system. However, because driver and environmental vari-
ables also may be important in determining rollover risk, variables in these
other categories were considered as well. These variables are explained in
Table 3-3. The criterion for the selection of the driver and environmental
variables was the availability of appropriate data both within the GES and
for the six SDS states used in NHTSA’s analysis. The variables ultimately
considered in the models were DARK, STORM, FAST, HILL, CURVE,
BADSURF, MALE, YOUNG, OLD, and DRINK (see Table 3-3).

NHTSA also included the six SDS states as explanatory variables. An ex-
ample of a state variable is S1, say, where S1 = 1 if Florida is the state in which
the single-vehicle crash occurred and 0 otherwise. The need for these state-
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based variables is explained by the known differences among states in crash
reporting practices (see Federal Register 2001, Table 5), roadway character-
istics, driver demographics and vehicle usage patterns, and other such factors.

As discussed in Chapter 2, physics indicates that SSF is an indicator of a
vehicle’s rollover propensity. The purpose of the statistical analysis is to in-
vestigate what the crash data indicate about the effect of SSF on a vehicle’s
propensity to roll over and whether the magnitude of this effect depends on
driver and environmental variables. The example of a double-decker bus
illustrates the complexities involved in interpreting the results of such crash
data analyses. The double-decker bus has a low SSF. This fact does not auto-
matically imply that accident data for the double-decker bus will show that
SSF is strongly correlated with the incidence of rollover, because the accident
history depends on the bus driver and the driving conditions as well as on SSF.
If a double-decker bus is normally driven by a professional driver in an urban
area, the number of accidents is likely to be low, and in the accidents that do
occur, there are likely to be relatively few rollovers. This example illustrates
that the scenario can attenuate the observed effect of SSF. At the same time,
however, the accident history in this example does not negate the fundamen-
tal physics of rollover. Thus SSF remains important in determining a vehicle’s
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Variable
ROLLa Proportion of single-vehicle crashes that involved a rollover 
SSFa Numeric value of static stability factor 
DARKa Proportion of single-vehicle crashes that occurred during darkness 
STORMb Proportion of single-vehicle crashes that occurred during inclement weather 
RURAL Proportion of single-vehicle crashes that occurred in rural areas 
FASTb Proportion of single-vehicle crashes that occurred on roadways where the 

speed limit was 50 mph or greater 
HILLb Proportion of single-vehicle crashes that occurred on a grade, at a summit,  

or at a dip 
CURVEb Proportion of single-vehicle crashes that occurred on a curve 
BADROAD 
 

Proportion of single-vehicle crashes that occurred on roads with potholes or 
other bad road conditions 

BADSURFa Proportion of single-vehicle crashes that occurred on wet, icy, or other bad 
surface conditions 

MALEb Proportion of single-vehicle crashes involving a male driver 
YOUNGb Proportion of single-vehicle crashes involving a driver under 25 years old 
OLDb Proportion of single-vehicle crashes involving a driver age 70 or older 
NOINSURE Proportion of single-vehicle crashes involving an uninsured driver 
DRINKb Proportion of single-vehicle crashes involving a driver who was drinking or 

using illegal drugs 
NUMOCC Average number of vehicle occupants 

a Variable included in models.
b Environmental or driver variable found statistically significant in models.

SOURCES:  Federal Register 2000, 2001 (Table 7).  

Definition

TABLE 3-3 Variables Available for Inclusion in NHTSA’s 
SSF-Rollover Rate Model



rollover propensity, as discussed in Chapter 2, although its influence is not
clearly manifested in the crash data because the double-decker bus is rarely
involved in higher-risk scenarios, and these vehicles experience relatively few
rollovers.

Functional Forms

The statistical problem is to estimate the probability that Y = 1 (i.e., the prob-
ability of a rollover), considered as a function of the explanatory variables.
For this purpose, the conventional approach is to specify what is called a
parametric binary-response model. In this approach, the form of the relation
between the probability that Y = 1 and the explanatory variables is assumed
known, while the values of certain parameters in the relationship are to be de-
termined. Linear regression analysis is a well-known example of this approach.
In linear regression analysis, the relation between the dependent and explana-
tory variables is assumed to be linear, but the values of the coefficients in the
linear relation are assumed to be unknown. In the case of a binary-response
model, the relation between the probability that Y = 1 and the explanatory
variables is generally assumed to be nonlinear.

Following the parametric approach, suppose that the true probability
that Y = 1 given that Z = z and X = x is

P(Y = 1Z = z, X = x) = F(α0 + α1z1 + α2z2 + βx) (1)

where the function F specifies the relation between the probability that Y = 1
and the explanatory variables. The assumption is that the functional form F
is known and that the values of the parameters α0, α1, α2, and β are unknown.
The typical assumption is that F is a cumulative distribution function. The
commonly used distribution functions are smooth S-shaped curves.

The most widely used binary-response models are logit and probit mod-
els. A binary-response model is referred to as a logit model if F is the cumu-
lative logistic distribution function and as a probit model if F is the cumulative
normal distribution function. NHTSA employed a logit model in its statisti-
cal analysis of rollover crash data. Generally, both types of models produce
highly similar statistical results because the logistic and normal distributions
are both symmetrical around zero and have very similar shapes, except that
the logistic distribution has fatter tails.

The problem is to estimate the unknown parameters. The parameters
of logit and probit models are typically estimated by maximum likelihood,
and this is the estimation method used by NHTSA for its logit model. The
maximum-likelihood estimator has good properties in large samples.6 In par-
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ticular, it is asymptotically efficient; that is, it is the precise estimator in large
samples.

Rollover Curve and Interpretations

The rating system proposed by NHTSA is based on SSF. Suppose that the
(true) probability that Y = 1 given that X = x is

P(Y = 1X = x) = G(β0 + β1x) (2)

where the functional form G is known, and the parameters β0 and β1 are
unknown. This model gives the relation between the probability that Y = 1
and X. This relation is called the rollover curve. The physics of rollover
strongly suggests that the rollover curve is downward sloping; that is, the
probability that Y = 1 decreases as SSF increases.

The rollover curve has two interpretations, depending on how the model
G(β0 + β1x) is derived. In one interpretation, the rollover curve gives the
average of the rollover probability for each value of SSF, where the average
is taken over the scenarios. In this case, the rollover curve can be estimated
using data on only one explanatory variable, namely SSF. In the other inter-
pretation, the rollover curve gives the rollover probability for the average sce-
nario. In this case, data on driver and environmental variables, as well as SSF,
are used in estimating the curve. Either approach can be used to estimate the
rollover curve, although the two approaches yield different results (see
Box 3-1). NHTSA has employed the second approach extensively in esti-
mating the rollover curve. This is a reasonable choice provided the aver-
age scenario is an empirically relevant baseline for comparing vehicles.

STATISTICAL MODELS

NHTSA’s initial analysis of single-vehicle crash data was based on an expo-
nential model—a type of model that is little used in the statistical literature.
The current rating system for rollover resistance was constructed using an
estimated rollover curve also based on an exponential model. The uncertain-
ties associated with this estimated rollover curve were not considered in de-
riving the star rating categories. Subsequently, NHTSA conducted further
analyses using a logit model, which, as noted earlier, is a widely used type of
binary-response model. The results obtained using the logit model are pre-
sented below.

Following a brief discussion of issues related to uncertainty in estimating
statistical models, this section describes exponential and logit parametric
binary-response models. The rollover curves and associated confidence in-
tervals obtained by NHTSA in its analyses are then considered.
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BOX 3-1
Two Interpretations of the Rollover Curve

Taking the average of the rollover probability for each value of SSF,
where the average is taken over the scenarios, the average rollover
probability is

P(Y = 1X = x) = Σ
z
[P(Y = 1Z = z, X = x) P(Z = zX = x)]

In contrast, the rollover probability for the average scenario is

P*(Y = 1X = x) = P(Y = 1Z = z
_
, X = x)

where z
_

= (z
_

1, z
_

2 ) is the array of the sample means of the scenario
variables. The two formulas for the rollover curve do not produce the
same result:

P(Y = 1X = x) ≠ P*(Y = 1X = x)

The first formula can be written as

P(Y = 1X = x) = Σ
z

F(α0 + α1z1 + α2 z2 + βx) P[Z = (z1, z2)X = x]

which says that P(Y = 1X = x) is a weighted average of functions.
The weighted average P(Y = 1X = x) = G(β0 + β1x) can be estimated
using data on only one explanatory variable, namely SSF. The second
formula can be expressed as

P*(Y = 1X = x) = F(α0 + α1z
_

1 + α2z
_

2 + βx)

which says that P*(Y = 1X = x) is a function of the average scenario.
In this case, F(α0 + α1z1 + α2z2 + βx) has to be estimated to estimate
P*(Y = 1X = x); that is, the data on driver and environmental vari-
ables are also used in the estimation. The reason P(Y = 1X = x) ≠
P*(Y = 1X = x) is that the average of the function is not the function
of the average when the function is nonlinear. NHTSA has employed
the second formula extensively in estimating the rollover curve.



Confidence Intervals

In reporting the results of estimation, it is good statistical practice to include
some information on the reliability of the estimator—that is, the extent to
which the estimate varies from sample to sample. The confidence interval for
a parameter is a well-known statistical tool for evaluating the reliability of
an estimator of a parameter. The parameters of interest here are the rollover
probabilities in single-vehicle crashes. The width of the confidence interval
associated with an estimated rollover probability reflects the uncertainty
about the true value of the probability; a longer confidence interval indicates
greater uncertainty. The larger the sample of crash data used in the estima-
tion, the narrower is the width of the confidence interval for the true rollover
probability, all other things being equal. Hence, a more reliable estimate of
the model—and of the rollover curve—is expected from a large than from a
small sample.

In the present case, NHTSA’s dataset comprising more than 226,000
single-vehicle crashes constitutes a large sample, suggesting that the confi-
dence intervals for the rollover probabilities derived are very narrow. This
suggestion is confirmed when the data are analyzed using a logit model.
Specifically, statistically reliable estimates of the rollover probabilities are ob-
tained when the logit model is estimated by maximum likelihood from the
ungrouped binary data. Consequently, statistical uncertainty about the
rollover curve is not an issue when the logit model is used. However, NHTSA
initially estimated a version of the exponential model using grouped data
(make and model data). The associated confidence intervals were computed
using formulas appropriate for the standard normal linear model and are rel-
atively wide. The rollover probabilities can be estimated reliably provided
the appropriate statistical methodology is used. The following discussion
provides further insights into the issue of model choice.

Exponential Model

The exponential model is as follows:

P(Y = 1Z = z, X = x) = e(α 0 + α 1 z1 + α 2 z 2 + β x) (3)

Taking the logarithm of both sides, this model can be written as

log(P) = α0 + α1z1 + α2 z2 + βx (4)

NHTSA refers to this model as a linear model. In principle, Formulation 3
can be estimated directly from binary data. In contrast, Linear Model 4 is es-
timated from grouped data. The exponential model, in either its original for-
mulation or its logarithmic version, is seldom used for analyzing binary data.
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NHTSA estimated a version of the linear model using grouped data.
Using these data, the unknown probability P is replaced by a sample pro-
portion, p. This replacement yields the model

log(p) = α0 + α1z1 + α2 z2 + βx + � (5)

where � is an error term that is approximately normally distributed. The model
based on grouped data can be estimated by ordinary least squares. A better
(more efficient) estimation method is to use weighted least squares because
the variance of the sample proportion is not the same for all values of SSF.

NHSTA estimated a linear model that included SSF and the six state
dummy variables as explanatory variables. The grouped data used to estimate
the linear model were obtained as follows. The crash data were grouped into
100 make and model groups. As noted earlier, only 87 groups were used in the
analysis because groups with fewer than 25 crashes were excluded (Federal
Register 2001). All vehicles in a make or model group have the same SSF. The
make and model groups were then sorted by state, producing 542 state and
model groups. Again some groups were excluded because of the small number
of crashes involved. NHTSA’s estimation was based on 518 state make and
model groups, that is, a sample of 518 observations. The proportion of rollovers
was computed for each state make and model group.

At the request of the Alliance of Automobile Manufacturers, Exponent
Failure Analysis Associates reviewed NHTSA’s statistical analyses of crash
data that serve as the basis for the star rating system for rollover resistance.
As part of this review, Exponent (Donelson and Ray 2001) calculated confi-
dence intervals for the rollover probabilities using formulas that are appro-
priate in the case of the standard linear normal regression model. NHTSA
redid these calculations and obtained essentially the same results as Exponent.
Figure 3-1 shows the estimated rollover curve and the 95 percent confidence
intervals obtained by NHTSA.

The confidence intervals in Figure 3-1 are wide when SSF is low and be-
come progressively narrower as SSF increases in value. Thus, for a sport util-
ity vehicle (SUV) with an SSF of 1.1, the rollover probability in the event of
a single-vehicle crash is approximately 0.26–0.42; this vehicle would receive
a rollover resistance rating of one to three stars. In contrast, a passenger car
with an SSF of 1.4 has a rollover probability of approximately 0.10–0.17 and
would be assigned a four-star rating. What this analysis appears to show is
that the uncertainty associated with the estimates is too large to permit ac-
curate discrimination among SUVs. If this analysis is correct, a rating system
based on a linear model does not provide information that can be used to dis-
tinguish among the rollover propensities of different SUVs.

NHTSA also calculated the confidence intervals using data that had been
adjusted for national average road use and for differences in reporting prac-
tices. The resulting intervals are narrower because the adjustments smooth
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the grouped data; that is, they reduce the scatter of the sample proportions
about the estimated rollover curve.

The confidence intervals reported in Figure 3-1 are based on a flawed sta-
tistical analysis. The flaw is that the confidence intervals calculated by Ex-
ponent and NHTSA depend only on the number of make and model groups,
ignoring the states. For purposes of illustration, assume there are 100 make
and model groups. If the number of crashes in the crash dataset is doubled,
there are still 100 make and model groups. Thus, the confidence intervals do
not shrink as expected with an increase in the number of crashes in the data-
set. Hence, an increase in the size of the crash dataset does not improve the
accuracy of the estimates according to the formulas employed by Exponent
and NHTSA. This result indicates that something is wrong with the method
used to calculate the confidence intervals shown in Figure 3-1.

Technically speaking, the widths of the confidence intervals depend on
the estimated variances and covariances of the estimates of the parameters of
the linear model. In the formulas used by Exponent and NHTSA, the esti-
mated variances and covariances depend only on the number of make and
model groups, not on the number of crashes in the dataset.

The make and model data have engendered confusion about the role of
the rollover curve. If the objective is to estimate the true probability of rollover
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FIGURE 3-1 Estimate of probability of rollover and 95 percent confi-
dence intervals for exponential model.



for a given make or model group, then the best estimate of the rollover prob-
ability is obtained from the history of crashes for that group. In particular, the
best estimate is the sample proportion of rollovers calculated from the crash
data for that make or model. This is to say that the sample mean is the best
estimate of the population mean. The implicit assumption is that a crash data-
set is available for a given make or model—there is a history. Hence, if the ob-
jective is to estimate the make or model rollover probability for an old make
or model group, there is no reason to estimate the rollover curve.

For new make and model groups there is no crash history, or a very lim-
ited one; that is, the crash dataset contains a small number of crashes, if any.
The problem then arises of how to predict the rollover probability for these
make and model groups. The rollover curve provides a solution, assuming
that the relation between the rollover probability and SSF is the same for new
as for old makes and models. What is known about the new make or model
is its SSF. Given the SSF of the new make or model, the estimated rollover
curve can be used to predict the rollover probability.

Logit Model

The logit model is as follows:

P(Y = 1Z = z, X = x) = 1/[1 + exp (−α0 − α1z1 − α2 z2 − βx)] (6)

Taking the logarithm of both sides, this model can be written as

log[P /(1 − P)] = α0 + α1z1 + α2 z2 + βx (7)

where P/(1 − P) is called the odds ratio. The first formulation of Model 6 can
be estimated from binary data by maximum likelihood. The software for
maximum-likelihood estimation of Model 6 is widely available. The loga-
rithmic version can be estimated by using grouped data.

A comparison of the logarithmic versions of the exponential and logit
models shows that if the functional form of the logit model is correct, the
functional form of the exponential model is misspecified. The logit and ex-
ponential functional forms cannot both be correct simultaneously.

There are two approaches for obtaining tight confidence intervals for the
rollover probabilities. One is to estimate the exponential model by maximum
likelihood using the ungrouped binary data. A more attractive approach is
to switch to the logit model. As a practical matter, maximum-likelihood es-
timation of the logit model with ungrouped data can easily be implemented
with available off-the-shelf statistical software. From a theoretical point of
view, the logit model has more desirable properties than the exponential
model. For example, an important property of the logit model is that it con-
strains true probabilities to lie between 0 and 1, and similarly for the prob-
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FIGURE 3-2 Estimated probability of rollover and 95 percent confi-
dence intervals based on maximum-likelihood estimation of a logit
model using data from six states combined (n = 206,822).

abilities estimated by maximum likelihood. The same is not the case for the
exponential model. The confidence intervals for the rollover curve based on
the logit model are presented below.

The committee asked NHTSA to calculate the large-sample 95 percent
confidence intervals for rollover probabilities based on maximum-likelihood
estimation of the logit model using ungrouped binary data. The logit model
included as explanatory variables SSF, driver and environmental variables,
scenario dummy variables, and five state dummy variables (Missouri, the
sixth state, was used as the baseline). The formula for the large-sample con-
fidence interval is available in the statistical literature (see, for example,
Greene 2000, p. 824). The estimated rollover curve and the 95 percent con-
fidence intervals using the data for the six states combined are shown in Fig-
ure 3-2.7 The maximum-likelihood estimates of the parameters of the logit
model are reported in Appendix C.8

The first point to note is that an increase in SSF reduces the probability
of rollover. The second point is that the widths of the confidence intervals
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are very narrow—about 0.01 or less for all values of SSF. These confidence
intervals for the rollover probabilities are very narrow because the size of the
crash dataset is very large; as discussed above, the widths of the confidence
intervals shrink as the size of the crash dataset increases.

The confidence intervals displayed in Figure 3-2 suggest that, from a sta-
tistical perspective, it is possible to discriminate meaningfully among the re-
ported rollover rates for vehicles within a single vehicle class using the logit
model. The range of SSF for the four vehicle types used in the analysis is plot-
ted in Figure 3-2 for comparison. These ranges are 1.00 to 1.20 for SUVs,
1.03 to 1.28 for pickup trucks, 1.08 to 1.24 for passenger vans, and 1.29 to
1.53 for passenger cars (Federal Register 2001, 3,412–3,415).

SCENARIO EFFECTS

In addition to SSF and the six states, NHTSA included driver and environ-
mental variables as explanatory variables. As discussed earlier, the driver and
environmental variables define a scenario. In this section, a scenario is de-
fined by a unique combination of the following variables: STORM, FAST,
HILL, CURVE, MALE, YOUNG, OLD, and DRINK (see Table 3-3 for 
definitions). Each of these variables takes on the value 1 or 0, that is, “yes”
if it is present and “no” otherwise. Thus, a scenario designated “01001000”
would indicate a crash that occurred on a roadway where the speed limit was
50 mph or greater (FAST) and that involved a male driver (MALE).

The rollover resistance rating system proposed by NHTSA using an ex-
ponential model is based on an “average” rollover curve for an “average” sce-
nario. The average is a measure of the location of a distribution, but another
important feature of a distribution is its variance or dispersion. The greater the
variance or dispersion, the less informative is the average for decision making.
Analysis of crash data indicates that, although an increase in SSF reduces the
probability of rollover, the rollover curves are different for different scenarios.
These variations suggest that potentially useful information about the occur-
rence of rollovers is not captured by the average rollover curve.

A plausible hypothesis—consistent with the double-decker bus example
discussed earlier—is that the influence of SSF on rollover rates in real-world
crashes is more apparent in higher-risk than in lower-risk scenarios. To in-
vestigate this hypothesis, the committee asked NHTSA to estimate rollover
curves for specific scenarios using the data from all six states.

Six scenarios were selected to represent the range of driver and environ-
mental conditions found in the database. The eight binary variables listed
above define a theoretical total of 192 (or 26 × 3) unique scenarios. [The num-
ber of unique scenarios is fewer than the 256 (or 28) possible combinations of
variables because YOUNG and OLD are mutually exclusive.] In fact, only 188
scenarios were encountered in the database for the six states combined. The
scenarios can be ordered by the observed frequency of rollovers: when the fre-
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quency is low, the scenarios are said to be low risk, and when the frequency is
high, the scenarios are high risk. The following key percentiles were selected:

1. Low risk (close to minimum)—Scenario 00000010;
2. 25th percentile—Scenario 00001100;
3. Mean—Scenario 11000000;
4. Median—Scenario 01001000;
5. 75th percentile—Scenario 11101000; and
6. High risk (close to maximum)—Scenario 01011001.

For example, using these definitions, the high-risk scenario would be the
combination of the NO STORM, FAST, NO HILL, CURVE, MALE, NOT
YOUNG, NOT OLD, and DRINK variables.

The logit model was used to estimate the probability of a single-vehicle
rollover crash as a function of SSF and state dummy variables for each of the
six scenarios. The average scenario–average state logit model developed to
estimate the probability of a single-vehicle rollover crash across all scenarios
and states is shown in Figure 3-2.

The estimated rollover curves and their 95 percent confidence intervals
for the six selected scenarios, averaged across states, are presented in Fig-
ures 3-3 through 3-8. The upper and lower 95 percent confidence limits for
the probability of rollover were computed using the formula for asymptotic
variance of the estimated probabilities given by Greene (2000, 824). The as-
sociated regression results are shown in Appendix C. Figures 3-39 through 
3-8 reveal that the estimated rollover curves are indeed different for differ-
ent scenarios. The curves tend to be flat for low-risk scenarios, more steeply
(negatively) sloped for scenarios with about average risk, and still more
steeply (negatively) sloped for high-risk scenarios.

Figures 3-3 through 3-8 illustrate that the observed effect on rollover rate
of an increase in SSF depends on the scenario. For example, comparison of the
rollover curves for low-risk and mean-risk scenarios (Figures 3-3 and 3-5, re-
spectively) reveals some notable differences. For the low-risk scenario, an in-
crease in SSF from 0.95 to 1.20 results in a decrease in rollover probability of
about 0.07, whereas a corresponding increase in SSF for the mean-risk sce-
nario results in a decrease in rollover probability of about 0.20. The estimated
reduction in rollover probability for the low-risk scenario is subject to far
greater uncertainty than that for the mean-risk scenario because the associated
95 percent confidence bands are far wider. Thus, Figures 3-3 through 3-8
show that assessment of the importance of SSF in real-world crashes depends
on which scenario is considered.
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9 The rollover curve for the low-risk scenario shown in Figure 3-3 has wide confidence bands at low SSF. This
is due, in part, to three effects: the standard errors of the estimated coefficients for the logit model are large
(see Appendix C); the “center of gravity” of the curve is at a relatively high value of SSF; and all calculations
are performed on the log scale and then transformed back to the original scale.
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FIGURE 3-3 Estimated probability of rollover and 95 percent confidence
intervals based on maximum-likelihood estimation of a logit model
using data from six states for low-risk scenario. [NOTE: (STORM, FAST, HILL,
CURVE, MALE, YOUNG, OLD, DRINK) = 00000010; 908 observations (0.4 percent
of total) and 28 rollovers.]

FIGURE 3-4 Estimated probability of rollover and 95 percent confi-
dence intervals based on maximum-likelihood estimation of a logit
model using data from six states for 25th-percentile–risk scenario.
[NOTE: (STORM, FAST, HILL, CURVE, MALE, YOUNG, OLD, DRINK) = 00001100;
8,101 observations (3.9 percent of total) and 1,082 rollovers.]



Statistics and Data Analysis  • 57

0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 

0.90 1.00 1.10 1.20 1.30 1.40 1.50   1.60 
Static Stability Factor (SSF)

R
ol

lo
ve

r 
P

ro
ba

bi
lit

y 
pe

r 
S

in
gl

e-
V

eh
ic

le
 C

ra
sh

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.90 1.00 1.10 1.20 1.30 1.40 1.50 1.60 
Static Stability Factor (SSF)

R
ol

lo
ve

r 
P

ro
ba

bi
lit

y 
pe

r 
S

in
gl

e-
V

eh
ic

le
 C

ra
sh

FIGURE 3-5 Estimated probability of rollover and 95 percent confi-
dence intervals based on maximum-likelihood estimation of a logit
model using data from six states for mean-risk scenario. [NOTE: (STORM,
FAST, HILL, CURVE, MALE, YOUNG, OLD, DRINK) = 11000000; 3,346 observations
(1.6 percent of total) and 694 rollovers.]

FIGURE 3-6 Estimated probability of rollover and 95 percent confidence
intervals based on maximum-likelihood estimation of a logit model
using data from six states for median-risk scenario. [NOTE: (STORM, FAST,
HILL, CURVE, MALE, YOUNG, OLD, DRINK) = 01001000; 9,256 observations
(4.5 percent of total) and 2,030 rollovers.]
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FIGURE 3-7 Estimated probability of rollover and 95 percent confi-
dence intervals based on maximum-likelihood estimation of a logit
model using data from six states for 75th-percentile–risk scenario.
[NOTE: (STORM, FAST, HILL, CURVE, MALE, YOUNG, OLD, DRINK) = 11101000;
2,594 observations (1.3 percent of total) and 677 rollovers.]

FIGURE 3-8 Estimated probability of rollover and 95 percent confi-
dence intervals based on maximum-likelihood estimation of a logit
model using data from six states for high-risk scenario. [NOTE: (STORM,
FAST, HILL, CURVE, MALE, YOUNG, OLD, DRINK) = 01011001; 1,270 observations
(0.6 percent of total) and 537 rollovers.]



NONPARAMETRIC MODEL

The confidence intervals calculated for the rollover curve using the logit model
assume that the logit model is correctly specified. If the functional form of a
model is incorrectly specified, the analysis based on confidence intervals may
be misleading. The question addressed in this section is whether the logit
model provides a satisfactory approximation to the true rollover curve. This
amounts to asking whether F (see Equation 1) is indeed the cumulative dis-
tribution function of the logistic distribution or some other function.

The true, but unknown, functional form can be estimated using a non-
parametric binary-response model—a model in which the functional form F
is not assumed to be known. Hence, it is of interest to compare the estimated
logit model with the estimated nonparametric model. The objective of this
comparison is to reveal the extent to which the logistic cumulative distri-
bution function provides a good approximation of the true, but unknown,
functional form.

Estimation of the nonparametric model is challenging because it in-
volves estimating the unknown functional form using the data. The non-
parametric rollover curve was estimated by kernel regression, a well-known
nonparametric estimation method. This method is discussed briefly by Greene
(2000, 844–846); a more detailed exposition is found in Härdle (1990). In
this section, the nonparametric estimation is illustrated using the binary data
for Florida only. This nonparametric analysis was performed for illustrative
purposes using a subset of the available data. A more extensive analysis using
a larger dataset will be required if the nonparametric model is to be used to ob-
tain a rollover curve that provides information at the national level.

Figure 3-9 presents the nonparametric estimate of the rollover curve
and uniform 95 percent confidence intervals. This figure shows that an in-
crease in SSF reduces the probability of rollover. The estimated rollover
curve based on the logit model appears to be a reasonable approximation
to the nonparametric-based rollover curve using limited data, suggesting that
the logit model is a sensible starting point for constructing a rollover rating
system.

ROLLOVER CURVE AND STAR RATING SYSTEM

NHTSA derived its five star rating categories for rollover resistance from the
estimated rollover curve shown in Figure 3-1. Two features of the agency’s
approach are of concern:

• The lack of accuracy resulting from the representation of a continuous
curve by an overly coarse discrete approximation, and

• The lack of resolution resulting from the choice of breakpoints between
star rating categories.
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These related problems of accuracy and resolution need to be addressed in
developing future consumer information on rollover to provide consumers
with more useful and practical advice, commensurate with the evidence from
real-world crash data.

Accuracy

The approach adopted by NHTSA was to approximate a continuous curve—
the estimated rollover curve—by a discrete approximation comprising five
levels, or star rating categories. This is a coarse approximation that results
in a substantial loss of information, particularly at lower SSF values where
the rollover curve is relatively steep. A more accurate approximation of the
continuous rollover curve would use more levels. There would still be artifi-
cial jumps at the breakpoints between the levels, but this is an inherent fea-
ture of all such discrete rating systems.

Figures 3-10 and 3-11 show two examples of defining breakpoints on
the SSF axis. The first figure is an example of a coarse four-step approxima-
tion to the estimated curve—the lines are drawn at 10, 20, and 30 percent.
The horizontal lines drawn at these points define four bands of SSF values.
Note that these bands are not of equal width since the curve is not a straight
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FIGURE 3-9 Nonparametric estimate of probability of rollover using a
quartic kernel with a bandwidth of h = 0.07, n = 37,680. (NOTE: Both the
logit and nonparametric curves illustrated in this figure are for Florida only.)



FIGURE 3-10 Example of using four SSF categories based on the model
in Figure 3-2.
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FIGURE 3-11 Example of using seven SSF categories based on the model
in Figure 3-2.



line at a 45-degree angle. Figure 3-11 shows six lines drawn horizontally at
10, 15, 20, 25, 30, and 35 percent. These lines provide a finer resolution on
the SSF axis with seven bands. Of course, the more bands there are, the closer
is the approximation to the curve.

Resolution

A further problem with the star rating categories derives from the decision to
select the breakpoints between categories by dividing the probability axis of
the rollover curve into four equal 10-percentage-point probability intervals,
plus one additional interval above 40 percent probability. The first interval rep-
resents rollover probabilities of 0–10 percent (five stars), the second represents
probabilities of 10–20 percent (four stars), and so on up to probabilities greater
than 40 percent (one star). However, equal intervals on the probability axis do
not produce equal intervals on the SSF axis because the rollover curve is not a
straight line, and its slope changes with changing SSF.

One important consequence is that the SSF intervals in the lower SSF
range (up to approximately 1.25), where rollover probability changes quite
rapidly with changing SSF, are too wide to permit discrimination among
vehicles, even though analysis using the logit model indicates that such discrim-
ination is statistically meaningful on the basis of real-world crash experience.
The choice of breakpoints for the rating system does not exploit the richness
of the available data, and consequently the rating system is not as informative
as it could be. For example, the rollover resistance ratings for both SUVs and
passenger sedans each span two rating categories: SUVs receive either two- or
three-star ratings, whereas passenger sedans receive four- or five-star ratings.
However, SUVs are more susceptible to rollover than are passenger sedans,
and the rate of reduction of rollover probability with increasing SSF is greater
for SUVs. The lack of resolution for vehicles with higher rollover risk detracts
from the usefulness of the rating system, and a finer distinction among the
rollover propensities of SUVs could be helpful in informing vehicle purchase
decisions. Alternatively, as noted in Chapter 4, it may be possible to avoid
the use of categories altogether. This could be achieved by presenting the actual
SSF values or rescaled SSF values—for example, on a scale of 0–100.

FINDINGS AND RECOMMENDATIONS

Findings

3-1. Analysis of single-vehicle crash data indicates that an increase in SSF
reduces the likelihood of rollover.

3-2. NHTSA’s implementation of an exponential model does not provide
sufficient accuracy to permit discrimination of the differences in rollover
risk associated with different vehicles within a vehicle class.

62 • NHTSA’s Rating System for Rollover Resistance: An Assessment



3-3. The relation between rollover risk and SSF can be estimated accurately
with available crash data and software using a logit model.

3-4. Given the richness of the available data, nonparametric analysis can
provide a closer approximation of rollover risk.

3-5. The current practice of approximating the rollover curve with five dis-
crete levels does not convey the richness of the information provided
by available crash data.

Recommendations

3-1. Instead of using an exponential model, NHTSA should use a logit
model as a starting point for analysis of the relation between rollover
risk and SSF.

3-2. For future analysis of rollover risk, NHTSA should employ non-
parametric methods.

3-3. NHTSA should consider a higher-resolution representation of the
relation between rollover risk and SSF.
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The congressional mandate for this study requested an assessment of the
practicality and utility to the public of the National Highway Traffic

Safety Administration’s (NHTSA) consumer information on rollover. As dis-
cussed in Chapter 2, the static stability factor (SSF)—which forms the basis
of NHTSA’s rating system for rollover resistance—is a useful metric in as-
sessing a vehicle’s rollover propensity. However, there were deficiencies in
NHTSA’s use of statistical analyses of crash data to develop its rating system
(see Chapter 3). Investigation of consumer response to NHTSA’s rollover in-
formation requires empirical data on vehicle buying behavior in general and
on consumers’ use of NHTSA’s rollover resistance rating system in particu-
lar. The committee was unable to obtain such data. Consequently, the com-
mittee addressed this part of its charge by extrapolating from research on
other consumer products, using its judgment, and evaluating the process used
by NHTSA to develop its rollover rating system.

This chapter first presents the results of the committee’s evaluation of the
practicality and utility of NHTSA’s rollover resistance ratings. Next is a dis-
cussion of the dissemination and use of NHTSA’s rollover information. Sug-
gestions for NHTSA’s future development of consumer information on motor
vehicle rollover in both the near and longer terms are then presented. The
chapter concludes with the committee’s findings and recommendations in the
area of consumer information.

PRACTICALITY AND UTILITY OF NHTSA’s ROLLOVER 
RESISTANCE RATINGS

Every day consumers make decisions about buying goods and services using
processes and behaviors that researchers have studied for more than 30 years
(see, for example, Bettman 1979; Bettman et al. 1998; Hansen 1972; Howard
and Sheth 1969; Nicosia 1966; Simonson et al. 2001). Consumers obtain in-
formation about the attributes of products and their alternatives from a wide
range of sources, and the difficulty of their choices increases with the amount
of information they must consider (Bettman et al. 1991). Advances in infor-
mation technology have now made it possible for Americans to access a wealth
of product information far beyond what was previously available. In addition,
the opportunity to purchase products over the Internet is changing shopping
behavior.

For most consumers, buying a vehicle represents a major financial 
decision—one of the larger purchases they will make in their lives in dollar

4
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terms. The decision is a difficult one given the numerous choices involved
(e.g., vehicle cost, size, type, appearance, quality, reliability, safety, perfor-
mance and handling, fuel economy), together with consumers’ preferences
and constraints (e.g., budget, driving style, need to carry multiple passengers).
Adding to the difficulty, each year automobile manufacturers introduce new
vehicle makes, models, and features or options from which to select (e.g., side
airbag curtains, electronic stability control, hybrid propulsion systems).
Although manufacturers perform extensive market research and obtain pro-
prietary information about the preferences of their customers, the open liter-
ature contains few reports of research on the behavior of buyers of the
approximately 17 million light vehicles sold in the United States annually.1

Consumer Interest in and Use of Vehicle Safety Information

Many consumers shopping for an automobile regard vehicle safety as im-
portant. In a survey for the Insurance Research Council (1999), 78 percent
of respondents who had recently leased or purchased a vehicle stated that
vehicle safety was important in their purchase decisions. In a 1999 study con-
ducted by DaimlerChrysler, 84 percent of consumers said safety features
were an extremely or very important reason for buying a vehicle (Automotive
News 2000). General Motors reported that in 1994, consumers ranked safety
sixth of 38 possible reasons for choosing the vehicle they purchased instead
of their second-choice vehicle (General Motors Corporation 1994).

In discussions with vehicle manufacturers (see Appendix B), members of
the committee heard about the diversity of consumers: some place a great
deal of weight on vehicle safety in their purchase decisions, whereas others
place relatively little weight on safety relative to other factors. Within the
group of consumers who regard vehicle safety as important, there are vary-
ing levels of interest in or capacity for dealing with the complexity of the in-
formation involved. Some consumers simply may want assurance that a
vehicle is safe without any details about what “safe” means. Others may
want to understand all the technical details of each vehicle and be able to
make their own comparisons with other vehicles and safety determinations.
Given this variation, it is impossible to use a “one size fits all” approach
to the provision of consumer information without giving some consumers
much less information than they want and others much more. Therefore, as
recommended in an earlier study (TRB 1996), the development of easily
accessed presentations of automotive safety information that increase hier-
archically in detail is a logical approach to meeting the information needs of
consumers.

1 This statistic reflects 1999 sales as reported by the University of Michigan (2001).
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Many different sources—including car dealers, newspapers, magazines,
brochures, television, friends, family, and the Internet—provide vehicle safety
information. A 1999 survey by Roper Starch for the Insurance Research Coun-
cil revealed the following as popular sources of information for respondents:
car salespeople (37 percent), Consumer Reports (29 percent), newspaper re-
ports and car magazines (18 percent), automobile manufacturers (17 percent),
friends (15 percent), and the Internet (14 percent) (Insurance Research Coun-
cil 1999). These percentages are expected to change significantly as a result of
the rapidly growing use of the Internet. At the same time, the amount and
types of vehicle safety information obtained from these sources and stake-
holders and the extent to which consumers seek and use vehicle safety infor-
mation remain unknown, except anecdotally.

Little is known regarding what consumers know and believe about the
factors that can lead to rollover, the technologies available to improve a
vehicle’s crash avoidance and crashworthiness capabilities, what can be done
to reduce the risk of injury from a rollover, and how the available information
should be used. Current knowledge suggests that vehicle purchase decisions
occur in two stages: choice of vehicle class, followed by choice of specific
make and model (TRB 1996). Thus, information on rollover resistance that
distinguishes among vehicle classes could influence first-stage decisions, while
information that distinguishes among vehicles within a class could influence
second-stage decisions.

Development of Vehicle Safety Information

Given the complexity discussed above, the challenge of developing an effec-
tive consumer information rating system is clear. According to Shopping for
Safety, a previous congressionally mandated report on consumer automotive
safety information (TRB 1996, 3), “to be most effective, consumer safety in-
formation should be based on a systematic understanding of what con-
sumers know about vehicle safety and how they go about obtaining and using
information.” Although some relevant research has been documented since
that report was published, the systematic understanding required for the
development of effective consumer safety information is still lacking.

Several researchers have identified good practices in the development
of consumer information, including product rating systems. For example,
Wogalter and colleagues (1999) suggest the following approach:2,3

• In the initial phase of a project, investigate a number of candidate in-
formation systems, and select a few of the most promising for further study.

2 In a presentation to the committee on May 29, 2001, Mike Wogalter of North Carolina State University dis-
cussed means of presenting risk-based information to consumers.

3 Shopping for Safety (TRB 1996) describes similar elements of an approach to designing risk messages that
are effective in supporting consumer decision making.
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• Involve small samples of relevant consumer groups in formative research
on the candidate systems, and conduct structured, open-ended interviews
to determine relevant consumer beliefs.

• Engage experts in appropriate technical areas (e.g., automotive safety,
communication, and graphic design).

• Evaluate candidate messages empirically, and use the findings to guide
modifications to the candidate systems, with retesting as needed in an itera-
tive design process (Morgan et al. 2001).4

• Follow the preliminary testing with more extensive, formal testing of
information products using large samples to validate the results from small
samples, and to determine whether consumers understand the limits of the
information and can apply it appropriately in a practical situation.

Characteristics of human information processing, especially inherent lim-
itations on people’s ability to process information, also need to be taken into
account (e.g., Miller 1956). For example, side-by-side presentation of infor-
mation comparing the ratings of different vehicles may reduce information
processing needs and support more thorough consideration of vehicle attri-
butes and alternatives. Providing a frame of reference is likely to affect the
way information is perceived; thus, for example, preferences relative to risks
presented in terms of potential losses may differ from preferences relative to
the same risks presented in terms of gains (Fischhoff et al. 1978; Plous 1993;
Levin et al. 1998). In the specific case of rollover, information presented in
terms of rollover resistance could influence decisions differently from the same
information presented in terms of rollover propensity (Bettman et al. 1998).
Failing to provide sufficient context or to define concepts and terms clearly
can undermine any communication. Consequently, the development of effec-
tive communication typically begins with a statement of objectives and cre-
ation of a sound process for achieving those objectives.

NHTSA’s Objectives for Consumer Information on Rollover

Consumer information on rollover is only a portion of the safety information
offered by NHTSA. The agency has explicitly stated its objectives for provid-
ing this information based on SSF as follows (Federal Register 2000):

• Enable prospective purchasers to make choices about new vehicles based
on differences in rollover risk.

4 When graphics are desired, the population stereotype method is one useful approach. This method, which
entails asking users to draw graphics and using those graphics as a source of ideas for designers, has been
shown to increase the likelihood that graphics will be understood by users (Green 1979; Eberhard and Green
1989; Mudd and Karsh 1961; Green 1993).
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• Provide a market incentive to manufacturers to design their vehicles
with greater rollover resistance.

• Inform drivers who choose vehicles with less rollover resistance that
their risk of harm can be greatly reduced with seat belt use to avoid ejection.

NHTSA’s Process for Developing Consumer Information on Rollover

In 1997, NHTSA established a new department within its Plans and Policy
Division—the Consumer Automotive Safety Information Division (Con-
sumer Division)—and assigned this new division the task of developing and
disseminating consumer safety materials. The Consumer Division has re-
sponsibility for the presentation of safety information in the New Car As-
sessment Program (NCAP), although other groups within NHTSA provide
the technical basis for this information. Funding for both consumer research
and publications comes from the NCAP budget, and totaled about $350,000
during the first 2 years of the division’s existence, rising to about $500,000
during fiscal year 2001. Each year, approximately $200,000 of this funding
goes to printing costs, leaving limited funds for the research and evaluation
activities needed to provide effective support for information campaigns on
specific automotive safety topics, such as rollover. Few of the division’s staff
of seven have formal qualifications in psychology or consumer research; only
two engage in research, on a part-time basis.

In the case of rollover information, the Consumer Division was provided
with the rollover curve derived from crash data (see Chapter 3) and key items
for inclusion in explanatory text. The division approached its task of identi-
fying an effective means of communicating the relation between SSF and
rollover risk to consumers using the results of two series of focus group studies
(Equals Three Communications 1999b, 2000). NHTSA had previously used
focus group studies in support of its communication efforts—most recently
the rollover warning label currently found in sport utility vehicles (SUVs) and
light trucks (Nancy Low and Associates 1996; Equals Three Communica-
tions 1999a).

In the first phase of the development of the rollover rating system, six
focus groups were conducted with new vehicle owners or lessees in Dallas,
Texas; Overland Park, Kansas; and Richmond, Virginia (Equals Three Com-
munications 1999b). Each focus group began with a discussion of awareness
of the rollover problem. Participants attributed rollovers primarily to driver-
related behaviors and said they believed that rollover was more of an issue
for SUVs than for other vehicles. When asked where they would look for in-
formation on rollover, participants named Consumer Reports and insurance
industry representatives. Participants stated repeatedly that rollover risk
would be only one of several pieces of information they might take into ac-
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count when buying a new vehicle, and stated their belief that rollover infor-
mation would likely influence only those who really care about safety.

The second part of each focus group involved investigating the clarity of
several different concepts for presenting vehicle rollover information. Par-
ticipants were asked to react to five rollover information formats for both
labels (see Figure 4-1) and brochures:

• Option 1—a star rating system with five categories, where one star
indicates the least stable vehicle and five stars the most stable;

• Option 2—a line graph labeled with SSF values from 1.06 to 1.44;
• Option 3—a three-point tilted-vehicle graphic indicating whether a

vehicle is “more stable,” “average,” or “less stable”;
• Option 4—a three-point letter grade (A, B, C), where A indicates “more

stable,” B indicates “average,” and C indicates “less stable”; and
• Option 5—a number score on a scale of 90–150, with 90 being the least

stable and 150 the most stable.

The findings from the focus groups indicated that some participants did
not have a good understanding of SSF and the rollover information presented.
Even after the discussion moderator had provided an easy-to-understand de-
scription of SSF, participants tried to interpret this measure as a historical
statistic on the relative frequency of rollover, rather than as a measure of
rollover resistance in the event of a single-vehicle crash. In addition, par-
ticipants made comments about alternatives to the five-star system and the
specific scale ranges presented (e.g., lack of power to differentiate with a
three-point scale, difficulty of using subdecimal differences in the 1.06–1.44
range, unfamiliarity of the 90–150 range). The study confounded graphical
and scale attributes instead of varying them systematically; therefore, it was
impossible to gauge the independent effects of varying the graphical repre-
sentation (e.g., stars, line graph) and varying the scale (e.g., letter grade, num-
ber score). Although participants rated the star presentation as the best overall
concept, they rated the tilted-vehicle icon as the most convincing graphic. Some
participants proposed that this icon be incorporated into a presentation—
modeled on the miles-per-gallon fuel pump label—that would show the tilted-
vehicle icon enclosing a number between 1 and 10, where 1 would indicate the
worst rollover performance and 10 the best.

NHTSA subsequently decided to use a five-star rating system for rollover
resistance and developed some explanatory text to accompany these ratings.
A further investigation by Equals Three Communications (2000) explored
consumer awareness and understanding of rollover problems and evaluated
comprehension of two alternative texts for explaining the rollover resistance
ratings. The study involved 12 focus groups in Chicago, Illinois, and Dallas,
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Option 2:  Line Graph

The rollover rating for this vehicle is: 

Most Stable 
1.44 

Least Stable 
1.06 

All Vehicles 

All  
Light Trucks
and Vans 

1.06 

All  
Passenger 
Cars 

This   Vehicle 

1.26 

1.29         1.44

Option 1:  Star Rating 

Option 3:  Graphic Rating 

The Rollover Rating for this Vehicle is Circled: 

More Stable Average Less Stable 

Option 4:  Letter Grade 

The Rollover Rating for this Vehicle is Circled: 

A B C 

Option 5:  Number Score 
 

The Rollover Rating for this Vehicle is: 

More Stable Average Less Stable 

149
FIGURE 4-1 Options for rollover information labels. (SOURCE: Equals Three
Communications 1999b.)
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Texas, comprising a total of 108 licensed drivers who owned or planned to
purchase new or recent automobiles, minivans, pickup trucks, or SUVs. All
participants had indicated during prescreening that safety was “somewhat”
or “very” important to them when shopping for a personal vehicle.

In general, as in previous focus group studies, participants expressed
awareness of the rollover problem, commonly associated it with SUVs, and at-
tributed it to driver behavior compounded by environmental factors. They gen-
erally understood the concept that in the rating system, more stars are better.
However, some participants found the inverse relationship between rollover
propensity and number of stars confusing, with more than 10 percent believ-
ing after reading the explanatory text (short or long version) that a vehicle with
fewer stars is safer. Approximately two-thirds believed after reading the longer
explanatory text that the rollover ratings described an “estimate of risk of
rollover if run off road,” the answer the study designers considered correct for
a multiple-choice question in the study. “Being in a single-vehicle crash” does
not necessarily mean “if run off road,” and “risk of rollover” easily could be
misinterpreted as a more comprehensive measure of risk than the likelihood of
rollover. Some of the responses to open-ended questions were consistent with
this misinterpretation. Also, the two texts appear to have been evaluated
sequentially, which means their assessed effects were not independent. A prefer-
able approach would involve asking half the participants to read the short text
first and then the long version, and asking the other half to read the two in the
reverse order.

NHTSA’s process stopped with the focus groups. Once the rollover re-
sistance ratings had been prepared for dissemination to the public, the agency
did not conduct any large-scale formal testing of its information products.
Furthermore, NHTSA has not surveyed consumers to determine whether the
published ratings are influencing their vehicle purchase decisions, and the
committee could not find analogous surveys by the industry.

Comparison of NHTSA’s Process with Recommended Practices and 
Criteria of Demonstrated Validity

Comparison of communications against standard evaluation criteria pro-
vides some basis for judgment of the communications’ quality, even though
such assessments cannot replace appropriate user-based evaluation (Schriver
1996). In the absence of empirical data on consumer behaviors, therefore,
the committee compared NHTSA’s process with the recommended practices
discussed above and identified three important areas of concern: (1) over-
reliance on focus groups, (2) the lack of an iterative design process, and (3) the
absence of formal testing of consumer information. Evaluation of the agency’s
rollover resistance ratings relative to the criteria for good summary mea-
sures identified in Shopping for Safety (TRB 1996, p. 110) also revealed some
areas for improvement.
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Use of Focus Groups

Researchers originally created focus groups as a means of fleshing out hy-
potheses (Merton 1987; Merton and Kendall 1946; Merton et al. 1956,
1990). While collecting focus group data is a first step in developing con-
sumer information, such studies by themselves cannot reveal much more
than group knowledge of an issue. Consequently, overreliance on focus
groups can be problematic.5

Focus groups by themselves are not able to provide sufficient evidence to
support reliable conclusions about what consumers know or believe about
rollover risk, or whether the ratings are meaningful, easy to interpret and
understand, and unambiguous for the public. According to recommended
practices for developing consumer information, structured, open-ended inter-
views with a representative sample of consumers would be a better way to
determine consumers’ beliefs about vehicle safety and rollover. Similarly, con-
sumers’ understanding of proposed summary measures and supporting text
might be assessed with equal or more effectiveness using one-on-one inter-
views or written questionnaires to determine individual responses, instead of
gauging collective knowledge by means of focus groups. Additionally, as noted
above, the focus group studies suffered from design flaws that further limited
their usefulness (e.g., no systematic variation of variables, use of sequential
evaluations susceptible to bias).

Iterative Design Process

An effective communication process requires iteration so that information
can be tested, refined, and retested. Even though the star presentation emerged
as the best overall concept in NHTSA’s first set of focus groups (Equals Three
Communications 1999b), the participants also provided an alternative pre-
sentation (tilted-vehicle icon and numeric rating) and suggested that SSF and
the rollover information presented were not well understood. NHTSA did
not explore the alternative presentation or further iterate between design and
evaluation. The second set of focus groups (Equals Three Communications
2000) examined the understandability of the five-star rating system selected
by NHTSA, as well as two alternative explanatory texts. Almost all partici-
pants in these focus groups understood that “more stars are better,” but the
consumer comments indicated that the explanatory text could have been im-
proved. For example, many participants found the ratings not sufficiently
comprehensive, lacking reference to driver behavior and driving conditions,

5 Group processes are known to affect individual responses and can shift the entire group’s judgment toward
the position that first dominates in the group, as in group polarization (Isenberg 1986; Myers and Lamm
1976; Whyte 1993; see Plous 1993 for a general discussion).
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and some participants would have liked more information on how to avoid
a rollover crash.

Formal Testing of Consumer Information

Once information products appear ready to be widely disseminated, more
extensive testing is desirable using large samples to determine whether con-
sumers are able to apply the information (see, for example, Wogalter et al.
1999). NHTSA assessed the extent to which consumers could use its proposed
rollover information by asking participants in the second set of focus groups
to complete a worksheet including two multiple-choice questions (one of
which was discussed above). However, these focus groups involved only
108 drivers in two geographic markets. The report on these focus groups by
Equals Three Communications (2000) cautions the reader against “making
quantitative conclusions from the results of this study” and warns about pos-
sible problems with the small samples and the extent to which the results are
representative of a larger population.

Criteria in Shopping for Safety

Revisiting the criteria for good summary measures of vehicle safety per-
formance provided in Shopping for Safety (TRB 1996, 110) could help
NHTSA improve its vehicle safety information. Three of these criteria are
particularly relevant to efforts aimed at improving the rollover resistance rat-
ing system:6

• Conveys the degree of uncertainty associated with current knowledge
and expert judgment. The current information in NCAP provides no indica-
tion of the uncertainty resulting from the sampling, data averaging, and sta-
tistical modeling procedures used in deriving the ratings from crash data (see
Chapter 3). The text simply states that “the ratings were found to relate very
closely to the real-world rollover experience of vehicles,” leading the consumer
to believe (incorrectly) that the star ratings can be assigned to individual vehi-
cle models without ambiguity.

• Is transparent and flexible, allowing more-sophisticated users to under-
stand how summaries are produced and to apply different judgments to obtain
their own summaries as desired. NCAP notes that the ratings “relate very
closely” to the real-world rollover experience of vehicles as characterized by
“220,000 actual single-vehicle crashes,” but there is no attempt to explain in

6 Other sections of this chapter discuss the other three criteria: (a) related meaningfully to actual safety for
the range of highway conditions in which the vehicle will be operated; (b) provides a summary whose use or
interpretation does not require extensive manipulation or combination with other information; and (c) is un-
ambiguous and easy to understand and use.
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any detail how the ratings were derived. Consequently, more-sophisticated
users cannot easily understand how NHTSA produced the current summaries.

• Allows the consumer to place the information in context. NHTSA pro-
vides the rollover ratings in NCAP, together with other vehicle safety ratings.
The absence of information on the relative importance of the different rat-
ings and how to combine them remains a potential source of confusion and
does not help the consumer determine which is the safest car. In addition, ap-
propriate use of the ratings requires the ability to put the information in con-
text (i.e., understanding that the ratings predict the likelihood of rollover
given that a single-vehicle crash has occurred).

AVAILABILITY AND USE OF NHTSA’s ROLLOVER 
RESISTANCE RATINGS

As discussed earlier, the absence of empirical data on consumer behavior pre-
vented the committee from making a definitive judgment about the usefulness
of NHTSA’s rollover ratings to consumers. The ratings may be useful in help-
ing consumers make informed purchase decisions, but the committee has no
way of establishing this. However, some evidence suggests that the ratings are
of interest to the public. As noted, NHTSA incorporated the rollover resis-
tance ratings for a number of vehicles into its NCAP program, available on the
agency’s website (www.nhtsa.dot.gov) (see Appendix D). Data provided to
the committee by NHTSA provide some insights into Internet users’ interest
in the ratings.

Dissemination of the Ratings by NHTSA

NHTSA’s strategy for dissemination of the star ratings for rollover resistance
and associated information focuses primarily on the Internet—an important
source of information on automobiles, at least for some consumer segments.7

As of August 2001, NHTSA had included three tiers of information on
rollover on its website (see Appendix D):

• The star ratings themselves, along with the vehicle class, drive (front,
rear, or 4 × 4), SSF, some vehicle details (including body style and trim, en-
gine, transmission, tire size, and major options such as sunroof), and whether
the vehicle has electronic stability control;

• A description of the rating system, along with frequently asked ques-
tions; and

• Graphics depicting rollover and crash trajectories, frequencies, and rates.

7 A 2000 proprietary survey by the Gartner Group indicated that 45 percent of vehicle purchasers researched
online, and 3 percent bought their vehicles over the Internet (Macaluso 2001).
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NHTSA also has made the rollover ratings available in a somewhat dif-
ferent format in its Buying a Safer Car, 2001 brochure. As of September
2001, the agency had printed 125,000 copies of this brochure incorporating
rollover resistance ratings. All have been distributed to various groups, in-
cluding manufacturers and repair shops, and at auto shows, car races, and
conferences. Partnerships with other organizations, such as the American
Automobile Association, have increased distribution further.

Use of NHTSA’s Rollover Information on the Internet

NHTSA provided the committee with a Webtrends report8 detailing visits to
the rollover section of its website (www.nhtsa.dot.gov/hot/rollover/) for a
6-week period from February 28 to May 14, 2001. During that period, almost
275,000 visits occurred to the entire site, or about 3,600 per day, representing
approximately 54,600 unique visitors; the average session length was 2 min-
utes, 22 seconds. The number of visitors in a year is expected to be about an
order of magnitude greater, but still a small fraction of all vehicle buyers.

Table 4-1 lists some of the most requested pages and their mean viewing
times. All of the times exceed 1 minute, with most being around 2 or 3 minutes,
suggesting that users are finding the materials of some interest since they do not
merely click rapidly through to other sites. Further, from the overall distribu-
tion statistics (provided to the committee but not shown in the table), just under

8 wysiwyg://CONTENT.1/http://www.nhtsa.dot.gov/etc/reports/rollover_01_b.html
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Frequently Asked Questions 
About Rollover Resistance 
Ratings 

www.nhtsa.dot.gov/hot/rollover 1:03 

Rollover Rated Vehicle 
Details 

www.nhtsa.dot.gov/hot/rollover/ 
fullWebd.html 

18,874 3:02 

New Car Assessment 
Program Frontal and Side 
Crash Test Ratings 

www.nhtsa.dot.gov/hot/rollover/ 
2001Rollover.html 

17,997 3:18 

NHTSA’s Rollover 
Resistance Ratings—Figures 

www.nhtsa.dot.gov/hot/rollover/ 
figures.html 

5,364

NHTSA’s Rollover 
Resistance Ratings—Q&A

www.nhtsa.dot.gov/hot/rollover/ 
QnA.html 

663

36,107

2:24

1:56

TABLE 4-1 Statistics Detailing Visits to the Rollover Section of
NHTSA’s Website, February 28 to May 14, 2001
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half of the visits lasted less than 1 minute, 12 percent lasted 1–2 minutes, almost
10 percent lasted 2–3 minutes, almost 7 percent lasted 3–4 minutes, and more
than 1 percent lasted up to 10–11 minutes. A review of the statistics also reveals
that most visitors to the rollover section of the site (66.3 percent) came there
from another part of the NHTSA website. NHTSA does not collect evidence of
actual use by surveying visitors to its site or by obtaining direct observation of
users accessing the site (e.g., in a field usability test).

FUTURE APPROACHES

Near Term

The committee believes NHTSA could implement significant improvements
in its consumer information on rollover in the near term. From a process per-
spective, the use of recommended practices in developing consumer infor-
mation and more thorough evaluation of candidate consumer information
materials would be beneficial. The committee also urges that in further de-
veloping and revising specific features of its rollover information (see Chap-
ter 5), NHTSA reconsider alternatives to the use of stars, expand the level
and quality of its hierarchical information, and assist consumers in placing
the information in the appropriate context.

Use of Recommended Practices

Following recommended practices and proven techniques for communicating
risk-based information to consumers can help ensure that the information will
be effective. In particular, NHTSA would benefit from greater use of an iter-
ative process that takes appropriate account of consumers’ reactions to can-
didate systems. Moreover, an appropriately constituted external advisory
group could provide ongoing evaluation of the process, critique study designs,
and recommend quality assurance steps.

Evaluation

NHTSA needs to test the effectiveness of consumer communications before
putting them into widespread use, and continue to evaluate them once in
use. The agency needs to evaluate rigorously how people are using the
rollover resistance ratings in the context of the entire NCAP information
program. Such evaluations could include experimental studies and protocol
analysis of consumer understanding and use of the ratings, tracking of hot-
line calls, and periodic surveys of recent new car buyers to learn whether
they were aware of the ratings when they purchased their vehicles and how
they used this information in decision making.
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Use of Stars

NHTSA would be well advised to reconsider whether stars are appropriate
for conveying rollover ratings to consumers. One clear advantage to using
stars is that many consumers are familiar with their use for other ratings.9

However, the limited evidence gathered from focus groups indicates some
comprehension problems, perhaps arising from the superficial similarity of
the star rollover ratings to the NCAP frontal and side test crash ratings.
These latter ratings are based on crash tests and provide information about
a vehicle’s crashworthiness, whereas the rollover ratings relate to a vehicle’s
crash propensity. In response to the focus group findings, NHTSA explicitly
addressed two potential misconceptions: the explanatory text accompanying
the ratings notes that they do not predict the likelihood of a crash or predict
directly the risk of death or injury. The current practice of having these cor-
rective statements embedded in the description of the rating system—instead
of being provided directly with the ratings—reduces the likelihood that con-
sumers will read that information.

One alternative to the star ratings would be to present SSF alone (or a
rescaled version, for example, on a scale of 0–100), with a brief explanation
of how it is calculated and a simple description of the relative stability of dif-
ferent vehicle classes (e.g., passenger cars, SUVs). Another option might be to
present a rollover rating—instead of a rollover resistance rating—using a tilted
vehicle or a similar graphic. Any candidate system would require appropriate
testing to assess its effectiveness, using the procedures already discussed.

Hierarchical Information

Although some consumers may be content simply to know that “more stars
means safer,” evidence from focus groups (Equals Three Communications
2000) suggests that others would like more information on how to avoid a
rollover crash. An improved hierarchy of information, at increasing levels of
detail, would reduce the need for information designers to make trade-offs
to favor simplicity.

Hierarchical organization within a page and within a website helps the
reader keep track of where items are and how they are related. Hierarchical
organization also facilitates searches for more details or for the bigger picture.
For example, the top level of a “Buying a New Car” website could comprise
a table of contents (or a site map), together with a description of the objec-
tives of the site. This top level would set the context (see below) for more spe-
cific site information. The table of contents would provide links to items at
the next level down in the hierarchy, such as vehicle reliability and vehicle

9 Many focus group participants noted the similarity of the stars to hotel ratings or to the five-star safety
ratings in advertisements from automobile manufacturers (Equals Three Communications 2000).
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safety. The vehicle safety web page would be organized similarly, with a gen-
eral overview and links to specific topics such as the vehicle, the driving envi-
ronment, and the driver. Under the vehicle category, the reader would find
information on vehicle safety ratings, including the rollover resistance ratings.

The committee believes it would be desirable for NHTSA to expand both
the levels and quality of its hierarchy of information on rollover, particularly
since the Internet is the agency’s primary means of disseminating rollover in-
formation and is highly conducive to hierarchical presentation of informa-
tion. For example, information on how the rollover resistance ratings are
calculated and assigned, including the rollover curve, could be added to the
site for consumers interested in this level of detail.

Context

Rollover is one of many crash risks consumers may consider when purchas-
ing a vehicle. How this risk should be weighted relative to other crash risks
or other safety information is contingent on driver behavior. NCAP does not
address the issue of combining ratings for crashworthiness and rollover re-
sistance, although the NHTSA website includes links to sites of other orga-
nizations that crash test vehicles and provide the former ratings.10 This feature
may be helpful for consumers seeking to put ratings in context, but addi-
tional information from NHTSA on how to combine the different NCAP rat-
ings would be helpful for consumers seeking to make informed car-buying
decisions. The experience of the risk assessment community in combining
risk measures could be helpful for putting different measures of risk in con-
text (see, for example, Garrick and Kaplan 1995).

Longer Term

Comprehensive Rollover Rating

One of the committee’s recommendations in the area of vehicle dynamics (see
Chapter 2) is that NHTSA pursue the use of dynamic testing to supplement
the information provided by SSF (see Chapter 5). Once appropriate dynamic
testing has been selected, NHTSA will need to consider how best to com-
municate to consumers the combined information about static and dynamic
factors related to rollover. Consumer Reports currently provides informa-
tion on dynamic testing of rated vehicles, but the committee lacks empirical
evidence about consumers’ use of this information. There is no evidence in-
dicating whether consumers can or cannot understand and interpret infor-

10 Insurance Institute for Highway Safety (United States), National Organization for Automotive Safety and
Victims’ Aid (Japan), National Roads and Motorists’ Association Crash Testing (Australia), European New
Car Assessment Programme (Europe).
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mation from dynamic tests. Nevertheless, the use of established procedures
to develop and evaluate such information should help ensure that consumers
will be able to understand and use it.

Single Summary Measures

The committee’s discussions with representatives of Consumers Union and
others indicated that many consumers simply want to know “how safe this
vehicle is” and “how this vehicle compares with alternatives in terms of safety.”
Currently, consumers cannot find simple answers to these questions. Safety
depends on many factors, including the vehicle’s design, road conditions,
weather, and driver behavior.

Summary measures of vehicle safety can assist consumer decision making
by simplifying comparisons of safety attributes among vehicles. A number of
summary rating measures of vehicle safety are being developed and employed
around the world, all using different data and different methods to combine
the data. This year, for example, Consumers Union introduced for the first
time an overall vehicle safety assessment that integrates key information from
its own performance tests for crash avoidance with the crashworthiness in-
formation available from NHTSA and the Insurance Institute for Highway
Safety (Consumer Reports 2001). Other summary rating systems are used in
the United States (e.g., www.crashtest.com) and around the world (e.g., New
Car Assessment Japan, Euro NCAP). The Safety Rating Advisory Committee
(SARAC)—made up of international safety experts—has investigated the
validity of various rating systems and the conflict that could occur when those
systems result in different rankings for the same vehicle. SARAC found that
different approaches can result in sizeable differences in vehicle rankings
(Zeidler 2001), and that reaching consensus is difficult.11 There are also some
drawbacks to providing a single summary measure. A major concern is that
such a measure could conceal large variations in performance across different
test types, with the possible result of masking some poor performers.12 Despite
these concerns, the committee suggests that, in the context of its longer-term
initiatives to improve consumer automotive safety information, NHTSA mon-
itor efforts by groups in the United States and overseas to develop summary
measures of vehicle safety performance and review the options for developing
its own summary measure of overall motor vehicle safety.

11 In lieu of collaborative international efforts such as SARAC, countries may (and do) adopt differing ap-
proaches to vehicle safety ratings and information. What the effects of such differences are or might be is an
empirical question beyond the scope of this study.

12 For example, consider two vehicles that have the same overall “acceptable” rating according to a system
that categorizes vehicles as good, acceptable, marginal, or poor. Whereas one vehicle could have acceptable
ratings across the board, the other could be good in some areas and poor in others. In general, these concerns
could be addressed by making the measure transparent and providing a matrix with the ratings of individual
components, for example.
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FINDINGS AND RECOMMENDATIONS

Findings

4-1. There is a gap between recommended practices for the development of
safety information and NHTSA’s current process for identifying and
meeting consumer needs for such information.

4-2. The focus group studies NHTSA used to develop its star rating system
for rollover resistance were limited in scope and inadequate in design.
Furthermore, empirical studies have not been undertaken to evaluate
consumers’ use of the ratings in judgments about vehicle safety or pur-
chase decisions.

4-3. The information accompanying the rollover resistance ratings does not
explain how to use them in the context of other safety ratings and in-
formation or provide specifics for the information-seeking consumer,
such as how the ratings were derived.

Recommendations

4-1. NHTSA should implement an ongoing process for developing and eval-
uating its consumer vehicle safety information.

4-2. NHTSA should give consumers more information that places motor
vehicle risks in an overall context, and rollover risks specifically within
that larger context. A hierarchical presentation of information could be
beneficial in meeting varied consumer needs.

4-3. NHTSA should continue to investigate presentation metrics other
than the current rollover resistance stars, given that the lack of reso-
lution and context in the star rating system and the system’s super-
ficial resemblance to the NCAP crashworthiness ratings could mislead
consumers.

4-4. NHTSA should monitor efforts by groups in the United States and over-
seas to develop summary measures of vehicle safety performance, and
review options for developing its own summary measure of overall
motor vehicle safety.
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The National Highway Traffic Safety Administration (NHTSA) has de-
veloped a five-star rating system for the rollover resistance of passenger

cars, vans, pickup trucks, and sport utility vehicles (SUVs). The ratings for
many 2001 and 2002 model year vehicles are available to the public as part
of the agency’s New Car Assessment Program (NCAP). The cornerstone of
this rollover resistance rating system is a vehicle’s static stability factor (SSF),
defined as its track width, T, divided by twice its center of gravity height, H.

The congressional mandate for this study requested

• A determination of “whether the static stability factor is a scientifically
valid measurement that presents practical, useful information to the public”; and

• A comparison of “the static stability factor test versus a test with rollover
metrics based on dynamic driving conditions that may induce rollover events.”

The committee’s findings regarding SSF and NHTSA’s star ratings for
rollover resistance are presented below, following some brief remarks designed
to place this study in the broader context of road safety and automobile crashes
in general. The chapter concludes with the committee’s recommendations to
NHTSA for a future approach to the development of consumer information
on motor vehicle rollover.

CONTEXT

Rollovers, like all automobile crashes, are complex events. Three main factors,
and interactions among them, contribute to a crash: the driver, the driving
environment, and the vehicle. Changes in all three of these factors have the
potential to reduce the numbers of deaths and injuries resulting from roll-
over crashes. For example, NHTSA estimates that belted occupants are about
75 percent less likely than unbelted occupants to be killed in a rollover crash.
Thus, a change in driver behavior leading to increased seat belt use could be
effective in reducing rollover-related fatalities. Similarly, design improvements
in both the roadside and roadside structures have the potential to reduce the
likelihood of rollover when a vehicle leaves the roadway, particularly in a rural
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environment. In accordance with its congressional mandate, this study focuses
on the role of the vehicle in rollover crashes, and on the development and use
of related consumer information.

Many complex risk trade-offs need to be considered in pursuing the
ultimate goal of improved road safety, and the findings and recommenda-
tions of this report should be viewed in that broader context. The strategy of
isolating and addressing specific safety problems can be effective in reducing
the occurrence of associated deaths and injuries. This point is illustrated by
the NCAP crashworthiness ratings: far fewer vehicles have exceeded the in-
jury reference values since NHTSA began its frontal-crash NCAP program
in 1979 (Ferguson 1999). At the same time, it is important to ensure that
changes leading to a reduction in one contributor to overall vehicle risk, such
as rollover, do not compromise other aspects of vehicle safety. Experience in-
dicates that motor vehicle safety ratings give manufacturers a powerful in-
centive to design safer vehicles. Therefore, it is essential for NHTSA to avoid
unintended—and detrimental—consequences in establishing rating system
targets. Design changes that result in a higher rating for one vehicle feature,
such as rollover resistance, should not be achieved at the expense of intro-
ducing other vehicle attributes that actually make the vehicle less safe over-
all. The many and complex trade-offs inherent in the vehicle design process
make it particularly challenging to achieve overall vehicle safety improve-
ments. Nevertheless, experience with crash ratings indicates that it is possi-
ble for vehicles to achieve uniformly good ratings across different categories.

STATIC STABILITY FACTOR

Relevance to Rollover

As noted, a vehicle’s SSF is directly determined by two vehicle parameters: the
track width, T, and the center of gravity height, H. The SSF metric is based
on a rigid-body model of a vehicle sliding laterally on a surface. For such a
model, the point of incipient rollover occurs when the sum of the lateral forces
divided by the weight of the vehicle, W, is greater than the SSF:

sum of lateral forces/W > SSF (= T/2H) (1)

For a vehicle to roll over, the lateral forces must be sustained for a sufficient
period of time.1

The mechanism of lateral force generation is sometimes categorized as
either tripped or untripped. Relationship 1 does not distinguish between tripped
rollover resulting from forces generated by a mechanical obstacle, such as a

1 Simulation of time-dependent rollover requires a much more complex model.
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curb or a furrow plowed during an off-road maneuver, and untripped rollover
resulting from forces generated by the tire–road interface friction on a smooth
roadway. The physics governing the motion of vehicles shows that it is the
magnitude and duration of the lateral forces on the vehicle that determine
whether rollover occurs. Therefore, the present report does not distinguish
between tripped and untripped rollovers.

For a real vehicle—as opposed to a rigid-body model—the simple rollover
scenario is modified by such effects as tire deflections and the vehicle’s rolling
on its suspensions. As a consequence of these effects, vehicles roll over when
the sum of the lateral forces is lower than predicted by the rigid-body model.
Nevertheless, SSF is valuable in providing a clearly defined upper limit; if the
sustained lateral forces on the tires exceed the limit derived from SSF for
a sufficient time, rollover occurs.

An important question is whether the upper limit derived from SSF has
significant meaning for vehicles in potential crash scenarios. A rollover crash
can be described in terms of a sequence that passes from normal driving con-
ditions, through a transitional loss-of-control region, and then to the out-
of-control region and rollover. Current understanding of vehicle dynamics
indicates that, following initiation of such a rollover sequence, vehicle be-
havior as the driver loses control is determined by many vehicle design param-
eters that affect handling (e.g., steering response, brake and suspension
characteristics, track width, tire characteristics),2 as well as by driver control
inputs (steering, throttle, braking). Once the vehicle has reached the point of
incipient rollover, however, static metrics—such as SSF—and the terrain are
the dominant factors in determining whether rollover will occur.

Finding 1: Through a rigid-body model, SSF relates a vehicle’s track width,
T, and center of gravity height, H, to a clearly defined level of the sustained
lateral acceleration that will result in the vehicle’s rolling over. The rigid-
body model is based on the laws of physics and captures important vehicle
characteristics related to rollover.

Correlation with Crash Data

Statistical analysis of crash data is a potentially useful method of identifying
trends in motor vehicle crashes. A strong statistical correlation between two
events, or parameters, does not necessarily imply the existence of a corre-
sponding causal relationship. However, if an understanding of physics and
vehicle dynamics indicates that SSF is an important factor in rollovers, inves-
tigation of the statistical relationship between SSF and the observed rollover

2 Vehicle behavior during the loss-of-control phase of a crash is influenced by many more parameters than the
two that determine SSF (center of gravity height and track width).
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rate may be helpful in assessing the influence of SSF on the outcome of actual
crashes.

Statistical relationships derived from crash data are useful in identifying
trends. NHTSA has generated a rollover curve showing the variation in roll-
over probability in the event of a single-vehicle crash3 as a function of SSF for
a number of vehicle makes and models. This curve portrays trends in the re-
lationship between rollover probability and SSF. However, a specific data
point representing the rollover risk of a particular vehicle may fall above or
below the rollover curve, which represents the average of the data.

On the basis of its discussions with road safety experts and its review of the
technical literature, the committee determined that scenarios—characterized in
this report by particular combinations of driver and environmental variables—
are important when considering rollover. The crash record of a particular
vehicle model depends on driver behavior, the driving environments in which
the vehicle is used, and the vehicle itself. In assessing the rollover propensity
of a vehicle, scenario effects need to be considered when determining the
influence of the factor under investigation—in this case, SSF.

In developing its rating system, NHTSA undertook statistical studies to
investigate the relationship between measured values of SSF for a range of
vehicles and corresponding rollover rates determined from crash data. The
agency reviewed crash frequencies and rollover rates for several states; for
modeling purposes, it used data from six states, selected as representative of
national trends. At the request of the committee, NHTSA used a logit model
to calculate additional rollover curves for individual crash scenarios. Each
curve shows the probability of rollover in the event of a single-vehicle crash
as a function of SSF for a specific scenario. Each scenario is defined by a
unique combination of selected precrash and at-crash factors likely to affect
the crash outcome. Data from single-vehicle crashes indicate that the fol-
lowing factors increase the risk of rollover: (1) male driver, (2) driver under
25 years of age, (3) drinking or illegal drug use by the driver, (4) speed limit
50 mph or greater, (5) crash occurs in a rural area, and (6) crash occurs on
a curve.

The results of the NHTSA analyses indicate that the number of rollovers
per single-vehicle crash decreases monotonically with increasing SSF for
higher-risk scenarios, with some variations in the shape of the curve for dif-
ferent scenarios. The confidence bands for these curves are relatively narrow.
Therefore, when known risk factors such as young male driver, driver drink-
ing, excessive speed, and driving in a rural area are taken into account, the
effect of SSF on the occurrence of rollover is statistically significant. The roll-
over curves for low-risk scenarios also show a decrease in rollover probability

3 For the purposes of NHTSA’s analyses of crash data, rollover risk is defined as the probability of rollover
in the event of a single-vehicle crash.
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with increasing SSF. Because of the small numbers of single-vehicle crashes
for these scenarios, however, the confidence bands at lower SSF values are
wide, indicating that the observed trends in rollover probability are not sta-
tistically significant.

Finding 2: Analysis of crash data reveals that, for higher-risk scenarios, SSF
correlates significantly with a vehicle’s involvement in single-vehicle rollovers,
although driver behavior and driving environment also contribute. For these
scenarios, the statistical trends in crash data and the underlying physics of
rollover provide consistent insight: an increase in SSF reduces the likelihood
of rollover.

In developing its star ratings for rollover resistance, NHTSA used an
average scenario that was assumed to apply to all drivers. Although this ap-
proach ignores the subtleties of different scenarios and associated risks, it en-
abled the agency to develop a relatively simple rating system. Without a better
understanding of consumer beliefs about the causes of rollover and empirical
data on consumers’ use of NHTSA’s current rollover information, the com-
mittee is not in a position to comment on the value (if any) of scenario-specific
rollover information in reducing overall rollover rates.

Static Measures and Dynamic Testing

As part of its charge, the committee was asked to compare “the static stabil-
ity factor test versus a test with rollover metrics based on dynamic driving
conditions that may induce rollover events.” SSF provides important infor-
mation on a vehicle’s rollover propensity in the final phase of a crash. A ve-
hicle’s crash-avoidance characteristics are determined by more than 20 vehicle
design parameters—including track width, T, and center of gravity height,
H—that affect handling. It is these characteristics, together with driver inputs
(steering, throttle, brake), that largely determine whether a driver can regain
control of the vehicle after hitting a curb or making a rapid maneuver to avoid
an obstacle. Thus static metrics—such as SSF—and dynamic tests are com-
plementary, and both are needed to investigate a rollover crash in its entirety,
from initiation to final outcome. Some manufacturers now offer electronic
stability control systems that attempt to stabilize a vehicle in the early stages
of loss of control. The merit of such systems lies in preventing a vehicle from
entering into a situation that can lead to incipient rollover.

Finding 3: Metrics derived from dynamic testing are needed to complement
static measures, such as SSF, by providing information about vehicle han-
dling characteristics that are important in determining whether a driver can
avoid conditions leading to rollover.
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In response to the requirements of the Transportation Recall, Enhance-
ment, Accountability, and Documentation (TREAD) Act of 2000 (Public
Law 106-414), NHTSA is conducting research to develop a dynamic test rel-
evant to the rollover of light motor vehicles for a consumer information pro-
gram. Development of such a test is challenging because the relevant driving
maneuvers involve testing near the limits of vehicle performance. Conse-
quently, the results obtained may depend on the particular test scenario.

In summary, the committee found that SSF captures important vehicle
characteristics related to rollover propensity and is strongly correlated with
the outcome of actual crashes (rollover versus no rollover), as demonstrated
by statistical analyses of crash data. Data from dynamic testing could provide
important information on vehicle crash-avoidance metrics that would com-
plement static measures.

NHTSA’s STAR RATINGS FOR ROLLOVER RESISTANCE

Derivation of the Rating System

NHTSA derived its star ratings for rollover resistance using an exponential
statistical model4 and regression analysis correlating SSF with crash data.
These crash data are binary; in other words, only two possible outcomes of
a crash are of interest—the vehicle rolls over, or it does not. An exponential
model is seldom used for analyzing binary data; regression analysis using a
logit model is a more appropriate method. In response to a comment to this
effect from the Alliance of Automobile Manufacturers, NHTSA recalculated
the rollover curve using logistic regression, and found the rollover curves based
on the exponential and logit models to be similar (Federal Register 2001a).
The agency subsequently decided to base its rollover resistance ratings on its
original exponential model. NHTSA did not investigate the relative use-
fulness and predictive capabilities of the two statistical models by calculat-
ing the associated confidence intervals.

At the committee’s request, NHTSA calculated the 95 percent confidence
intervals for the exponential model used to derive the rating system.5,6 These
confidence bands appear to indicate that the uncertainty associated with
the estimates is too large to permit unambiguous allocation of a vehicle to a
specific rating category. However, the committee’s investigations revealed

4 NHTSA refers to this as a linear model.

5 Exponent Failure Analysis Associates, Inc. obtained very similar 95 percent confidence intervals for the lin-
ear model (Donelson and Ray 2001).

6 A difficulty of statistical interpretation arises with the confidence intervals calculated for the linear regres-
sion model. The calculation method assumes that the basic dependent variable is continuous, whereas the un-
derlying data are in fact binary (rollover or no rollover).
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that these confidence intervals are based on a statistical analysis that does not
appropriately consider the richness of the dataset. In this report, no attempt
is made to rectify this situation, and the crash data used for the present analy-
sis have been processed by NHTSA using a logit model. The results of the
logit analysis, illustrated in Figure 5-1, show that the 95 percent confidence
bands associated with the rollover curve are very narrow. Therefore, the logit
model accurately estimates the average rollover curve.

NHTSA’s decision to develop a five-star rating system for rollover resis-
tance was based in part on the desire to use a ranking system that was already
familiar to consumers through the NCAP ratings for crashworthiness. The es-
timated rollover curve based on the exponential model was approximated by
five discrete levels corresponding to the five rating categories. This is a coarse
approximation that results in a substantial loss of information, particularly at
lower SSF values, where the rollover curve is relatively steep. The choice
of breakpoints for the rating system does not exploit the richness of the avail-
able crash data, and as a result the system is not as helpful as it could be for
consumers.

It is possible, for example, for one vehicle to have a slightly higher SSF
than another, but to receive two stars instead of one. With only five rating
categories spread across the range of interest, this difference appears highly
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FIGURE 5-1 Estimated probability of rollover and 95 percent confi-
dence intervals based on maximum-likelihood estimation of a logit
model using the data from six states combined (n = 206,822).
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significant. Furthermore, there can be an important difference in SSF—and
associated rollover propensity—between two vehicles with the same star rat-
ing. Having more categories would provide greater resolution so that some of
these problems could be avoided. Thus the difference between one and two
stars would be smaller than it is with five categories. The result would be a
more accurate representation of the underlying physics: on average, a vehicle
with a slightly higher SSF than another has only a slightly higher rollover
resistance. In addition, there would be less variation in SSF within a rating
category than in the five-category case, so the grouping of vehicles would po-
tentially be more useful to a consumer seeking to make meaningful distinctions
among vehicles, particularly within a given vehicle class.7,8 Alternatively, the
use of discrete rating categories could be avoided altogether by ranking the
rollover propensity of vehicles on a continuous scale, for example, 0–100.

Finding 4: NHTSA’s implementation of an exponential statistical model
lacks the confidence levels needed to permit discrimination among vehicles
within a vehicle class with regard to differences in rollover risk.

Finding 5: The relationship between rollover risk and SSF can be estimated
accurately with available crash data and software using a logit model. For
the analysis of rollover crash data, this model is more appropriate than an
exponential model.

Finding 6: The approximation of the average rollover curve with five dis-
crete levels—corresponding to the five rating categories—is coarse and does
not adequately convey the information provided by the available crash data,
particularly at lower SSF values, where the rollover curve is relatively steep.

Presenting Information to the Consumer

Several recent studies have shown that vehicle safety is a significant consid-
eration for consumers when buying a new car (see, for example, Insurance
Research Council 1999). In response to this consumer focus on motor vehi-
cle safety, NHTSA established its Consumer Automotive Safety Division in

7 Increasing the number of categories does not alter the fact that, with a discrete approximation, there will
always be a few borderline vehicles at the very top of one category or the very bottom of the next-highest
category.

8 Increasing the number of categories could make the rating system more difficult for some consumers to use.
Visual representations, such as stars, must be counted once they surpass people’s capacity to perceive at a
glance the number of items presented (the limit is three to four items; see, e.g., Kaufman et al. 1949; cf. Peterson
and Simon 2000). Numerical scores pose different problems. Research by Hibbard and colleagues (in press),
for example, shows that use of visual clues (e.g., a three-star rating system) makes it easier for decision makers
to process evaluative information and integrate it into their choices.
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1997, with the specific objectives of developing and disseminating consumer
safety materials.

The rollover information on NHTSA’s website has attracted interest, as
indicated by site use statistics. The site provides a list of the rollover resistance
ratings for a range of vehicles, together with some brief explanatory material
on how the ratings were derived. It also addresses the role of driver behavior
in rollover crashes and highlights the importance of wearing a seat belt. The
answers to frequently asked questions about the ratings note that even a five-
star vehicle is not immune from rollover and also warn consumers that any
load placed on the roof will be above the center of gravity of the vehicle,
thereby increasing the likelihood of rolling over. The list of ratings indicates
which vehicles are equipped with electronic stability control, and the accom-
panying text notes that this feature “may reduce the likelihood of a single ve-
hicle crash, and thus, the risk of subsequent rollover.” One of the objectives
of dynamic testing is to assess the effectiveness of electronic stability control
systems in helping a driver avoid conditions leading to rollover.9

The rollover resistance ratings for individual vehicles represent an at-
tempt to provide relevant information about a complex risk in a concise sum-
mary measure. It is no easy task to develop a good summary measure that is
meaningful, easy to understand and interpret, and unambiguous, and that
places the information in the appropriate context and conveys uncertainty.
A conclusive assessment of the effectiveness of any such measure requires
analysis of empirical data on consumers’ use of the information. The com-
mittee was unable to obtain any such data to inform its assessment of the
practicality and usefulness of the rollover resistance ratings. Therefore, its
findings in this area are based on extrapolation from research on other con-
sumer products, judgment, and evaluation of the process used by NHTSA to
develop the ratings.

Research on consumer information and decision making, risk communi-
cation, and hazard warnings and labels has resulted in recommended practices
that are helpful in developing a range of consumer information. Following these
practices does not guarantee that the resulting information will be effective, but
it does provide some degree of confidence. NHTSA made only limited use of
such practices in developing its rollover resistance rating system. The commit-
tee identified three areas of concern in NHTSA’s approach: (1) the use of
a single research strategy—namely, focus groups—rather than a range of tech-
niques, including one-on-one interviews, open-ended group interviews, and
written questionnaires; (2) failure to use an iterative design process to test, re-
fine, and retest the proposed consumer information; and (3) the lack of large-
scale formal testing before dissemination to determine whether consumers are
able to apply the information appropriately.

9 The example of antilock brakes indicates that caution is needed in extrapolating the results of track testing
to real-world experience.
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The deficiencies in NHTSA’s approach do not necessarily mean that the
rollover resistance ratings are not an effective communication tool. Never-
theless, these deficiencies raise concerns that cannot be dismissed easily in the
absence of relevant empirical data on consumer responses to the ratings. A
further concern is the superficial resemblance between the rollover resistance
ratings and the NCAP frontal and side crash ratings. Both use a star system,
with five stars indicating the best vehicle performance and one the worst.
However, the crash ratings are based on crash tests and provide information
about a vehicle’s crashworthiness, whereas the rollover ratings relate to crash
propensity given that the vehicle is already in a single-vehicle crash—a very
different concept. Empirical data on consumers’ use of the NCAP informa-
tion are needed to investigate this possible source of confusion, as well as use
of the ratings in the context of other automotive safety information.

Finding 7: There is a gap between recommended practices for the develop-
ment of safety information and NHTSA’s current process for identifying and
meeting consumer needs for such information. In particular:

• The focus group studies used to develop the star rating system were
limited in scope.

• The agency has not undertaken empirical studies to evaluate consumers’
use of the rollover resistance rating system in making vehicle safety judgments
or purchase decisions.

In summary, the committee found that NHTSA’s star ratings for rollover
resistance are likely to be of limited use in presenting practical information
to the public because:

• There were shortcomings in the statistical methodology used to derive
the average rollover curve.

• The approximation of the rollover curve by five discrete rating cate-
gories is coarse and does not adequately convey the degree of resolution among
vehicles provided by available crash data.

• The limited procedures used by NHTSA to develop and evaluate the
star rating system do not demonstrate with reasonable confidence the likely
effectiveness of the system.

RECOMMENDATIONS FOR A FUTURE APPROACH

The committee concludes that consumer information on motor vehicle rollover
can assist the public in choosing safer cars and encourage manufacturers to in-
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vestigate ways of making their vehicles less susceptible to rollover. To be com-
prehensive, such information needs to capture:

• The results of dynamic tests that assess a vehicle’s control and handling
characteristics, and

• Information from static measures indicative of a vehicle’s rollover
propensity.

In accordance with the requirements of the TREAD Act, NHTSA is in-
vestigating driving maneuver tests for rollover resistance and has reported
progress in this activity (Federal Register 2001b). Challenges remain in de-
veloping the requisite dynamic tests, together with related consumer infor-
mation that is technically accurate, as well as practical and useful to the public.
Nevertheless, the committee has not identified any insurmountable engineer-
ing barriers to the development of a representative dynamic test (or tests) that
would differentiate meaningfully among vehicles. Similarly, the development
of consumer information based on static measures and dynamic tests appears
feasible, particularly if NHTSA takes advantage of recommended develop-
ment practices and proven techniques for communicating risk-based infor-
mation to consumers.

Despite the absence of technical barriers to providing more comprehensive
consumer information on rollover, the protracted history of NHTSA’s rule-
making initiatives on rollover (see Chapter 1) suggests that the agency may
encounter difficulties in obtaining support for its actions from all the major
stakeholders. Furthermore, vehicle manufacturers, consumer groups, and
others involved in vehicle testing are likely to incur additional costs when
NHTSA introduces dynamic test(s) relating to rollover (see Chapter 2). For
these reasons, the committee concludes that consumer information on rollover
that captures both static measures and dynamic test results probably will not
be available in the near future.

The current rollover resistance ratings are likely to be of limited use to
the public because of the way in which information on SSF is delivered. How-
ever, SSF may form a reasonable initial basis for developing consumer infor-
mation on rollover until additional measures based on both static metrics
and dynamic testing10 become available.

Recommendation 1: NHTSA should vigorously pursue its ongoing research
on driving maneuver tests for rollover resistance, mandated under the
TREAD Act, with the objective of developing one or more dynamic tests that
can be used to assess transient vehicle behavior leading to rollover.

10 In the absence of empirical evaluations of consumers’ use of dynamic test information, the committee is un-
able to assess whether such information can be interpreted and used by the public in vehicle purchase decisions.
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Recommendation 2: In the longer term, NHTSA should develop revised
consumer information on rollover that incorporates the results of one or
more dynamic tests on transient vehicle behavior to complement the infor-
mation from static measures, such as SSF.

Recommendation 3: NHTSA should investigate alternative options for
communicating information to the public on SSF and its relationship to
rollover. In developing revised consumer information, NHTSA should

• Use a logit model as a starting point for analysis of the relationship
between rollover risk and SSF.

• Consider a higher-resolution representation of the relationship be-
tween rollover risk and SSF than is provided by the current five-star rating
system.

• Continue to investigate presentation metrics other than stars.
• Provide consumers with more information placing rollover risk in the

broader context of motor vehicle safety.
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NATIONAL HIGHWAY TRAFFIC SAFETY ADMINISTRATION1

Operations and Research

...Provided further, That the Department of Transportation shall fund a study
with the National Academy of Sciences on whether the static stability factor
is a scientifically valid measurement that presents practical, useful informa-
tion to the public including a comparison of the static stability factor test ver-
sus a test with rollover metrics based on dynamic driving conditions that may
induce rollover events: Provided further, That nothing in this provision pro-
hibits NHTSA from completing action on its proposal to provide rollover rat-
ing information to the public while the National Academy of Sciences
conducts this study: Provided further, That to the extent NHTSA continues
action on its rollover ratings proposal during the study, the agency shall con-
sider any available preliminary deliberations or conclusions available from the
National Academy of Sciences before completing action on its proposal, and
shall consider coordinating any final action on its proposal with the comple-
tion of the National Academy of Sciences study: Provided further, That the
National Academy of Sciences shall complete this study and issue a report to
the House and Senate Committees on Appropriations not later than nine
months after the date of enactment of this Act: Provided further, That after
the National Academy of Sciences submits its findings to the Congress and the
National Highway Traffic Safety Administration, the National Highway
Traffic Safety Administration shall formally review and respond within 30
days to the study findings and propose any appropriate revisions to the con-
sumer information program based on that review.
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APPENDIX A

Congressional Request for Study

1 Text taken from conference report on H.R. 4475, Department of Transportation and Related Agencies
Appropriations Act, 2001 (House Rept. 106–940).



FIRST COMMITTEE MEETING: 
APRIL 11–12, 2001, WASHINGTON, D.C.

The following presentations were made to the committee by invited speakers:

Light Vehicle Rollover: Background on NHTSA’s Activities in this Area
Steve Kratzke, National Highway Traffic Safety Administration (NHTSA)

Background to NHTSA NCAP Ratings for Rollover Resistance: Why Are
They Based on Static Stability Factor?
Pat Boyd, NHTSA

Analysis of Real-World Data: Static Stability Factor and the Risk of Rollover
Sue Partyka, NHTSA

Presentation on Behalf of the Alliance of Automobile Manufacturers
Alan Donelson, Exponent Failure Analysis Associates, Inc.

Consumer Information Program for Rollover
Roger Kurrus, NHTSA, and Mary Versailles, NHTSA

Comments on Consumer Information Issues
R. David Pittle, Consumers Union

Rollover Consumer Information: Three Phases of Rollover
Rob Strassburger, Alliance of Automobile Manufacturers

Shopping for Safety: Summary of an NRC–TRB Committee Report on Pro-
viding Consumer Automotive Safety Information
M. Granger Morgan, Carnegie Mellon University

Recent NHTSA Dynamic Rollover Testing Experience
W. Riley Garrott, NHTSA

Suggestions for Approaches To Assess Vehicle Rollover Resistance
David Champion, Consumers Union

APPENDIX B

Committee Meetings and 
Other Activities
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The following speakers addressed the committee during the open discussion:

• Michael Cammisa, Association of International Automobile Manu-
facturers, Inc.;

• Barry Felrice, DaimlerChrysler Corporation;
• Doug Greenhaus, National Automobile Dealers Association; and
• Ian Jones, Consultant, Great Falls, Va.

SECOND COMMITTEE MEETING: 
MAY 29–30, 2001, WASHINGTON, D.C.

The following presentations were made to the committee by invited speakers:

Aberdeen Test Center Roadway Simulator
Greg Schultz, U.S. Army Aberdeen Test Center, and Carl Larsen, MTS Systems
Corporation

Collection of NASS CDS Data Relating to Rollover
Robert Woodill, Veridian Engineering, and John Brophy, NHTSA

Communicating Risk-Based Information to the Consumer
Michael S. Wogalter, North Carolina State University

The following speakers addressed the committee during the open discussion:

• Wade Allen, Systems Technology, Inc.;
• George Ball, Graeme Fowler, and Jerry Hashimura, American Suzuki

Motor Corporation;
• Joan Claybrook, Public Citizen;
• Clarence Ditlow, Center for Auto Safety;
• Phil Headley, Continental Teves;
• Ian Jones, Consultant, Great Falls, Va.;
• Jeya Padmanaban, JP Research;
• R. David Pittle, Consumers Union; and
• Tab Turner, Turner & Associates.

SITE VISITS

Visit to Consumers Union Vehicle Test Facility, East Haddam, Conn.,
June 21, 2001.

Site Visits to Ford Motor Company, Dearborn, Mich.; General Motors Prov-
ing Ground, Milford, Mich.; and DaimlerChrysler Proving Ground, Chelsea,
Mich.; July 24–25, 2001.
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THIRD COMMITTEE MEETING: 
JULY 25–26, 2001, DEARBORN, MICH.

FOURTH COMMITTEE MEETING: 
OCTOBER 30–31, 2001, WASHINGTON, D.C.

ADDITIONAL DATA GATHERING

In addition to material presented to the committee during the information-
gathering meetings listed above, a number of organizations and individuals
provided written submissions for the committee’s consideration. A list of all
nonproprietary materials considered by the committee is available from the
Public Records Office of the National Academies (e-mail: publicac@nas.edu).



1 The LOGISTIC Procedure. SAS Institute Inc. SAS/STAT® User’s Guide, Version 6, Fourth Edition, Vol-
ume 2, SAS Institute Inc., Cary, N.C., 1989.

Tables C-1 through C-7 present the outcomes of the LOGISTIC procedure
using the Statistical Analysis System (SAS).1 Listed are:

• The name of each parameter included in the model;
• The degrees of freedom (DF) associated with each parameter;
• The estimated coefficient of the parameter, obtained by maximum-

likelihood estimation;
• The standard error of the coefficient (a measure of precision);
• The Wald Chi-square statistic, computed as the square of the value

obtained by dividing the parameter estimate by its standard error; and
• The p-value (Pr > ChiSq) for the Wald Chi-square statistic with 1 DF,

with a value below 0.05 indicating a significant effect of the associated model
parameter if a 5 percent significance level is chosen.

The parameters included in the logistic model are the static stability fac-
tor (SSF) and the five “dummy” state variables (i.e., 0,1 variables). Note that
Missouri, the sixth state in the data, is omitted in the model; it is the base-
line state in the model. For example, using the modeling results shown in
Table C-1 and the notation of Equation 7 in Chapter 3, the logit model can
be written as follows:

log [P/(1−P)] = 1.5326 − 3.6027 SSF + adjustments

where P is the estimated probability of a rollover given a single-vehicle crash,
and the adjustments are as follows:

−0.1910 if STORM = 1 (+0 otherwise)
+0.9276 if FAST = 1 (+0 otherwise)
+0.1279 if HILL = 1 (+0 otherwise)
+0.5224 if CURVE = 1 (+0 otherwise)
−0.0913 if MALE = 1 (+0 otherwise)
+0.3187 if YOUNG = 1 (+0 otherwise)
−0.3664 if OLD = 1 (+0 otherwise)
+0.2578 if DRINK = 1 (+0 otherwise)
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+1.1611 if State = Florida (+0 otherwise)
+0.7852 if State = Maryland (+0 otherwise)
+0.8006 if State = North Carolina (+0 otherwise)
+1.2121 if State = Pennsylvania (+0 otherwise)
+1.4575 if State = Utah (+0 otherwise)

TABLE C-1 Logit Model Results for Data from Six States Combined
(See Figure 3-2)

TABLE C-2 Logit Model Results for Data from Six States Combined
for Risk Scenario Close to the Minimum (See Figure 3-3)

Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSq

Intercept 1 1.5326 0.0555 762.6947 <.0001
SSF 1 -3.6027 0.0416 7510.7110 <.0001
STORM 1 -0.1910 0.0130 214.9444 <.0001
FAST 1 0.9276 0.0123 5642.4241 <.0001
HILL 1 0.1279 0.0124 106.9493 <.0001
CURVE 1 0.5224 0.0122 1844.5867 <.0001
MALE 1 -0.0913 0.0123 55.2705 <.0001
YOUNG 1 0.3187 0.0119 720.3518 <.0001
OLD 1 -0.3664 0.0405 81.6902 <.0001
DRINK 1 0.2578 0.0157 270.7577 <.0001
dummy_fl 1 1.1611 0.0214 2953.9104 <.0001
dummy_md 1 0.7852 0.0257 932.6290 <.0001
dummy_nc 1 0.8006 0.0192 1742.2279 <.0001
dummy_pa 1 1.2121 0.0200 3686.3054 <.0001
dummy_ut 1 1.4575 0.0296 2417.7396 <.0001

Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSq

Intercept 1 1.0804 2.8127 0.1476 0.7009
SSF 1 -3.7387 2.0212 3.4216 0.0643
dummy_fl 1 0.7377 0.7845 0.8842 0.3470
dummy_md 1 0.5256 1.0138 0.2688 0.6042
dummy_nc 1 0.5774 0.8119 0.5058 0.4770
dummy_pa 1 0.4725 0.8263 0.3270 0.5675
dummy_ut 1 1.9178 1.2993 2.1786 0.1399
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TABLE C-3 Logit Model Results for Data from Six States Combined
for Risk Scenario at the 25th Percentile (See Figure 3-4)

TABLE C-4 Logit Model Results for Data from Six States Combined
for Risk Scenario at the Mean (See Figure 3-5)

TABLE C-5 Logit Model Results for Data from Six States Combined
for Risk Scenario at the Median (See Figure 3-6)

Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSq

Intercept 1 2.8052 0.2493 126.5779 <.0001
SSF 1 -3.9525 0.1990 394.5406 <.0001
dummy_fl 1 1.4559 0.0895 264.3365 <.0001
dummy_md 1 0.6796 0.1198 32.1621 <.0001
dummy_nc 1 0.4733 0.0885 28.6180 <.0001
dummy_pa 1 0.9663 0.0978 97.6930 <.0001
dummy_ut 1 1.8160 0.1236 215.9163 <.0001

Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSq

Intercept 1 1.9149 0.3158 36.7562 <.0001
SSF 1 -3.7359 0.2384 245.5733 <.0001
dummy_fl 1 1.1069 0.1341 68.1204 <.0001
dummy_md 1 0.7083 0.1964 13.0090 0.0003
dummy_nc 1 0.7284 0.1494 23.7583 <.0001
dummy_pa 1 1.1200 0.1415 62.6115 <.0001
dummy_ut 1 1.0745 0.2143 25.1399 <.0001

Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSq

Intercept 1 3.1380 0.3896 64.8641 <.0001
SSF 1 -4.1671 0.3083 182.6660 <.0001
dummy_fl 1 1.0949 0.1610 46.2240 <.0001
dummy_md 1 0.7980 0.1861 18.3786 <.0001
dummy_nc 1 0.4573 0.1555 8.6466 0.0033
dummy_pa 1 1.0435 0.1521 47.0791 <.0001
dummy_ut 1 1.3395 0.1965 46.4858 <.0001
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TABLE C-6 Logit Model Results for Data from Six States Combined
for Risk Scenario at the 75th Percentile (See Figure 3-7)

TABLE C-7 Logit Model Results for Data from Six States Combined
for Risk Scenario Close to Maximum (See Figure 3-8)

Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSq

Intercept 1 4.1884 0.4747 77.8564 <.0001
SSF 1 -4.9957 0.3954 159.5922 <.0001
dummy_fl 1 0.7393 0.1901 15.1233 0.0001
dummy_md 1 0.8961 0.2166 17.1126 <.0001
dummy_nc 1 0.3376 0.1571 4.6142 0.0317
dummy_pa 1 1.2998 0.1448 80.5297 <.0001
dummy_ut 1 1.6824 0.2122 62.8738 <.0001

Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSq

Intercept 1 0.7049 0.5683 1.5388 0.2148
SSF 1 -1.7458 0.4509 14.9929 0.0001
dummy_fl 1 1.5017 0.1989 56.9796 <.0001
dummy_md 1 0.3726 0.5993 0.3865 0.5342
dummy_nc 1 1.6822 0.1713 96.4075 <.0001
dummy_pa 1 0.7427 0.2205 11.3456 0.0008
dummy_ut 1 2.2298 0.4830 21.3100 <.0001
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This appendix reprints information from the following documents on the
National Highway Transportation Safety Administration’s (NHTSA’s)

website:

• New Car Assessment Program (www.nhtsa.dot.gov/hot/rollover/
2001Rollover.html);

• Rollover Rated Vehicle Details (www.nhtsa.dot.gov/hot/rollover/
fullWebd.html); and

• Rollover Resistance Ratings Information (www.nhtsa.dot.gov/hot/
rollover).

NEW CAR ASSESSMENT PROGRAM1

How To Use This Chart

Frontal and Side Crash Test Ratings

• In the frontal crash rating, vehicles are classified by the estimated
chance of a life-threatening head and/or chest injury for the driver or front
seat passenger.

• Frontal crash results should only be compared against other vehicles in
the same weight class. If a light vehicle collides head-on with a heavier vehi-
cle at 35 mph, the occupants in the lighter vehicle could experience a greater
chance of injury than the results of this test indicate.

• In the side crash rating, vehicles are classified by the estimated chance
of a life-threatening chest injury for the driver and the rear seat passenger.
Head injury is not measured in the side crashes.

• Since all tested vehicles are impacted by the same size barrier, it is pos-
sible to compare vehicles from different weight classes when looking at side
crash ratings.

• Drivers and passengers in both the frontal and side crash rating receive
a one to five star rating with five stars ★★★★★ indicating the best protection.

• Vehicles are twice as likely to be involved in severe frontal crashes than
in severe side crashes. Test results show the relative crash protection provided

APPENDIX D

Rollover Information from
NHTSA’s Website

1 Text and data are from the September 2001 website posting.
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to occupants using all of the vehicle’s occupant protection equipment. Oc-
cupant protection equipment consists of safety belts and air bags. The results
do not apply to unbelted occupants.

• All vehicles had safety belt systems for all occupants and frontal air
bags for the driver and right front seat passenger. The side air bag equipment
provided on each tested vehicle is shown to the right of the vehicle’s overall
score. The side air bag column refers to what was in the vehicle tested and
not to options that might be available from the manufacturer.

• Also, thigh injury is measured in the frontal crash tests and pelvic in-
jury is measured in the side crash tests. If a high likelihood of a thigh injury
or a pelvic injury occurs, the consumer is informed of these possible injuries
by an asterisk or a pound symbol respectively.

Rollover Resistance Ratings

• Most rollover crashes occur when a vehicle runs off the road and is
tripped by a ditch, curb, soft soil, or other object causing it to rollover. These
crashes are usually caused by driver behavior such as speeding or inattention.
These are called single vehicle crashes because the crash did not involve a col-
lision with another vehicle. More than 10,000 people die each year in all
rollover crashes.

• The rollover resistance rating is an estimate of your risk of rolling over
if you have a single vehicle crash. It does not predict the likelihood of that
crash. The rollover resistance rating essentially measures vehicle characteris-
tics of center of gravity and track width to determine how “top heavy” a ve-
hicle is. The more top-heavy the vehicle, the more likely it is to roll over. The
lowest-rated vehicles (1 star) are at least four times more likely to roll over
than the highest rated vehicles (5 stars).

• The rollover resistance ratings of vehicles were compared with
220,000 actual single-vehicle crashes, and the ratings were found to relate
very closely to the real-world rollover experience of vehicles.

• Like side crash ratings, it is possible to compare vehicles from differ-
ent weight classes when looking at rollover resistance ratings.

• Some vehicles have electronic stability control, a device which does not
affect the rollover resistance rating directly but may reduce the likelihood of
a single vehicle crash, and thus, the risk of subsequent rollover. NHTSA
notes vehicles equipped with electronic stability control by a symbol next to
the rollover resistance ratings.

• While the rollover resistance rating does not directly predict the risk
of injury or death, keep in mind that rollovers have a higher fatality rate than
other kinds of crashes. Remember: Even the highest-rated vehicle can
rollover, but you can reduce your chance of being killed in a rollover by
about 75 percent just by wearing your seat belt.
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ROLLOVER RESISTANCE RATINGS INFORMATION

Description of Rollover Resistance Rating

• Most rollover crashes occur when a vehicle runs off the road and is
tripped by a ditch, curb, soft soil, or other object causing it to rollover. These
crashes are usually caused by driver behavior such as speeding or inattention.
These are called single-vehicle crashes because the crash did not involve a col-
lision with another vehicle. More than 10,000 people die each year in all
rollover crashes.

• The rollover resistance rating is an estimate of your risk of rolling over
if you have a single-vehicle crash. It does not predict the likelihood of that
crash. The rollover resistance rating essentially measures vehicle characteris-
tics of center of gravity and track width to determine how “top heavy” a
vehicle is. The more top-heavy the vehicle, the more likely it is to roll over.
The lowest-rated vehicles (1 star) are at least four times more likely to roll
over than the highest-rated vehicles (5 stars).

• The rollover resistance ratings of vehicles were compared to 220,000
actual single-vehicle crashes, and the ratings were found to relate very closely
to the real-world rollover experience of vehicles.

• While the rollover resistance rating does not directly predict the risk of
injury or death, keep in mind that rollovers have a higher fatality rate than
other kinds of crashes. Remember: Even the highest-rated vehicle can rollover,
but you can reduce your chance of being killed in a rollover by about 75 per-
cent just by wearing your seat belt.

• Here are the rollover resistance ratings: In a single-vehicle crash, a
vehicle with a rating of

Five Stars ★ ★ ★ ★ ★ has a risk of rollover of less than 10 percent.
Four Stars ★ ★ ★ ★ has a risk of rollover between 10 percent and 

20 percent.
Three Stars ★ ★ ★ has a risk of rollover between 20 percent and 

30 percent.
Two Stars ★ ★ has a risk of rollover between 30 percent and 

40 percent.
One Star ★ has a risk of rollover greater than 40 percent.

Frequently Asked Questions About Rollover Resistance Ratings

Why is consumer information for vehicle rollovers necessary?

While rollovers do not occur as frequently as other types of crashes (see Fig-
ure D-1), when they do occur, the result is often serious injury or death. Roll-
overs accounted for more than 10,000 fatalities in the United States in 1999,
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FIGURE D-1 Light vehicle crashes. (SOURCE: NHTSA General Estimates System,
1999.)

FIGURE D-2 Fatal crashes. (SOURCE: NHTSA Fatality Analysis Reporting System,
1999.)

more than side and rear crashes combined (see Figure D-2). They also resulted
in thousands of serious injuries. NHTSA believes that most of these rollovers,
and the tragic injuries that result, are preventable, if consumers understand the
roles the driver, roadside environment and vehicle play in causing the rollover.



124 • NHTSA’s Rating System for Rollover Resistance: An Assessment

How do most vehicle rollovers occur?

From its studies of real-world single-vehicle crashes, NHTSA has determined
that more than 90 percent of rollovers occur after a driver runs off of the road
(see Figure D-3). This does not refer to vehicles trying to negotiate difficult
trails away from public roads. It refers to vehicles rolling over off of the pave-
ment after the driver has lost control of the vehicle. Once the vehicle slides off
of the pavement, a ditch, soft soil, curb or other tripping mechanism usually
initiates the rollover.

How should the consumer interpret NHTSA’s rollover resistance ratings?

The rollover resistance ratings are based on static stability factor, which is
essentially a measure of how top heavy a vehicle is. The rollover resistance
ratings of vehicles were compared to 220,000 actual single vehicle crashes,
and the ratings were found to relate very closely to the real-world rollover
experience of vehicles. Based on these studies, NHTSA found that taller, nar-
rower vehicles, such as sport utility vehicles (SUVs), are more likely than
lower, wider vehicles, such as passenger cars, to trip and roll over once they
leave the roadway. Accordingly, NHTSA awards more stars to wider and/or
lower vehicles. The rollover resistance rating, however, does not address the
causes of the driver losing control and the vehicle leaving the roadway in the
first place.
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FIGURE D-3 Single-vehicle rollovers. (SOURCE: NHTSA General Estimates
System, 1999.)
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Does a vehicle with a higher rollover resistance rating mean it is immune
from rollovers?

No, even a five-star vehicle has up to a 10 percent risk of rolling over in a
single-vehicle crash. In fact, because of the aggressive way in which the ve-
hicle is driven and/or the age and skill of the driver, certain five-star vehicles
such as sports cars, may have a higher number of rollovers per hundred reg-
istered vehicles than certain three-star vehicles, such as minivans, due to the
fact that they are in more single-vehicle crashes.

How does electronic stability control (ESC) affect rollover, and what is its
relationship to the rollover resistance ratings?

Most rollovers occur when a vehicle runs off the road and strikes a curb, soft
shoulder, guard rail or other object that “trips” it. The rollover resistance rat-
ings estimate the risk of rollover in event of a single-vehicle crash, usually when
the vehicle runs off the road. ESC (which is offered under various trade
names) is designed to assist drivers in maintaining control of their vehicles dur-
ing extreme steering maneuvers. It senses when a vehicle is starting to spin out
(oversteer) or plow out (understeer), and it turns the vehicle to the appropriate
heading by automatically applying the brake at one or more wheels. Some sys-
tems also automatically slow the vehicle with further brake and throttle inter-
vention. What makes ESC promising is the possibility that with its aid many
drivers will avoid running off the road and having a single-vehicle crash in the
first place. However, ESC cannot keep a vehicle on the road if its speed is sim-
ply too great for the available traction and the maneuver the driver is at-
tempting, or if road departure is a result of driver inattention. In these cases,
a single-vehicle crash will happen, and the rollover resistance rating will apply
as it does to all vehicles in the event of a single-vehicle crash. Some of the 2001
model year vehicles that will be rated have ESC and are identified in the
charts with the rollover resistance ratings.

What other information does a consumer need to know in order to
minimize the chances of rollover?

A rollover crash is a complex event, heavily influenced by driver and road
characteristics, as well as the design of the vehicle. Consequently, a consumer
should also know that:

• All vehicles can roll over. All types of vehicles roll over in certain con-
ditions. While SUVs have the highest number of rollovers per 100 crashes
(see Figure D-4), because of the higher numbers of passenger cars on the
road, almost half of all rollovers which occurred in 1999 involved passenger
cars (see Figure D-5).
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FIGURE D-5 Rollovers by vehicle type. (SOURCE: NHTSA General Estimates
System, 1999.)
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FIGURE D-4 Rollover rate by vehicle type. (SOURCE: NHTSA General Esti-
mates System, 1999.)

• Rollovers are more likely on rural roads and highways. When a vehi-
cle goes off rural roads it is likely to overturn when it strikes a ditch or em-
bankment or is tripped by soft soil (see Figure D-6). Many other rollover
crashes occur along freeways with grassy or dirt medians when a driver loses
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control at highway speeds and the vehicle slides sideways off the road and
overturns when the tires dig into the dirt (see Figure D-7).

What can the consumer do to reduce rollover risk?

Since most vehicle rollovers are single-vehicle crashes, they are often pre-
ventable. They are unlike non-rollover multiple-vehicle crashes involving
frontal, side and rear impacts, where another driver may have been respon-
sible for the crash. To minimize the risk of a rollover crash and serious in-
jury, the driver should

• Always wear seat belts. Regardless of vehicle choice, the consumer and
his or her passengers can dramatically reduce their risk of being killed or se-
riously injured in a rollover crash by simply using their seat belts. Seat belt
use has an even greater effect on reducing the deadliness of rollover crashes
than on other crashes because so many victims of rollover crashes die as a re-
sult of being partially or completely thrown from the vehicle. NHTSA esti-
mates that belted occupants are about 75 percent less likely to be killed in a
rollover crash than unbelted occupants.

FIGURE D-6 Rural road rollover. (SOURCE: Docket No. NHTSA 2000-6859.
Reprinted with permission of American Suzuki Motor Corporation; © American
Suzuki Motor Corporation.)
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• Avoid conditions that lead to loss of control. Common reasons drivers
lose control of their vehicles and run off of the road include: driving under the
influence of alcohol or drugs, driving while sleepy or inattentive, or driving
too fast for the conditions.

• Be careful on rural roads. Drivers should be particularly cautious on
curved rural roads and maintain a safe speed to avoid running off the road and
striking a ditch or embankment and rolling over.

• Avoid extreme panic-like steering. Another condition which may cause
a rollover is where a driver overcorrects the steering as a panic reaction to an
emergency or to something as simple as dropping a wheel off the pavement
(see Figure D-8). Especially at freeway speeds, over correcting or excessive
steering may cause the driver to lose control resulting in the vehicle sliding side-
ways and rolling over. If your vehicle should go off the roadway, gradually
reduce the vehicle speed and then ease the vehicle back on to the roadway
when it is safe to do so (see Figure D-9).

• Maintain tires properly. Since maintaining vehicle control is the most
important factor in minimizing the chances of a vehicle rollover, improperly
inflated and worn tires can be dangerous. Worn tires may cause the vehicle to
slide sideways on wet or slippery pavement, resulting in the vehicle sliding off

FIGURE D-7 Freeway rollover. (SOURCE: Docket No. NHTSA 2000-6859.
Reprinted with permission of American Suzuki Motor Corporation; © American
Suzuki Motor Corporation.)
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FIGURE D-8 Out-of-control vehicle. (SOURCE: Docket No. NHTSA
2000-6859. Reprinted with permission of American Suzuki Motor Corpo-
ration; © American Suzuki Motor Corporation.)

FIGURE D-9 Vehicle under control. (SOURCE: Docket No. NHTSA
2000-6859. Reprinted with permission of American Suzuki Motor Corpo-
ration; © American Suzuki Motor Corporation.)



the road and increasing the risk of rolling over. Improper inflation can accel-
erate tire wear, and can even lead to catastrophic failures. It is important that
consumers maintain tires properly and replace them, when necessary.

• Load vehicles properly. Consult your owner’s manual to determine the
maximum safe load for your vehicle, and the proper distribution of that load.
Pay special attention to the vehicle manufacturer’s instructions and weight
limits when using any type of roof rack. Any load placed on the roof will be
above the center of gravity of the vehicle and will increase the likelihood of
rolling over.
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