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1.0 l NTRODUCT l ON 

T h i s  i s  a  r e p o r t  on my t e c h n i c a l  rev iew  o f  t h e  l a r g e  t r u c k  s a f e t y  

s tudy conducted by  BioTechnology, Inc.,  f o r  t h e  Federal  Highway 

A d m i n i s t r a t i o n  under c o n t r a c t  DOT-FH-11-8835. S p e c i f i c a l l y ,  t h e  rev iew 

i s  d i r e c t e d  t o  t h e  a c c i d e n t  exper ience o f  l a r g e  t r u c k s ,  w i t h  emphasis on 

t h e  r e l a t i v e  s a f e t y  o f  doubles and s i n g l e s .  The volumes o f  t he  

BioTechnology r e p o r t  r e l a t i n g  t o  a c c i d e n t  exper ience have been reviewed, 

as w e l l  as t h e  c r i t i q u e  conducted by t h e  T r a n s p o r t a t i o n  Systems Center 

f o r  t h e  Federal Highway A d m i n i s t r a t i o n .  A number o f  c r i t i q u e s  f rom the  

s t a f f  o f  t h e  American T r u c k i n g  A s s o c i a t i o n  (ATA) have a l s o  been 

reviewed. 

BioTechnology had a  d i f f i c u l t  and f o r m i d a b l e  task .  No t r u c k  s a f e t y  

s tudy o f  as l a r g e  a  scope as was under taken by BioTechnology had been 

conducted, and the  i n v e s t i g a t o r s  faced  many d i f f i c u l t  research problems. 

The fundamental p r o j e c t  p l a n  adopted was e x c e l l e n t  and i n n o v a t i v e ,  b u t  

d i d  i n v o l v e  many p o t e n t i a l  o p e r a t i o n a l  problems. Some o f  t h e  problems 

a r e  r e f l e c t e d  i n  t h e  f i n a l  r e p o r t ,  w i t h  t h e  r e s u l t  t h a t  t h e  r e p o r t  has 

seve ra l  shortcomings.  

F o l l o w i n g  t h e  i n t r o d u c t i o n ,  t h i s  rev iew  i s  o rgan ized  i n t o  f i v e  

s e c t i o n s .  They are:  sample s e l e c t i o n ,  da ta  r e l i a b i l i t y ,  a n a l y s i s ,  and 

p o t e n t i a l l y  confound ing v a r i a b l e s ,  f o l l o w e d  by a  summary. There i s  a  

good dea l  o f  i n t e r r e l a t i o n  between these s u b j e c t s ,  so some o f  t h e  issues 

a r e  d i f f i c u l t  t o  p l a c e  i n  one versus another .  As a  r e s u l t ,  some o f  t h e  

d i s c u s s i o n  t o  f o l l o w  has elements a p p r o p r i a t e  f o r  seve ra l  s e c t i o n s .  

The o t h e r  c r i t i q u e s  I have reviewed have been thorough and broad i n  

t h e i r  coverage, and i n  genera l ,  I agree w i t h  many o f  t h e  concerns they 

have r a i s e d .  Consequently, much o f  t h e  ground I w i l l  cover here  has 

been touched b e f o r e .  Never the less ,  i n  c o n c e n t r a t i n g  on what I p e r c e i v e  

t o  be t h e  more s e r i o u s  problems, I hope t o  add p e r s p e c t i v e  t o  t h e  

f i n d i n g s  o f  t he  r e p o r t .  

A genera l  comment on t h e  volumes r e l a t i n g  t o  a c c i d e n t  exper ience 

(Volume I I I : Acc ident  Exper ience o f  Large Trucks ,  and Volume I I I : 



Accident Experience of Large Trucks; Appendices A, B, C, 0, and E)  is 

that little detail is given on the design, conduct, and analyses of the 

project. So little detail is given that it is difficult to critique the 

project. The general project description is brief, with little 

discussion of the data col lected. In some cases, the detai 1s of the 

analysis method are not clear, and one is tempted to rep1 icate the 

results to clarify the analysis and add insight. Unfortunately, the 

data necessary are not available from the report. Specific examples of 

insufficient explanation will be evident in the discussion that follows. 

The results and findings are largely presented as individual 

discussions of 47 research questions or "issues." They are 1 isted in 

the Appendix. This review is not directed at each individual issue, but 

concentrates on the "doubl es" versus 'Is i ngl es" question. However, the 

comments are rather fundamental and hence are generally applicable to 

the entire study of accident experience. 

2.0 SAMPLE SELECT l O N  

The selection of study sites for the collection of accident and 

exposure data followed a rather elegant sample design. This is 

described very briefly in Volume Ill, and in somewhat more detail in the 

volume containing Appendices. A still more thorough explanation was 

given in a presentation at the 56th Annual Convention of the 

Transportation Research Board.' 

The purpose of the review given here is to examine the design with 

regard to its ability to represent any population larger than the 

sample. Ordinarily the purpose of drawing a sample of anything is to 

al low a .concentrated survey of only a 1 imi ted portion of a total 

population to be used for making inferences to the entire population. 

In addition, one should ordinarily be able to compute the variance of 

any estimates which arise from the sample, again with respect to the 

total population. For example, a simple random sample of truck 

lChang S. Yoo and Martin L. Reiss, "Sampling Procedure Using 
Multistate Traffic Records to Select Accident and Exposure Data- 
Co1 lect ion Si tes," Transportat ion Research Record 643, Transportation 
Research Board, Washington, D.C. 1977. 



a c c i d e n t s  c o u l d  conce ivab ly  be drawn by making a  complete l i s t  o f  a l l  

t h e  t r u c k  a c c i d e n t s  i n  C a l i f o r n i a  each day, t hen  choos ing some subset  o f  

t hese  by a  random process such as t h row ing  d i c e ,  and conduct ing  d e t a i l e d  

i n v e s t i g a t i o n s  o f  t h e  chosen cases. I f  t h i s  were done each day f o r  some 

longer  p e r i o d  o f  t ime, such as a  year ,  t h e  r e s u l t i n g  da ta  would 

r e p r e s e n t  t h e  t o t a l  t r u c k  a c c i d e n t  p o p u l a t i o n  o f  C a l i f o r n i a  f o r  t h a t  

year .  I f  t h e  t o t a l  number o f  a c c i d e n t s  sampled and i n v e s t i g a t e d  i n  

d e t a i l  were 1000, then  t h e  va r iance  o f  an e s t i m a t e  o f  a  s imp le  

p r o p o r t i o n  p  (such as t h e  p r o p o r t i o n  o f  doub les  i n  t h e  p o p u l a t i o n )  would 

be g i v e n  by p(1-p) /1000. The one-sigma e r r o r  would be g i v e n  by  t h e  

square r o o t  o f  t h i s .  For example, i f  t h e  p r o p o r t i o n  o f  doubles i n  t h e  

sample were 0.2, t h e  one-sigma e r r o r  would be a l i t t l e  l a r g e r  than 0.01. 

Thus we c o u l d  s t a t e  t h a t  t h e  p r o b a b i l i t y  i s  about  t w o - t h i r d s  t h a t  t h e  

t r u e  v a l u e  o f  p  would l i e  between 0.19 and 0.21. T h i s  i l l u s t r a t i o n  

assumes a  s imp le  random sample i n  which each a c c i d e n t  has an equal  

p robab i  1 i t y  o f  b e i n g  i n  t h e  sample (an equal  p robab i  1 i t y  sample) . The 

d i s c u s s i o n  i s  r e s t r i c t e d  t o  sampl ing e r r o r s ,  and n e g l e c t s  t h e  e f f e c t  o f  

any b i a s  e r r o r .  Such a  sample i s  c o n c e p t u a l l y  s imp le  and t h e  s t a t i s t i c s  

a r e  r e l a t i v e l y  s t r a i g h t f o r w a r d .  I n  a d d i t i o n ,  they  a r e  a l s o  s e l f -  

w e i g h t i n g ,  i .e . ,  es t ima tes  based on t h e  aggregated sample a r e  v a l i d  

es t ima tes  o f  t h e  p o p u l a t i o n .  

There a r e  a l t e r n a t i v e  s t r a t e g i e s  however, wh ich  can a l s o  y i e l d  

v a l i d  es t ima tes .  C l u s t e r  o r  m u l t i s t a g e  sampl ing  methods a r e  examples. 

Var ious  es t ima tes  o b t a i n e d  f rom m u l t i s t a g e  samples a r e  r e l a t e d  t o  b o t h  

t h e  number o f  o b s e r v a t i o n s  ( i  n t e r v i  ews, a c c i d e n t s ,  t r a f  f i c  counts ,  

e t c . )  and t h e  number o f  c l u s t e r s  o r  p r imary  sampl ing u n i t s .  The e r r o r  

o f  an e s t i m a t e  i s  n o t  t h a t  g i v e n  by t h e  s i m p l e  random sampl ing fo rmula ,  

b u t  c o n t a i n s  an a d d i t i o n a l  f a c t o r  c a l l e d  t h e  "des ign  e f f e c t . "  The t o t a l  

v a r i a n c e  i n  e f f e c t  i s  t h e  sum o f  t h e  w i t h i n  c l u s t e r  term p l u s  t h e  

between c l u s t e r  term. The magni tude o f  t h e  d e s i g n  e f f e c t  depends on t h e  

homogeneity o f  t h e  c l u s t e r s ,  and f o r  some es t ima tes  can be q u i t e  l a r g e .  

Values o f  t h e  o rde r  5 t o  10 a r e  n o t  unusua l .  

The m u l t i s t a g e  sample d e s i g n  used by BioTechnology i s  desc r ibed  

b r i e f l y  by t h e  f o l l o w i n g  e i g h t  s teps:  



1 .  F i r s t ,  s i x  s t a t e s  were chosen ( f rom 50) because these 
p a r t i c u l a r  s t a t e s  had t r u c k  types o r  numbers o f  t r u c k  acc iden ts  
which were o f  i n t e r e s t  i n  t h e  s tudy .  There was no a t tempt  t o  
make these s i x  s t a t e s  r e p r e s e n t a t i v e  o f  t he  U.S.  i n  a  
s t a t i s t i c a l  sense, a l t hough  they do rep resen t  d i f f e r e n t  
geographic reg ions  o f  t he  coun t ry .  I f  s i m i l a r  f i n d i n g s  a r e  
r e p o r t e d  i n  each o f  these s t a t e s ,  t h e r e  i s  some j u s t i f i c a t i o n  
i n  assuming t h a t  t h e  f i n d i n g s  m igh t  ex tend t o  o the r  areas,  

2 .  Next, each s t a t e  was d i v i d e d  i n t o  t h r e e  t o  f i v e  reg ions - -  
e v i d e n t l y  t o  i n s u r e  broad geograph ica l  coverage w i t h i n  t h e  
s t a t e .  

3 .  W i t h i n  each reg ion ,  a  l i s t  o f  c o u n t i e s  (or highway d i s t r i c t s - -  
t h e  r e p o r t  i s  n o t  c l e a r  wh ich  method was used i n  which s t a t e )  
was prepared,  and a  random sample o f  c o u n t i e s  se lec ted .  

4.  W i t h i n  each s e l e c t e d  county ,  t h e  complete f e d e r a l - a i d  road 
network was i d e n t i f i e d  by c l a s s  ( r u r a l  versus urban, and 
f  reeway/pr imary/secondary) . Each o f  these road c  1 asses was 
d i v i d e d  i n t o  n -m i le  long segments ( the  v a l u e  o f  n  d i f f e r i n g  by 
road type) . 

5. These segments then became ( s t r a t i f i e d  by road c lass )  a 
sampl ing frame o r  l i s t - - e s s e n t i a l l y  a  group o f  cand idates  f o r  
s i t e  s e l e c t i o n .  

6 .  By r e v i e w i n g  t h e  s t a t e  records ,  a  d i s t r i b u t i o n  o f  number o f  
a c c i d e n t s  f o r  a  number o f  segments (presumably o f  equal l eng th )  
was d e f i n e d  f o r  each r o a d  c l a s s ,  and f rom t h i s  d i s t r i b u t i o n  a  
range e s t a b l i s h e d  f o r  low, medium-low, medium, medium-high, and 
h i g h  a c c i d e n t  counts.  T h i s  t a g  was appended t o  each o f  t h e  
road segments i n  t h e  1 i s t  o r  frame o f  [5] above. 

7 .  Next, a  c o n t r o l l e d  s e l e c t i o n  process was used t o  ensure t h a t ,  
f o r  each road c l a s s ,  bo th  r e g i o n  ( f rom [2] above) and a c c i d e n t  
count  ( f rom [6]) were used as w e i g h t i n g  f a c t o r s  i n  produc ing a  
subset  o f  t h e  l i s t  d e r i v e d  i n  [5]. On t h e  example g i v e n  i n  
Appendix A t o  Volume I l l ,  t h i s  s t e p  reduced t h e  number o f  
p o t e n t i a l  ru ra l - f reeway  s i t e s  i n  one s t a t e  f rom 62 t o  30. 

8.  Las t ,  t h e  30 cand idate  s i t e s  were inspected by the  f i e l d  team 
t o  judge whether they would produce u s e f u l  da ta ,  and f i v e  o f  
these were se lec ted  ( these f i v e  b e i n g  i n  c lasses  determined by 
t h e  c o n t r o l  l e d  s e l e c t i o n  process o f  [ 7 ] .  The f i n a l  s e l e c t i o n  
(o f  f i v e  s  i t e s  i n  t h e  example) was made on t h e  b a s i s  o f  s  i x 
c r i t e r i a  t h a t  i n c l u d e  such f a c t o r s  as t r u c k  volume, maximize 
s i t e  l eng th ,  p o t e n t i a l  f o r  photograph ic  c o l l e c t i o n  o f  exposure 
data ,  p r o x i m i t y  o f  weigh s t a t i o n  o r  t r u c k  s top,  e t c .  

Al though t h e  sampl ing p l a n  i s  e legan t  and complex, i n v o l v i n g  a  

g r e a t  deal  o f  e f f o r t ,  i t  does have severa l  fundamental shortcomings.  

The s e l e c t i o n  o f  t h e  s i x  s t a t e s  was n o t  based on p r o b a b i l i t y  sampl ing 



techn ique,  b u t  was a  judgmental  sample. L ikewise,  t h e  f i n a l  s e l e c t i o n  

o f  s i t e s - - 5  f rom among 30 i n  t h e  example used i n  t h e  repor t - -was a l s o  a  

judgmental ,  o r  pu rpose fu l  sample. Judgmental samples can be and a r e  

u s e f u l .  However, they a r e  n o t  n e c e s s a r i l y  s e l f - w e i g h t i n g ,  and t h e  

computa t ion  o f  va r iances  i s  more complex than  f o r  s imple  p r o b a b i l i t y  

samples. 

The s e l e c t i o n  o f  t h e  s i x  s tudy  s t a t e s  was done w i t h o u t  e s t a b l i s h i n g  

how each shou ld  be we ighted i n  o rde r  t o  p r o v i d e  n a t i o n a l  es t ima tes .  The 

r e s u l t s  t h a t  have been r e p o r t e d  (both by BioTechnology and TSC) use 

s imp le  aggregates when t h e  d a t a  f rom more than  one s t a t e  a r e  used. Non- 

we ighted aggregates cannot  r e p r e s e n t  t h e  n a t i o n  un less  s e l f - w e i g h t i n g  

samples a r e  used, and t h i s  was n o t  done by BioTechnology.  Furthermore,  

t h e r e  a r e  no d a t a  p rov ided  i n  t h e  r e p o r t ,  nor  do they  seem t o  have been 

c o l l e c t e d ,  wh ich  cou ld  be used t o  deve lop a p p r o p r i a t e  we igh ts .  Thus i t  

i s  n o t  p o s s i b l e  f o r  t h e  BioTechnology d a t a  t o  be used t o  make n a t i o n a l  

es t ima tes ,  nor can any es t ima tes  f rom t h e  d a t a  be i n t e r p r e t e d  as 

n a t i o n a l .  T h i s  was s t a t e d  on page 25 o f  Volume I 1 1  (September 1 9 8 0 ) ~ ~  

b u t  deserves a  more prominent  p l a c e  i n  t h e  r e p o r t .  

Presumably, t h e  i n t e n t  was t o  have a  des ign  which would p r o v i d e  

s t a t e - w i d e  es t ima tes  o f  t r u c k  a c c i d e n t  s t a t i s t i c s .  There a r e  two 

problems w i t h  t h i s  e x t r a p o l a t i o n .  The f i n a l  s t e p  i n  t h e  s i t e  s e l e c t i o n  

process ( f rom 30 down t o  5 s i t e s  i n  t h e  example g i v e n  i n  t h e  r e p o r t )  

a l s o  r e s u l t s  i n  a  judgmental  sample, w i t h  no way o f  e s t a b l i s h i n g  t h e  

w e i g h t i n g  necessary t o  r e p r e s e n t  t h e  s t a t e .  T h i s  l ack  o f  r e p r e s e n t a t i o n  

extends t o  each road c l a s s  i n  t h e  s tudy.  Thus t h e  sampled r u r a l - f r e e w a y  

s i t e s  i n  C a l i f o r n i a  do n o t  p r o p e r l y  r e p r e s e n t  a l l  r u r a l  f reeways i n  t h a t  

s t a t e .  

The d i s t r i b u t i o n  o f  s i t e s  by road c l a s s  i n  each s t a t e  i s  shown i n  

Tab 1 e  4, page 13  o f  Vol ume I I I (September 1980) . 1 have found no 

d i s c u s s i o n  o f  how these numbers were d e r i v e d .  There i s  a  s ta tement  on 

page 12 t h a t  t h e  a l l o c a t i o n s  "very  app rox ima te l y  r e f l e c t  t h e  percentage 

o f  m i l e s  o f  each o f  those roadway types"  i n  each s t a t e .  The numbers a r e  

'Other problems w i t h  use o f  these s i x  s t a t e s  as a  n a t i o n a l  sample 
a r e  c i t e d  i n  t h e  d i s c u s s i o n  o f  acc iden t  r a t e s  by  roadway t ype  and s t a t e  
on page 75 o f  Volume I l l .  



so smal l  t h a t  t h e  approx imat ion  m igh t  have been by acc iden t ,  and must be 

crude i n  any case. A c t u a l l y ,  i t  would be more a p p r o p r i a t e  i f  t h e  

d i s t r i b u t i o n s  represented e i t h e r  the  v e h i c l e  m i  l e s  t r a v e l e d  by  t r u c k s ,  

o r  t he  acc iden t  exper ience o f  t r u c k s  by  road c l a s s .  W i thou t  any 

d i s c u s s i o n  o f  t h e  s e l e c t i o n  o f  t h e  number o f  s i t e s  by road c l a s s ,  t h e r e  

i s  no reason t o  b e l i e v e  t h a t  t h e  unweighted aggrega t ion  o f  s i t e s  w i t h i n  

a  s t a t e  can p r o v i d e  s t a t i s t i c s  r e p r e s e n t a t i v e  o f  t he  s t a t e .  

Appropr i a te1 y  des i gned and executed sampl i ng p l  ans reduce sampl i ng 

e r r o r s .  Even t h e  b e s t  sampling p lans,  however, a r e  s t i l l  s e n s i t i v e  t o  

non-sampling e r r o r s  because o f  e r r o r s  i n  da ta  c o l l e c t i o n .  Such e r r o r s  

may r e s u l t  f rom o b s e r v a t i o n a l  e r r o r s ,  l ack  o f  coverage o f  t h e  sample, o r  

a  number o f  o the r  sources, any o f  wh ich  may 1 ead t o  b iased resu  1 t s .  

Two probab le  problems have become e v i d e n t  t o  me. Both r e l a t e  t o  

l ack  o f  coverage, one o f  acc iden ts  and t h e  o t h e r  o f  exposure v a r i a b l e s .  

Seventeen o f  t he  s i t e s  were i n  Michigan,  and HSRl has an o n - l i n e  

f i l e  o f  a l l  M ich igan acc iden ts .  However, t h e  acc iden t  l o c a t i o n  i n  our 

f i l e  i s  n o t  i d e n t i f i e d  by a  m i l e p o s t  l o c a t o r  as used t o  d e s c r i b e  t h e  

s i t e s  i n  Appendix B  o f  Volume 1 1 1 .  Our f i l e s  g i v e  t h e  l o c a t i o n  by s t a t e  

c o n t r o l  s e c t i o n  number and m i l e s  i n t o  t h e  c o n t r o l  s e c t i o n .  However s i x  

o f  t h e  s i t e s  can be descr ibed,  a t  l e a s t  approx imate ly ,  i n  terms o f  

d e s c r i p t o r s  i n  t h e  HSRl f i l e .  The s i t e s  and t h e  methods I  used t o  

d e s c r i b e  them i n  our s t a t e  a c c i d e n t  f i l e  a r e  l i s t e d  i n  Tab le  1 .  The 

number o f  l a r g e  t r u c k s - - l a r g e r  than  p i c k u p  and panel t r u c k s - - i n  our copy 

o f  t h e  1977 Mich igan S t a t e  P o l i c e  f i l e ,  and the  number l i s t e d  i n  

Appendix B o f  t h e  BioTechnology r e p o r t  f o r  1977 i s  shown i n  Tab le  2 .  I t  

shou ld  be noted (page 25 o f  Volume I I I ,  September 1980), t h a t  t h e  

numbers used i n  t h e  BioTechnology s tudy a r e  t r u c k  involvements,  even 

though they may be labe led  as acc iden ts .  The f i g u r e s  o f  Tab le  2 

i n d i c a t e  t h a t  t h e  BioTechnology d a t a  s e r i o u s l y  undercount  t h e  t r u c k s  a t  

these s i t e s .  Both end p o i n t s  o f  s i t e  343 a r e  near in terchanges.  T h i s  

r a i s e s  the  p o s s i b i l i t y  t h a t  a  smal l  u n c e r t a i n t y  i n  d e f i n i n g  t h e  end 

p o i n t s  may have er roneous ly  i nc luded  h i g h  acc iden t  l o c a t i o n s  i n  t h e  

counts  f rom the  Mich igan f i l e .  I f  one-ha l f  m i l e  were dropped f rom each 



end o f  t h e  s i t e ,  t h e  coun t  would be reduced f rom 187 t o  156, w i  t h  t h e  

BioTechnology d a t a  s t i l l  accoun t i ng  f o r  o n l y  65 p e r c e n t  o f  t h e  

invo lvements  a t  t h e  s i x  s i t e s .  

T h i s  check o n l y  i n c l u d e d  d a t a  f rom Mich igan.  I do n o t  have any way 

o f  check ing  o t h e r  s t a t e s ,  so I have had t o  use i n d i r e c t  methods t o  look  

f o r  ev idence t h a t  t h e  l a c k  o f  coverage o f  a c c i d e n t  invo lvement  m i g h t  be 

un ique  t o  Mich igan.  A r e l a t i v e  invo lvement  r a t e  was computed f o r  each 

s i t e  u s i n g  i n f o r m a t i o n  f rom Appendix B  o f  Volume 1 1 1 .  The average t r u c k  

ADT (averaged ac ross  t h e  s i x  q u a r t e r s )  was mu1 t i p 1  i e d  by t h e  l e n g t h  o f  

t h e  segment, g i v i n g  a  mean t r u c k  v e h i c l e  m i l e s ,  T h i s  was d i v i d e d  i n t o  

t h e  number o f  t r u c k  invo lvements  a t  each s i t e  t o  o b t a i n  a  r e l a t i v e  

invo lvement  r a t e .  The range o f  invo lvement  r a t e s  ( t imes  l o 5  f o r  

conven ien t  sca l  ing)  i s  shown i n  F i g u r e  1 .  The t o p  o f  each v e r t i c a l  1 i n e  

i s  t h e  h i g h e s t  r a t e  among t h e  s i t e s  i n  t h e  r e s p e c t i v e  s t a t e ;  t h e  bot tom 

i s  t h e  lowest  r a t e .  The mean r a t e s  f o r  each s t a t e  a r e  shown by t h e  

i n t e r s e c t i o n s  o f  t h e  v e r t i c a l  l i n e s  w i t h  t h e  l i n e  j o i n i n g  s t a t e s .  

Rather  t han  h a v i n g  t h e  l owes t  invo lvement  r a t e s  i n  t h e  BioTechnology 

da ta ,  M ich igan  has t h e  h i g h e s t .  

F i g u r e  2 compares t h e  d i s t r i b u t i o n  o f  t r u c k  invo lvements  across  

s t a t e s  i n  t h e  BioTechnology d a t a  w i t h  t h e  1977 Bureau o f  Motor  C a r r i e r  

S a f e t y  (BMCS) d a t a  and l a r g e  t r u c k  invo lvements  i n  f a t a l  a c c i d e n t s  i n  

t h e  1976 and 1977 F A R S  da ta .  For each o f  t h e  t h r e e  d a t a  s e t s  shown, t h e  

percentages f o r  t h e  s i x  s t a t e s  add t o  100, t hus  g i v i n g  t h e  d i s t r i b u t i o n  

among t h e  s i x  s tudy  s t a t e s .  Again, M ich igan  i s  ove r rep resen ted  i n  t h e  

BioTechnology d a t a  r e l a t i v e  t o  t h e  BMCS and F A R S  da ta .  

The comparisons shown i n  F i g u r e s  1 and 2 do n o t  p rove  a c c i d e n t  d a t a  

a r e  m i s s i n g  i n  t h e  o t h e r  s t a t e s  as w e l l  as Mich igan.  The r e p o r t i n g  

t h r e s h o l d s  d i f f e r  i n  t h e  s i x  s t a t e s  and t h i s ,  a l o n g  w i t h  o t h e r  s t a t e - t o -  

s t a t e  d i f f e r e n c e s ,  may p r o v i d e  t h e  v a r i a t i o n  shown i n  F i g u r e  1 .  

S i m i l a r l y ,  t h e r e  i s  no reason t o  expect  t h a t  t h e  t h r e e  d i s t r i b u t i o n s  o f  

F i g u r e  2 shou ld  a l l  be i d e n t i c a l .  The d i s t r i b u t i o n  o f  f a t a l  

invo lvements  c e r t a i n l y  m i g h t  be d i f f e r e n t  f r om n o n - f a t a l s .  Nor i s  t h e r e  

any reason t o  a n t i c i p a t e  t h a t  t r u c k  use i n  a l l  s t a t e s  would be so 

u n i f o r m  t h a t  r e p o r t i n g  t o  BMCS wou ld  be  s i m i l a r  t o  t h e  BioTechnology 

data .  Neve r the less ,  t h e r e  i s  no ev idence t h a t  t h e  s u b s t a n t i a l  





TABLE 2 

Comparison of Truck lnvolvements for Six Michigan Sites 

F I G U R E  1 
Range of Truck Involvement Rates Among Sites for 

Each State o f  the BioTechnology Data 

Site 

31 1 
313 
314 
33 1 
342 
34 3  

Aggregate: 

lnvolvements 

Percent 

82 .0  
63 .2  
55 .6  
23.1 
34.4  
5 4 . 5  

5 5 . 2  

Michigan State 
Police Files 

8 9 
19 

18 (partial) 
13 
96 

187 

422 

BioTechnology 
Study 

7 3  
12 
10 

3  
3  3  

102 

233 



BIO TECH REPT 
7 6  4 77  F R R S  
77 BNCS 

C fl HO t i  I N V P f l  T X 
S T A T E  

F I G U R E  2 
Comparison of BioTechnology Involvements With Other Data Sets 

undercoverage in Michigan is unique to that state. Based on these 

comparisons, one would at last suspect undercoverage of accident data in 

all six study states. 

Such a large lack of coverage makes the analysis subject to 

substantial bias error. Unless it can be shown that the cases not 

covered are unbiased, and this has not been done, we must assume that 

the total error may be much larger than the sampling error, and any 

statistical inferences are suspect. 

Apparently there is also undercoverage of exposure data, at least 

in the context of incomplete coverage of the time period over which 

accident data was collected. At a large number of sites, the 

proportions of the total traffic (ADT) which were truck traffic were 

constant across all six quarters of data collection. At each of these 

sites, the proportions were the same to four significant digits, an 

incredible coincidence. This results i n  the same seasonal pattern for 



t rucks  as f o r  cars,  even a t  s i t e s  such as 115 and 412 which have a  

rec rea t i ona l  character  t o  the passenger car t r a v e l .  F igures 3-5 a r e  

from a  study us ing  a  census o f  t o l l  t i c k e t s  f o r  exposure da ta . ]  They 

a l l  have t he  summer peak o f  r ec rea t i ona l  car t r a f f i c ,  b u t  w i t h  nea r l y  

constant l a rge  t ruck  t r a f f i c .  The constant  r a t i o s  a re  apparent ly  

assumptions used because o f  data l i m i t a t i o n s ;  as.sumptions t h a t  cou ld  

lead t o  subs tan t i a l  e r r o r .  

The da ta  g iven  i n  Appendix B would suggest, then, t h a t  a t  a  l a rge  

number o f  s i t e s ,  on ly  one measurement o f  the  r a t i o  o f  t r uck  t o  t o t a l  

t r a f f i c  was ava i l ab le ;  i n  e f f e c t ,  on l y  one measurement o f  t r u c k  t r a f f i c  

was a v a i l a b l e  t o  represent  the 1-1/2 years o f  acc ident  data,  Ascr ib ing  

the same seasonal o r  hour ly  p a t t e r n  t o  t r u c k  and car t r a f f i c  could lead 

t o  subs tan t i a l  e r r o r s  no t  on l y  i n  t o t a l  t r uck  exposure, b u t  the  

c o r r e l a t i o n  between t r uck  t r a v e l  and a  number o f  p o t e n t i a l l y  impor tant  

va r i ab les ,  e.g. season and hour, as w e l l .  

Among the  78 s i t e s  used f o r  da ta  c o l l e c t i o n ,  32 had a  s i n g l e  r a t i o  

o f  t ruck  t o  t o t a l  t r a f f i c  (ADTs) . These 32 represent 50.7 percent  o f  

a l l  the  t r u c k  involvements used i n  t h e  s tudy.  The undercoverage was 

greater  i n  C a l i f o r n i a  and Nevada. I n  these two s ta tes ,  which were used 

f o r  the s i n g  1 es-doubl es compar i sons, 85.7 percent  o f  the  t r uck  

involvements were a t  such s i t e s .  

Several reviewers have noted t h a t  t h e  exposure da ta  were c o l l e c t e d  

on on l y  one d i r e c t i o n  o f  t r a v e l  a t  each s i t e .  Th is  would lead t o  b i a s  

i n  the exposure data, and i n  t u r n  the  involvement ra tes ,  i f  t r a v e l  and 

acc idents  were no t  d i s t r i b u t e d  s i m i l a r l y  i n  bo th  d i r e c t i o n s .  

Some i n fo rma t i on  can be obta ined from the  acc ident  da ta  alone. One 

v a r i a b l e  i n  the  acc ident  f i l e  i s  "General O r i en ta t i on  ( t r uck  d i r e c t i o n  

o f  t r a v e l ) . "  The coding i s  such t h a t  t he  d i r e c t i o n  o f  t r a v e l  i s  

charac te r i zed  as inc reas ing  or decreasing i n  (mi lepost)  mileage. Table 

3 g ives the  number o f  involvements f o r  s i n g l e s  and doubles by d i r e c t i o n  

f o r  each s i t e ,  where: 

I K .  Campbell, R. Sco t t ,  S. T o l k i n ,  Highway Safety E f f e c t s  o f  the  
Enerav C r i s i s  on U.S. To1 1 Roads, Report DOT-HS-801-933, Highway Safety  
Research I n s t i t u t e ,  The U n i v e r s i t y  o f  Michigan. June 1976. 
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D - l  = 
S-D = 
D-D = 

TOT SG = 
TOT DB = 

DELTA-S = 
DELTA-D = 

number o f  s i ng le  involvements i n  
increasing mileage d i rec t i on ,  

doubles increasing mileage involvements, 
s ingles decreasing mileage involvements, 
doubles decreasing mileage involvements, 
t o t a l  s ingles involvements, 
t o t a l  doubles involvements 
S-!/TOT SG i n  percent, 
S-!/TOT DB i n  percent. 

Values o f  DELTA-S or DELTA-0 d i f f e r e n t  from 50 i nd i ca te  unequal numbers 

of accidents i n  the two d i rec t i ons .  A number of s i t e s  i n  C a l i f o r n i a  

(those i n the one hundred ser ies)  have unequal propor t ions.  

The quest ion i s  whether the unequal propor t ions are rea l ,  or could 

have resu l ted  from chance. I t  would be reasonable t o  model accident 

occurrence as a Poisson process. I f  we hypothesize t h a t  the exposure 

and mean involvements are the same i n  each d i r e c t i o n ,  the expected 

number would be the mean number i n  each d i r e c t i o n .  We can compare the 

observed numbers w i t h  the confidence i n t e r v a l s  of a Poisson 

d i s t r i b u t i o n .  

Figure 6 shows the range f o r  a number o f  C a l i f o r n i a  s i t e s  

superimposed on the confidence i n t e r v a l s  f o r  the Poisson d i s t r i b u t i o n .  

The t r i ang les  ind ica te  s ingles,  the c i r c l e s  represent doubles. I n  each 

case a l i n e  j o i n s  the numbers of involvements i n  the two d i r e c t i o n s  of 

t rave l .  Each s i t e -veh ic le  type i s  p l o t t e d  along the abscissa a t  the 

mean f o r  the two d i rec t i ons .  The combinations tha t  are p l o t t e d  are 

those from C a l i f o r n i a  and Nevada w i t h  the greatest  d i f f e rence  i n  the two 

d i rec t i ons .  Singles involvements a t  S i t e  114--the grapevine grade--is 

the only  combination not  w i t h i n  the 95 percent confidence i n te rva l .  The 

remainder o f  those p lo t ted ,  and thus o f  the 20 C a l i f o r n i a  and 1 1  Nevada 

s i t es ,  are a l l  we l l  w i t h i n  the 90 percent confidence l i m i t s .  

Thus i t  i s  not  evident t h a t  the accident experience i s  d i f f e r e n t  i n  

the two d i rec t i ons .  The hypothesis of equal involvements i n  the two 

d i rec t i ons  cannot be re jected.  The only  poss ib le  exception i s  S i t e  114, 

and even here the evidence i s  no t  conclusive. However, t h i s  examination 

does not  inc lude considerat ion o f  t r a f f i c  i n  a l t e r n a t e  d i rec t ions ,  nor 

d i f ferences i n  empty versus loaded trucks. 



TABLE 3 
Accident Counts by Direction of Travel  

SITE 

'1 11 
112 
113 
114 
115 
121 
122 
123 
13 1 
132 
133 
14 1 
142 
143 
144 
145 
15 1 
152 
16 1 
162 
21 1 
23 1 
232 
24 1 
25 1 
26  1 
262  
31 1 
3 12 
313 
314 
315 
32 1 
322  
33 1 
332 
34 1 
342 
343 
344 
35 1 
352  
36  1 
362 
41 1 
4 12 
413 
42 1 
422 
423 
43 1 
432  
44 1 
442  
45 1 
5 1  1 
512  
513 

S-I 

11 
2 
8 

5 4 
4 
5 
0 
7 
0 
1 
0 
4 
2 
8 
1 

2 1 
1 
5 
0 
0 

10 
1 
0 

4 9 
5 
0 
0 

7 3 
16 
13 
6 
9 
6 
0 
1 
1 

18 
18 
54 
43 

9 
3 1 

3 
4 
3 

2 
7 
2 
1 
0 
0 
1 
4 
1 
I 

13 
8 

6 1 

3-1 S-D 

7 9 
4 4 
5 10 

3 5 2 7 
2 4 
5 3 
1 0 

12 8 
1 2 
2 1 
2 0 
4 4 
0 1 
6 5 
0 6 

11 10 
0 0 
7 3 
0 0 
1 0 
0 12 
0 0 
0 0 
0 4 6  
0 4 
0 0 
0 0 
1 3 4 
0 6 
0 8 
1 10 
0 7 
0 5 
0 3 
0 1 
0 6 
0 16 
5 18 
1 4 6 
4 4 5 
0 13 
0 4 
0 3 
0 1 
1 1 
0 1 
0 4 
0 1 
1 0 
0 0 
0 0 
0 0 
2 6 
1 2 
C1 3 
0 4 
0 1 7 
0 72 

D-D 

3 
2 
4 

25 
2 
6 
0 

22  
1 
1 
3 
5 
0 
5 
4 
8 
1 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
2 
0 
2 
0 
0 
0 
1 
4 
4 
5 
4 
1 
0 
0 
2 
1 
2 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 

TOT SG 

20 
6 

18 
8 1 

8 
8 
0 

15 
2 
2 
0 
8 
3 

13 
7 

3 1 
1 
8 
0 
0 

22  
1 
0 

95  
9 
0 
0 

107 
22  
2 1 
16 
16 
1 1  

3 
2 
7 

3 4 
3 6 

100 
8 8 
22 
3 5 

6 
5 
2 
3 

1 1  
3 
1 
0 
0 
1 

10 
3 
4 

.-I 

I :  

2 5 
133 

TOT DB' 

9 0 
6 
9 

60  
4 

11 
1 

3 4 
2 
2 
5 
9 
0 

11 
4 

19 
1 

14 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
4 
0 
3 
0 
2 
0 
0 
0 
1 
9 
5 
9 
4 
1 
0 
0 
3 
1 
2 
0 
2 
0 
0 
0 
3 
1 
0 
0 
0 
0 

DELTA-S 

55.00 
33.33 
44044 
66.67 
50.00 
62.50 

0. 
46.67 

0. 
50.00 

0. 
50.00 
66.67 
61 $ 5 4  
14.29 
67.74 

100.00 
62.50 

0. 
0.  

45.45 
100.00 

0. 
51.58 
55.56 

0. 
0. 

68.22 
72.73 
61.90 
37.50 
56.25 
54055 

0 .  
50.00 
14.29 
52.94 
50.00 
54.00 
48.86 
40.91 
88.57 
50.00 
80.00 
50.00 
66.67 
63.64 
66.67 

100.00 
0. 
0 .  

100.00 
40.00 
33.33 
25.00 
76.47 
32.00 
45.86 

DELTA-D 

70.00 
66.67 
55.56 
58.33 
50.00 
45.45 

100.00 
35.29 
50.00 
66.67 
40.00 
44 .44  

0. 
54.55 

0. 
57.89 

0 * 
50 .00 

0.  
100.00 

0. 
0.  
0. 
0.  
0.  
0. 
0 .  

100.00 
0.  
0. 

33.33 
0. 
0. 
0. 
0 .  
0, 
0. 

55.56 
20.00 
44.44 

0. 
0.  
0. 
0. 

2 3 - 5 3  
0.  
0. 
0 .  

50.00 
0. 
0. 
0.  

66.67 
100.00 

0 .  
0. 
0. 
0.  



TABLE 3 (con t i nued) 

4.0 ANALYSES 

The problem o f  incomplete documentation c i t e d  e a r l i e r  app l i es  a l s o  

t o  the  methods o f  ana l ys i s  used by Biofechnology. Although many 

research quest ions,  o r  " issues," are discussed i n  the repo r t ,  ve ry  

l i t t l e  m a t e r i a l  i s  devoted t o  desc r i b i ng  t he  methods used t o  draw 

inferences. In fo rmat ion  on which t e s t s  were s t a t i s t i c a l l y  s i g n i f i c a n t  

and which were no t  a re  o f t e n  missing, as w e l l  as how the  s i g n i f i c a n c e  

l e v e l s  were computed. 

Two o f  t h e  f i r s t  concerns on reading the r e p o r t  were (1 )  t h a t  s i  te -  

t o - s i t e  d i f f e r e n c e s  i n  acc iden t  r a t e s  and t r u c k  use might  cause 

erroneous o r  spur ious r e s u l t s ,  and (2) t h a t  sampl ing e r r o r s  i n  the 

measured exposures were no t  considered i n  d e r i v i n g  var iances f o r  the 

i n f e r e n t i a l  s t a t i s t i c s .  The f i r s t  concern i s  b u t  one example from a 

general p o t e n t i a l  problem. Th is  i s  t he  mis lead ing  e f f e c t s  t h a t  a re  

poss ib le  when aggregated data are used. The s p e c i f i c  problem I am 

addressing has been c a l l e d  "Simpson's paradox" and can be expla ined most 

e a s i l y  by a hypo the t i ca l  example. 

The aggregate r e s u l t s  f o r  the  two s i t e s  i nd i ca tes  t h a t  doubles have a 

h igher  involvement r a te .  The paradox i s  t h a t  t h i s  h igher  aggregate r a t e  

r e s u l t s  even though s i ng les  have a h igher  r a t e  a t  each o f  the  two s i t e s .  

The reason f o r  the  paradox i s  t h a t  s i t e  1 has a h igher  involvement r a t e  

f o r  both type o f  veh ic les ,  and a g rea te r  p o r t i o n  o f  doubles t r a v e l  i s  a t  



OBSERVED COUNT 

Figure 6 
Involvements by Direction 



Assume t h a t  t he  f o l l o w i n g  acc iden t  and exposure da ta  a r e  a v a i l a b l e  

f o r  s i n g l e s  and doubles a t  two s i t e s :  

Accident  Exposure 
I nvolvements ( i n  100 m i  1 .  v e h i c l e  m i l e s )  

S ing les  Doubles S ing les  Doubles 

S i t e  1 

S i t e 2  

T o t a l  

The r e s u l t i n g  involvement r a t e s  ( invo lvements  per  100 m i l l i o n  v e h i c l e  

m i l e s )  would be: 

S i t e  1 

S i t e  2  

T o t a l  

Involvement Rates 

3 2  

108 

140 

S ing les  Doubles 

4  5 

35 

8 0  

0.2 

1.8 

2 .O 

0.3 

0.7 

1 ,O 

t h i s  h i g h - a c c i d e n t - r a t e  s i t e .  C o r r e l a t i o n s  between s i t e  and bo th  

a c c i d e n t  r a t e  and t r u c k  t ype  a r e  the  c u l p r i t  i n  produc ing t h e  paradox. 

I t  i s  impor tan t  t o  no te  t h a t  t h e  erroneous r e s u l t  f o r  t h e  aggregated 

da ta  i s  n o t  a  consequence o f  b iased,  m iss ing ,  o r  o the rw ise  f a u l t y  data,  

nor o f  sampl ing e r r o r .  Such an e r r o r  can o n l y  be avoided by i n c l u d i n g  

t h e  p e r t i n e n t  v a r i a b l e - - s i t e  i n  t h i s  case - - i n  t h e  a n a l y s i s .  A second 

impor tan t  p o i n t  i s  t h a t  any v a r i a b l e  which i s  c o r r e l a t e d  w i t h  b o t h  the  

dependent and independent v a r i a b l e s  has the  p o t e n t  i a1 o f  caus ing an 

e r r o r  i n  aggregated r e s u l t s  i f  i t  i s  n o t  i nc luded  i n  t h e  a n a l y s i s .  I n  

t h e  example c i t e d  above, t h e  e r r o r  was g r e a t  enough t o  reve rse  the  

r e s u l t .  The same phenomena may occur w i t h o u t  so dramat ic  an outcome. 

I t  c o u l d  r e s u l t  i n  an apparent  d i f f e r e n c e  which i s  n o t  r e a l ,  o r  f a i l u r e  

t o  d e t e c t  a r e a l  d i f f e r e n c e .  

S i t e  1 

S i t e  2 

T o t a l  

160 

6  o 

70 

150 

50 

8 o 



An excellent example of the influence of a confounding variable in 

a closely related analysis is provided by H e d l ~ n d . ~  He compared the 

fatality rate in singles versus doubles accidents using BMCS data. 

Using only these variables, he found doubles had a significantly higher 

fatal i ty rate. However, when he control 1 ed for urbanization (rural, 

resident i al/bus i ness) and number of 1 anes (2,4) , he found that the 

difference in singles and doubles rates were not statistically 

significant. 

The analyses of doubles versus singles presented by BioTechnology 

would seem to be subject to this sort of error because of s i te 

differences. The report does state that paired t-tests were used. 

While they could be employed to avoid the paradox, but here is no 

indication of how they were used, The evaluation by TSC recognized the 

possibility of spurious results because of site differences and hence 

used di saggregated data. However, the only confounding variable 

recognized and used in the TSC analysis was site. Other variables that 

are likely to be correlated with both vehicle type and accident rate are 

driver experience, highway type, vehicle use, time of day, and season. 

Since singles and doubles may be used for quite different purposes and 

under different circumstances, the relative day/night travel may also be 

different. Thus time of day, at least as a dichotomy, could be a 

particularly important confounding variable. The next section will 

examine a number of potentially confounding variables. 

Passenger car travel has not been included in any of the analyses, 

and would appear to be a prime candidate for inclusion as an independent 

variable. One might expect truck accident experience to be influenced 

by the volume of concurrent car traffic. Philosophically, total traffic 

might be considered an exposure variable. Some researchers consider 

exposure in a broad sense to be exposure to the risk of accident. In 

4James Hedlund, The Severity of Large Truck Accidents, National 
Highway Traffic Safety Administration Technical Note DOT HS-802-332. 
Apr i 1 1977. 

SEdwin J. Roberts, Peter H. Mangert, Technical Evaluation of the 
BioTechnology, Inc. Study: The Effect of Truck Size and Weight on 
Accident Experience and Traffic Operations, TSC, DOT. July 1981. 



t h i s  c o n t e x t ,  t r u c k  exposure m i g h t  i n c l u d e  a  measure o f  concur ren t  car  

t r a f f i c .  I r r e s p e c t i v e  o f  whether i t  i s  cons idered an acc iden t  o r  

exposure v a r i a b l e ,  car  t r a f f i c  c o u l d  be i nc luded  as an independent 

v a r i a b l e  i n  an a n a l y s i s  i n  wh ich  t r u c k  involvements per t r u c k  v e h i c l e  

m i l e s  i s  t he  dependent v a r i a b l e .  

N e i t h e r  BioTechnology nor TSC inc luded  ana lyses which c o n t r o l l e d  

f o r  t h e  e f f e c t s  o f  these v a r i a b l e s  upon a  doub les -s ing les  comparison. 

I n  f a c t ,  t h e  da ta  necessary f o r  d i saggrega te  m u l t i v a r i a t e  ana lyses a r e  

n o t  p resented i n  t h e  r e p o r t s .  W i th  a  t o t a l  o f  2112 t r u c k  involvements 

i n c l u d i n g  o n l y  256 doubles6, '  t h e  number o f  v a r i a b l e s  t h a t  c o u l d  be 

i n c l u d e d  i n  any a n a l y s i s  i s  l i m i t e d ;  t h e  q u a n t i t y  o f  d a t a  may be 

i n s u f f i c i e n t  t o  i n c o r p o r a t e  t h e  a p p r o p r i a t e  v a r i a b l e s  even i f  those 

v a r i a b l e s  were a v a i l a b l e .  The l i m i t a t i o n s  imposed by t h e  q u a n t i t y  o f  

da ta  can be i l l u s t r a t e d  by example. I n  comparing t h e  involvement r a t e  

by v e h i c l e  t ype  ( s i n g l e s  versus doub les ) ,  we m igh t  choose t o  i n c l u d e  as 

r e l e v a n t  independent (or  c o n t r o l )  v a r i a b l e s ;  road c l a s s  w i t h  t h e  s i x  

l e v e l s  used i n  t h e  s tudy ,  two l e v e l s  o f  t ime  o f  day ( n i g h t ,  day t ime) ,  

and two we igh t  c lasses  as suggested by Tab le  10 i n  Volume 1 1 1 .  

Together,  t h i s  modest number o f  v a r i a b l e s  r e s u l t s  i n  2x6x2x2=48 c e l l s  i n  

t h e  a c c i d e n t  p o p u l a t i o n ,  h a l f  o f  which a r e  f o r  doubles.  Wi th  o n l y  256 

doubles,  t h e  average number per  c e l l  would be o n l y  10, and no measure o f  

d r i v e r  c h a r a c t e r i s t i c s  has been inc luded .  

P o s s i b l e  b iases  r e s u l t i n g  f rom incomple te  coverage, e.g,, exposure 

measured f o r  t r a f f i c  i n  o n l y  one d i r e c t i o n ,  were a l s o  recogn ized by the  

TSC and s e n s i t i v i t y  ana lyses were used t o  assess t h e  p o s s i b l e  e f f e c t s .  

Two problems remain. The amount o f  b i a s  assumed i n  the  TSC a n a l y s i s  

appears t o  be a r b i t r a r y  w i t h o u t  s u p p o r t i n g  evidence, wh ich  i t  must be i f  

no a t tempts  were made d u r i n g  t h e  p r o j e c t  t o  e v a l u a t e  m i s s i n g  data .  I n  

a d d i t i o n ,  t h e  s e n s i t i v i t y  a n a l y s i s  does n o t  address t h e  problems t h a t  

r e s u l t  f rom spur ious  c o r r e l a t i o n s ,  i . e . ,  Simpson's paradox. Note t h a t  

t h e  h y p o t h e t i c a l  example c i t e d  above demonstrated an erroneous 

c o n c l u s i o n  w h i l e  assuming no m i s s i n g  d a t a  o r  b iases  i n  t h e  obse rva t i ons .  

6 T r a c t o r - S e m i - f u l l  t r a i l e r .  



The second a n a l y t i c a l  concern expressed i n  t h e  f i r s t  paragraph o f  

t h e  s e c t i o n  t i t l e d  "Analyses," was w i t h  rega rd  t o  exposure sampling 

e r r o r .  The methods used t o  compute va r iances  and i n  t u r n  s i g n i f i c a n c e  

l e v e l s  a r e  n o t  e x p l i c i t l y  s t a t e d  i n  t h e  B io fecho logy  Report .  However, 

i t  i s  c l e a r  t h a t  sampling e r r o r s  i n  the  exposure data  were n o t  inc luded.  

T h i s  would r e s u l t  i n  u n r e a l i s t i c a l l y  low va r iances  and s i g n i f i c a n c e  

l e v e l s .  Thus, some comparisons m igh t  be judged s i g n i f i c a n t  when i n  f a c t  

they should n o t .  I n  a d d i t i o n ,  t h e  des ign  e f f e c t s  o f  t h e  m u l t i s t a g e  

sampl ing were n o t  inc luded,  and lack  o f  n a t i o n a l  o r  s t a t e  r e p r e s e n t a t i o n  

and t h e i r  impact on s t a t i s t i c a l  i n fe rences  were n o t  addressed; the  

v a l i d i t y  o f  t he  s i g n i f i c a n c e  t e s t s  a r e  u n c e r t a i n .  

The au tho rs  have n o t  always been c a r e f u l  i n  s t a t i n g  l ack  o f  

s t a t i s t i c a l  s i g n i f i c a n c e .  On severa l  occasions (on page 55 w i t h  rega rd  

t o  cab-over versus cab-behi nd, f o r  example) they  u n i n t e n t i o n a l  1 y  imp1 y  

t h a t  l ack  o f  s t a t i s t i c a l  s i g n i f i c a n c e  between l e v e l s  o f  a  v a r i a b l e  prove 

t h e  e f f e c t  i s  t h e  same f o r  a l l  l e v e l s .  T h i s  i s  n o t  t r u e ;  i t  o n l y  proves 

a  d i f f e r e n c e  has n o t  been found, n o t  t h a t  t h e r e  i s  no d i f f e r e n c e .  Lack 

o f  s i g n i f i c a n c e  c o u l d  r e s u l t  f rom a ( s t a t i s t i c a l )  t e s t  o f  low power. 

The powers o f  t he  v a r i o u s  comparisons, i .e.,  t he  c a p a b i l i t y  o f  t he  

t e s t  t o  d e t e c t  r e a l  d i f f e r e n c e s  i f  they  i n  f a c t  e x i s t ;  a r e  n o t  g i ven  i n  

t h e  r e p o r t ,  nor  can they be c a l c u l a t e d  w i t h  t h e  data  g iven.  There i s  

a l s o  no i n d i c a t i o n  t h a t  t h e  exper imenta l  des ign i nco rpo ra ted  

c o n s i d e r a t i o n  o f  t h e  s p e c i f i c  issues t o  be examined, the  a n a l y t i c a l  

techn iques t o  be used, and i n  t u r n ,  t h e  da ta  requ i rements  t o  achieve 

s p e c i f i c  powers. As a  consequence, many o f  t h e  t e s t s  may have low 

powers. 

5.0 POTENTIALLY CONFOUNDING VARIABLES 

A t t r i b u t e s  which may cause e r r o r  i n  comparisons o f  s i n g l e s  and 

doubles involvement r a t e s  th rough spur ious  c o r r e l a t i o n s  a r e  those which 

a r e  assoc ia ted  w i t h  b o t h  involvement r a t e  and t y p e  o f  t r u c k .  Wi thout  

access t o  d e t a i l e d  exposure i n fo rma t ion ,  a s s o c i a t i o n s  w i t h  involvement 

r a t e s  cannot be examined. However, ev idence t h a t  an a t t r i b u t e  shou ld  be 

i nc luded  i n  a  s t a t i s t i c a l  comparison o f  s i n g l e s  and doubles can be 

ob ta ined  f rom the  acc iden t  data .  A t t r i b u t e s  which a r e  assoc ia ted  w i t h  



vehicle type in the accident data are at least candidates for inclusion 

in analyses of involvement rates. 

Truck type by state in the accident data collected by BioTechnology 

is shown in Table 4. The table is given to describe the quantity of 

data collected and how it was distributed among the truck types and 

study states, and not for inferential purposes. 

TABLE 4 
Truck Type by State 

The grouping by truck type in the table is as follows. A l l  single- 

unit straight trucks are included under straight. This includes bob- 

tails. Tractors towing semis are classes as singles. Tractors towing 

semis and full trailers are classed as doubles. The "other" category 

includes straight trucks towing either a semi (dolly) or ful 1 trailer, 

and 24 Mi chi gan doubles (combi nat ion uni ts wi th 9-1 1 axles) . A1 though 

California N 
% 

Mary 1 and N 
% 

Michigan N 
% 

Nevada N 
% 

Pennsy 1 van i a N 
% 

Texas N 
% 

Total N 
% 

Truck Type 

Straight 

132 
20.6 

6 3 
32.6 

9 5 
13.4 

14 
20.0 

44 
12.1 

4 3 
32.3 

39 1 
18.5 

Single 

23 1 
36.0 

127 
65.8 

53 1 
74.8 

38 
54.3 

314 
86.0 

88 
66.2 

1329 
62. 9 

Other 

7 4 
11.5 

3 
1.6 

4 5 
6.3 

6 
8.6 

7 
1 .g 

1 
0.8 

136 
6.4 

Double 

204 
31.8 

0 
0.0 

39 
5 5 

12 
17.1 

0 
0.0 

1 
0.8 

256 
12.1 

Total 

64 1 
100.0 

193 
100.0 

710 
100.0 

70 
100.0 

365 
100.0 

133 
100.0 

2112 
100.0 



Nevada was included in the study because it permits triples, there are 

none in the accident data. 

A number of variables were examined as potentially confounding 

variables, by comparing their distribution for singles and doubles. For 

these comparisons the definitions of singles and doubles are the same as 

used in Table 4 .  Only involvements in California and Nevada are used, 

consistent with the singles-doubles comparisons made by BioTechnology 

and the Transportation Systems Center. A list of the variables examined 

is shown in Table 5. Each comparison was done as a 2xn contingency 

table. The significance levels are shown for the maximum-likelihood test 

of independence. Each variable with significance at less than the 0.1 

level is indicated by an asterisk. This level was selected to identify 

all var'iables that potentially could confound comparisons of singles and 

doub 1 es. 

A total of 30 variables were used in the comparisons. In two cases 

(multi-vehicle accidents and culpability), the original variables coded 

by Biotechnology were each used to generate two derived variables. This 

will be described in more detail later. Each of the variables with a 

significance level of 0.10 or less is described below. Several of the 

variables have a large number of levels, making tests for independence 

difficult to interpret, or resulting in a number of nearly empty cells, 

In these cases, the complete table was partitioned into independent 2x2 

tables, thus partitioning the total chi-square into its single-degree- 

of-freedom  component^.^ With these general remarks, each variable 

which was significant at the 0.1 level will be discussed separately. 

Month of Accident 

The distribution of month of accident for singles and doubles is 

shown in Table 6. Since the data collection period was from July 1976 

through December 1977, the July-December period should be 

overrepresented for both singles and doubles. This would not affect the 

'Maxwell, A. E., "Analysing Qualitative Data," Methuen Monographs 
on Applied Probability and Statistics, Methuen and Co., Ltd., London, 
1961 (Chapter I I I) . 



TABLE 5 
Accident Variable Examined as Potentially Confounding Variables 

Month of accident 
Day of month 
Year of accident 
Day of week 
Hour, 1-Hour intervals 
Highway type 
Intersection 
Number of vehicles involved 
Number of trucks involved 
Multi-vehicle accident: 

Object struck 
Impact type 

Culpability 
Driver culpability 
Defective equipment 

Weather 
Light 
Road condition 
Cab type 
Make 
GVW, bracketed 
Load factor, 10% intervals 
Cargo unit configuration 
Cargo in first trailer 

straight/semi 
Accident classification 
Truck movement, before impact 
Age, 5-year intervals 
Familiarity with road 
Experience as driver 
Experience with rig 
Driver classification 
Trip classification 
Miles since rest 2 6 hr. 
Independent driver 

Significance 
Leve 1 :\ 

*Significance level for the maximum likelihood independence test. An 
asterisk indicates significance at the 0.10 level. Singles (tractor- 
semi) were compared with doubles (tractor-semi -full trai ler) . 
)\*Hour in 1 hour intervals was not significant, but certain time 
periods are. 



relative distribution for singles and doubles, however, unless there is 

a seasonal component in their accident experience. 

TABLE 6 
Month of Accident 

The chi-square significance level is 0.0991 for the entire table. 

January 
February 
March 
Apr i 1 
Ma Y 
June 
July 
August 
September 
October 
November 
December 

Tota 1 

June and July both have a relatively higher accident frequency for 

singles. Using the partitioned chi-square, the difference between June- 

Single 

N % 

8 3.0 
1 1  4.1 
14 5 - 2 
8 3.0 
14 5.2 
14 5 - 2  
48 17.8 
42 15.6 
32 11.9 
28 10.4 
19 7.1 
3 1 11.5 

269 100.0 

July and the remainder of the table is significant at the 0.001 level 

(x2 = 1 1  -70, d.f. = 1) . There are ten remaining independent tables, 

Doub 1 e 

N % 

4 1 *9 
9 4.2 
12 5-6 
1 1  5.1 
13 6.0 
7 3 - 2  
17 7.9 
4 5 20.8 
3 2 14.8 
2 8 13.0 
20 9 3 
18 8 3 

2 16 100.0 

each with one degree of freedom, but none are significant at the 0.001 

level. Thus there is a seasonal association with singles/doubles, with 

doubles having relatively fewer involvements in June and July. 

Hour of Day 

Hour of day, in 24 one-hour intervals, does not have significantly 

different distributions for singles and doubles involvements 

(significance level = 0.50). Neither does time of day in four-hour 

intervals. However, doubles are overrepresented in the period from 



1 : O O - 8 : 5 9  a.m. compared t o  s i n g l e s .  The p r o p o r t i o n s  f o r  t h i s  p e r i o d  a r e  

shown i n  Tab le  7. 

TABLE 7 
S i n g l e s  Versus Doubles by P e r i o d  o f  Day 

A l though t h e  r e s u l t s  a r e  shown as a 2x2 t a b l e ,  t h e  t e s t s  o f  

s i g n i f i c a n c e  were conducted by p a r t i t i o n i n g  t h e  degrees o f  freedom o f  

t h e  o r i g i n a l  2x24 t a b l e .  The ch i - square  f o r  t h e  e n t i r e  2x24 t a b l e  was 

21.7 w i t h  d . f .  = 23. The component o f  t he  ch i - square  f o r  t h e  above 

p a r t i t i o n  i s  10.44 w i t h  d . f .  = 1 ,  and a s i g n i f i c a n c e  l e v e l  o f  0.0012. 

Thus t h e  d i s t r i b u t i o n  o f  invo lvements  by hour i s  s i g n i f i c a n t l y  d i f f e r e n t  

f o r  s i n g l e s  and doubles.  

Hour 

o i 00-0859 N 
% 

0900-2400, N 
0000-0059 .% 

T o t a l  N 
% 

Highway Type 

The d i s t r i b u t i o n  o f  highway t ype  i s  s i g n i f i c a n t l y  d i f f e r e n t  f o r  t h e  

two v e h i c l e  types.  The max imum- l i ke l i hood- tes t  s i g n i f i c a n c e  l e v e l  f o r  

Tab le  8 i s  0.001. 

S i n g l e s  

70 
26 .o 

199 
74 .o 

269 
100.0 

P a r t i t i o n i n g  t h e  ch i - square  i n d i c a t e s  t h a t  doubles have r e l a t i v e l y  

more o f  t h e i r  involvements on p r  imary and secondary roads (ch i -square  = 

19.9, d . f .  = 1) . The d i f f e r e n c e  between r u r a l  and urban highways i s  n o t  

s i g n i f i c a n t .  Al though highway c l a s s  i s  p o t e n t i a l l y  an impor tan t  

confound ing v a r i a b l e  i n  t h e  BioTechnology a n a l y s i s ,  t he  a n a l y s i s  

conducted by t h e  T r a n s p o r t a t i o n  Systems Center i n c o r p o r a t e d  s i t e  i n  such 

a way t h a t  highway c l a s s  shou ld  n o t  produce e r r o r s  i n  t h e  s i n g l e s  versus 

doub les  comparisons. 

Doub 1 es 

8 6 
39.8 

130 
60.2 

216 
100.0 



TABLE 8 
Highway Type 

Multi-Vehicle Accidents 

The multi-vehicle accident variable is significant at the 0,096 

level. However this significance is difficult to interpret. The 

variable has 42 levels, and is actually a combination of two variables 

describing the object struck (other vehicle type) and impact 

configuration. Statistical significance in the total table has little 

physical significance. The variable is more useful split into two 

variables, one for object struck and one for impact type. When this is 

done, neither resulting table is statistically significant, as indicated 

in Table 5. 

Rural 
F reeway 
Primary 
Secondary 

Urban: 
Freeway 
Primary 
Secondary 

Total 

Culpability is a similar variable. It is actually a multiple- 

response variable giving one or two factors of culpability. The 

complete table (in which each digit represents a factor) is not 

significant; nor are separate derived tables of driver culpability and 

defective equipment. 

Singles 

N % 

149 55.4 
2 7 10.0 
5 1.9 

75 27.9 
13 4.8 
0 0 .O 

269 100.0 

Doub 1 es 

N % 

9 5 44 .0 
48 22.2 
10 4.6 

4 7 21.8 
15 6.9 

1 0 9 5  

216 100 .O 



Weather 

The d i s t r i b u t i o n s  o f  weather f o r  t h e  s i n g l e s  and doub les  

invo lvements  a r e  shown i n  Tab le  9, wh ich  i s  s i g n i f i c a n t  a t  t h e  0.038 

1 eve1 . 

TABLE 9 
Weather 

P a r t i t i o n i n g  t h e  t a b l e  i n d i c a t e s  t h a t  doub les  invo lvements  a r e  l e s s  

f r e q u e n t  i n  c l e a r  weather t han  i n  a l l  o t h e r  weather c a t e g o r i e s  ( c h i -  

square  = 8.09, d . f .  = 1 ,  s i g n i f i c a n c e  l e v e l  = 0 .004) .  Even when c l e a r  

and c loudy  toge the r  a r e  p a r t i t i o n e d  from t h e  remainder o f  t h e  t a b l e ,  t h e  

s i g n i f i c a n c e  l e v e l  i s  s t i l l  0.0024 (ch i -square  = 5.12, d . f .  = 1 ) .  

C lear  

C 1 oudy 

Ra in  

S l e e t / h a i l  

Fog 

Dust/sand 

Heavy, g u s t  w ind  

Comb i  n a t  i on: 
Dus t /sand,  w  i nd 

T o t a l  

M.D. 

S i n g l e  

N % 

21 1 79.0 

3 0  11.2 

20 7 . 5  

0  0.0 

3 1.1 

2  0  7 

1 0.4 

0  0.0 

267 100.0 

2  

Doub 1 e  

N % 

146 67.6 

34 15 7 

3 0  1 3 - 9  

1 0.5 

2  0.9 

0  0.0 

2  0.9 

1 0.5 

216 100.0 

0  



Road Cond i t i on  

Road s u r f a c e  c o n d i t i o n ,  as shown i n  Tab le  10, i s  s i g n i f i c a n t  a t  t he  

0.007 l e v e l ,  w i t h  doubles hav ing a  lower p r o p o r t i o n  o f  t h e i r  

involvements on d r y  sur faces.  P a r t i t i o n i n g  t h e  t a b l e s  i n t o  d r y  versus 

t h e  remainder i s  s t i l l  s i g n i f i c a n t  a t  t h e  0.011 l e v e l  (ch i -square  = 

6.47, d . f .  = 1 ) .  The a s s o c i a t i o n  w i t h  s u r f a c e  c o n d i t i o n  i s  n o t  

s u r p r i s i n g  g i v e n  t h e  a s s o c i a t i o n  w i t h  weather, s i n c e  one i s  n e a r l y  a  

s u r r o g a t e  f o r  t h e  o t h e r .  

TABLE 10 
Road C o n d i t i o n  

Cab Type 

Cab t ype  i s  assoc ia ted  w i t h  v e h i c l e  t ype  as shown i n  Tab le  11 .  

However, cab t ype  i s  so c l o s e l y  assoc ia ted  w i t h  t h e  c o n f i g u r a t i o n  o f  t he  

combinat ion  v e h i c l e  t h a t  i t  may n o t  be an independent causal f a c t o r ,  and 

may n o t  be an a p p r o p r i a t e  c o n t r o l  v a r i a b l e .  

I t  should a l s o  be no ted  t h a t  t h e  amount o f  m i s s i n g  da ta  i s  

substant ia l - -much g rea te r  t han  the  number o f  convent iona l  t r a c t o r s .  

Thus t h e  a s s o c i a t i o n  i s  v e r y  s e n s i t i v e  t o  any b i a s  t h a t  may e x i s t  i n  t h e  

m i s s i n g  d a t a  cases. The v a r i a b l e s  t h a t  have been d iscussed t o  t h i s  

Dry 

Wet 

Snow/ i cy  

Other 

T o t a l  

M iss ing  Data 

S i n g l e  

N % 

243 g l  .o 

22 8.2 

2  0.7 

0  0  .O 

267 100.0 

2  

Doub 1 e  

N % 

180 83 3 

34 15 7 

0  0.0 

2  0.9 

216 100.0 

0  



TABLE 1 1  
Cab Type 

point are all accident related (location, time, environment, etc.). The 

information is generally available on all police reports and 

consequently the missing data rates have been low. Those to be 

discussed subsequently are vehicle and driver related, often not 

addressed on police reports. As a result, the missing data rates in 

general will be much higher. This presents a dilemma. While driver and 

use factors may be very important to comparisons of singles and doubles 

involvement rates, they are among the more difficult data to collect on 

traffic accidents. 

Conventional 

C O E  

Tota 1 

Missing Data 

Tractor Make 

The distribution of tractor manufacturer for singles and doubles 

combinations in the BioTechnology data is shown in Table 12. While the 

differences are significant at the p = 0.033 level, the interpretation 

of the table is not clear. The tractor make may be associated with more 

fundamental factors such as use or class of owner/operator. 

N 
% 

N 
% 

N 
% 

N 

Gross Vehicle Weiqht 

The gross vehicle weight pooled in the same intervals as used in 

Table 10 of Volume I l l  of the BioTechnology report is shown in Table 13 .  

The overall table is significant at the 0.002 level, Two of the weight 

intervals are noteworthy because of their high incidence in the accident 

Single 

4 2 
28.6 

105 
71.4 

147 
100.0 

122 

Doub 1 e 

19 
14.2 

115 
85.8 

134 
100.0 

8 2 



TABLE 12 
T r a c t o r  Make 

p o p u l a t i o n  (column percent )  and because o f  d i  f  f e r e n t  p r o p o r t  ions  f o r  

s i n g l e s  and doubles i n  t h e  two c a t e g o r i e s .  These a r e  t h e  21-30 and 

71-80 k i p  groups. I n  bo th  o f  these,  doubles account f o r  a  g r e a t e r  

p r o p o r t i o n  than  do s i n g l e s .  

Autocar 

Diamond Reo 

Dodge 

Ford  

GMC 

I n t e r n a t i o n a l  

Kenwor t h  

Mack 

P e t e r b i  1 t 

Wh i t e /  
F r e i g h t 1  i n e r  

Other 

T o t a l  

M i s s i n g  Data 

I t  shou ld  be noted t h a t  t h e  numbers o f  involvements shown here  are  

t he  numbers used t o  d e r i v e  t h e  r a t e s  shown by BioTechnology i n  Tab le  10. 

I t  i s  e v i d e n t  t h a t  t h e  g r e a t  v a r i a t i o n  i n  r a t e s  found by B io techno logy,  

and as pub1 i shed under r e p o r t  number FHWA/RD-80- 137, Ju 1 y 198 1 ,  i s  

l a r g e l y  a  consequence o f  t he  exposure da ta  r a t h e r  than acc iden t  da ta ,  

and i s  based on smal l  numbers o f  involvements.  I t  shou ld  a l s o  be 

S i n g l e  

N % 

1 0.4 

2  0.8 

3 1.2 

13 5.1 

1 1  4  3 

4 5 17.8 

52 20.6 

17 6  7 

4  0  15.8 

6 8 26.9 

1 0.4 

253 100.0 

16 

Doub 1 e  

N % 

2  1 .O 

0  0.0 

2  1 .O 

9 4  - 3 

10 4.8 

4  7 22.4 

20 9.5 

11 5 2  

3  0  14.3 

7 8  37.1 

1 0.5 

2 10 100.0 

6  



TABLE 13 
Gross V e h i c l e  Weight 

e v i d e n t  t h a t  w i t h  more than  h a l f  o f  t h e  d a t a  m i s s i n g  on t h i s  v a r i a b l e ,  

compar ison o f  invo lvement  r a t e  by g ross  v e h i c l e  we igh t  would be 

GVW (k  i ps) 

0-20 
21-30 
31-40 
4  1-50 
5 1-60 
61-70 
7 1-80 
81-90 
101-150 

T o t a l  

M i s s i n g  Data 

s e n s i t i v e  t o  b i a s  i n  t h e  m i s s i n g  da ta .  

Load Fac to r  

S i n g l e  

N % 

10 7.9 
3 3 26.0 
18 14.2 
15 11.8 
9 7.1 

14 11.0 
2  7 21.3 

o o .o 
1 0  .o 

127 100.0 

142 

The l oad  f a c t o r  i s  t h e  t o t a l  v e h i c l e  w e i g h t  expressed as a  

percentage o f  t h e  t o t a l  a l l o w a b l e  we igh t ,  and i s  shown i n  T a b l e  14. The 

s i g n i f i c a n c e  l e v e l  i s  0.025 w i t h  a maximum 1 i k e l i h o o d  r a t i o  o f  16.017, 

d . f .  = 7 .  Doubles a r e  under represented i n  t h e  51-90 p e r c e n t  c a t e g o r i e s ,  

w i t h  a  p a r t i t i o n e d  ch i - squa re  o f  13.08 and a  s i g n i f i c a n c e  l e v e l  o f  

0.0003 f o r  t h i s  g roup compared t o  a l l  o t h e r s .  A l l  o t h e r  independent 

p a r t i t i o n s  a r e  i n s i g n i f i c a n t  a t  t h e  0.10 l e v e l .  

Doub 1 e  

N % 

0  0 * o  
4  3 39.8 
13 12 .O 
8 7 .4 
3 2.8 
8 7 * 4  

3 2 29.6 
1 0 .9  
0  0  .o 

108 100.0 

108 

T h i s  v a r i a b l e  i s  c l o s e l y  a s s o c i a t e d  w i t h  gross  v e h i c l e  we igh t ,  a t  

l e a s t  f o r  each r e s t r i c t e d  c l a s s  o f  t r u c k ,  and one m igh t  serve  as a  

s u r r o g a t e  f o r  t h e  o t h e r .  The amount o f  m i s s i n g  d a t a  i s  t h e  same as f o r  

g ross  v e h i c l e  w e i g h t .  



TABLE 14 
Load Factor  

Cargo U n i t  C o n f i g u r a t i o n  

Load Factor  
i n  Percent  

2 1-30 
3 1-40 
4  1-50 
5 1-60 
6  1-70 
7 1-80 
8  1 -90 
g l - l o o  

T o t a l  

M i s s i n g  Data 

The cargo u n i t  c o n f i g u r a t i o n  ( type o f  t r a i  l e r  body) i s  shown i n  

Tab le  15. The major  s i g n i f i c a n t  d i f f e r e n c e s  a r e  t h a t  tank and p l a t f o r m  

t r a i l e r s  a r e  r e l a t i v e l y  more common on doubles than on s i n g l e s ,  w h i l e  

f u l l y  enclosed t r a i l e r s  a r e  more common on s i n g l e s .  These d i f f e r e n c e s  

would seem t o  imply  t h a t  doubles and s i n g l e s  a r e  used f o r  d i f f e r e n t  

purposes, a t  l e a s t  i n  C a l i f o r n i a  and Nevada. 

A comparison o f  t h e  cargos i n  a c c i d e n t - i n v o l v e d  s i n g l e s  and doubles 

i s  shown i n  Tab le  16. 

S i n g l e  

N % 

8  6 3 
38 30.2 

6  4.8 
14 1 1 . 1  
9 7.1 
8 6.3 

2  3 18.3 
20 15.9 

126 100.0 

143 

The d i s t r i b u t i o n  f o r  s i n g l e s  and doubles a r e  s i g n i f i c a n t l y  

d i f f e r e n t  a t  t h e  0.001 l e v e l  (ch i  square = 39.97 w i t h  d . f .  = 21). 

However, t he  l a r g e  number o f  l e v e l s  r e s u l t s  i n  many empty c e l l s ,  making 

t h e  s t a t i s t i c s  f o r  t h e  t o t a l  t a b l e  suspect ,  and a t  l e a s t  d i f f i c u l t  t o  

i n t e r p r e t .  When the  t a b l e  i s  p a r t i t i o n e d  i n t o  a  s e r i e s  o f  2x2  

cornpar isons,  t h e  d i f f e r e n c e  i n  t h e  p r o p o r t i o n  o f  empt ies i s  n o t  

s i g n i f i c a n t  (ch i -square  = 2.56, d . f .  = 1 ,  s i g n i f i c a n c e  l e v e l  = 0.11). 

The t o t a l  sample o f  t r u c k s  ( s i n g l e s  and doubles) w i t h  non-missing data  

on cargo i s  o n l y  293, and t h i s  number i s  i n s u f f i c i e n t  t o  d e t e c t  t he  

Doub 1 e  

N % 

7 6 4  
40 37 * 4  

9 8.4 
4  3 - 7 
6  5.6 
3 2.8 
9 8.4 

2  9 27.1 

107 100.0 

109 



TABLE 15 
Cargo U n i t  C o n f i g u r a t i o n  

d i f f e r e n c e  between 30 and 39 pe rcen t  w i t h  h i g h  p r o b a b i l i t y .  The power 

o f  t h e  t e s t  w i t h  t h e  f i g u r e s  shown i n  Tab le  16, f o r  a  s i g n i f i c a n c e  l e v e l  

o f  0.1 i s  o n l y  0.49-- the p r o b a b i l i t y  o f  d e t e c t i n g  such a  d i f f e r e n c e .  To 

ach ieve a  power o f  0.9 under t h e  same c o n d i t i o n s  would r e q u i r e  a  t o t a l  

sample o f  975 cases.  

F u l l y  enc losed 

F u l l y  enc losed,  
1 ow bed 

Tank 

Bu lk  commodity 

P l a t f o r m  

Low-bed, 
heavy-hauler  

Dump 

V e h i c l e  c a r r i e r  

P l a t f o r m  
w/s i des (open) 

T o t a l  

M i s s i n g  d a t a  

Al though a  s u b s t a n t i a l  p r o p o r t i o n  o f  t h e  t r u c k s  were c a r r y i n g  

genera l  f r e i g h t ,  t h e  d i f f e r e n c e  f o r  s i n g l e s  and doubles i s  n o t  

s i g n i f i c a n t  ( ch i  -square = 0.541) . However, a  s i g n i f i c a n t  1 y  g r e a t e r  

p r o p o r t i o n  o f  t h e  doub les  were c a r r y i n g  fa rm p roduc ts  o r  l i v e s t o c k ;  20.0 

pe rcen t  versus 9.5 pe rcen t .  P a r t i t i o n i n g  t h e  ch i - square  i n t o  t h i s  group 

versus a1 1 o t h e r  cargos g i v e s  a  ch i - square  o f  6.50, d . f .  = 1 ,  and a  

S i n g l e  

N % 

116 61.4 

5 2.6 

10 5 3 

3 1.6 

4  1 21.7 

7 3  7 

3 1.6 

1 0.5 

3  1.6 

189 100.0 

8 0  

Doub 1 e  

N % 

59 35.5 

5 3.0 

19 11.4 

8  4.8 

67 40.4 

0  0 .O 

6  3 - 6  

0  0  

2 1 . 2  

166 100.0 

5 0  



TABLE 16 
Cargo in First Trailer 

significance level of 0.011. This variable provides further evidence 

that singles and doubles differed in their usage in the study areas. 

None, Empty 
General Freight 
Furniture 
Refrigerator, Produce 
Refrigerator, Frozen Goods 
Farm Products 
Hanging Goods 
L i ves tock 
Metal, Sheets 
Metal, Coi led 
Heavy Machinery 
Vehicles 
Bulk Sol ids 
Bulk Liquids, Flammable 
Bu l k L i qu i ds, Hazardous 
Bulk Liquids, Non-Flam. 
Logs, Poles 
Lumber Products 
Beverages 
Food 
Bulk Metal (scrap) 
Other 

Tota 1 

Missing Data 

Familiarity with Road 

The familiarity of the driver with the road on which the accident 

occurred is given in Table 1 7 .  Doubles were more likely to have been on 

roads they traveled frequently, more often than once a week, than were 

singles; 63.7 percent of their involvements compared with 41.0 percent 

for singles. This difference is highly significant (p = 0.000). 

Singles 

N % 

4 5 30.4 
2 5 16.9 

6 4.1 
8 5 4 

10 6.8 
14 9.5 

1 0 7 
0 0.0 
2 1 .4  
3 2 .O 
4 2.7 
1 0.7 
4 2 - 7  
2 1.4 
1 0 . 7 
5 3 e 4 
6 4.1 
5 3 - 4  
1 0 7 
2 1.4 
2 1.4 
1 0.7 

148 100.0 

121 

Doub 1 es 

N % 

57 39 3 
2 0 13.8 

1 0.7 
2 1.4 
1 0.7 

2 7 18.6 
0 0 .O 
2 1.4 
0 0 .O 
1 0 7 
2 1.4 
0 0 .O 
8 5.5 
5 3 ~4 
0 0 .O 
5 3.4 
2 1.4 
6 4.1 
0 0 .O 
6 4.1 
0 0 $ 0  
0 0 .O 

145 100.0 

7 1 



TABLE 17 
F a m i l i a r i t y  w i t h  Road 

T r i p  C l a s s i f i c a t i o n  

Frequency o f  
Use o f  Road 

No dr  i ver  
F i r s t  t ime 
Once/year 
<Once/month 

. Once/month 
<Once/week 
Once/week 
>Once/week 
D a i l y  

To ta l  

M iss ing  data 

C l a s s i f i c a t i o n  o f  the  t r i p  by long or  sho r t  haul i s  shown i n  Table 

18. With the low inc idence o f  "Var iab le"  and " N o d r i v e r , "  the t a b l e  i s  

e s s e n t i a l l y  2x2. The s i g n i f i c a n c e  l eve l  f o r  long versus sho r t  haul i s  

l ess  than 0.001, w i t h  doubles much more l i k e l y  t o  have been on shor t  

t r i p s  and s i ng les  on long t r i p s .  

Independent D r i ve r  

S ing le  

N % 

5 3.7 
4 3.0 
1 0.7 

16 11.9 
13 9 e 7 
2 2  16.4 
18 13.4 
28 20.9 
2  7 20.1 

134 100.0 

135 

The p r o p o r t i o n  o f  independent d r i v e r s  i n  the two types o f  t r ucks  i s  

shown i n  Table 19. The d i f f e r e n c e  i n  the  Independent/Not independent 

dichotomy i s  s i g n i f i c a n t  a t  the 0.007 l e v e l ,  w i t h  doubles d r i v e r s  about 

h a l f  as l i k e l y  t o  be independents. Although the  d i f f e r e n c e  i s  h i g h l y  

s i g n i f i c a n t ,  the number o f  d r i v e r s  who a re  independent i s  much smal ler  

than the  number w i t h  m iss ing  data i n  e i t h e r  column. Again i n  t h i s  

ins tance,  the v a r i a b l e  appears t o  be h i g h l y  re levan t ,  bu t  w i t h  a  m iss ing  

data r a t e  t h a t  l i m i t s  i t s  u t i l i t y .  

Doub 1 e  

N % 

3 2.4 
4 3 - 2  
0  0.0 
7 5.6 
8 6.5 

10 8.1 
13 10.5 
3 8 30.6 
4 1 33.1 

124 100.0 

92 



TABLE 18 
Trip Classification 

TABLE 19 
l ndependen t Dr i ver 

Class 

No driver 

Long hau 1 

Short haul 

Variable 

Total 

Missing Data 

Summary of Accident Variable Examination 

Of the 30 variables examined above, 14 are statistically 

significant at the 0.1 level and 12 of these are significant at the 0.05 

level. Several of the significant ,variables are closely related. 

Single 

N % 

5 3.6 

82 58.6 

5 3 37 .9 

0 0.0 

140 100.0 

129 

Independent 

No dr i ver 

Yes (i ndependent) 

No (not i ndependen t) 

Total 

Missing data  

Doub 1 e 

N % 

3 2.4 

4 3 34.4 

78 62.4 

1 0.8 

125 100.0 

9 1 

Single 

N % 

5 4.0 

3 5 28.0 

8 5 68 .O 

125 100.0 

144 

Doub 1 e 

N % 

3 2.4 

18 14.5 

103 83.1 

124 100.0 

9 2 



Consequently, they are probably highly correlated and might be 

considered surrogates, viz weather and road condition, GVW and load 

factor, and cargo unit configuration and cargo in first trailer. Each 

of these pairs might be treated as a single attribute. Cab type and 

tractor make may not be appropriate control variables for the reasons 

stated earlier. 

There remain, then, nine variables which potentially could 

influence a comparison of singles and doubles accident involvement 

rates, and which are candidate control variables in a multivariate 

analysis, Four relate to environmental factors and where the accident 

occurred, three relate to the vehicle and its use, and two to the 

driver. 

The BioTechnology comparison of overall singles and doubles rates 

did not include any control variables. The Transportation Systems 

Center analysis of singles versus doubles rates did use a methodology 

that would eliminate the effects of site differences, and consequently 

the effects of road type. The result is still subject to error from the 

confounding effects of the other attributes, however. 

Without controlling for such error, it is impossible to predict, 

with any confidence, the safety consequence of expanding the use of 

doubles in another area or state to match that at the study sites in 

California and Nevada. Unfortunately, the exposure data evidently does 

not contain enough information, particularly on driver related 

variables, to conduct a multi-variate analysis using all of the 

potentially important variables, nor is the quantity of accident data 

sufficient to simultaneously include more than a small number. 

6.0 SUMMARY 

The six study states were not selected by a random process, nor do 

they represent a probability sample. They are a judgmental sample, and 

without appropriate weighting they cannot be used to give nationally 

representative estimates. This limitation was recognized by 

Biotechnology and so stated in the report. 



J u s t i f i c a t i o n  f o r  t he  d i s t r i b u t i o n  o f  t h e  number o f  each o f  t h e  s i x  

road c lasses  i n  each s t a t e  i s  n o t  g iven,  and i s  apparen t l y  n o t  based on 

a  p r o b a b i l i t y  sample. The f i n a l  cho ice  o f  i n d i v i d u a l  s i t e s  was a l s o  a  

judgmental s e l e c t i o n  by f i e l d  personne l .  Because o f  these two f a c e t s  o f  

t he  sample s e l e c t i o n ,  t he  aggregate da ta  w i t h i n  each s t a t e  cannot be 

assumed t o  rep resen t  the  s t a t e .  

Comparison o f  t he  BioTechnology da ta  w i t h  computer f i l e s  f rom the 

Mich igan S t a t e  P o l i c e  a t  s i x  Mich igan s i t e s  suggests t h a t  t h e r e  was 

s e r i o u s  undercount ing  o f  l a r g e  t r u c k  involvements i n  the  B io techno logy 

data--undercount  i ng f rom 35 t o  45 pe rcen t .  Undercount i ng o f  t h i s  

magnitude i n  o t h e r  p r o j e c t  areas c o u l d  i n t roduce  s e r i o u s  b i a s  i n  the  

data,  and i n  t u r n ,  t h e  f i n d i n g s .  

Al though acc iden t  data  were c o l l e c t e d  f o r  a  p e r i o d  o f  18 months o r  

s i x  q u a r t e r s ,  exposure d a t a  were e v i d e n t l y  c o l l e c t e d  d u r i n g  o n l y  one 

q u a r t e r  a t  many s i t e s .  Evidence o f  t h i s  i s  t h e  f a c t  t h a t  41 pe rcen t  o f  

t h e  s i t e s  r e p r e s e n t i n g  51 pe rcen t  o f  t h e  t r u c k  involvements had a  

cons tan t  r a t i o  o f  t r u c k  t o  car  ADT's used throughout  t h e  18 months. 

Such s i t e s  accounted f o r  86 percen t  o f  t h e  t r u c k  involvements i n  

C a l i f o r n i a  and Nevada, the  two s t a t e s  used f o r  t he  s ing les-doub les  

comparisons. Incomplete exposure coverage over t h e  da ta  c o l l e c t i o n  

p e r i o d  c o u l d  a l s o  lead t o  b i a s  i n  t h e  involvement r a t e  d e r i v a t i o n s .  

Computation o f  l e v e l s  o f  s t a t i s t i c a l  s i g n i f i c a n c e  were n o t  based on 

va r iances  which inc luded t h e  sampl ing e r r o r s  i n  t h e  exposure da ta .  

The sampl ing p l a n  adopted f o r  t he  s tudy was a  m u l t i s t a g e  design, 

b u t  t h e  computat ions f o r  va r iances  o f  es t ima tes  were based on a  s imple 

e q u a l - p r o b a b i l i t y  sample, and d i d  n o t  i n c l u d e  t h e  des ign e f f e c t s  o f  the  

m u l t i s t a g e  sample. 

The above two f a c t o r s  r e s u l t e d  i n  computed va r iances  which a r e  low, 

r e s u l t i n g  i n  u n r e a l i s t i c a l l y  low s i g n i f i c a n c e  l e v e l s .  T h i s  i n  t u r n  may 

have l e d  t o  recogn iz ing  d i f f e r e n c e s ,  e.g., between s i n g l e s  and doubles, 

which a r e  n o t  r e a l  b u t  t h e  r e s u l t  o f  chance. 

The comparisons o f  s i n g l e s  versus doubles involvement r a t e s  were 

based on s i n g l e  f a c t o r - - o r  a t  t he  most, two fac to r - -ana lyses .  



Unrecognized c o r r e l a t i o n  w i t h  confound ing v a r i a b l e s  c o u l d  have r e s u l t e d  

i n  e r roneous f i n d i n g s .  

T h i r t y  v a r i a b l e s  i n  t h e  a c c i d e n t  d a t a  were examined f o r  c o r r e l a t i o n  

w i t h  v e h i c l e  t ype ,  s p e c i f i c a l l y  s i n g l e s  and doub les .  Nine were found 

which,  i f  a l s o  c o r r e l a t e d  w i t h  exposure,  a r e  p o t e n t i a l l y  confound ing 

v a r i a b l e s .  A t  l e a s t  t hese  n i n e  a r e  cand ida tes  f o r  i n c l u s i o n  i n  any 

a n a l y s i s  o f  s i n g l e s  ve rsus  doub les  invo lvement  r a t e s ,  o r  comparison o f  

r a t e s  by g r o s s - v e h i c l e  w e i g h t .  The a c c i d e n t  d a t a  c o n s i s t  o f  2112 l a r g e  

t r u c k  invo lvements ,  and i n c l u d e  269 s i n g l e s  and 216 doub les  i n  

C a l i f o r n i a  and Nevada. U n f o r t u n a t e l y ,  t h i s  i s  a  q u a n t i t y  s u f f i c i e n t  t o  

i n c l u d e  b u t  o n l y  a  v e r y  l i m i t e d  number o f  v a r i a b l e s  i n  any one 

m u l t i v a r i a t e  a n a l y s i s .  



APPEND l X 

Study Issues Addressed i n  Volume I l l :  
Accident Experience o f  Large Trucks 



ISSUES FROM THE BIOTECHNOLOGY TRUCK STUDY, VOL I l l  

I S S U E  PAGE 
N O .  NO.  

1 37 Are a c c i d e n t  r a t e s  a f f e c t e d  by t r u c k  t ype  and roadway type,  
and how does t h e  a c c i d e n t  r a t e  o f  l a r g e  t r u c k s  compare t o  
t h e  r a t e s  f o r  non t r u c k s ?  

2  39 Do a c c i d e n t  r a t e s  v a r y  by  tuck  we igh t?  

3 43 On a  t o n - m i l e  b a s i s ,  does t h e  a c c i d e n t  r a t e  v a r y  by t r u c k  
t ype?  

4  45 Does t h e  i n j u r y  a c c i d e n t  r a t e  v a r y  by t r u c k  t y p e  and roadway 
t ype?  

5 47 Does t h e  we igh t  o f  t h e  t r u c k  a f f e c t  a c c i d e n t  i n j u r y  
sever i t y ?  

6 49 Do a c c i d e n t  r a t e s  v a r y  by  o v e r a l l  t r u c k  l e n g t h ?  

7 51 What a r e  t h e  w i d t h s  o f  t r u c k s  i n v o l v e d  i n  a c c i d e n t s ,  and a r e  
w ider  t r u c k s  o v e r - i n v o l v e d  i n  a c c i d e n t s ?  

8 53 What i s  t h e  d i s t r i b u t i o n  o f  t r u c k  a c c i d e n t s  by t r u c k  h e i g h t ?  

9 55 I s  t h e r e  a  d i f f e r e n c e  i n  a c c i d e n t  r a t e s ,  i n j u r y  r a t e s ,  o r  
i n j u r y  s e v e r i t y  between t r u c k s  w i t h  cab-over-engines (coe) 
and cab-beh i nd-eng i nes (cbe) ? 

10 57 Do c e r t a i n  t r a i l e r  c o n f i g u r a t i o n s  have h i g h e r  a c c i d e n t  
r a t e s ?  

1 1  59 I s  t h e  d r i v e r s  age r e l a t e d  t o  a c c i d e n t  f requency? 

12 61 I s  t h e  t r u c k  d r i v e r s  p r o f e s s i o n a l  expe r ience  r e l a t e d  t o  
a c c i d e n t  f requency? 

13  6 3  I s  d r i v e r  expe r ience  w i t h  t h e  r i g  r e l a t e d  t o  a c c i d e n t  
f requency? 

14  65 Are t h e  d r i v e r s  o f  t h e  d i f f e r e n t  t r u c k  types  themselves 
d i f f e r e n t ?  

15 67 Do t h e  a c c i d e n t  dynamics f o r  s i n g l e  v e h i c l e  t r u c k  a c c i d e n t s  
v a r y  by t r u c k  type? 

16 69 Do t h e  a c c i d e n t  dynamics f o r  mu1 t i - v e h i c l e  t r u c k  a c c i d e n t s  
v a r y  by  t r u c k  type? 

17 71 I s  t h e  d i s t r i b u t i o n  o f  a c c i d e n t s  on v e r t i c a l  grades a f f e c t e d  
by t r u c k  t ype  and does t h e  degree o f  s l o p e  a f f e c t  t h e  
d i s t r i b u t i o n ?  



18 73 Were t h e r e  t r u c k  v e h i c l e  d e f e c t s  which c o n t r i b u t e d  t o  t h e  
acc i den ts?  

19 75 Do a c c i d e n t  r a t e s  v a r y  by roadway t ype  and s t a t e ?  

20 77 What i s  t h e  d i s t r i b u t i o n  o f  t r u c k  a c c i d e n t s  on v e r t i c a l  
grades and does t h e  s l o p e  o f  t h e  grade a f f e c t  a c c i d e n t  
f requency? 

21 79 What i s  t h e  d i s t r i b u t i o n  o f  t r u c k  a c c i d e n t s  by h o r i z o n t a l  
c u r v a t u r e ?  

22 81 On t h e  c o n t r o l  l e d  access s i t e s  (freeways) , where d i d  t h e  
a c c i d e n t s  occur?  

23 83 On t h e  non-f reeway s i  t e s ,  where d i d  t h e  a c c i d e n t s  occu r?  

24 85 What i s  t h e  d i s t r i b u t i o n  o f  a c c i d e n t  t ype  o f  s i n g l e  t r u c k  
and t r u c k - v e h i c l e  a c c i d e n t s  by roadway type? 

25 87 What a r e  t h e  a c c i d e n t  dynamics f o r  s i n g l e  v e h i c l e  t r u c k  
a c c i d e n t s  by roadway t ype?  

26 89 What a r e  t h e  a c c i d e n t  dynamics f o r  m u l t i - v e h i c l e  t r u c k  
a c c i d e n t s  by roadway t ype?  

27  91 What a r e  t h e  c o l l i s i o n  t ypes  by s lope  measurement? 

Suppl ementa 1 Data 

28 95 What was t h e  d i s t r i b u t i o n  o f  t r u c k  a c c i d e n t s  by month and 
season o f  t h e  year?  

29 97 What was t h e  d i s t r i b u t i o n  o f  t r u c k  acc iden ts  by day-of-week? 

30 99 What was t h e  d i s t r i b u t i o n  o f  t r u c k  acc iden ts  by t ime  o f  day? 

31 101 What a r e  t h e  l i g h t i n g  c o n d i t i o n s  d u r i n g  t h e  a c c i d e n t ?  

32 103 What were t h e  weather c o n d i t i o n s  d u r i n g  t h e  a c c i d e n t ?  

33 105 Was t h e  pavement c o n d i t i o n  a  f a c t o r  c o n t r i b u t i n g  t o  t h e  
a c c i d e n t ?  

34 107 Were t h e r e  temporary roadway f e a t u r e s  wh ich  c o n t r i b u t e d  t o  
t h e  a c c i d e n t ?  

35 109 What was t h e  p h y s i c a l  and/or mental c o n d i t i o n  o f  t h e  t r u c k  
d r i v e r  p r i o r  t o  t h e  a c c i d e n t ?  

36 11 1 What was t h e  p h y s i c a l  and/or mental  c o n d i t i o n  o f  t h e  o t h e r  
d r i v e r  p r i o r  t o  t h e  a c c i d e n t ?  



37 113 Were the t ruck  d r i v e r s  invo lved i n  accidents f a m i l i a r  w i t h  
the roadway? 

38 115 How many mi les  had been d r i v e n  a f t e r  a r e s t  o f  s i x  or more 
hours p r i o r  t o  the acc ident? 

39 1 1 7  What was the d i s t r i b u t i o n  o f  the type o f  cargo c a r r i e d  by 
acc ident  invo lved t r ucks?  

40 119 Were there t r uck  f a c t o r s  other than v e h i c l e  de fec ts  which 
con t r i bu ted  t o  the acc ident? 

41 121 What were the t ruck  movements immediately preceding the 
acc i dent? 

42 123 Do t r uck  movements preceding a  c o l l i s i o n  d i f f e r  by t ruck  
type? 

43 125 Where was the i n i t i a l  p o i n t  o f  impact on the t r uck?  

44 127 Does the p o i n t  o f  impact vary  by t r uck  type? 

45 129 What sec t ion  o f  the  t ruck  was invo lved i n  the  c o l l i s i o n ?  

46 131 Was obs t ruc t i on  o f  the t r uck  d r i v e r ' s  v i s i o n  a  f a c t o r  i n  
acc idents? 

47 133 What f a c t o r  ( i n d i v i d u a l  o r  agent) was most respons ib le  f o r  
the  occurrence o f  the  acc iden t?  




