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Source:  NHTSA, Office of Defects Investigation

2009 Lexus ES 350
crashed August 28, 2009

2



Toyota announces first recall
November 25, 2009

Source:  NHTSA, Press Release
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Theory:

The throttle or electronic control system 
malfunctions in the recalled Toyota vehicles 

(NHTSA CAMPAIGN ID Number:  
09V388000).
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Null Hypothesis I:

There is no indication in consumer safety 
complaint data of a throttle or electronic 
control system malfunction in the recalled 
Toyota models (NHTSA CAMPAIGN ID 

Number:  09V388000).

See:  Toyota Statement to ABC News, November 25, 2009
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See:  Toyota Statement to ABC News, November 25, 2009

There is no indication in consumer safety 
complaint data of a throttle or electronic 
control system malfunction in the related, 

unrecalled Toyota models.
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Null Hypothesis II:



Data tested:

Consumer Safety Complaints to
NHTSA for 3 Toyota Models,

Before the Saylor Family Crash

Source:  NHTSA, Office of Defects Investigation,  
Accessed August 24, 2009
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Makes and models studied ‒
Toyota Camry

With and without ETCS-i
Photo source:  Safercar.gov
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Makes and models studied ‒
Lexus ES 300 Series

With and without ETCS-i
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Photo source:  Safercar.gov



Makes and models studied ‒
Toyota Tacoma

With and without ETCS-i
Photo Source:  NHTSA
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Source:  NHTSA, Office of Defects Investigation

NHTSA’s Consumer Safety Complaint database ‒ 
the raw materials involving unintended acceleration
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Source:  NHTSA, Office of Defects Investigation, 
ODI Number 10023329
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NHTSA’s Consumer Safety Complaint database ‒ 
the raw materials involving unintended acceleration



Source:  NHTSA, Office of Defects Investigation
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NHTSA’s Consumer Safety Complaint database ‒ 
the raw materials involving unintended acceleration



Source:  NHTSA, Office of Defects Investigation
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NHTSA’s Consumer Safety Complaint database ‒ 
the raw materials involving unintended acceleration



Source:  NHTSA, Office of Defects Investigation
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NHTSA’s Consumer Safety Complaint database ‒ 
the raw materials involving unintended acceleration



Source:  NHTSA, Office of Defects Investigation
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NHTSA’s Consumer Safety Complaint database ‒ 
the raw materials involving unintended acceleration



Source:  NHTSA, Office of Defects Investigation

Example of a consumer safety complaint with a 
Vehicle Identification Number
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Source:  NHTSA, Office of Defects Investigation

Toyota’s VIN decoding system for 2009
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Source:  NHTSA, Office of Defects Investigation

Vehicle Identification Number decoded
by VINDICATOR (Highway Loss Data Institute)

2009 Toyota Highlander
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Source:  NHTSA, Office of Defects Investigation

Vehicle Identification Number decoded 
for the 2009 Toyota Highlander

Toyota engine family:  2GR-FE
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Classification of the Toyota engine family
by ETCS-i for the 2009 Highlander

With and without ETCS-i

Source:  Safety Research & Strategies, Inc.
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Examples of consumer safety complaints 
2006 Camry

Source:  NHTSA, Office of Defects Investigation
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Examples of consumer safety complaints 
2006 Camry

Source:  NHTSA, Office of Defects Investigation
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Methodology:

Compare the percentage of 
consumer safety complaints related 
to vehicle speed control in 3 groups

for each model in the study
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Comparison groups:

1) Unrecalled vehicles without 
Electronic Throttle Control (ETCS-i)

2) Unrecalled vehicles with ETCS-i

3) Recalled vehicles with ETCS-i
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Toyota Camry:  Percentage of Complaints Related to
Speed Control, Model Years 1999-2005, 2007

Source:  NHTSA, Office of Defects Investigation,
Consumer Safety Complaints through August 24, 2009

Compiled by Quality Control Systems Corp., January 26, 2010

%

11% of
593 

Not Recalled,
Without ETCS-i

* Note that data for model years 2006, 2008, and 2009 are missing
due to inadequate documentation of the engine codes.
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Toyota Camry:  Percentage of Complaints Related to
Speed Control, Model Years 1999-2005, 2007

Source:  NHTSA, Office of Defects Investigation,
Consumer Safety Complaints through August 24, 2009

Compiled by Quality Control Systems Corp., January 26, 2010

%

11% of
593 

29% of
1,092 

Not Recalled,
Without ETCS-i

Not Recalled,
With ETCS-i

* Note that data for model years 2006, 2008, and 2009 are missing
due to inadequate documentation of the engine codes.
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Toyota Camry:  Percentage of Complaints Related to
Speed Control, Model Years 1999-2005, 2007

Source:  NHTSA, Office of Defects Investigation,
Consumer Safety Complaints through August 24, 2009

Compiled by Quality Control Systems Corp., January 26, 2010
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1,092 

25% of
316 

Not Recalled,
Without ETCS-i

Not Recalled,
With ETCS-i

Recalled,
With ETCS-i

* Note that data for model years 2006, 2008, and 2009 are missing
due to inadequate documentation of the engine codes.
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Toyota Camry:  Proportion of Complaints Related to
Speed Control, Model Years 1999-2005, 2007

Source:  NHTSA, Office of Defects Investigation,
Consumer Safety Complaints through August 24, 2009

Compiled by Quality Control Systems Corp., January 26, 2010

* Note that data for model years 2006, 2008, and 2009 are missing
due to inadequate documentation of the engine codes.

Not Recalled,
Without ETCS-i

Not Recalled,
With ETCS-i

Recalled,
With ETCS-i

Null Hypothesis I Rejected, 
Fisher’s Exact Test (2-Tail),

p < 0.0001

Null Hypothesis II Rejected, 
Fisher’s Exact Test (2-Tail),

p < 0.0001
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Lexus ES 300 Series:  % of Complaints Related to
Speed Control, Model Years 1999-2005, 2007

Source:  NHTSA, Office of Defects Investigation,
Consumer Safety Complaints through August 24, 2009

Compiled by Quality Control Systems Corp., January 26, 2010

Not Recalled,
Without ETCS-i

Not Recalled,
With ETCS-i

Recalled,
With ETCS-i

* Note that data for model years 2006, 2008, and 2009 are missing
due to inadequate documentation of the engine codes.
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Lexus ES 300 Series:  Proportion of Complaints 
Related to Speed Control, MY 1999-2005, 2007

Source:  NHTSA, Office of Defects Investigation,
Consumer Safety Complaints through August 24, 2009

Compiled by Quality Control Systems Corp., January 26, 2010

* Note that data for model years 2006, 2008, and 2009 are missing
due to inadequate documentation of the engine codes.

Not Recalled,
Without ETCS-i

Not Recalled,
With ETCS-i

Recalled,
With ETCS-i

Null Hypothesis II Not Rejected, 
Fisher’s Exact Test (2-Tail),

p = 0.078

Null Hypothesis I Rejected, 
Fisher’s Exact Test (2-Tail),

p < 0.0001
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Toyota Tacoma:  Percentage of Complaints Related to
Speed Control, Model Years 2002-2003, 2005-2007

Source:  NHTSA, Office of Defects Investigation,
Consumer Safety Complaints through August 24, 2009

Compiled by Quality Control Systems Corp., January 26, 2010

Not Recalled,
Without ETCS-i

Not Recalled,
With ETCS-i

Recalled,
With ETCS-i

* Note that data for model years 2004, 2008, and 2009 are missing
due to inadequate documentation of the engine codes.
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Toyota Tacoma:  Proportion of Complaints Related to
Speed Control, Model Years 2002-2003, 2005-2007

Source:  NHTSA, Office of Defects Investigation,
Consumer Safety Complaints through August 24, 2009

Compiled by Quality Control Systems Corp., January 26, 2010

* Note that data for model years 2004, 2008, and 2009 are missing
due to inadequate documentation of the engine codes.

Not Recalled,
Without ETCS-i

Not Recalled,
With ETCS-i

Recalled,
With ETCS-i

Null Hypothesis II Rejected, 
Fisher’s Exact Test (2-Tail),

p = 0.0192

Null Hypothesis I Rejected, 
Fisher’s Exact Test (2-Tail),

p < 0.0001
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What about the effect of publicity on 
consumer complaints to NHTSA about 

related investigations?

If there was an effect, it can’t have 
influenced complaints before the 
investigations were announced.
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Toyota Camry:  Percentage of Complaints Related to
Speed Control, Model Years 1999-2003,

Before March 3, 2004 (PE04-021Announced)

Source:  NHTSA, Office of Defects Investigation,
Consumer Safety Complaints through August 24, 2009

Compiled by Quality Control Systems Corp.
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Null Hypothesis II Rejected, 
Fisher’s Exact Test (2-Tail),

p = 0.0018
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Lexus ES 300 Series:  % of Complaints Related to
Speed Control, Model Years 1999-2003,

Before March 3, 2004 (PE04-021Announced)
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Null Hypothesis II Not Rejected, 
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p = 1.0
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10% of
20

Source:  NHTSA, Office of Defects Investigation,
Consumer Safety Complaints through August 24, 2009

Compiled by Quality Control Systems Corp.



Toyota Tacoma:  Percentage of Complaints Related to
Speed Control, Model Years 2002-2003, 2005-2007,
Before January 31, 2008 (DP08-001Announced)

Not Recalled,
Without ETCS-i

Not Recalled,
With ETCS-i

Recalled,
With ETCS-i

* Note that data for model years 2004, 2008, and 2009 are missing
due to inadequate documentation of the engine codes.
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Null Hypothesis II Rejected, Fisher’s Exact 
Test (2-Tail),
p = 0.0413

Null Hypothesis I Rejected, Fisher’s 
Exact Test (2-Tail),

p = 0.0001
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Source:  NHTSA, Office of Defects Investigation,
Consumer Safety Complaints through August 24, 2009

Compiled by Quality Control Systems Corp.



Is a complaint with a “Vehicle Speed Control” 
component coded really an unintended 

acceleration complaint?

Certainly not always.  Alternative approaches 
include manual review of the complaint 
narrative, a computer-based query of 

keywords, or a combination of these two.
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What effect does time in service have?

Control for “years in service.”
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What about “normalizing” the data?

Calculating rates based on production data 
is one possibility.
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What if you included vehicles without VINs 
based on the make, model, and model year 

coded in the complaint?

What if you assumed the Camry and ES 300 
series all had ETCS-i beginning in MY 2002?

What if you assumed the Tacomas all had 
ETCS-i beginning in MY 2003 (even though 

they don’t)?
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Toyota Camry:  Unintended Acceleration Complaint Rates
Per 100K Units Produced. Calculated for First Calendar Year After 

Model Year Introduction. MY 1998-2007. Prior to 8/28/2009.

Source:  NHTSA, Office of Defects Investigation,
Consumer Safety Complaints through August 27, 2009

Compiled by Quality Control Systems Corp.
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Lexus ES 300 Series:  Unintended Acceleration Complaint Rates
Per 100K Units Produced. Calculated for First Calendar Year After 

Model Year Introduction. MY 1998-2007. Prior to 8/28/2009.

49 ÷ 435,9121 ÷ 177,914
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Source:  NHTSA, Office of Defects Investigation,
Consumer Safety Complaints through August 27, 2009

Compiled by Quality Control Systems Corp.
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*Note: this category likely includes some misclassified engines.

Source:  NHTSA, Office of Defects Investigation,
Consumer Safety Complaints through August 27, 2009

Compiled by Quality Control Systems Corp.



Some incidents are caused
by floor mats and sticky pedals

based on consumers’ descriptions

Photo Source:  NHTSA, Office of Defects Investigation
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Some incidents are also caused
by pedal misapplication

based on consumers’ descriptions

Photo source:  NHTSA
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Is a complaint with a “Vehicle Speed Control” 
component coded really an unintended 

acceleration complaint?

The association of complaints related to 
unintended acceleration that are coded as 
“Vehicle Speed Control” has changed since 
the Saylor Family crash.  Narrative analyses 

are essential and can be based on key 
words and phrases.
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“Unintended acceleration? They all do it.”

In fact, the data show they don’t all do it at 
the same rate.

Rate-based comparisons of UA are helpful 
when they are based on theories related to 

actual differences in vehicle design.

Differences in rates of UA may be important 
clues in focusing engineering analyses on 
specific problems in design, manufacturing, 

and testing.
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How likely is it that these factors...
Driver Factors:
Mass hysteria
Fraud
Old age
Youth
Inexperience
Incompetent drivers

Vehicle Factors:
Floor mats
Sticky pedals
Pedal placement
Gated gear shift pattern
Ignition switch design

...explain these results when controlling 
for make/model and years in service?
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Environmental/Usage 
Factors

Camry (see page 42) ES 300 Series (see page 43) Tacoma (see page 44)



To the degree that electronic control 
systems explain large differences in rates 

of unintended acceleration...

...countermeasures must be directed to the design, 
manufacture, and testing of these systems.
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Camry (see page 42) ES 300 Series (see page 43) Tacoma (see page 44)



To the degree that electronic control 
systems explain large differences in rates 

of unintended acceleration...

...it is crucial to monitor the performance 
of these systems for indications of failure.
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Camry (see page 42) ES 300 Series (see page 43) Tacoma (see page 44)



William DuMouchel, “Bayesian 
data mining in large frequency 
tables, with an application to 
the FDA spontaneous 
reporting system,” American 
Statistician, 1999; 53:177‒90.

Guidance for surveillance of “spontaneous 
reporting systems” is well developed in the 

scientific literature
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William DuMouchel, 
“Bayesian 
Measurement of 
Associations in 
Adverse Drug 
Reaction Databases,” 
SAMSI Workshop on 
Data Mining and 
Machine Learning, 
September 8, 2003.
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Guidance for surveillance of “spontaneous 
reporting systems” is well developed in the 

scientific literature
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NHTSA’s Early Warning Reporting data allows 
surveillance for potential motor vehicle defects 

using statistical techniques for exploratory analysis



Illustrative example of potential defect surveillance 
with NHTSA’s Early Warning data for injury claims
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Step 1.  Count the number of claims by 
component system in a test vehicle fleet 

(make/model/model year)

Counts
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Step 2.  Determine the distribution of 
claims by component system in a 

comparison set of all other vehicle fleets

Proportions

Illustrative example of potential defect surveillance 
with NHTSA’s Early Warning data for injury claims
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Illustrative example of potential defect surveillance 
with NHTSA’s Early Warning data for injury claims

Step 3.  Derive the expected number of 
claims by component system in the test 
fleet by multiplying the total count of 

claims in the test fleet by the proportion 
of claims for each component in the 

comparison set of all other vehicle fleetsExpected 
Counts
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Step 4a.  Compare the expected 
number of claims by component system 
in the test vehicle fleet with the actual 

number of claims by component

Counts

Illustrative example of potential defect surveillance 
with NHTSA’s Early Warning data for injury claims
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Step 4b.  Compare the expected 
number of claims by component system 
in the test vehicle fleet with the actual 

number of claims by component

Counts

Illustrative example of potential defect surveillance 
with NHTSA’s Early Warning data for injury claims
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Step 5.  Assess the “significance” of the 
difference by calculating a score for this 
test fleet and this component based on 

the Poisson distribution of the likelihood of 
the expected count given the actual count

Illustrative example of potential defect surveillance 
with NHTSA’s Early Warning data for injury claims
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Step 6.  Calculate similar scores for every 
component in every fleet in the dataset 

Illustrative example of potential defect surveillance 
with NHTSA’s Early Warning data for injury claims



This Period Fleet - Component Last Period Times on List Notes

1 LEXUS ES 350 4D 2007 - Speed 

Control

- 3 Possibly related recall 07E082000  

2 FORD TRUCK EXPLORER 4D 4X2 

2002 - Visibility

3 10 Possibly related recall

07E104000

Possibly related “special service 

campaign”

 01I010000 

3 JEEP LIBERTY 4D 4X4 2002 - 

Suspension

- 1 Possibly related recall

03V460000

4 TOYOTA CAMRY 4D 2WD 2007 - 

Speed Control

- 1 Possibly related recall

07E082000

5 FORD TRUCK F350 CREW C PU 4X4 

2004 - Engine & Engine Cooling

- 1 Possibly related

petition,

but no recall

DP05005

Source:  NHTSA, Office of Defects Investigation,
Early Warning Reporting data through the first quarter of 2008,

Rankings by Quality Control Systems Corp.
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Step 7.  Rank the scores in a list

Example of a potential defect surveillance list based 
on NHTSA’s Early Warning data for injuries



R. A. Whitfield, and 
Alice K. Whitfield,  
"Improving 
Surveillance for 
Injuries Associated 
with Potential Motor 
Vehicle Safety 
Defects."  Injury 
Prevention, April 2004, 
10:88-92.

Technical details and examples
are described here:
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This Period Fleet - Component Last Period Times on List Notes

1 LEXUS ES 350 4D 2007 - Speed 

Control

- 3 Possibly related recall 07E082000  

2 FORD TRUCK EXPLORER 4D 4X2 

2002 - Visibility

3 10 Possibly related recall

07E104000

Possibly related “special service 

campaign”

 01I010000 

3 JEEP LIBERTY 4D 4X4 2002 - 

Suspension

- 1 Possibly related recall

03V460000

4 TOYOTA CAMRY 4D 2WD 2007 - 

Speed Control

- 1 Possibly related recall

07E082000

5 FORD TRUCK F350 CREW C PU 4X4 

2004 - Engine & Engine Cooling

- 1 Possibly related

petition,

but no recall

DP05005

Source:  NHTSA, Office of Defects Investigation,
Early Warning Reporting data through the first quarter of 2008,

Rankings by Quality Control Systems Corp.

Statistical surveillance techniques are known 
to work for problems involved in unintended 
acceleration from NHTSA’s Early Warning 

Reporting injury claims data
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There is no certainty that any vehicle / component 
identified as a candidate for further review by 
these methods will have a safety related defect.
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It is unlikely that only vehicles / components 
with high surveillance scores could have a 

safety related defect.
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Source:  NHTSA, Office of Defects Investigation,
Early Warning Reporting data through the first quarter of 2008,

Rankings by Quality Control Systems Corp.

Integration with recall data is extremely helpful, 
especially to recognize possibly ineffective recalls

This Period Fleet - Component Last Period Times on List Notes

1 LEXUS ES 350 4D 2007 - Speed 

Control

- 3 Possibly related recall 07E082000  

2 FORD TRUCK EXPLORER 4D 4X2 

2002 - Visibility

3 10 Possibly related recall

07E104000

Possibly related “special service 

campaign”

 01I010000 

3 JEEP LIBERTY 4D 4X4 2002 - 

Suspension

- 1 Possibly related recall

03V460000

4 TOYOTA CAMRY 4D 2WD 2007 - 

Speed Control

- 1 Possibly related recall

07E082000

5 FORD TRUCK F350 CREW C PU 4X4 

2004 - Engine & Engine Cooling

- 1 Possibly related

petition,

but no recall

DP05005
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Source:  NHTSA, Office of Defects Investigation

This Period Fleet - Component Last Period Times on List Notes

1 LEXUS ES 350 4D 2007 - Speed 

Control

- 3 Possibly related recall 07E082000  

2 FORD TRUCK EXPLORER 4D 4X2 

2002 - Visibility

3 10 Possibly related recall

07E104000

Possibly related “special service 

campaign”

 01I010000 

3 JEEP LIBERTY 4D 4X4 2002 - 

Suspension

- 1 Possibly related recall

03V460000

4 TOYOTA CAMRY 4D 2WD 2007 - 

Speed Control

- 1 Possibly related recall

07E082000

5 FORD TRUCK F350 CREW C PU 4X4 

2004 - Engine & Engine Cooling

- 1 Possibly related

petition,

but no recall

DP05005

68

Integration with related complaint data is 
also helpful to understand the context of 

identified issues



Related technical report and
sponsorship details are available at:

<http://www.safetyresearch.net/Library/
QCSReport00203.pdf>
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The statistical research involving NHTSA’s Early 
Warning Reporting System and the associated, 

published article on surveillance for motor vehicle 
safety related defects was supported solely by 

Quality Control Systems Corp.
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Note that statistics involving NHTSA’s Consumer 
Safety Complaint data were developed for research 

projects sponsored by law firms representing 
plaintiffs in litigation with Toyota Motor Company.
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Thank You.


