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Introduction 

 

Background  

The importance of the extent of the transparent (glass) area of the vehicle shell is 

easy to ascertain for the extreme case:  If there were no transparent areas, driving (as we 

know it) would not be possible.  However, the incremental safety consequences of 

specific opaque areas in the direct field of drivers’ vision have not yet been quantified.  

This study was designed to provide some initial assessment of the potential safety 

importance of the location of B-pillars by examining lane-change crashes as a function of 

the body style (two-door vs. four-door).  In general, in comparison to two-door models, 

the B-pillars on four-door models are farther forward and thus nearer the fore-aft position 

of the driver.  (See Figure 1.)  (Furthermore, the B-pillars on two-door models can be 

narrower, and some two-door models have no B-pillars at all.)  Consequently, the lateral 

visibility should be better in two-door models than in four-door models, and this may 

result in two-door models having fewer lane-change crashes. 

  

 

 

Figure 1.  An example of the location of the B-pillars (highlighted) for two-door (left) 
and four-door (right) body styles of the same vehicle model. 
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 However, a simple comparison of lane-change crashes of four-door and two-door 

models would be confounded by driver differences for the two body styles (e.g., age, 

gender, income, education, etc.).  These driver differences are likely to influence the 

amount and type of driving exposure (e.g., ambient-illumination and road-type 

distributions), as well as driving style (e.g., risk-taking tendency, driving while fatigued 

or intoxicated).  Therefore, we used the involvement of the two vehicle body styles in 

crashes that involve going straight ahead as a control because this type of crashes should 

not be affected by lateral visibility.  Furthermore, the analysis included only those vehicle 

models that were available in both body styles.  

 

B-pillars and lateral visibility: An illustrative example 

To illustrate the lateral visibility differences between two-door and four-door 

models, the relevant interior and exterior geometry was measured for two-door and four-

door body styles of the same vehicle model.  Using a FARO Arm coordinate 

measurement machine, the outlines of the driver window, A-pillar, and B-pillar were 

recorded.  The locations of the steering wheel and accelerator pedal were measured, and 

the seat H-point travel path was measured using the SAE J826-1995 manikin (SAE, 

1995).  The relationships among the steering wheel, pedals, and seat track were identical 

between the two vehicles within measurement error.  Using the steering wheel location 

and seat-track adjustment range, the 95th-percentile SAE J941 eyellipse (SAE, 2002) was 

located within the vehicle cabin.  Under the assumptions of the eyellipse, 95% of drivers’ 

eyes are predicted to lie on one side of any tangent to the eyellipse, and 74% of drivers’ 

eyes are predicted to lie within the side-view or top-view perimeter of the eyellipse.   

Figure 2 shows the eyellipse along with the door-window outlines from the two 

vehicles.  The B-pillar in this four-door model is approximately 210 mm forward of its 

location in the corresponding two-door model on the horizontal plane passing through the 

eyellipse centroid.  In this plane, the angle of a tangent to the back of the left-eye 

eyellipse passing tangent to the B-pillar forms an angle with a lateral axis of 45 degrees 

in the two-door model and 17 degrees in the four-door model.  (A more complete 

consideration of lateral view in these vehicles would include consideration of head turn.  

However, the relative assessment of the two vehicles would remain essentially 

unchanged.) 
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Figure 2.  A quantification of the differences in lateral visibility from two-door and four-
door body styles for the same vehicle model. 
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 Method 

 
Vehicles 

 The sample consisted of pairs of four-door and two-door body styles for 10 

different vehicle models, for a total of 20 different body style/vehicle model 

combinations.  The selected combinations were required to have at least five crashes of 

each relevant type for inclusion.  The 10 different vehicle models selected were as 

follows (in alphabetical order): BMW 3 Series, Chevrolet Cavalier, Chrysler Sebring, 

Ford Focus, Honda Accord, Honda Civic, Oldsmobile Alero, Pontiac Grand Am, Toyota 

Camry/Solara, and Toyota Echo.  (One of the two-door models had no B-pillars at all.) 

 

Database 

We used 2000-2003 North Carolina crash data (UNC, 2005) to compile crash 

frequencies for the selected vehicles.  This database includes all reportable North 

Carolina traffic crashes (fatal, injury, and property damage).  The VINDICATOR 

program (IIHS, 2005) was employed to decode the vehicle identification number (VIN) 

for each vehicle to select the desired vehicle models, body styles (two-door or four-door), 

and model years (1995 and newer).  Only cases where the model year in the police 

accident report matched the model year as decoded by VINDICATOR were included. 

Crash frequencies were collected for the following crash-related vehicle 

maneuvers (variable 149): “changing lanes or merging” (vehicle maneuver code: 05), and 

“going straight ahead” (vehicle maneuver code: 04). 

 

Odds ratio 

 The influence of the B-pillar on lane change crashes was evaluated by comparing, 

for each body style, the likelihood of lane-change crashes in relation to the likelihood of 

going-straight-ahead crashes.  Specifically, for each body style we calculated the ratio of 

the frequencies of lane-change crashes to going-straight-ahead crashes.  In the final step, 

we compared these two ratios by creating an odds ratio: a ratio of lane-change crashes to 

going-straight-ahead crashes for four-door models divided by the analogous ratio for two-

door models. 
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 An odds ratio of 1 would indicate no difference between the two body styles in 

terms of the relative frequency of lane-change crashes.  An odds ratio greater than 1 

would indicate an over-involvement of four-door models in lane-change crashes; 

conversely, an odds ratio of less than 1 would indicate an over-involvement of two-door 

models in lane-change crashes.  
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Results 

   

 Table 1 shows the distribution of crash-related vehicle maneuvers by body style.  

The odds ratio for the data in Table 1 (2,126/38,911)/(740/15,898) is 1.17, indicating that 

the odds of four-door models being involved in lane-change crashes are 17% higher than 

the corresponding odds for two-door models.  The 95% confidence interval for the 

obtained odds ratio (1.08 to 1.28) does not include 1, implying that the finding of four-

door models being over-involved in lane-change crashes is statistically reliable.  (The 

above calculations are for the combined data of all 10 pairs of vehicles.  On the 

individual vehicle level, 9 out of 10 odds ratios are greater than 1.) 

 

Table 1. 
Distribution of crash-related vehicle maneuvers by body style.  

 

Crash-related vehicle maneuver 
Vehicle style 

Lane change Going straight ahead 

Two-door    740 15,898 

Four-door 2,126 38,911 
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Discussion 

 

 The results of this study support the hypothesis that lateral visibility out of the 

vehicle cabin has an effect on safety.  Specifically, our data suggest that vehicles with B-

pillars located farther forward, and thus nearer the fore-aft position of the driver, tend to 

be over-involved in lane-change crashes.  Future studies should evaluate the sensitivity of 

this effect to factors such as speed and road type.  Of interest would also be the severity 

of the crashes (fatal, injury, or property damage) that are most affected by this particular 

obstruction to lateral visibility.  

 The analysis used two styles of the same vehicle models (two- and four-door body 

styles, with four-door styles having the B-pillars located farther forward).  To account for 

driver differences between the two vehicle styles and the resulting differences in driving 

exposure and driving style, crashes in which the vehicles were going straight ahead were 

used as controls.  This particular type of crash was selected because it is unlikely to be 

affected by lateral visibility.  Consequently, the main finding depends on the extent to 

which the going-straight-ahead crashes, indeed, control for all relevant factors other than 

lateral visibility. 

In terms of a methodological contribution, this study has identified a crash 

maneuver that is sensitive to a specific obstruction in the driver’s direct line of sight (the 

B-pillar).  Furthermore, because there are other potentially relevant obstructions (e.g., A- 

and C-pillars, roof, and rear deck), this study provides a general approach to quantifying 

the importance of minimizing a particular visual obstruction.  The critical issue in 

extending the present approach to studying other obstructions is the identification of a 

crash maneuver (or condition in general) that has a face valid relation to the obstruction 

in question. 

An ideal vehicle would have no obstructions in the driver’s line of sight in all 

relevant directions.  However, because of structural-integrity considerations, such an 

ideal is currently not within reach.  Nevertheless, research on sensitivity of crash-

involvement to different visual obstructions would result in quantifying the total 

magnitude of the problem and, consequently, in setting priorities for minimizing 

particular visual obstructions.  

 



8 

References 

 

IIHS [Insurance Institute for Highway Safety].  2005.  VINDICATOR software.  

Arlington, VA: Highway Loss Data Institute of the Insurance Institute for 

Highway Safety. 

SAE [Society of Automotive Engineers].  (1995).  Devices for use in defining and 

measuring vehicle seating accommodation (SAE Standard J826).  Warrendale, 

PA:  Society of Automotive Engineers. 

SAE [Society of Automotive Engineers].  (2002).  Motor vehicle drivers’ eye locations 

(SAE Standard J941).  Warrendale, PA:  Society of Automotive Engineers. 

UNC [University of North Carolina].  (2005).  North Carolina Crash Data, 2003.  Chapel 

Hill, NC: University of North Carolina Highway Safety Research Center. 

 



 



 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




