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PREFACE 

The Highway Sa fe ty  Research I n s t i t u t e  o f  t h e  U n i v e r s i t y  o f  Michigan 

has a  c o n t r a c t  f rom the  Nat iona l  Highway T r a f f i c  Safety Adm in i s t r a t i on  t o  

des ign a  Na t iona l  Exposure Data System t o  complenient t h e  Na t iona l  Acc ident  

Sampling System c u r r e n t l y  be ing implemented by NHTSA. A major goal o f  bo th  

of these data c o l l e c t i o n  systems i s  t o  determine re1  i a b l e  n a t i o n a l  acc iden t  

r a t e s  f o r  va r ious  c lasses o f  veh i  c1 es , d r i v e r s  , roads, environmental  c o n d i t i o n s  

e t c .  

The f i r s t  stage o f  t h i s  p r o j e c t  i n vo l ved  an ex tens ive  background rev iew 

o f  s t ud ies  which have used var ious  methods o f  c o l l e c t i n g  exposure data.  The 

f o l l ow ing  r e p o r t  annotates a  wide v a r i e t y  o f  methods which have been used t o  

c o l l e c t  exposure i n f o rma t i on  on motor v e h i c l e  t r a v e l  i n  t he  Un i ted  S ta tes  and 

i n  o t h e r  coun t r i es .  I t  i s  pub l i shed  i n  t he  hope t h a t  b r i n g i n g  t h i s  methodological  

i n fo rmat ion  toge ther  i n  one document w i l l  be use fu l  t o  many members o f  t h e  

t r a n s p o r t a t i o n  research connnuni t y  . 
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A .  G E N E R A L  CONCEPTS 

Al. Battey, Alvan D .  "The Measurement of Exposure t o  Motor Vehicle 
Accidents ," Traff ic  Engineering 29(6) :21-24 (March 1959). 

Suggests using d i f fe ren t  bases fo r  studying yearly trends 
in three d i f fe ren t  types of fa ta l  accidents: 1 ) fo r  col- 
1 is ions with pedestrians mu1 t i p l y  the annual VMT by an index 
of population increase from a base year;  2 )  for  co l l i s ions  
of 2 or more motor vehicles use the square of the annual 
VMT; and 3 )  f o r  other accidents use the annual VMT. Also 
suggests picking a base year and measuring trends fo r  each 
accident type by a n  index number; the three indices would 
be combined by m u 1  t ip ly ing each index by i t s  0L of fa ta l  
accidents in the base year ,  summing the r e su l t s ,  and  dividing 
by 100; as an  example, i f  1947 was chosen as the base year 
with an overall index of 100, 1957 would have an overall 
index of 56. Suggests the de s i r ab i l i t y  of constructing such 
trend indices separately fo r  urban and  rural areas ;  also 
fo r  injury accidents and property accidents i f  reporting 
were more complete. 

Mentions tha t  in the 1953-1958 period the average miles 
travelled per vehicle varied l ess  than 1:; from one year t o  
the next (range was between 9608 and  9674) and  that  in the 
1946-1958 the yearly variat ion was never greater  t h a n  2%.  

A 2 .  Carrol l ,  Phil ip S .  "The Meaning of Driving Exposure." HIT LAB Reports 
(April 1971), pp.  1-3. 

Proposes defining driving exposure as "the frequency of 
t r a f f i c  events which create  a r i sk  of accident";  suggests 
tha t  in t h i s  def in i t ion exposure may be measured d i rec t ly  
by units  of driving distance or driving time c lass i f i ed  
by variables which contain d i f fe ren t  categories of r e l a t i ve  
r isk--variables re la t ing t o  the d r ive r ,  the vehicle,  the 
roadway, and the environment (including such r i sk  variables 
as speed and  density)  . 

A3. Carrol I ,  Phil ip S .  S.ymposium on Drivinq Ex~osure ,  Ann Arbor: Highway 
Safety Research I n s t i t u t e ,  1973. 

A summary report  on discussions a t  a 3-day seminar on driving 
exposure held in Washington in June 1973 with 25 par t ic ipants ;  
the symposium discussed many conceptual and  methodofogical 
issues in driving exposure research and recommended a phased 
development of a national exposure data cc l lec t ion system based 
on measuring vehicle miles travel led cross-classif ied by age 
and sex of dr iver ,venic le  type, vehicle make a n d  year ,  road 
type, and daylnight. 

AS. Chapman, Roger A .  "The Concept of Exposure," Accident Analysis and 
Prevention 5 (2)  : 95-1 10 (June 1973). 



A brief  review of the concept of exposure and of many 
s tudies  of accident ra tes  with pa r t i cu la r  emphasis on 
in tersect ion accidents;  defines exposure as a measure 
of the opportunit ieslor  pos s ib i l i t i e s  of having an acci-  
dent b u t  does not recommend any par t i cu la r  means of 
measurement; incl udes an extensi ye b i  bl iography of re1 evant 
exposure l i t e r a t u r e  used i n  tRe author ' s  P h . D .  t hes i s  a t  
University Col 1 ege, London (Some Relationshi Fs Between Road 
Accident Frequencies and Measures of Exposure to  Risk, 1971 ) 

A 5 .  Eicher, John P .  "The Fa1 lacy cf the Accident Rate Concept", Bureau 
of Pub1 i c Roads unpubl i s  hed paper, 1968. 

Reviews previous discussion and provides new data on the 
fal laciousness of the assumption of l i nea r i t y  i n  basing 
accident ra tes  on  vehicle miles traveled;  used 1963 and 
1964 data from 37 s t a t e s  o n  accidents on  i n t e r s t a t e  and 
other main roads control 1 ing on urbanici ty,  lanes and 
access control to  demonstrate t ha t  numbers of accidents do 
not increase l inear ly  w i t h  e i t he r  average dai ly  t r a f f i c  
volume or  with segment length ( a t  l e a s t  5 segments in each 
of 45 classes used) - based on regression analys is .  How- 
ever,  due t o  inconsistent  r e su l t s  on d i f fe ren t  road types no 
a1 t e rna t i  ve assumptions were found sa t i s fac to ry  , and con- 
tinued cautious use of VMT was recommended as a base for  
accident ra tes  - recognizing tha t  f o r  engineering purposes 
comparisons of ra tes  f o r  similar  length and t r a f f i c  volume 
segments are  most meaningful. 

A 6 ,  Mela, Donald F. "Exposure Data Needs" in Motor Vehicle Collision Investi-  
gation Symposium Volume I : Proceedings, edited by John 'lli. Garre t t ,  
Washington: Contract No. DOT-HS-5-01135, 1976,  p p .  132-142. 

Discusses the practical  impossibil i ty of ac tual ly  ob- 
serving and measuring in degrees a l l  the potential hazards 
to  which a driver i s  exposed o n  the road and the need 
in accident analyses to obtain a t  l e a s t  ind i rec t  measures 
of exposure such as vehicle miles of t r ave l ,  hours of 
driving,  e t c .  cross-cl assi  f ied on as many relevant  variables 
as feas ib le .  

A 7 .  ' ~ a b e ,  F , T ,  and M . A .  Cassella "Modeling Vehicle Mi l e s  of Travel : The 
Sta te  o f  the A r t " ,  in Automotive Energy Efficiency Program: Papers 
Presented a t  the Project Coordination Meeting Nov. 4 -6 ,  1975. Cambridge 
Mass. DOT Transportation Systems Center, - .  June 1976,  p p .  197-209.  

P r e v i o ~ s  models 'or projeccing future  national VMT a re  i n -  
adeqaate Because they a re  too simp1 i s t i c  or coo localized 
(urban tr3vel demand surveys) ; i! more adequate model can 
be specif ied b u t  i s  d i f f i c ~ l  t to  inelement because o f  the 
lack of an up-tc-date nationally r-egresentative ramp1 e s f  
needed nousehold aata on ind'vidual tra  el decisions i n  
re la t ion to  auta ownership, r e s i den~ ia f  'ocation,  e r c .  



A8. Stewart, Roger G .  "Driving Exposure: What Does I t  Mean? How Is  I t  
Measured?", Traffic Safety Research Review 4(2)  : 9-1 1 (Jlrne 1960), 

Report of a study of 126 male college students seeking 
to determine i f  to ta l  annual mileage or mileage c lass i f i ed  
in various dichotomized categories (based on  percentage 
estimates of day-night, ci  ty-country, and I ight-heavy 
t r a f f i c )  was related t o  accident o r  c i t a t ion  experience; 
only one of 45 chi squares was s ignif icant  a t  the ,05 level ; 
concludes tRat mileage may not be a very sa t is factory  in- 
dicator of an individual d r i ve r ' s  exposure t o  accident. 

A9. Waller, Jul ian A .  "Issues Concerning Measurement of the Population a t  
Risk in Crashes", Paper Presented a t  Second National Forum on Traffic 
Records Systems, S t .  Louis, 1976. 

Suggests that  good accident exposure information subclassif ied 
as much as possible i s  needed for  the measurement of re la t ive  
frequencies, causal f ac to rs ,  a n d  countermeasure effective- 
ness; i 1 1  us t ra tes  these needs by discussion of nine statements 
about d i f fe ren t  aspects of highway safety which can ' t  be 
demonstrated without appropriate and accurate exposure data;  
discusses problems with mileage estimates from gas sa les  or  
household surveys (annual mileage estimates tend to be by 
thousands and f ive  thousands or 12,000, 24,000, e t c , )  house- 
hold survey reports for  speci f ic  24 hour periods may be some- 
what be t t e r ) .  

Suggests the roadside survey as the potential ly most ef fect ive  
method b u t  very costly i f  involves stopping dr ivers ;  suggests 
selection of representative s i t e s  on roads which are  n o t  l ike ly  
t o  change over time (obviously hasn ' t  thought out problems of 
a t rue  probability s i t e  selection process);  says that  a road- 
side survey cannot provide absolute VMT information ( n o t  
correct  i f  used w i t h  t r a f f i c  counting) b u t  t ha t  the re la t ive  
exposure information i t  could provide would  be very valuable. 

A10. Waller, Patr icia F,,  Donald W. Reinfurt,  Jean L .  Freeman, and Peter B .  
Imrey. "Methods for  Measuring Exposure t o  Automobi 1 e Accidents", Paper 
Presented a t  the lOlst  Annual Meeting of the American Public Health 
Association, San Francisco, 1973, 

Report of a 1971 study in North Carolina which attempted 
to  validate J.D. Thorpe's "induced exposure" method, which 
assumes that  the character is t ics  of  accf dent-causing driver-  
vehicle combinations i n  multi-vehicle accidents are similar  
to  those of  s ingle vehicle accident driver-vehicle combinations, 
and that  the "innocent" driver vehicle combinations i n  multi- 
vehicle accidents provide a good representaticn o f  the p o p u -  
lat ion a t  r i sk .  This study compared the age and sex percentages 



for in-state single-vehicle accidents and for in-s tate  
multi-vehicle accidents i n  which one driver was considered 
i n  violation w i t h  sex and age exposure percentages from a 
survey of daily or weekly mileage from appl icants aged 20 
or more in N,C, license renewal off ices ,  "Innocent double" 
drivers were found t o  more closely resemble the license 
renewal applicant's exposure distribution than the "guilty 
double" drivers,  especially the Petvales in 7 age groups, b u t  
not close enough t o  really validate the method. However, 
single vehicle accident drivers were substantially different 
from "gui 1 ty  double" accident drivers (former much younger) , 
thus invalidating Haight's suggestion (1970) of using 
single-vehicle accident drivers as a surrogate for "guilty 
double" accident drivers. A comparison of 1 icense renewal 
appl icants ' exposure distributions w i t h  that of  a weekday 
0 & D survey in the Goldsboro area showed fa i r ly  similar 
distributions.  Discusses the problem of using mileage as 
an exposure measure (defined as ''probabil i t y  of encounter") 
because mileage does n o t  take duration i n t o  account; one 
can ' t  assume equality in speed or other road conditions 
for different groups of drivers.  Concludes that there are 
good reasons why the induced exposure method should n o t  
agree with the mileage method b u t  that i t  i s  impractical 
t o  validate i t  against any other objective c r i t e r i a  and 
therefore i t  i s  not a n  appropriate sc ien t i f ic  measure of 
exposure. 



B .  USE OF EXZSTING PUBLIC R E C O R D S  

B1, Dutt, Amitabh K .  and Donald W .  Reinfurt. Accident Involvement and 
Crash 1n.iurv Rates b v  Make. Model. and Year of Car: Final 
Report and icc ident  invol yement and Crash Injury Rates by Make, Model , 
and Year of Car: A Follow-up, Chapel H i l l ,  N . C . :  Highway Safety 
Research Center, June 1977, 

Two similar  reports using North Carol ina accident ,  regis-  
t ra t ion and inspection data for  1974 and 1975 respectively 
to  estimate accident ra tes  for  various passenger car cate- 
gories. The VMT denominator in these ra tes  was determined 
by using a large sample of vehicle inspection receipts  which 
contained the current and previous odometer reading , the 
current and previous inspection date ,  and the vehicle 1 icense 
number. The actual or interpolated annual mileage was ob-  
tained for  as many of these vehicles as possible, and then 
the l icense number was used with the regis t ra t ion f i l e  t o  
obtain the vehicle VIN number and thus information on i t s  
make, model, and year. Mileage and vehicle c lass i f i ca t ion  
information was available for  only about 30% of the original 
sample, b u t  these remaining good cases were used to  obtain 
a n  average annual VMT for  each vehicle c lass .  Then the 
regis t ra t ion f i l e s  were analyzed t o  determine the to ta l  
number of vehicles in each clas$,and the two numbers were 
multiplied to  obtain the to ta l  annual VMT for  each c l a s s ,  
Similarly the VIN numbers in the accident f i l e s  were used 
to  obtain vehicle c lass  information fo r  accident involved 
vehicles, and the number of vehicles in each c lass  was counted 
to create the accident numerator. Unfortunately, about one 
third of the accident-invol ved vehicles lacked usable VINs, 
so the presented accident ra tes  a re  substant ia l ly  lower than 
the i r  expected true values, b u t  they can s t i l l  be used for  
re la t ive  comparisons among d i f fe ren t  vehicle c lasses .  In 
addition t o  the tables o f  accident ra tes  by various vehicle 
categories overall and controll ing on such variables 3s acci- 
dent road type, weather, time of day, and vehicle maneuver, 
there are  some in teres t ing tab1 es comparing average annual VMT 
for  various vehicle classes.  

The second study also looked a t  inspection data on head1 igh t ,  
brakelight, brake, and t i r e  defects in relat ion t o  vehicle 
class and to ta l  ni leage;  there was a closer relat ionship 
between defects and car age than between defects a n d  total  
mi 1 eage per se .  

The authors recommend that  in a future North Carolina study 
t h a t  fewer of the 6000 jnspection s ta t ions  be sampled over a 
longer period i n  order t o  permit closer monitoring o f  the 



recording of the needed vileage and 1 icense number data 
on the inspection rece ip t s ,  and t ha t  the vehicle 1 icense 
pla te  number in the accident records be used i n  conjunction 
w i t h  the VIN in the reg i s t ra t ion  records to obtain vehicle 
c lass  information ra ther  than J u s t  depending on the frequently 
unusable VIN in the accident records. 

B2, Negri, D .  Barry. Vehtcle MSleage Exposure Study: Final Report, Report 
DOT-HS-800 961 from Contrac-c DQT ti$-245-2-476, Sept. 1973. 

Report of a study of  average annual ViYT using over 1,000,000 
New York s t a t e  vehicle inspection receipts  containing pai rs  
of odometer readings. Average annual VMTs a r e  presented by 
vehicle make/l inelyear;  age ( 6  groups) and sex of owner by 
vehicle make/l ine/year;  age and sex of owner; vehicle model 
year; vehicle type (8 groups); vehicle make/line; and body 
type fo r  Chevrol e t s  only. 

B3. Research Triangle I n s t i t u t e  Environmental Analysis Department. Improved 
Exposure Measurements : Interim Report, Research i r i  angle Park, N . C . ,  
December 1 9 7 2 .  

Includes a study of odometer reading data from South Dakota 
and Washington, D ,  C . ,  vehicle inspections transformed in to  
annual mileages by the New York Sta te  Department of Motor 
Vehicles; a printout  of  over 850 pages of vehicle frequency 
counts By over 3000 ma ke-model and year-weight categories 
was produced and two sample pages were printed in the repor t .  

B4. Research Triangle I n s t i t u t e  S t a t i s t i c a l  Method01 ogy Department, Improved 
Exposure Measurements: Phase I Report, Research Triangle Fark, N . C . ,  
October 1973. 

Reviews information relevant  to  exposure i n  avai lable  s t a t e  
records; f o u n d  tha t  only two s t a t e s  obtain odometer readings 
in t he i r  vehicle reg i s t ra t ion  f i l e s  and l e s s  than half the 
s t a t e s  obtain odometer readings in conjunction w i t h  periodic 
motor vehicle inspection programs; a l l  s t a t e s  have age and 
sex o f  licensed d r ive rs ,  age and sex of accident d r ive rs ,  and 
age and sex of vehicle owners, b u t  not a l l  s t a t e s  have the 
a b i l i t y  to  r e l a t e  these d i f fe ren t  f i l e s :  also a l l  s t a t e s  have 
programs of t r a f f i c  counting and  o r i g~n -ae s t i na t i on  surveys, 
b u t  these data are usually limited t o  cer ta in  areas or  c lasses  
of roads; concludes tha t  exis t ing s t a t e  data ? re  f a r  from 
adequat? fo r  proviai ng neani ngful national meassrements of 
exposure, and summarjzes a number o f  potential measures and 
methods of obta'ning be t t e r  exposure data i n  t he  fu ture .  



85. Research Triangle I n s t i t u t e .  Improved Exposure Measurements: Final 
Report, Research Triangle Park, M . C . ,  January 1976,  

As a precursor t o  the study by Dutt and Reinfurt reported 
ahove (B1 ) ,  a demonstration of the combined use 07 vehicle 
inspection odometer readings and vehic? e regis t ra t ion data 
was carried out in North Carolina; over 9000 inspection receipts  
from October 1974 were used to obtain average annual mileages for  
18 vehicle c lasses ,  the vehicle regis t ra t ion f i l e s  were 
analyzed on three d i f fe ren t  dates to determine the average 
number of N . C .  vehicles in each o f  these classes during the 
previous year ,  and the resu l t s  were mu1 t i p 1  ied t o  provide 
to ta l  annual VMT by vehicle c l a s s .  in addition a mail survey 
of a sample of the owners of the inspected vehicles was used 
t o  determine the percentage of driving outside of North 
Carol ina and t o  apportion the vehicle mileages between day/ 
night and urban/rural categories by age and sex of d r ive r ,  
thus permitting up  t o  5-way c lass i f i ca t ions  of exposure data 
fo r  the calculation of accident ra tes  using similar  classes of 
accident data. 





C .  COLLECTION A N D  USE OF TRAFFIC COUNT DATA 

C1. Bodle, Richard R .  Sampling Surveys f o r  Estimatfng Local ,Rural ,and 
Urban Vehicl e-Mil es of Travel . Washinaton. Federal Hiahwav Admini s t r a t i o n .  
July 1973, 36 p p .  (Highway pianning i e i h n i c a i  Report Go.- j l  )I 

Discusses the problem o f  accuracy in s t a t e  VMT estimates 
by road c las ses ,  pa r t i cu la r ly  f o r  local rural  a n d  urban roads, 
and describes and i l l  u s t r a t e s  two sampl ing approaches f o r  
obtaining unbiased estimates of VMT with known e r ro r  terms. 

In the area sampling method a region i s  divided into sampling 
areas each containing about 50 miles of roads (only 5 miles 
in urban sampling a r e a s ) ,  103 sampling areas are  randomly 
selected (2 per week), and one-week counts a re  made a t  10 
points in each area (every 5 miles i n  rural a r e a s ,  every % 
mile in urban a r e a s ) ;  i t  i s  assumed tha t  each vehicle counted 
represents 5 or  . 5  VMT in the rural or  urban areas respect ive ly .  
I n  the p i l o t  study i n  Colorado in 1970-72 6-day counts were 
used and expanded because one day was needed t o  move the 
counters ; the  r e?  a t ive  e r ro r  (standard e r r o r  divided by the 
VMT est imate)  was a somewhat disappointing 31 .I%! in the  rural 
sample b u t  was 8.3% in the urban sample: s imi lar ly  a 1969-1970 
study of Oregon county roads obtained a 26.9% r e l a t i v e  e r r o r .  

The 1 ink-day sampling method i s  suggested as another approach 
in urban areas .  I t  involves counting a n d  c lass i fy ing a1 1 road 
1 inks (a road segment between in tersec t ions  or  other major 
abutting driveway--e.g., a factory entrance) by dDT volume 
groups, s t r a t i f i e d  sampl ing of these 1 inks randomly and 
assigning them t o  a random day of the year fo r  a 24 hour count,  
and multiplying the actual l ink  length times i t s  t r a f f i c  c o u ~ t  
t o  ge t  i t s  VMT; a 1969 p i l o t  study in Oskosh, Wis,, and a 1958 
study in 15 Idaho c i t i e s  each obtained r e l a t i v e  e r r o r s  of 6.9';. 
Appendices explain the methods and  the e r r o r  formulas. 

C2. Foldvary, L . A .  "Establishing an Organized System of Road Tra f f i c  and 
Transportation Studies",  Proceedings of the 1962 Conference of the 
Australian Road Xesearch Board Vol . 1 ,  Part  1 ,  p p .  268-31 1 ,  

A long discussion of the  various des i rable  components of a 
comprehensive national sys tem of t r a f f i c  research fo r  many 
purposes including accident r a t e s  J describes a  articular 
methcd of es tabl i sh ing a sampie of 100 permanent t r z f f i c  
counting s t a t ions  on Mew S o u t h  Wales highways, trunk roads, 
and main roads, using a two dimensional random sampling design-- 
one s t r a t i f y i n s  by d i f f e r e r t  c lasses  o f  road (3  road types 
within metro urban, metro r u r a l ,  o ~ h e r  urban, other rur2l 
e a s t ,  and other rara l  west) and the other s t r a t i f y i n g  by 



t r a f f i c  p a t t e r n  s i m i l a r i t i e s  ( u s i n g  t h 2  14 s t a t i s t i c a l  
r e g i o n s  o f  t h e  c o u n t r y  as a  s u r r o g a t e ) - - a n d  u s i n g  as a  
measure o f  s i z e  f o r  d e t e r m i n i n g  t h e  number o f  s t a t i o n s  f o r  
each r o a d  c l a s s  t h e  square  r o o t  o f  t h e  e s t i m a t e d  average 
d a i l y  t r a f f i c  on t h a t  who le  c l a s s  t i m e s  t h e  t o t a l  m i l e a g e  
i n  t h a t  c l a s s  ( f o l l o w i n g  t h e  method e s t a b l i s h e d  i n  t h e  U . K . ) .  
I n c l u d e s  t a b l e s  i l l u s t r a t i n g  t h e  a p p l i c a t i o n  o f  t h e  method, 
and a  r e v i e w  o f  some t r a f f i c  c o u n t i n g  methods i n  t h e  U . S . ,  
U .K . ,  and M i d d l a  E u r ~ p e ;  suggests  t h a t  t h i s  method i s  good 
f o r  o b t a i n i n g  unb iased  e s t i a a t e s  o f  VMT s p a t i a l l y  o v e r  s h o r t  
and l o n g  t i m e  p e r i o d s ;  a l o n g  w i t h  t h i s  t h e r e  s h o u l d  be a b o u t  
e v e r y  10 y e a r s  a more e x t e n s i v e  genera l  r o a d  ~ r a i f i c  su rvey  
c o v e r i n g  a  s h o r t  q e r i o d  p l u s  c l a s s i f i c a t i o n  coun ts  o f  v e h i c l e  
t y p e s  and o r i g i n - d e s t i n a t i o n  s t u d i e s  a t  i n n e r  and o u t e r  
cordons and a  r o a d  u s e r s  s u r v e y  ( c l a s s i f i c a t i o n  su rveys  may 
need t o  be done more f r e q u e n t l y  a t  t h e  permanent c o u n t i n g  
s t a t i o n s ) .  

C 3 .  Guide f o r  T r a f f i c  Vol ume Coun t i na  t4anual , 3 rd ,  ed . ,  Washington:  FtiWA 
Bureau o f  Pub1 i c  Roads, 1970. 

D iscusses t h e  use o f  c o n t i n u o u s  c o u n t  s t a t i o n s  and s e a s ~ n a l  
coun t  s t a t i o n s  { u s u a l l y  7 days once a month o r  t r i m o n t h l y )  
t o  expand s h o r t  coverage c o u n t  d a t a  ( 2 4  h r .  , i 2 h r . ,  8 h r . ,  
o r  sometimes 43 h r .  o r  l o n j e r  between noon Yonday and noon 
F r i d a y j ,  ADT e s t i m a t e s  f o r  b o t h  r ~ r a l  and urban roads ;  i n -  
c l u d e s  some r a t h e r  vague i n f o r m a t i o n  on accu racy  o f  such 
e s t i m a t e s  and "smooth ing"  o f  a d j a c e n t  coun ts  on a  road ;  g i v e s  
l i t t l e  gu idance as  t o  how t o  l o c a t e  t h e  v a r i o u s  t y p e s  o f  c o u n t  
s t a t i o n s ,  does n o t  even m e n t i o n  random o r  p r o b a b i l i t y  sampl ing ;  
does n o t  ds scuss c o n v e r s i o n  o f  c o u n t  d a t a  t o  m i l e s  t r a v e l  l e d  
e x c e p t  i n  t h e  g l o s s a r y  wh ich  s t a t e s  " V e h i c l e  M i  1 es-Normal l y  
o b t a i n e d  by mu1 t i  p l y  i n s  t h e  ADT by  365 and by mu1 t i p l y i n g  
t h e  m i l e a g e  o f  r a c d  t o  w h i c h  t h e  ADT i s  a p p l i c a b l e .  

C4. Research T r i a n g l e  I n s t i t u t e .  I n p r o v e d  Exposure Measurements : F i n a l  
Repor t ,  Research T r i a n g l e  Park ,  N . C ,  , January  1976.  

One d e m o n s t r a t i o n  p r o j e c t  r e p o r t e d  by RTI i n v o l v e d  t h e  
use o f  h o u r l y  t r a f f i c  c o u n t  d a t a  frm t h e  59 permanent 
c o u n t  s t a t i o n s  i n  N o r t h  Caro l  i n 2  t o  e s t i m a t e  t h e  p r o -  
p o r t i o n  oP N o r t h  C a r o l i n a  d r i v i n g  d u r i n g  t h e  dayt ime 
(def ineci  ss  7 kY4 t o  7 Pfi ' ) ;  t h e  d a y t i m e  pe rcen tages  on 
f i v e  c l a s s e s  a f  roads v a r i e d  f r c m  .735  on i n t e r s t a t e  
highways t o  .793  on r u r s l  s x o n d z r y  x a d s ,  and these  p e r -  
centages were ~ s e d  w i t h  FEKA t o t a l  \/!;IT e s t i ~ ~ a t e s  f o r  t hese  
f i v e  c l a s s e s  t 3  o b t a i n  t o t a l  d a y t i n ?  V4T e s t i m a t e s ;  o v e r a l l  
t h e  day1 i g h t  r j r o p ~ r t i o n  of  Xor",, C 3 r o l i n a  '04T wa: e s t i m a t e d  
as , 7 5 6 ,  Howe!/fr. g i v e n  t h e  j ~ ? !  1 q u ~ b e r  c f  c o u n t  s t a t i ~ n s  
i n  each  c l a s s  2 n d  t h e  1 a c k  o f  c o n t r o l  led p r c b a b i  1 i t y  p r o -  
cedures i n  s e l e c t , i n q  t k ?  s t a t i c n  l o c a t i o n s  t h e v  i s  no way 
t o  judge t h e  degree c f  a c c i ~ r 3 i y  z+ these e s t i m a t e s .  



C5. Tanner, J . C . ,  H . D .  Johnson, and J.R. Scot t ,  Sample Survey of the 
Roads and Traffic of Great Br i ta in ,  Lgndon: HMSO, 1962 (Road Research 
Technical Paper No. 6 2 ) ,  

Description of the sample design by which 1123 roadside 
points were selected t o  t ry  t o  represent a l l  the public 
road mileage (189,193 miles in 1956) in Great Br i ta in ,  
using 80 s t r a t a  consisting of 10 geographic regions and 
4 urban and 4 rural road types; there was a minimum of 
5 points per stratum and a naxirnum of 7 0 ;  the selection 
method gave a somewhat greater  chance of selection to  
points on higher volume roads; a l l  points used in the 
permanent 50-point t r a f f i c  census were included auto- 
matical ly ;  sample selection required the use of 2600 10 Km.  
by 10 Km. maps gridded in one Km.  squares. 

These points and adjacent sections and jur isdic t ions  
were used for a national survey of road character is t ics  
from 1957 t o  1959; t o  scale the survey resu l t s  u p  nationally 
each point in a stratum was weighted by the resu l t  of 
dividing the to ta l  mileage i n  the road c lass  in the geo- 
graphic area by the number of points in t ha t  stratum. 

These points were also used for t r a f f i c  counts in the 
spring and f a l l  of 1960; a t  each point 2 ,  3 ,  or 4 eight  
hour manual counts of 11  vehicle classes (including 
pedal cycles) were made e i the r  from 6 AM t o  2 PM or  
from 2Pm t o  1OPm; scaling t o  24-hour counts and to  the 
year from November 1959 to  October 1970 was carried o u t  
using the data from the permanent 50-point t r a f f i c  census; 
vehicle m i  1es were apparently determined by weighting 
the t r a f f i c  count a t  each point by the stratum scaling 
fac to r ,  thus assuming each count equals 1 mi 1 e of travel ; 
the estimated coeff ic ient  of variation fo r  the kvhole 
survey was only 3.1:;. 

C6. Tanner J.C. and J.R. Scot t ,  50-Point Traff ic  Census--The F i r s t  
Five Years, London:HMSO, 1962 (Road Research Technical Paper No. 63). 

Description of the sampling procedure by which 50 points 
on 8 classes of Bri t ish roads were selected (spread among 
10 geographic divisions) in 1955 fo r  the ins ta l l s t ion  
of permanent t r a f f i c  counters; in addition 1 6-hour manual 
vehicle type counts were made a t  these points for 3 days 
(Frida , Saturday, Sunday) almost every month beginning 
i n  1 9 5 j ;  over the f i r s t  5 years 14: of the daily counts 
were not available due to  breakdowns a r  other causes, 
and adjustments were made fo r  these missing data in the 
report  on monthly and annual trends;  the method of trans-  
la t ing the t r a f f i c  counts into vehicle miles traveled i s  
n o t  explained. 



C7. Timbers, J a n i c e  A.  T r a f f i c  Survey a t  1300 S i t e s ,  Crowthorne, 
U . K . :  Road Research Laboratory,  1958 (RRL Report L R  206) .  

Descr ip t ion  of a second na t i cna l  t r a f f i c  survey conducted 
i n  Great  B r i t a i n  i n  1966-57, using a new s e l e c t i o n  of  
1297 roads ide  ~ o i n t s  f o l l  owinq t h e  same general  procedures 
a s  t h e  1959-60 survey ( s e e  C 5 )  and r e t a i n i n g  a l a r g e  pro- 
po r t i on  of  t h e  e a r l i e r  p o i n t s ;  the new sample design con- 
t a i ned  132 s t r a t a  from 12 geograpnic d i v i s i o n s  and 11 road 
types  202,079 mi les  i n  t o t a l  l eng th  i n  1966; some d i f f j c u l t y  
r e s u l t e d  from t h e  f a c t  t h a t  t h e  d e t a i l e d  maps used averaged 
10 y e a r s  o l d ;  2 o r  3 16-hour counts  were xade a t  each p o i n t .  
The survey found t h a t  1966 urban t r a f f i c  had jncreased 50;; 
and 1966 ru r a l  t r a f f i c  had increased  44'; compared t o  1960. 

C8. Transpo r t a t i on  Research Board, "The Maine Faci 1 i ty; Inst rumented 
2-Lane Highway Generates  Continuous I n f o r ~ a t i  on on Driver  Eehavior" , 
Transpo r t a t i on  Research News 57:5-I0  (N in t e r  1974 ) .  

Descr ibes  a 15-mile segment of  U.S. 2 which has t r a f f i c  
coun t e r s  every 200 f e e t  and on main s i d e  roads ;  t h e  c o l -  
l e c t e d  da t a  a r e  being used f o r  d e t a i l e d  a n a l y s i s  o f  t h e  
problems of a r u r a l  highway. 

C9. Transpo r t a t i on  Surveys S e c t i o n ,  Michfqan Department of S t a t e  
!iighways and i r a n s p & t a t i o n .  Michigan ~ r a f f i c  Data,  August, 
1977: Report So. 65, Lansing: MDSHT, ! 977. 

A non th ly  r e p o r t  showing d a i l y  t r a f f i c  counts  f o r  t h e  
month a t  Michigan's 108 permanent t r a f f i c  record ing  
s t a t i o n s  (o f  which 97 were func t i on ing  i n  August 1977 ) ;  
counts  a r e  obtained by high f requency sound, magnet ic ,  
o r  loop v e h i c l e  d e t e c t o r s ;  except  f o r  two t a p e  pickup 
s t a t i o n s  where hourly  counts  a r e  no t  a v a i l a b l e ,  hour ly  
counts from r u r a l  s t a t i o n s  a r e  t e lemete red  t o  Lansing 
v ia  switched WATS l i n e s ,  whi le  q u a r t e r  hour counts  a t  
urban s t a t i o n s  a r e  s t o r e d  l c c a l  l y  in mini-computers and 
te iemete red  t o  Lansing over  s t a t e  l eased  l i n e s .  A t  
l e a s t  one permanent s t a t i o n  i s  l oca t ed  on roads in  l i  
of the 15 c l a s s e s  used by FHWA f o r  r e p o r t i n g  veh i c l e  
mi 1 e s  t r a v e l  ed.  

( I n  an in te rv iew Melvyn Keesler of  t h e  T r a ~ s p o r t a t i o n  
Surveys S e c t i ~ n  9rovided f u r t h e r  informat ion a s  t o  how t h e  
annual VMT e s t ima t e s  f o r  var ious  c l a s s e s  o f  t r u n k l i n e  - 
roads i n  Michigan a r e  a r r i v e d  a t .  ihe Sec t ion  o b t a i n s  
about  16,000 t r a f f i c  counts  annua l ly  us ing i t ;  350 p c r t -  
a b l e  counte rs  t o  supplement t h e  permanent counte r  i n f o r -  
mat ion;  t h e s s  inc lude  3-4 csunfs  a t  l00C seasonal  s t a t i o n s  



each covering a t  l e a s t  two weekdays and one weekend day, 
and about 12,500 counts a t  other locations usually covering 
a t  l e a s t  48 weekday hours, The permanent s t a t ion  data 
i s  used t o  adjus t  these short  counts t o  annual average 
ADT est imates,  the best available ADT estimate i s  deter-  
mined f o r  every segment of trunkline roads, and these 
data a re  translated t o  annual VMT by mu1 t iplying by the 
segment length and by 365 days. Determination of the locations 
of the permanent, seasonal, and coverage count s t a t ions  i s  
based on planning needs,not on  any random or probabil i ty 
sampling scheme. The Section a lso  periodically ca r r i es  o u t  
manual c lass i f i ca t ion  counts o f  vehicle type (8 categories 
i n  the most common scheme, b u t  even more deta i led  c l a s s i f i -  
cation i s  sometimes done) a t  various locat ions ,  and conducts 
the truck weight study fo r  FHWA every summer. The temporary 
t r a f f i c  counting program i s  carried o u t  primarily in the 
summer, while the c lass i f i ca t ion  counting i s  done mostly 
i n  the winter .)  

Yoo, C.S. and Pl.L. Reiss. A Sampling Procedure Uti l izing Multi- 
S ta te  Traff ic  Records t o  Select Accident and Exposure Data Collection 
S i t e s ,  Falls  Church, Va.: Biotechnology, Inc . ,  Jan. 1977, 1 7  p p .  

Briefly describes the methods used fo r  selecting 80 road- 
s ide  segments on s ix  road classes i n  each of s ix  s t a t e s  
t o  co l l ec t  large truck exposure and accident data for  one 
year; s t r a t i f i c a t i o n  of segments by previous large truck 
accidents was used in the selection process. 





D .  USE OF ON-ROAD MEASUREMENTS AND OBSERVATIONS 

Dl . Baker, M i  1 ton. "Unattended Field Measurement instrumentation", 
paper presented a t  Automobile Engineering Meeting, Toronto, 
Oct. 21-25, 1974; Warrendale, Pa: Society of Automotive Engineers, 
No. 740940. 

Discussion of the design requirements and operation of 
two types of 1 eve1 detector recording devices developed 
for unattended data collect ion in customer cars fo r  s ix  
months. 

02. Forde, M . C .  and R . M .  Birse. "The Use of Time-Lapse Cinematography for  
the Moving Car Observer Method", Traff ic  Engineering and Control 18(3) : 
103-1 05 (March 1977). 

Describes a procedure using a time-lapse camera with a 
tape recorder to replace two crew members as part  of the 
moving car observer method of neasuri ng t r a f f i c  volumes 
and average speeds on road sections.  

D3. Johnson, T.?!,, D . L .  Formenti, Richard F .  Gray, and William C .  Peterson. 
"Measurement of Notor Vehicle Operation Pertinent t o  Fuel Economy", 
Paper presented a t  the Automotive Engineering Congress and Exposition 
Detroit ,  Feb. 24-28, 1975; Warrendale, P a .  : Society of Automotive 
Engineers, No. 750003. 

Report of three methods of collect ing vehicle use data 
by vehicle instrumentation and observation a1 i of  which 
were used by General Motors Proving Ground i n  the spring 
of 1974. 

( 1 )  Three chase cars were instrumented and deployed in 
12 areas of the U.S.  where they followed randomly selected 
moving passenger cars (usual ly fo r  the en t i re  remainder 
of i t s  t r i p )  duplicating i t s  driving behavior as closely 
as possible; the transducer automatical ly recorded time, 
speed, ambient temperature, turn signal s t a t u s ,  and brake 
1 ight  s t a t u s ;  the second crew member manually recorded 
information on vehicle type and occupancy, age and sex of 
d r ive r ,  road conditions (14 road types, 7 population 
density types, 8 t r a f f i c  density types, e t c . ) ,  and environ- 
mental conditions using panel switches; over 2500 t r i p s  
were monitored covering 11,000 mi 1 e s  of operation. 

( 2 )  Long duration s t r ip -char t  recorders were ins ta l led  
in 6 private GM intermediate cars for  approximately 2 
months; these devices recorded traces of speed versus 
time over 12,000 miles of vehicle t r ave l .  



( 3 )  Electronic recording devices were ins ta l led  in 20 
private GM intermediate cars (including the above 6 )  which 
record the number of miles driven within 10 mph speed 
bands; over 61,000 miles had been logged a t  the time of 
the report .  

D4. Lincorp Research, Iric. Southfield, Mich. (Michael Dworkin, Pres. ) 
Uetroit Area Seat Belt Use Survey ( repor t  not yet  pub1 ished) 1977. 

This study involved an elaborate semi -probabil i  ty-based 
selection of 224 Detroit area in tersect ions  with stop 
signs or t r a f f i c  s ignals ;  a t  the selected in tersect ions  
one corner was chosen and dr iver  seat  be l t  use was 
observed by a team of two observers fo r  a l l  cars stcpped 
in the r igh t  curb lane for one daylight hour during a 14- 
day period; over 20,000 observations were carried o u t  a t  
these s i t e s  before and again a f t e r  the special seat  be l t  
use campaign carried o u t  by Motorists Information, Inc. 
in the f a l l  of 1977 ("Somebody Fleeds Y o u " ) .  

95. Murphy, Gary I .  "The Use of a Photographic Detection System for  
Counting and Classifying Vehicles on Forest Service Roads" in - New 
Developments in Optical Instrumentation - fi  Przblem Solving Tool in 
Highway and Traff ic  Engineering, Washington: Society of Photo-Optical 
Instrumentation Engineers, 1973 (Proceedings, Vol . 37).  

Report of the t r i a l  use of a d ig i t a l  clock and a time- 
lapse camera actuated by movement past an infrared sensor 
in order to count and c iass i fy  vehicle and pedestrian 
use o f  a low vclurne fo res t  service road (approximately 
100 A D T )  ; problems encountered incl uded fa1 se tr iggering 
caused by passing shadows, ma1 functioning in cold weather, 
missed vehicles due t o  incorrect  camera angle, i  nabi 1 i ty 
t o  obtain pictures a t  night or in heavy precipi ta t ion,  
i nfeasi bil i  ty of conceal ing the camera and thus pi? ferage 
and vandalism; a t  two frames per vehicle up  to  1800 
vehicles could be observed on a 50-foot ca r t r idge ,  thus 
usually requiring only once a week maintenance and fi lm 
replacement. The author f e e l s  tha t  the main problems can 
be solved and tha t  there i s  a useful fu ture  for  t h i s  ob- 
servation method. 

06. Peterson, John R .  "Vehicle Field Data Collect ion",  paper presented 
a t  the Automobile Engineering Meeting, Toronto, Oct. 21-25, 1974; 
Warrendale, Pa: Society of Autornotive Engineers, No. 740941. 

Brief d i  s c u s s ~ c z  o f  Genera? Yot3rs '  i n s e r ~ i o n  o f  various 
types cf  seli-pcwered recording instrunients i n  tne 
crunks  of samoles of customer cars as unobtrusively as 
possiole ( n o  vention o f  compensation of the ~ a r t i c i ~ a n t s  
of o f  the q ~ a n t i t y  o f  such inser t ions)  ; tho  devices allow 
unattended dara sol i ec t ?  or: fo r  4 months . 



07. Joss lau ,  A r t h u r  B. and Gary E .  Houts,  " T r a f f i c  C h a r a c t e r i s t i c s  
Measurement Us ing  L i c e n s e  Ma tch ing  Techn iques" ,  T r a f f i c  E n g i n e e r i n g  
45 (10 )  316-21 (Oct .  1975) .  

D e s c r i p t i o n  o f  a  procedure  f o r  measur ing  speeds and 
t r a f f i c  volume o v e r  a  s e c t i o n  o f  highway by obse rve r  
r e c o r d i n g  o f  3 d i g i t s  o f  t h e  1  i c e n s e  p l a t e  numbers o f  
t h e  pass ing  v e h i c l e s  a t  each end o f  t h e  road  s e c t i o n  and 
t h e n  ma tch ing  them by computer ;  two r e c o r d i n g  procedures  
were t e s t e d ,  one u s i n g  a  v o i c e  tape  r e c o r d e r  wh ich  r e q u i r e d  
subsequent l i s t e n i n g  and keypunching,  and t h e  o t h e r  
u s i n g  a  t o u c h t o n e  c a s s e t t e  w i t h  b u i l t - i n  c l o c k  w i t h  
r e c o r d i n g  d i r e c t 1  y  on mach ine- readab le  magnet ic  t a p e ;  
t h e  l a t t e r  equipment was much more expens ive  and a l s o  
somewhat s lower  and more e r r o r  prone,  b u t  saved a  l o t  
o f  manual t r a n s c r i p t i o n  t i m e ,  and would  be recommended 
f o r  an e x t e n s i v e  on-go ing program; a1 p h a b e t i c  c h a r a c t e r s  
i n  1  i c e n s e  p l a t e s  caused more d i f f i c u l t i e s  than  numer ic  
c h a r a c t e r s  by b o t h  methods; t h e  use o f  one obse rve r  p e r  
1  ane was recommended, usua l  1y r e a d i n g  t h e  f r o n t  1  i cense 
p l a t e .  

08, Thompson, Glenn and M i r i a m  T o r r e z .  Env i ronmenta l  P r o t e c t i o n  Admin- 
i s t r a t i o n  Study o f  V e h i c l e s  i n  Use ( p r o j e c t e d - n o  pub1 i c a t i o n  y e t ) .  

Dur ing  1 
of i n s t r  
P o r t  1  and 

978 EPA expec ts  t o  conduc t  a  f e a s i b i l  i t y  s t u d y  
'ument ing a  sample o f  c a r s  i n  one c i t y  ( p r o b a b l y  
, Ore. ) f o r  a  p e r i o d  o f  2 weeks each; d a t a  r e -  

corded w i l l  i n c l  ude t i m e ,  m i  1  ease, b rake  a p p l i c a t i o n s  , 
speed, s h i f t  p o i n t s ,  e t c .  ; a l s o  t h e r e  w i l l  be a  s w i t c h  
b y  wh ich  t h e  d r i v e r  can i n d i c a t e  when he o r  she changes 
from a  r u r a l  t o  an urban env i ronment  acd v i c e  v e r s a .  

09. Hutch inson,  John V . ,  R .  V ince  Sayre,  John A .  Dear inge r ,  e t  a l .  
R e c r e a t i o n a l  V e h i c l e  A c c i d e n t  I n v e s t i g a t i o n  S tudy :  I n t e r i m  Repor t ,  
L e x i n g t o n :  U n i v e r s i t y  o f  Kentucky Mu1 t i d i  s c i p l  i n a r y  A c c i d e n t  Study 
Team, 1975. 

Desc r ibes  a  method f o r  d e t e r m i n i n g  a c c i d e n t  r a t e s  f o r  10 
c l a s s e s  o f  r e c r e a t i o n a l  v e h i c l e s  and compar ing these  w i t h  
o v e r a l l  v e h i c l e  a c c i d e n t  r a t e s  t o  o b t a i n  r e l a t i v e  measures 
o f  r i s k ;  t h e  a c c i d e n t  d a t a  w i l l  come f rom supplemental  
forms f i l l e d  o u t  on Kentucky r e c r e a t i o n a l  v e h i c l e  a c c i d e n t s  
o v e r  a  two-year  p e r i o d ;  t h e  exDosure d a t a  w i l l  c o r e  from 
manual c l a s s i f i c a t i o n  coun ts  c a r r i e d  o u t  once o r  t w i c e  a 
season f o r  18 months on 8 road  segments f o r  8 t o  32 hours  
on a  weekend and sometimes on weekdays; t hese  coun ts  w i ! ?  
t hen  be used a l o n g  w i  t n  t o l l  r s a d  revenue r e p o r t s  frcm 
t e n  Parkway segments and a u t o m a t i c  t r a f f i c  r e c o r d i n g  dara 
from 13 permanent c o u n t  segments t o  p r o j e c t  annual YMT 
f o r  each c l a s s  o f  r e c r e a t i o n a i  v e h i c l e  ( e s t i m a t i o n  methcd 
n o t  e x p l a i n e d ) .  



D10. Paulley,  R.J . ,  N,  T ~ y l o r ,  and D.A .  Walmsley. A Survey of South 
bouiid Motorway Travel on the MI and M6 in 1974, Crowthorne, England: 
Transport and Road Research labora tory ,  1977 (TRRL Report 786). 

Report of a  time-1 apse photographic survey of vehicle regi s -  
t r a t i o n  numbers a t  f3ur points on the connecting M6 and MI 
motorways; 35 mm cameras were s e t  u p  on bridges t o  shoot 
oncoming t r a f f i c  a t  1 frame per second using a long-focus 
lens t o  record r e g i s t r a t i o n  numbers a t  a  d is tance  of several 
hundred yards ,  usually 3 o r  4 p ic tures  of each vehicle were 
caken; the filming was on June 4 ,  1974 ,  during daylight  only; 
film had t o  be changed about every 100 minutes; only about 
1-5% of rhe vehicle r e g i s t r a t i o n s  could not be t ranscr ibed,  
b u t  coding checks found t h a t  another 10'; of the r e g i s t r a t i o n s  
were miscoded, s t i l l  subs tan t i a l ly  l e s s  than the e r r o r  r a t e  
of a  p i l o t  t e s t  in ~ h i c ?  r eg i s t r a t ' on  numbers &ere entered 
verbally in to  a  tape recorder and then t ranscr ibed.  The 
survey data were then ujed t o  cbtain niatched t r a f f i c  flcws 
by vehicle type bexween the  var'ous obserliation points .  



E.  USE OF ON-ROAD OBSERVATIONS WITH FOLLOW-UPS 

E l .  Boek, Jean K. " D r i v e r  Behav ior  and Acc iden ts " ,  American J o u r n a l  
o f  P u b l i c  H e a l t h  47:546-552 (May 1957).  

Descr ibes  b r i e f l y  an o b s e r v a t i o n a l  s t u d y  o f  550 d r i v e r s  
i n  Schnectady , N . Y . ,  on weekdays; used 100 randomly 
s e l e c t e d  i n t e r s e c t i o n s  and f o l  lowed s e l e c t e d  c a r s  f o r  
1 -2  m i l e s  r e c o r d i n g  l i c e n s e  number, age, sex, and t h e  
s a f e t y  o f  n i n e  p o s s i b l e  d r i v i n g  a c t i o n s ;  t h e n  checked 
d r i v e r  r e c o r d  da ta  f o r  age and sex o f  owner and i f  n o t  
t h e  same c o n t a c t e d  t h e  owner f o r  an a c c u r a t e  age o f  t h e  
d r i v e r ;  found no r e l a t i o n s h i p  between judged s a f e t y  o f  
d r i v i n g  a c t s  and a c c i d e n t s .  

E2. Mar ing ,  Gary and Howard McCann. "L i cense  P l a t e  T r a f f i c  Survey",  i n  
Highway P lann ing  Tec h  n i c a l  Reoor t  No. 8, Washington: FHWA, 1968. 

Discusses t n e  r e c o r d i n g  o f  1  i c e n s e  p l a t e s  a t  r o a d s i d e  
l o c a t i o n s ,  match ing rhese w i t h  computer ized r e g i s t r a t i o n  
r e c o r d s ,  and u s i n g  a  p o s t a l  survey t o  o b t a i n  i n f o r m a t i o n  
abou t  t h e  sampled t r i p .  As used i n  Boston a  65:; r e t u r n  
r a t e  was c b t a i n e d  f r o m  i n - s t a t e  respondents  and a  60'; 
r e t u r n  r a t e  was o b t a i n e d  f rom o u t - o f - s t a t e  respondents .  

E3. Mar ing,  Gary and Howard McCann. "Appl i c a t i o n  o f  Automated Ven ic l  e  
R e g i s t r a t i o n  F i l e s  t o  P o s t a l  O r i g i n - D e s t i n a t i o n  Surveys" ,  i n  Highway 
P l a n n i n s  Techn ica l  R e ~ o r t  No. 11.  Washington: FHWA, 1969. 

Discusses a  Kansas s tudy  u s i n g  1 i cense p l a t e  numbers 
reco rded  a t  r o a d s i d e  l o c a t i o n s  and a  p o s t a l  survey- - response 
r a t e  53%. 





F.  USE OF ROADSIDE INTERVIEWS 

F1. Brant, J r . ,  Austin E ,  and Dana E .  Low. "Cost-Saving Techniques fo r  
Collection and Analysis of Origin-Destination Survey Data", in Origin 
and Destination Characterist ics : 8 Reports, Washington: Highway 
Research Board, 196/ (Highway Research Record Number 205). 

Suggests that  bet ter  qua1 i ty  and cheaper roadside in te r -  
view data can be obtained by careful formulation of the 
interview schedule, by using c lear  and simple vehicle 
sampling techniques, and by sampling vehicles in the 
inbound direction only a t  the cordon s ta t ions  around the 
study area .  

F2.  Hajek, J . J .  Optima1 Sample Size of Roadside-Interview Origin-Destination 
Surveys, Downsview, O n t .  : Ministry of Transportation and Communications, 
January 1977. 

The data analyzed were collected a t  3 s t a t ions  in tne 
1971 Niagara/Lake Erie Transportation Study over 12-hour 
periods using an "interview as many as you can" sampling 
procedure; actual sampling ra tes  varied from 64% to  95%. 
The author compares observed with theoretical  root-mean- 
square er rors  (RMS) and concludes tha t  more r i g i d  pre- 
determined sampl i  ng procedures are  possible (references 
a re  given) b u t  would r e su l t  in l i t t l e  improvement i n  
sampl ing e r ro r ,  tha t  a t  bidirectional  sampl ing ra tes  above 
50% i t  would be more cost -effect ive  to  e r ro r  reduction 
t o  extend the survey hours ( t o  reduce the factoring 
e r ro r  in expanding t o  24 hours) than t o  increase the 
sampl ing r a t e ,  and vice versa fo r  bidirectional  sampl ing 
ra tes  of 30% or 1 ess , e t c .  

F3. Solomon, David. Accidents on Main Rural Highways Related t o  Speed, Driver 
and Vehicle, Washington: Bureau of Pub1 i c  Roads, 1964, 44pp. 

Report of a massive exposure study of 35 main rural road 
sections to ta l ing 600 miles in 1 1  s t a t e s  in 1957-58, 27 
2-lane a n d  8 4-lane divided ( b u t  only 1 limited access) .  
These road types account f o r  about 1 / 3  of U.S. VMT. On 
each section a representative s i t e  was selected where 
t r a f f i c  moved a t  a r a te  average fo r  the whole sect ion;  
290,000 dr ivers  had t he i r  speeds neasured by concealed 
devices a t  these s i t e s  and then kvere subseauently sx~pped 
for a shorr interview (doesn ' t  say h o w  data were i inked).  - inese data were compared with 10,000 accident involve- 
ments o n  lnese same sections over 3-4 years ( a i t n o ~ y h  
there was 21'; missing data on  estimated travel  speed 
j u s t  before accident) ,  and seasonal t r a f f i c  volume data 



was used t o  expand exposure data t o  the same periods as 
the accident data and t o  adjus t  car  ages, e t c .  (no 
explanation of how the VMT denominators were obtained) . 
The analysis compared accident involvement r a t e s  fo r  a l l  
accidents,  severi ty types, and col 1 i s i  on types fo r  
travel speed groups, road type, speed 1 imi t s ,  frequency 
of in tersect ions  and driveways, age groups, sex,  dr iver  
residence (local county, other in - s ta te  county, out of 
s t a t e ) ,  in mi l i tary  or n o t ,  vehicle type, body s t y l e ,  
3 horsepower groups, vehicle age, vehicle make, and 
occupant posit ion.  The accident data alone were analyzed 
using sever i ty ,  day-night, type of coll i s ion ,  sex,  age, 
travel speed, vehicle type, and number of vehicles.  Most 
groups compared contained a t  l e a s t  30 accidents,  so d i f -  
ferences of 30:; or  l e s s  were s ignif icant  a t  a 957; level 
of confidence. 

F4. Wi kl und, Tage and Lennart Forsell s ,  "Roadside Interviewing on Motor- 
ways: A Regional Traff ic  Survey for  Stockholm", Traff ic  Engineering 
and Control 14(4)  : 168-1 69, 173 ( A u g .  1972). 

As part  of a large origin-dest ination survey in :he 
Stockholm region in 1971 15,000 interviews were suc- 
cessful ly  obtained i n  4 days on the E4 motorway; the 
procedure involved reducing the speed of a11 vehicles 
t o  30 Km and selecting 20-40% of the vehicles for  i n t e r -  
view in bays located in staggered locaticns in the two 
lanes;  the police were somewhat skeptical b u t  they pro- 
vided t r a f f i c  control services and n o  problems were en- 
countered evEn in night interviewing; t h i s  roadside 
interviewing on motorways required a special dispensation 
from  he blinistry of Transport because of the regulation 
prshibi t ing parking on notorways. The fu l l  study included 
interviews with 100,000 dr ive rs ,  100,000 pub1  i c  t ransport  
passengers, a n d  10,000 respondents a t  home. 

F5. No1 f e ,  Arthur C .  1973 U.S. National Roadside Breathtesting Survey: 
Procedures and Results,  A n n  Arbor: Highway Safety Research In s t i t u t e ,  
May 1974. 

Report of a roadside survey carried o u t  a t  785 roadside 
locations in 24 primary sampling areas of the U.S. on 
Friday and Saturday nights between 10  2M and 3 AN on 8 
weekends in the f a l l  of 1973; the primary sampling areas 
were selected by ccntrol l ed probabil i ty procedures ; the 
roadside locatigns were selected by random grid or  segment 
1 i s t ing  procedures on medium and heavy volume rcads, b u t  
i n  most areas the selection probabi l i t ies  c o u l d  n o t  be 
determined: t hz  veh'cles were selected from the  passing 



t r a f f i c  s t ream i n  a  random manner and we igh ted  by t h e  
t o t a l  number o f  e l i g i b l e  v e h i c l e s  p a s s i n g  d u r i n g  t h e  
i n t e r v i e w i n g  p e r i o d ;  3698 d r i v e r s  were stopped f rom !whom 
31 92 s a t i s f a c t o r y  b r e a t h  t e s t s  were o b t a i n e d  (86.3%) and 
3358 i n t e r v i e w s  were o b t a i n e d  (90.8%) ; t h e  i n t e r v i e w s  
1  a s t e d  5-1 0 minutes  and i n c l u d e d  demographic da ta ,  t r i p  
d a t a  ( o r i g i n ,  d e s t i n a t i o n ,  d i s t a n c e ,  t i m e ) ,  annual mi 1 eage 
and n i g h t  d r i v i n g  percentage,  a l c o h o l  use i n f o r m a t i o n ,  and 
drunk  d r i v i n g  knowledge and a t t i t u d e s  d a t a .  

F6. Car lson,  W i l l i a m  L. "Age, Exposure, and A lcoho l  Invo lvement  i n  
N i g h t  Crashes",  Jou rna l  o f  S a f e t y  Research 5 ( 4 )  :247-259 (December, 1973) .  

Descr ibes  t h e  use o f  a  r o a d s i d e  b r e a t h t e s t i n g  survey  
i n  Washtenaw County t o  e s t i m a t e  d r i v e r  exposure d u r i n g  
t h r e e  n i g h t t i m e  p e r i o d s  by age and d r i n k i n g  c o n d i t i o n  
o f  t h e  d r i v e r ;  t h e  percentages o f  d r i n k i n g  d r i v e r s  o f  
d i f f e r e n t  ages a r e  then  compared w i t h  t h e  percentages 
o f  n i g h t t i m e  s i n g l e - v e h i c l  e  a l c o h o l  - r e l a t e d  c r a s h  d r i v e r s  
o f  d i f f e r e n t  ages t o  o b t a i n  i n d i c a t o r s  o f  o v e r  o r  under 
i nvo l vemen t  f o r  s p e c i f i c  ages; t h e  same procedure  i s  
repea ted  f o r  a  number o f  o t h e r  comparisons o f  i n t e r e s t .  
The a u t h o r  f i n d s  t h a t  16-18 y e a r  o l d  d r i v e r s  a r e  o v e r -  
i n v o l v e d  i n  nonal  coho1 - r e l a t e d  n i g h t t i m e  crashes and 
t h a t  18-21 y e a r  o l d  d r i v e r s  a r e  o v e r i n v o i v e d  i n  a l c o h o l -  
r e l a t e d  n i g h t t i m e  crashes.  

F7.  I n t e r s t a t e  Commerce Commi s s i o n .  EmptylLoaded Truck  M i  1  es on i n t e r -  
s t a t e  Highways Dur ing  1976, Washington: I C C ,  k p r i  l 1977. 

Repor t  o f  a n a t i o n w i d e  r o a d s i d e  survey  o f  t r u c k s  hav ing  
2-or-more ax1 es d r i v i n g  on I n t a r s t a t e  Highways d u r i n g  
a l l  of 1976; f o r  sampl ing,  t h e  I n t e r s t a t e  Highway System 
was d i v i d e d  i n t o  221 segments r a n g i n g  i n  l e n g t h  f r o m  28 
t o  652 m i l e s ,  and r o a d s i d e  samples were stopped f o r  one 
hour  i n  each d i r e c t i o n  d u r i n g  each q u a r t e r  o f  t h e  y e a r ;  
t h e  sampl ing  hour  i n  one d i r e c t i o n  was s e l e c t e d  randomly 
and i n  t h e  o t h e r  d i r e c t i o n  was 2  hours  l a t e r ;  o u t  o f  an 
expected 1768 samples 1653 samples c o n t a i n i n g  13,165 
i n t e r v i e w s  were a c t u a l l y  c o l l e c t e d ,  an average o f  8 i n t e r -  
v iews p e r  sample hour  o u t  o f  an average o f  40 pass ing  t r u c k s  
p e r  sample hour ;  i n t e r v i e w  l o c a t i o n s  were ~ o s t l y  es tab-  
1 i s h e d  weigh s t a t i o n s  o r  r e s t  a reas  o r  s t a t e  p o r t  o f  
e n t r y  c h e c k p o i n t s ,  b u t  a  few were j u s t  on t h e  road  shou lde rs .  
Cata c o l  l e c x e d  i n c l u d e d  body type and l e n g t h ,  t y p e  o f  
c a r r i e r ,  f i r s t  o r i g i n ,  l a s t  d e s t i n z t i o n ,  corcmodi t y ,  e x t e n t  
leaded,  and w e i g h t  ( e s t i n a t e d  a t  l o c a t i o n s  w i t h o u t  s c a l e s ) .  
(The h e z v i e s t  t r u c k  sampled was a  162,640 1 0 ,  V i c n i g a n  
? I - a x i e  tank  t r u c k  c a r r y i n g  s!ag;  t h e  h e a v i e s t  n e t  w e i g h t  



was 114,000 pounds o f  c o i l  s t e e l  on a Michigan f l a t  bed 
t r u c k . )  I t  was es t imated  t h a t  o v e r a l l  20.4% o f  t r u c k  mi les  
on the I n t e r s t a t e  System a r e  opera ted  empty and a n o t h e r  
14.4:; o f  t h e  mi les  a r e  opera ted  below c a p a c i t y  (38,0% empty 
f o r  tank trucks).  



G .  USE OF HOME IN-PERSON INTERVIEWS 

GI. Boek, Jean K.  " D r i v e r  Behav io r  and A c c i d e n t s " ,  American J o u r n a l  
o f  Pub1 i c  H e a l t h  47:546-552 (May 1957) ,  

Repor t  o f  a  home i n t e r v i e w  s t u d y  o f  a  random sample o f  
810 d r i v e r s  i n  Schnectady, N . Y . ,  a n a l y z i n g  t h e  r e l a t i o n -  
s h i p  o f  60 c h a r a c t e r i s t i c s  t o  a c c i d e n t  h i s t o r y ;  found 
exposure ove r  2% y e a r s  ( s i x  m i l e a g e  c a t e g o r i e s )  and sex 
( f e w e r  female  a c c i d e n t s )  r e l a t e d  t o  a c c i d e n t s  b u t  few 
o t h e r  r e 1  a t i o n s i  hps w i t h  exposure and sex c o n t r o l  1 ed; 
a l s o  asked t h e  respondents  t o  keep a  d a i l y  r e c o r d  o f  
m i l e s  d r i v e n  f o r  t h e  f o u r  weeks f o l l o w i n g  t h e  i n t e r v i e w  
and r e c o n t a c t e d  t h e  respondent  each week t o  o b t a i n  these  
d a i l y  mi leages,  b u t  no use o f  t h e s e  da ta  i s  r e p o r t e d .  

G2. Dawson, R.F.F. and J.G. Wardrop Passenger-Mi leage by Road i n  G r e a t e r  
London, Harmondsworth, U. K. : Road Research L a b o r a t o r y ,  1902, 29 pp.  
( R o a d ~ e s e a r c h  Techni  c a l  Paper No. 5 9 ) .  

A r e p o r t  on a  household i n t e r v i e w  exposure survey  made 
i n  Grea te r  London Jan. - A p r i l  1954 w i t h  r e s u l t s  a d j u s t e d  
t o  1958; o v e r  11,000 persons aged 3+ were asked t o  d e s c r i b e  
a l l  j o u r n e y s  made i n  t h e  7 days b e f o r e  t h e  i n t e r v i e w  day 
excep t  t r i p s  on f o o t  and as commercial d r i v e r s  - abou t  a  
70% response r a t e .  About 47'; o f  t h e  t r i p s  were n o n - r e g u l a r  
(casua l  ) and r e p o r t i n g  o f  these f e l l  o f f  d r a s t i c a l l y  as 
t h e  r e c a l l  p e r i o d  l eng thened  ( f rom average o f  .44 on p re -  
v i o u s  day t o  .13 7 days p r e v i o u s ) .  O r i g i n s  and d e s t i n a t i o n s  
were reco rded  by h a l f  m i l e  square g r i d s  and used f o r  e s t i m a t i n g  
d i s t a n c e s  . A n a l y s i s  i nc7 udes compar isons o f  t r a v e l  mi 1  eages 
by  t y p e  o f  v e h i c l e ,  t i m e  o f  day, t r i p  purpose,  i n  and o u t  
o f  w o r k i n g  t i m e ,  day o f  week, income,and l e n g t h  o f  t r i p  
ca t e g o r i  es. 

G 3 .  Federa l  Highway Admini s t r a t i o n .  1969-70 Na t i onw ide  Persona l  Trans-  
p o r t a t i  on Survey,  Repor ts  1-1 1  , Washington , 7972-74. 

T h i s  s e r i e s  o f  r e p o r t s  p r e s e n t s  ana l yses  o f  t h e  da ta  c a l -  
l e c t e d  i n  a  household i n t e r v i e w  survey  conducted by t h e  
Census P o p u l a t i o n  Survey u s i n g  two o u t g o i n g  pane ls  f rom 
t h e  Q u a r r e r l y  Housing Survey each c o n t a i n i n g  3000 house- 
h o l d s ;  t r a v e l  day and o v e r n i g h t  r r i p  i n f o r m a x i o n  was oo- 
t a i n e d  f o r  a1 1  household members aged f i v e  o r  more f o ~ r  
t imes  f o r  t h e  f i r s t  pane1 ( A p r i l ,  J u l y ,  October ,  and 
January)  and once i n  August  f o r  t h e  second pane l ;  t h e  i r a v e :  
Day f o r  a  p a r t i c u l a r  househoia was a r a n d o v l y  s e l e c t e d  day 
i n  t h e  p r e v i o u s  week; t h e  i n f o r m a t i o n  co! e c t e d  i n c l  uded 



t r i p  beginning time, d is tance ,  duration, purpose, companions, 
t r i p  means, vehicle used, a n d  parking cos t ;  in addi t ion,  
a t  the f i r s t  interview in each household information was ob-  
tained about household vehicles incl uding age and estimated 
annual mileage, C B D  shopping, licensed drivers and estimated 
annual mileage ( in  5000 mi. ca tegor ies ) ,  travel t o  work 
fo r  those over 16, and travel t o  school f o r  those 5-18. 

G4. Federal Highway Admini s t r a t i on ,  1977-78 National Travel Survey, reports  
forthcoming from survey currently in process. 

This household interview survey being conducted by the Census 
Population Survey fo r  the Department of Transportation in- 
volves Travel Day collect ions from 19,000 households in 
April and January, plus 2 or 3 coi lec t ions  during intervening 
months and Travel Day col lec t ions  from 6,000 households in 
December or February or March; in addition 6,000 other house- 
holds will be interviewed four times concerning t r i p s  over 
75 miles in a designated 1 4  day period; interviewing i s  to  
take place as soon as possible a f t e r  the designated Travel 
Day fo r  a household and no more than 4 days l a t e r .  The 
information collected on Travel Day t r i p s  includes des t inat ion,  
o r ig in ,  beginning time, purpose, household companions, d i s -  
tance,  duration,  means, vehicle used, non-household com- 
panions, d r i v e r ( s ) ,  parking, ava i l ab i l i t y  of publ i c  t ranspor ta t ion,  
reasons fo r  use or non-use of pub?  i c  t ranspor ta t ion,  movement 
within C B D  or not, and movement across a rural/urban boundary 
and mapping of  such t r i p s  (or  general route description for  
long t r i p s  ~ o t  a l l  on the local map). Other information 
col lected concerns household vehicl es and 1 icensed dr ivers  
lincludinq annual mi leases in thousands), avai labi l  i  t y  of 
publ i c  t ranspor ta t ion,  and travel t o  work. Proxy infor-  
mation i s  n o t  acceptable for  the travel behavior o f  
household members 14 and over, and interviewers a re  urged 
t o  use the telephone fo r  callbacks on  persons not available 
during the i n i t i a l  interview. Trips to be reported in-  
clude bicycle and walking t r i p s  fo r  persons 14 and over. 

G5. Fresno-Clovis Area Transportation Study. Volume I I - Origin and Destination 
Survey 1971 , Fresno: Council of Fresno County Governments and Cal i fornia  
Division of Highways, 1973. 

A report  of a typical origin-dest ination study in California 
involving a two-contact procedure for  coll ec t i  ng a prob- 
abil i ty san~ple o f  household interviews and a roadside i n t e r -  
view of samples of cars and trucks passing o u t  of the study 
area on  weekdays between 6 4M and 8 PM a t  36 of 79 cordon 
s ta t ions  (plus weekdays a t  7 s t a t i o n s ) ;  the household in te r -  
v i e w  col jected detail2d information on a l l  automobile, bus, 



and truck t r i p s  on a designated Travel Day and involved a 
pr ior  contact leaving a simple t r i p  record form and a f u l l  
interview as soon a f t e r  the  Trayel Day as poszible;  there  
were 7181 "samples" in the household survey, b u t  no response 
r a t e  information was provided; interviewers were hired and 
trained loca l ly  under Division of Highways and supervision. 

G6. Lansing, John B. and Gary Hendricks. Automobile Ownership and Residential 
Density, Ann Arbor: I n s t i t u t e  for  Social Research, 1967. 

The l a s t  of four reports  based on two waves of a national 
survey of residents  of metropolitan areas (except New York 
City)  in 1963 a n d  1965; the study focuses pa r t i cu la r ly  on 
the journey t o  work of employed household members, b u t  
a l so  asks about a l l  t r i p s  the day before the interview by 
?ersons aged 5 or  over including o r i g i n ,  des t ina t ion ,  pur- 
pose, and means; questions were a lso  asked about number of 
household vehicles and age and average annual mileage and 
to ta l  mileage of each vehicle.  The average household annual 
mileage was 13,000 miles,  and fo r  the 83% of the  fami 1 i e s  
with a t  l e a s t  one car  i t  was 15,800 miles;  there was a 
close d i r e c t  1 inear  re la t ionship  between t o t a l  mileage and 
family income, and there were a l so  re la t ionships  found 
between mileage and res ident ia l  area (o lder  central  c i t i e s ,  
newer central  c i t i e s ,  suburbs) and between mileage and age 
of family head ( inverted U-shaped curve) .  

G7. Lansing, John B . ,  Robert W. Marans, and Robert B .  Zehner. Planned 
Residential Environments, Ann  Arbor: I n s t i t u t e  f o r  Social Research, 1970. 

Report of a study of 10 committees selected to represent 
d i f f e r e n t  l eve l s  of planning concerning community s a t i s -  
fac t ion  and transportat ion requirements; included were 
questions about a11 t r i p s  the previous day by household 
members aged 5 and over covering o r i g i n ,  purpose, des t in-  
a t i o n ,  and means. In each selected household the head o r  
wife was randomly designated as  the appropriate respondent 
f o r  the e n t i r e  household in advance of the  interview; when 
the t r i p  data from the married couples was analyzed i t  was 
found t h a t  husbands reported an average of 11.5 person 
t r i p s  per day while wives reported an average o f  1 0 . 4  t r i p s  
per day; in pa r t i cu la r  husbands reported an average of 
4.61 t r i p s  fo r  themselves whiie wives reported an average 
of 3.75 t r i p s  f o r  t h e i r  husbands; thus there  seems t o  be 
a substantial  bias in using the $ l i f e ' s  t r i ?  report  data 
for  the husbands. 



. McMillan, Robert K. and Henry Assel ,  National Survey of Transportation 
Att i tudes and Benavior: Phase 1 ~ummrry Report, Philadelphia:  
Chi 1 t o n  Research Services ,  1968 (National Cooperative Highway Research 
Program Repcrt 4 9 ) .  

Reports the resul t s  of two indepe~den t  national household 
interview surveys in 1967 (each with 2500+ respondents aged 
18+) concerning a t t i t u d e s  toward and use of the  automobile, 
highway f a c i l  i t i e s ,  and p u b 1  i c  t r anspor ta t ion .  Includes 
data on household ca r  and other  motor vehicle ownership, 
years 1 i censed, annual mi 1 es  driven in househol d vehicles 
and rental  ca r s ,  usual t ranspor ta t ion  method f o r  long and 
shor t  t r i p s ,  purpose and method and dis tance  of a1 1 t r i p s  
taken yesterday and the day before yesterday , percentage 
d i s t r i b u t i o n  of t o t a l  vehicle miles among 5 purposes, and 
persona1 annual mileage By 5 modes (au to ,  t r a i n ,  a i r ,  i n t e r -  
c i t y  bus, and local p ~ b l  i c t ranspor ta t ion  ) .  Average annual 
mileage was 12,000;average number of weekday t r i p s  was 355 
and average number of weekend t r i ~ s  was 2$, with 3 miles 
the average distance fo r  both; 85:: of t r i p s  were by auto;  
17'; were fo r  business or  work; 46;; of t o t a l  miles t raveled 
were for  work o r  business ;and 78;; Neve by alito ( t rucks  not 
shown as a separate cazegory) . 

G9. Munden, J.N. "The Accident Rates of Car Drivers by A?e, In ternat icnal  
Road Safety and Tra f f i c  Review 14(1)  :23-29 (Winter 1966). 

Uses dr iver  annual car  mileage est imates from t4e 1951 survey 
of pr iva te  motoring in England and Nales to  obtain percentages 
driven by e ight  age groups, applies  these percentages t o  the 
national est imates of vehicle mil3s t raveled based on the Road 
Research Laboratory's 50-poi n t  and 1000-poi nt censuses in 
order t o  obtain annual VMT by age group, and compares accident 
involvement r a t e s  by age group; the  r e s u l t s  show the fami l iar  
U-shaped curv? with the highest r a t e s  i~ the under 20 group 
and another b u t  lower peak in the 70+ group. l4entions t h a t  
the survey a l s o  obtained a 7-day travel  log (not  c l e a r  i f  
re t rospect ive  o r  prospective)  and t h a t  the percentages based 
on annual est imates were qu i t e  s imi lar  to  those based on 
weekly t o t a l s .  

G10. Pel;, Donald C. and Stanley H .  Schuman. Exposure Factors in Accidents 
and Violations of Young Drivers, Acn Arbor: U-i4 Highway Safety Research 
Ins t i  t u t ~ ,  i 971 . 



An a n a l y s i s  o f  an i n -pe rson  household survey  o f  about  
3000 d r i v e r s  i~ D e t r o i t  suburban areas ,  m o s t l y  young males 
16-24 (1651 ) b u t  a l s o  i n c l u d i n g  females 16-24 (468) ,  males 
35-44 (300) ,  and females 35-44 (314) ; da ta  were c o l l e c t e d  
i n  f o u r  seasonal waves t o  cove r  an e n t i r e  y e a r ;  exposure 
d a t a  i n c l u d e d  e s t i m a t e d  annual  m i l eage ,  mon th l y  t r i p s  t o  
school  and work and on e r rands  and t y p i c a l  mi leages,  l o n g  
out -o f - town t r i p s  i n  p a s t  y e a r ,  s h o r t  o u t - o f - t o w n  t r i p s  
i n  p a s t  month, hours  spent  each week d r i v i n g  t o  work and 
school  and on e r rands  and f o r  f u n ,  percentages o f  d r i v i n g  
d u r i n g  t h r e e  t i m e  p e r i o d s ,  and percentages o f  d r i v i n g  on 
fou r  t ypes  o f  roads ;  t h e  dependent v a r i a b l e s  were t h e  numbers 
o f  i n f r a c t i o n s  ( s e l  f - r e p o r t e d  and o f f i c i a l l y  recorded a c c i d e n t s ,  
and moving v i o l a t i o n  t i c k e t s  and w a r n i n g s ) ,  A f t e r  ad jus tment  
by m u l t i p l e  c l a s s i f i c a t i o n  a n a l y s i s  o n l y  two exposure f a c t o r s  
showed s i g n i f i c a n t  r e l a t i o n s h i p s  t o  a c c i d e n t s ,  t o t a l  mi 1 eage 
and - low d r i v i n g  i n  heavy c i t y  t r a f f i c ,  w h i l e  s i x  f a c t o r s  
were s i g n i f i c a n t l y  r e l a t e d  t o  v i o l a t i o n s  and warn ings  f o r  
young males; however, t h e  exposure v a r i a b l e s  e x p l a i n  o n l y  a  
smal l  percentage o f  t h e  v a r i a n c e  i n  a c c i d e n t  r a t e s  f o r  any o f  
t h e  f o u r  groups;  t h e  d a t a  show a  l o g a r i t h m i c  r a t h e r  a  l i n e a r  
r e l a t i o n s h i p  between t o t a l  m i l eage  and b o t h  types  o f  i n f r a c t i o n s .  

G i  1  , San Diego County Comprehensive P lann ing  O r g a n i z a t i o n  , T r a n s p o r t a t i o n  Study :  
Manual o f  I n s t r u c t i o n s  f o r  Home I n t e r v i e w e r s ,  A p r i  l 1977. 

Th i s  manual d e s c r i b e s  a  two -con tac t  p rocedure  f o r  g a t h e r i n g  
t r i p  i n f o r m a t i o n  ove r  a  3-day p e r i o d ;  a  household i s  ass igned 
a  T r a v e l  Day on wh ich  a l l  t r i p s  o f  household members aged 5 
o r  more a r e  t o  be r e p o r t e d  ( i n c l u d i n g  wal k i n g  k mi 1  e  o r  more ) ,  
t h e  i n t e r v i e w e r  c o n t a c t s  t h e  household t h e  p r e v i o u s  day and 
leaves a s imp le  t r i p  r e c o r d  fo rm f o r  each household member 
t o  keep t r a c k  o f  t h e  o r i g i n  and d e s t i n a t i o n  and t imes  o f  each 
t r i p  made, and t h e  i n t e r v i e w e r  r e t u r n s  t h e  day a f t e r  t h e  
T rave l  Day t o  o b t a i n  d e t a i l e d  i n f o r m a t i o n  about  a l l  t r i p s  
u s i n g  t h e  t r i p  r e c o r d  as a  reminder .  Other  t r i p  i n f o r m a t i o n  
i n c l u d e s  mode, purpose,  number of occupants,  household v e h i c l e  
used, p a r k i n g  t y p e  and c o s t ,  and pub1 i c  t r a n s p o r t a t i o n  c o s t  
and t r a n s f e r s  and w a i t i n g  t ime .  I f  t h e  i n t e r v i e w  w i t h  some 
household members cannot  be s a t i s f a c t o r i l y  completed w i t h i n  
2  days a f t e r  t h e  T rave l  Day then  t h e  same day o f  t h e  week 
7 days l a t e r  i s  s u b s t i t u t e d  and t h e  procedure  i s  repeated.  
V e h i c l e  i n f o r m a t i o n  co1 l e c t e d  i n c l u d e s  make, modei , y e a r ,  
number o f  c y l i n d e r s ,  and average m i l e s  p e r  c a l  l o n .  Each i n t e r -  
v iewer  was expected t o  ccnduc t  4 household i n t e r v i e w s  pe r  day 
and was i n s t r u c t e d  t o  make u p  t o  3 c c n t a c t  a t t emp ts  a f t e r  2:30 
PM on t h e  day be fo re  t h e  T r a v e l  Day. 



( A  ca l l  to  Wes Frysztacki of the San Diego County CPO was 
unable to  e l i c i t  a de f in i t e  response r a t e  b u t  he said i t  was 
"qui te  high". He said the CPO hired and trained t h e i r  own 
interviewers, mostly mid-aged women w i t h  experience working 
with people, and paid them qui te  well ($4 ,50 /hr ) ,  He estimated 
costs  a t  about $20 fo r  each o f  the 1000 households i n  the 
sample. The same methodology had been used in a similar  
study in San Diego 5 n  1966,) 

G12. Taylor, Louise and Lo1 i ta Len. The Travel Behavior and Mobility Patterns 
of Low Income Residents of Syracuse,New York, paper presented a t  the 
Transportation Research Board F i f t y - f i f t h  Annual Meeting, Washington, 
January 19-23,  1976. 

A brief  report  on a survey o f  50 autoless ADC rec ipients  in 
Syracuse; each respcndent was shown how t o  complete a deta i led  
travel  diary o n  three se l f -se lected travel outings and was 
interviewed a f t e r  the diary was completed; of 359 t r i p  segments 
reported 144 were as car passengers, 1 9  were as dr ivers  in bor- 
rowed ca r s ,  109 were by b u s ,  78 were by wa1 k i n g ,  and 8 were by 
t a x i .  



H.  USE OF LICENSE RENEWAL OFFICE INTERVIEWS OR QUESTIONNAIRES 

H I ,  Burg,  A1 b e r t  The E f f e c t s  o f  Exposure t o  R i s k  on D r i v i n g  Record, Los 
Angeles : UCLA I n s t i t u t e  o f  T r a n s p o r t a t i o n  and T r a f f i c  Eng inee r ing ,  
June, 1973, 

An a n a l y s i s  o f  1  i cens ing  o f f i c e  i n t e r v i e w  and d r i v e r  r e c o r d  
( 3  y e a r  o r  6 y e a r )  d a t a  f o r  o v e r  12,000 C a l i f o r n i a  d r i v e r s  
found e s t i m a t e d  annual  m i l e a g e  t o  be t h e  f a c t o r  most  c o r r e l a t e d  
w i t h  numbers o f  a c c i d e n t s  and numbers o f  v i o l a t i o n  c o n v i c t i o n s  
( c o r r e l a t i o n s  o f  ,178 and ,322 r e s p e c t i v e l y  f o r  7020 d r i v e r s  
w i t h  6 y r .  r e c o r d s ) .  F a c t o r s  c o r r e l a t i n g  w i t h  a c c i d e n t  r a t e  
i n c l u d e  age ( - . 072 ) ,  % c i t y  s t r e e t  d r i v i n g  ( . 0 7 0 ) ,  ?: freeway 
d r i v i n g  ( - . 0 4 7 ) ,  peek hours  d r i v i n g  ( . 0 4 2 ) ,  7; r u r a l  road  d r i v i n g  
( - . 0 4 1 ) ,  % n i g h t t i m e  d r i v i n g  ( . 0 3 5 ) ,  and % o c c u p a t i o n a l  d r i v i n g  
(- .  063) .  Age a1 so c o r r e l a t e s  n e g a t i v e l y  w i t h  b c t h  a c c i d e n t  
and c o n v i c t i o n  r a t e s  ( - ,072 and - ,174 r e s p e c t i v e l y ) ,  as does 
annual m i l e a g e  ( - . I 3 3  and - .137) - tha t  i s ,  w h i l e  t h e  number o f  
a c c i d e n t s  i n c r e a s e s  w i t h  i n c r e a s e d  annual  mi 1 eage t h e  a c c i d e n t  
r a t e  decreases.  Mu1 t i  p l  e  r e g r e s s i o n  o f  17 v a r i  a b l  es w i t h  number 
o f  a c c i d e n t s  (Tab le  C-3, Co? . 5 )  was .277 w i t h  annual m i l eage  
t h e  b e s t  p r e d i c t o r  , unmarr ied  second, maleness t h i r d ,  
fewer  y r s .  d r i v i n g  f o u r t h ,  'i p l e a s u r e  d r i v i n g  f i f t h  ( n e g a t i v e ) ,  
'; r u r a l  road  d r i v i n g  s i x t h  ( n e g a t i v e ) ,  and ?: o f  n i g h t t i m e  
d r i v i n g  seventh ,  The R f o r  a c c i d e n t  r a t e  u s i n g  t h e  9 d r i v i n g  
t y p e  v a r i a b l e s  p l u s  sex (age and m a r i t a l  s t a t u s  n o t  i n c l u d e d )  
was o n l y  ,102 w i t h  'L c i t y  s t r e e t  d r i v i n g  t h e  b e s t  p r e d i c t o r ,  5 
o c c u p a t i o n  d r i  v i  ng ( n e g a t i v e )  second, 'i day t ime  d r i v i n g  ( n e g a t i v e )  
t h i r d ,  and peak hours  d r i v i n g  f o u r t h  ( T a b l e  C-7, Co l .  7 ) ;  sex 
was i n s i g n i f i c a n t .  

The s t ~ d y  recommends i n c l u s i o n  o f  e s t i m a t e s  o f  annual m i l eage  
and p r o p o r t i o n s  o f  n i g h t  and o c c u p a t i o n a l  d r i v i n g  a l o n g  w i t h  
v e h i c l e  t ypes  used on r e g u l a r  1  i c e n s e  renewal  a p p l i c a t i o n s .  

H 2 .  C a r r o l l ,  P h i l i ~  S . ,  W i l l i a m  1. Car l son ,  Thomas I, McDole, and Dav id  W .  
Smi th .  ? ~ c a u i s ; t i o n  o f  I n f o r m a t i o n  on ~ x p o s u r e  and on e on-~atal Crashes, 
6  volumes, Ann A rbo r :  U-M Highway S a f e t y  Research I n s t i t u t e ,  7971. 

Desc r ibes  two l i c e n s i n g  o f f i c e  surveys  conducted f o r  NHTSA i n  
1969-70. The p r e l  i m i n a r y  survey  c o n s i s t e d  o f  pe rsona l  i n t e r v i e w s  
w i t h  443 d r i v e r s  who renewed t h e i r  1 i censes i n  August 1969 i n  
Washtenaw County, M ich igan ;  a l o n g  w i t h  d e t a i l e d  d a t a  on t h e  two 
v e n i c l e s  d r i v e n  most and on t h e i r  pe rsana l  background respondents  
were asked t o  e s t i m a t e  t h e  number o f  m i l e s  d r i v e n  i n  each v e h i c l e  
i n  t h e  p a s t  7 days, how much each v e h i c l e  was used f o r  5 d i f f e r e n t  
purposes and cn 6 d i f f e r e n t  t ypes  c f  roads,  how much d r i v i n g  was 
done i n  d i f f e r e n t  1 i g h t ,  weather ,  and occuoancy c o n d i t i o n s ,  ac6 
t h e i r  a c c i d e n t  and v i o l a t i o n s  h i s t o r y  f o r  3 y e a r s .  



The p i l o t  survey took place a t  37 1 icensing o f f i ces  in 32 sampl ing 
areas in 18 of the 24 s t a t e s  l~hich t h m  required a personal 
appearance fo r  1 icense renewal ; local interviewers were hired 
from temporary-he1 p organizations ; out of 10,000 expected 
respondents 8014 were actual ly  selected on a systematic sampl ing 
basis i n  the 37 o f f i ces  and 7145 part icipated in the interview, 
an 89.15% response r a t e ;  in each location the interviewing took 
place fo r  a period of 9-20 days between Jan,  15 and June 15, 1970 ;  
the questionnaire was s imi lar  t o  the preliminary survey questionnaire 
except t ha t  the respondents were asked only about the most used 
vehicle, fewer road type and weather conditions categories were 
used, some personal and vehicle questions were dropped, and 
past month's esrimated mileage was asked as well as the past 
week's mileage, 

H3. Lee, Martin and Arthur C .  Wolfe, - 1976  Michigan Driver Exposure Survey 
(survey completed b u t  no p u b l  i ca t i cns  y e t ) ,  

This survey sponsored by the Michigan Department of S ta te  and 
planned and coordinated by the Highway Safety 2esearch In s t i t u t e  
was carr ied  o u t  throughout 1976 in 30 1 icensing o f f i ces  chosen 
by a control 1 ed probabi l i  ty  procedure; d i f fe ren t  sampl ing ra t ios  
of renewal appl icants were esrabl i shed depending on the expected 
volume so t ha t  2-3 applicants would be interviewed by the o f f i ce  
managers or  t h e i r  deputies every day ( the  actual respondents 
were pre-designated by the l a s t  two d i g i t s  of t he i r  a p p l i c a t i o ~  
form nunber); out of an expected 10,6G6 respondents 9045 were 
actual ly  contacted and 7721 provided i n t ~ r v i e w s  (85.4:; of those 
contacted).  Respondents provided estircates of t h e i r  annual and 
past week's driving mi 1 eage; basic information on venicl es used 
in the past week; other vehicles i n  the household; bicycle use; 
de t a i l s  of a i l  t r i p s  driven on one of the previous three days 
(o r ig in ,  des t inat ion,  purpose, time, l i g h t s ,  durat ion,  s tops ,  
di s tance,  5 road types, vehi c ?  e bsed, passengers, and avai 1 abi 1 i  ty  
of p u b l  i c  t ranspor ta t ion)  ; and personal backgrwnd. (One trip 
was defined as a complete journey w i t h  no s ingle  s tcps  of  more 
than one hourj.  

HA. Stewart, 3 .  Richard. An Analysis of Annual Mileage Self-Reported by 
Renewal Appl i can t s ,  Chapel Hi1 1 : dniversi t y  of North Carolina Highway 
Safety Research Center, about 1973. (This study i s  a lso  reported in 
Section 3 of Improved Exposure Measurements: Final Report by the Research 
Triangle I n s t i t u t e ,  1 9 7 6 .  

Discusses the data from a sel f-administered questionnaire f i l  ?ed 
o u t  by renewal applicants throcrghout North Cdrolina during 7 
days i n  January 1973 i r ~  conjunction with  he evaluation cf 
new wri t ten  dr iver  ? icense exa,ni~~at ions  ; usable informatior? 
cn age, sex,  race,  a n d  es t inataa  znnual driving pi lease  das 



o b t a i n e d  f rom 12,695 d r i v e r s ;  o t h e r  i n f o r m a t i o n  o b t a i n e d  f rom 
most  o f  t h e  app l  i c a n t s  i n c l u d e d  educa t i on ,  o c c u p a t i o n  o f  s e l f  
and p a r e n t s ,  d r i v e r  educa t i on ,  t y p e  o f  v e h i c l e  u s u a l l y  d r i v e n ,  
annual and p a s t  week" n i l e a g e  i n  t h a t  v e h i c l e ,  p a s t  week's 
t o t a l  m i l eage  and percentage between m i d n i g h t  and 6:00 AM, and 
i nvo l vemen t  i n  an a c c i d e n t  i n  t h e  p a s t  y e a r .  I n  t h e  a n a l y s i s  
d r i v e r  r e c o r d  da ta  f o r  t h e  p r e v i o u s  4 y e a r s  was combined w i t h  
t h e  q u e s t i o n n a i r e  d a t a  t o  o b t a i n  a c c i d e n t  r a t e s  i n  8 age/sex 
c lasses  by f o u r  annual m i l eage  groups.  





I .  USE OF T E L E P H O N E  INTERVIEWS 

11, Campbell, E .  Q ' F :  " Inves t i ga t i on  of Exposure t o  Risk Factors  Among 
Young Drivers (16-25 Years) 1969-1 971 ," Canadian Journal of  Pub1 i c  
Health 63(6):504-507 (Nov.-Dec, 1972) -. 

Report of a s tudy  by t h e  T r a f f i c  I n ju ry  Research Foundation 
of a cc iden t s  and v i o l a t i o n s  in r e l a t i o n  t o  exposure in a 
sub j ec t  sample of  2000 Vancouver d r i v e r s  aged 16-25 and a 
con t ro l  sample of 2000 d r i v e r s  aged 42-51 ( i n  matched p a i r s  
on sex and r e s i d e n t i a l  l o c a t i o n ) .  Used p r ima r i l y  te lephone 
but some face- to - face  in te rv iews  t o  ob t a in  d e t a i l e d  i n fo r -  
mation about  t h e  most r e cen t  24 hours of weekday d r i v i n g ,  
about ~ s u a l  and ~nuau61  %eekend i r i v i n q ,  about vacat ion motor - 
t r i p s ,  and about es+ imat2d  annual mi l eaqe .  Information was 
obtained from 759 s u b j e c t s  and 733 c o n t r o l s .  Male c o n t r o l s  
averaged higher  annual VMT (8076) than male s u b j e c t s  (7070) ,  
whi le  female sub j ec t s  averaged higher  (3425) than female 
c o n t r o l s  (2737).  Male s u b j e c t s  had about 6OCL more acc iden t s  
per  mile than male c c n t r o l s ,  and female s u b j e c t s  had about 25% 
more than female c o n t r o l s .  Male s u b j e c t s  had twice a s  many 
v i o l a t i o n s  per mile  a s  male c o n t r o l s ,  b u t  female s u b j e c t s  had 
s l  i g h t l y  lower viol  a t i o n  r a t e s  than female con t ro l  s .  How- 
ever  looking a t  t he  teenage s u b j e c t s  s e p a r a t e l y  one f i n d s  the  
teenagers  with a 203 lower a cc iden t  r a t e  than t h e i r  con t ro l s ,  
while t h e  s u b j e c t s  in  t h e i r  twent ies  have twice t h e  acc iden t  
r a t e  of t he  c o n t r o l s .  

12. Cla rk ,  I i I ,  J . E .  and D . A .  Morin, "Securing Travel Data by Telephone 
In t e rv i ews" ,  T r a f f i c  Engineering 36 (9 )  :47-49 (June 1966) .  

Reviews some previous s t u d i e s  using t he  telephone t o  ob t a in  
t r ave l  d a t a ;  r e p o r t s  a success fu l  p i l o t  s tudy of  60 house- 
holds i n  Salem, Oregon (response r a t e  93:; - a l e t t e r  from the  
Mayor with trip log forms was s e n t  p r i o r  t o  the te lephcne i n t e r -  
v iew) ;  and provides prel iminary da t a  from t h e  1965 Spokane 
Metropol i t a n  Area Transpor ta t ion  Survey showing very comparable 
f i nd ings  f o r  t h e  telephone in te rv iew method compared t o  t he  
conventional home in te rv iew method. Concludes t h a t  t e l  ephone 
in te rv iewing  has t h e  advantages of c o s t  s av ings ,  g r e a t e r  ease  
of ob ta in ing  f i r s t h a n d  t r i p  r e p o r t s ,  g r e a t e r  abi 1 i t y  t o  make 
many c a l l s  and a t  v a r i o ~ s  t imes thus  improving the  response 
r a t e ,  and e a s i e r  superv i s ion  and moni tor ing.  

1 b n d a k 3 r ,  V .  S e t t y ,  "Origin-Dest inat ion S tud i e s  - The Telephone Technique",  
T r ~ f f i c  Engineering and Control - 5 ( 7  j :&48-a5? (1 966) .  

2eport  of a t r i p  survey j n  Pr ince George, B.C. ; 1290 homes 
were telephoned i n  t h e  evening (200 each day ?donday through 



Saturday) and asked about motor vehicle ownership, work 
travel  means, and t r i p s  made between 3 and 7 PM on the  same 
day; extensive pre-survey pub1 i c i t y  was used, and the  refusal  
r a t e  was l e s s  than 1 %  while no answer on the  f i r s t  c a l l  was 
only 5%; the  t o t a l  survey required only 120 person hours.  

14. Rappeport, Michael and Pa t r i c i a  Labow. Automobi 1 e Usage Pat terns  - 
High1 i g h t  Report: Vol . XIV, Princeton: Opinion Research Corporation, 1975. 

A br ief  repor t  of a summer 1975 telephone survey (probably 
using Random Digit Dial ing) of 1007 respondents aged 18 or  
more; 1 i  t t l e  methodological information i s  included b u t  
apparently respondents were asked about automobi 1 e t r i p s  made 
during some shor t  period: d is tance ,  purpose, planned or  
routine o r  spontaneous, frequency per week, possi bi 1 i  t y  of 
going only once a week, degree of enjoynent from t r i p  purpose, 
avai labi  1 i t y  of pub1 i c  t r anspor ta t ion ,  possi oil i t y  of com- 
bining t r i p s  fo r  d i f f e r e n t  purposes, degree of necessi ty of the 
c r i p ,  degree of wil l ingness to  cut  out the tr ip t o  save gas,  
degree of wil l  ingness t o  cut  out the  t r i p  to  save money on 
gas ,  and whether would have s t i l l  made the  t r i p  i f  gas cos t  
704 a gal Ion o r  i f  gas were rationed to  1 0  ga l lcns  a week o r  
i f  i t  took one hour in 1 ine t o  buy gas .  Every s ing ie  
respondent had made a t  l e a s t  cne automobile t r i p  i n  the  pre- 
vious week. 



J .  USE OF MAIL QUESTIONNAIRES 

J1. Bygren, Lars 01 av "The Driver 's  Exposure t o  Risk of Accident", 
Scandinavian Journal of Social Medicine 2:49-65 (1 974) (Dept . of 
Social Medicine, Karolinska I n s t i t u t ,  Stockholm). 

Report of a mail survey to 3 age-s t ra t i f i ed  samples of urban 
(Stockholm), suburban ( 4  areas outside Stockholm), and rural 
(4 areas of Ostergotland County) registered res idents  born 
1876-1 949. The original  sample to ta led 22,575; response ra tes  
were: Urban 10995/12984=85%; Suburban 4428/15445=81%; Rural 
3767/4146=90%. Average sample age was lower in suburbs + 
higher in c i t y  - also  more female and s ingles  in c i t y ;  90% 
of responses described driving in a week in May 1965 - the 
other 10% second-chance respondents described a week in June; 
2 reminders were sent  o u t  a t  end of each week; some supple- 
menting phone c a l l s  were made for  missing information ( t he  
national t r a f f i c  was heavier in June weeks (153 M k m . )  than 
in May weeks (137 M, 138 M ) ) .  

The questionnaire included 1964 mileage by moped, motorcycle, 
ca r ,  t ruck,  e t c .  ; miles driven during each of 42 4-hour 
periods over one week; ?L of week's mileage by 3 purposes; 
urban-rural areas;  employer's or  other czr;  with a n d  without 
passengers; type of driving license; and when got f i r s t  l icense. 

Poorer male response ra tes  than female, age 36-45 lowest in 
both sexes. Interviewed 196 of a sample of 262 nonrespondents - 
of the 64 remaining 20 could n o t  be t raced,  39 couldn ' t  be 
reached, and 5 were dead - par t i cu la r ly  unavailable were young 
men and women and men u p  t o  45; found a somewhat greater  averaqe 
mileage per dr iver  f o r  the nonrespondent group (17 .5K)  than 
fo r  the 3+ reminder group (13.4 K )  and fo r  the easy respo~dents  
(0-2 reminders) ( 1 2 . 6  K). 

52. Car ro l l ,  Phil ip S .  Driver Exposure Survey: A Field Test of the Trip- 
Log Method, A n n  Arbor: U-N tiighway Safety Research I n s t i t u t e ,  1974, 

Reports the r e su l t s  o f  a mail questionnaire sent  t o  1 0  ran- 
domly selected Michigan dr ivers  every day throughout 7973; 
the accompanying i e t t e r  was from the Directcr of the Michigan 
Office of Highway Safety Planning; the t r ip- log form asked 
fo r  the d r i v e r ' s  age and sex and fo r  deta i led  information ?bout 
every t r i p  made on a designated future  day (vehicle type,  rake ,  
nodel, and year;  begiqning 2nd ending odometer readings; a n d  
es-cimated d a y l n i ~ h t  miles and miles on four types of roads) ; 
i f  tne t r i p  information was n o t  recorded on tne designated date 
( 3  days a f t e r  mail i n g )  the responden, was instructed t o  use i: 



on some other date of his own choice, b u t  hcw often t h i s  was 
done i s  not reported; about 9% of the questionnaires were 
returned undelivered by the post o f f i c e ;  excluding these from 
the sample the 959 returned t r ip- logs  provide a 30% response 
r a t e ;  no iden t i f i ca t ion  data were requested and no follow-up 
procedures were attempted. Even though 23% of the respondents 
reported no driving on the designated day, the overall average 
dai ly  mileage was considerably higher than the average e s t i -  
mated by the Michigan Department of Highways. These exposure 
data and a f i l e  of 1973 Michigan accidents were analyzed in 
18 exposure c lasses  using s ix  variables (sex,  vehicle type, 
model year ,  age, road type, and daylnight) ,  and the resul t ing 
accident ra tes  f o r  these 18 c lasses  were determined. 

53. Carrol l ,  Phil ip S .  Driver Exposure Survey: A Field Test of the Trip- 
Log Method, Ann Arbor: U - M  Highway Safety Research I n s t i t u t e ,  1975. 

Reports the r e su l t s  of continuing the above mail survey 
throughout 1974 using the identical  procedures ; 979 completed 
forms were obtained for a response ra te  of 31%; in t h i s  report  
only exposure data were analyzed and compared with the 1973 
survey; overall the average dai ly  mileage showed almost a 
10% reduction in 1974. 

54. Foldvary, L . A . ,  " A  Method of Traff ic  Survey in Queensland; Design and 
Application, 1963", Australian Road Research 1 ( 1  ) :27-42 (Dec. 1963) 

Explains design of the p i l o t  study in Queensland and  plans 
fo r  the fu l l  study; 100 questionnaires are  mailed out dai ly  
t o  owners of registered vehicles due t o  renew t h e i r  annual 
reg i s t ra t ion  (same mailing as the average of 1250 renewal 
notices sent  5 weeks before the expiration date and to  be 
returned together)  - 5 selected randomly from the dai ly  motor- 
cycle subregis ter ,  5 selected randomly from the dai ly  taxi 
subregis ter ,  and 90 selected systematically from t h 2  dai ly  
mixed motor vehicle subregis ter ;  t h i s  method includes vehicles 
which have been re t i red  and  misses vehicles newly registered 
within the study year;  f o r  expanding r e su l t s  t o  the whole popu- 
l a t ion  the return r a t e  and the sampling f ract ions  can be eas i ly  
appl ied;  personal interviews with a sample of nonrespondents 
t o  study bi 3s were planned, b u t  there wasn't  enough money. 
Requested t r i p  information fo r  a pa r t i cu la r  day of the  week 
next a f t e r  receiving t h e  questionnaire. I n  the p i l o t  stgdy 
they got higher returns w i t h  a  questionnaire form which in-  
cluded the individual reg i s t ra t ion  ni~rnber than with a  for^ 
which l e f t  i t  cu t , s o  i t  was decided t o  include the number 
plus new questions on owner's occupation and on  reason for no 
t r i p s  a n d  both beginning and ending t ines  fo r  each t r i p .  



55. Foldvary, L . A .  "Methodological Lessons Drawn from a Vehicle Mile 
Survey", Accident Analysis and  Prevention 1 (3 )  : 223-244 ( 1  9 6 9 ) .  

Brief description of the methods used to  obtain 23,694 
travel reports from owners of registered vehicles in Queens- 
land, A sample of 100 owners was drawn daily fo r  18 months 
from the daily subregister  of persons t o  be notif ied tha t  
they should re reg i s te r  ( a b o u t  5 weeks before the dead1 ine)  . 
Overall original return ra te  was 36.5%, which was brought u p  
t o  86% for  four months in which u p  t o  two reminder l e t t e r s  
were sent t o  nonrespondents . Comparisons of the original 
a n d  reminder returns were used t o  adjus t  8 of 89 c l a s s i f i -  
cat ions.  Two types of questionnaires were used in the second 
half of 1963, one with a n d  one without regis t ra t ion number, 
and  the former g o t  the higher original response ra te  (33.7 t o  
30.3). I n  1964 a th i rd  questionaire was used which asked 
some more personal information and i t  g o t  a 37.9% original 
return (40.3% in the f i r s t  6 months, 34.7:L in the second 6 
months). Thus season seemed qui te  s ignif icant  in return 
r a t e .  The travel reports were assigned t o  a par t icular  
future day of the week b u t  n o t  t o  a speci f ic  da te ,  a n d  asked 
about each t r i p  of the vehicle on  t ha t  day including times, 
or ig in ,  des t inat ion,  pur?ose, occupants, and age and  sex of 
driver.  

J6. Foldvary, L . A .  "Road Accid2nt involvement Per Miles Travelled - I ,  11, 
1 ,  dccident Analysis and Prevention 7 (3)  :I91 -205 (Sept. 1975), . 

8(2):97-128 (June 1976), 9 1 ) :21-54 (March 1 9 7 7 ) .  

Report of the resu l t s  of an 18-month survey of registered 
motor vehicles in Queensland, Austral i a ,  during 1963-64 
involving sending a mail questionnaire t o  100 owners daily 
and asking them to  f i l l  o u t  a vehicle use questionnaire f a r  
one designated future day of the week. With two reminder 
l e t t e r s  an 87;; response r a t e  was achieved. Information col- 
lected included vehicle type, owner occupation, a n d  fo r  each 
t r i p  the driver age & sex, beginning and end times, distance,  
purpose, occupancy, and fo r  commercial vehicles weight and 
load. The study also collected data o n  27,000 1961 accident 
involvements in Queensland, and using the vehicle t r i p  d a t a  
as the denominator analyzed differences in accident ra tes  f o r  
a lzrge number of cross-c lass i f ied  variables,  e . g . ,  1 2 - 2  A?!, 
had a n  overinvolvement ra te  of 6.77 compared t o  other ?-hour 
periods, Saturday had an overinvol vement ra te  of 1.54 cornoared 
w i t h  other days of the week, e t c .  The second section ~ e ~ o r t s  
a c c i d e n t  ra te  analyses of other variables(some cross-ci a s s i  f i e d )  
such as occupancy and seat  posit ion,  vehicle type ( 3  categor ies) ,  
brake horsepower, braking surface area ,  venicl e weicnt , car 



coll  i sion type ( 3  c a t e g o r i e s ) ,  accident sever i ty  ( 2  c a t e g o r i e s ) ,  
and geographic area (Brisbane metro, other  urban, r u r a l )  - 
includes evidence t h a t  r ea r  sea t s  a re  sa fe r  than f ron t  sea t s  
especia l ly  in s ing le  car  acc'dents (outboard passenger s e a t  l e a s t  
s a f e ) .  The th i rd  sect ion adds analyses of vehicle type by area 
(commercial vehicles sa fe r  overal l  b u t  n o t  in rural a r e a s ) ,  and 
age of vehicle by vehicle design variables and by sex of dr iver  
and age of d r ive r ,  e t c .  

5 7 .  Kent, Perry M .  Guide f o r  Truck Weight Study Manual, Washington: Federal 
Highway Administration, 1971 . 

Chapter IV describes a recommended method fo r  obtaining s t a t e  
commodity movement by mai 1 based on ? i l o t  t e s t s  in three  s t a t e s  
in which samples of regis tered  trucks were sent  a mail question- 
na i re  asking about t ravel  on a pa r t i cu la r  fu ture  day; the average 
i n i t i a l  response r a t e  was 24.53 with no reminder, 26.7'; with a 
phone reminder on the travel  day o r  the next day, and 27 .C% with 
a mail reminder posted t o  a r r i v e  on the travel  day o r  the next 
day; with follow-up qgestionnaires sent  one and two weeks l a t e r  
to non-respondents the average response r a t e  was brought up  to  
78.1%. The quest ionnaire asks about vehicle type,  load,  and 
locat ion a t  2 AM on the travel  date and a t  u p  to  10 desxinations 
on the travel  day i ncl tiding mi 1 eage and purpose of each t r i p  
plus a 24-hour mileage est imate.  

58. Morison, i . W .  "Canberra - A Review of Recent Traff ic  Studies" ,  Proceed- 
ings of the 1952 Conference of the Australian Road Research Board. Vol. 1 ,  
Part  1 , p p .  376-337. 

Describes an or ig in-des t ina t ion  survey in Canberra using a 
post card method t o  obtai n o r i g i n ,  des t ina t ion ,  time, purpose, 
and means of a l l  t r i p s  on one week day; cards were mailed to  
regis tered  vehicle cwners and handed t o  dr ivers  of government 
vehicles and t o  bus passeEgers - obtained 3lmost a 502 response 
r a t e  with the ass is tance  of press and radio pub l i c i ty .  

59. Pianek, Thomas Y.  and Richard C .  Fowler. "Traff ic  Accident Problems and 
~ x ~ o s u r e  Characteri s t i  cs  of the Aging Driver" , Journal of Gerontoi oqy 
26(2) : 224-230 ( 1  971 ) . 

Discussion of a mail quest ionnaire sent  to  5OOO I l l i n o i s  dr ivers  
over 5 5 ,  and 1000 California d r ive r s  over 55; with 1 fo l low-d~  
mailing the I l l i n o i s  resDonse r a t e  was 3E!.l3; and the Cai i fornia  
response ra t e  was 43.8:; a l so  included in the analys is  were 789 
questionnaires returned cut  of 1500 d i s t r ibu ted  by the Arrierican 
Associaticn of % t i r e d  Perscns. ilata e l e ~ e n t s  included estimates 
annual miiesge, frequency of dr iv ing,  frequency o f  rush hour 
driving , cercentage of 2 f t . e ~  d;rl? dr i  vi P S ,  decl i ~e in h in te r  d v i  vi n ~ ,  
perceniases c f  d r i v i n g  on f9ur types of roads, own perceived 
driving faui t s ,  and owl p e r c e i ~ z g  operational driving problems. 



K .  COMPARISONS OF VARIOUS EXPOSURE DATA COLLECTION METHODS 

K1. Carroll ,  Phil ip S .  e t  a l .  Acquisition of Information on Exposure and 
Non-Fatal Crashes, Ann Arbor: HSRI, 1571 . 

Section 5 of Volume I b r i e f ly  mentions a number of special 
surveys conducted among Washtenaw County l icense renewal 
appl icants (see H 2 ) .  Roughly comparable response ra tes  were 
obtained for  o f f i ce  interviews and of f i ce  questionnaires (88%- 
92%) ,  while an off ice  interview plus 2 mail-back odometer 
postcards had a 54% response r a t e ,  an off ice  interview with a 
mailback t r i p  log had a 59% response r a t e ,  an o f f i ce  s e l f -  
administered questionnaire with a mailback t r i p  log had a 50% 
response r a t e ,  and a telephone interview with a sample obtained 
a t  the off ice  had a 58:: response r a t e  (without repeat c a l l s ) .  

K2. DiRenzo, John F .  and Robert A .  Fe r l i s .  Guidelines for  Designing Travel 
Surveys for  Statewide Transportation Planning, Washington: Peat,  :4arwick, 
Mi tchel 1 , and Co. , May 1976. 

Includes an overview of survey design concepts and issues;  
a discussion o f  sample design and estimated levels  of pre- 
ci  sion in household surveys ; a discussion of the advantages, 
disadvantages , and recommended procedures fo r  in-person, mai 1 , 
and telephone methods; advice on adjustments for  nonresponse; 
and discussion of sampl i n g  procedures and precision i eve1 s 
for  roadside surveys wi t h  various purposes. 

Appendices include some comparative tab1 es of data from various 
travel surveys and an i 11  ustrat ion of procedures for  calculat ing 
the design e f fec t  and variance in c lus te r  samples. 

K3. DiRenzo, John F .  Travel Survey Procedures f o r  Statewide Transportation 
Planning,. Washington: Peat,  Marwick, Mirchell , and Co., April 1976. 

A review of various procedures fo r  conducting household travel 
surveys, roadside surveys, and model surveys including a few 
studies which compare the effectiveness of a l t e rna t ive  methods. 
Among the household data c i ted  was a 92:; response r a t e  in a 
Connecticut facs-to-face interview survey, a 4OCL response r a t e  
in a Kentucky mail survey (plus 5% by telephone or face-to-face 
interview),  a 63'; response r a t e  in an upstate New York telephone 
interview, and a 90% response ra te  in a Delaware telephone i n ~ e r -  
view. Three communi ty s tuaies  comparing c he i n-person ana telephone 
interview nethods (Kalamazoo, Yarysvii le-'tuba City , and Spokane) 
csncluaed tha t  e i the r  merhod was sa t is facrory  b u t  chat me tz;e-  
 hone m i g h t  lead t o  underreporting o f  t r i p s .  A 9ew qaven s t ~ d y  
by the Census Bureau ccmpared a mai 1 quesrionnaire l w i  t h  an in- 



person interview; the respondents t o  the i n i t i a l  mailing had 
a very high average number o f  t r i p s ,  b u t  t h i s  average declined 
among respondents to the second mail ing and to  l a t e r  telephone 
and in-person fol 1 ow-up interviews . 
Roadside i o l l  ow-up techniques reviewed include a Northeast 
Corridor study comparing an interview plus a mail back survey 
(36% mail back response) to a stop plus a mailback survey (only 
18:; response), and a San Francisco-Sacramento Corridor Study 
in which l icense plates were recorded and a mail-back survey 
was dis t r ibuted by mail to  the vehicle owners (74% response). 

Appendices give fu l l  e r  deta i l  s about the above-mentioned and 
other studies including a number of l icense pla te  matching mail 
surveys. 

K4. Federal Hishwav Admini s t r a t i on .  Urban Orici n-Destination Survevs : 
Dwell i n g  G i  t 3urvey, Truck and T m f i  eys, External Survey, Washington, 
reprinted July 1975, 309 pp.  

The most recent update of a procedural guide fo r  conducting 
a comprehensive origin-dest ination survey, f i r s t  pub1 ished by 
the Bureau of P u b 1  i c  Roads in 1944 and l a s t  revised in 1954. 
The guide includes detai led advice about sampling and data 
col lec t icn  methods fo r  dwell ing u n r  t t r i p s  on a travel day, 
ncl udi ng i n-person home interview, telephone i ntervi ew, and 

self-administered qaestionnai re inethods ; about roadside data 
col lect ion methods fo r  t r i p s  crossing the external cordon l ine 
around the study a rea ,  including interview and postal survey 
methods anb an appendix on roadside interviewing a t  high volume 
s t a t i ons ;  about ?rocedures fo r  special surveys of t r i p s  on 
specif ied travel  days of trucks and taxi samples; about data 
processing procedures, qua1 i t j  control methods, and accuracy 
checks against  other data sources; and about special purpose 
surveys such as mass t r a n s i t  surveys, i n t e r c i t y  bus surveys, 
a i rpor t  surveys, parking surveys, e t c .  A glossary and a 
1 engthy appendix provide useful examples of ideas discussed 
in the t ex t .  

K5.  Kobas, G . Y .  and C . G .  Drury. "The Bicycl is ts '  Exposure t o  Risk", in 
Proceedings of the 6 t h  Congress of the International Ersonomics Assoc- 
ia t ion,  College Park, Md., J u l y  17-16, 1976, p p .  484-487. 

A brief  report  of two surveys of b icyc l i s t s  in the Suffalo area;  
one was a mail survey in ivnich b icyc l i s t s  nere asked t o  provide 
a detai led descri9tion of the rodte o f  t h e i r  l a s t  bicycle t r i p  
plus other pertinenr information about themselves and t he j r  
bicycle; the other was s roadside survey in  w h i c h  b i c y c l i s ~ s  
wEre stoppsd ?nd i~~ te rv iewed  a b o u t  :heir current journey e t c .  



K6. Shoul, Jean. Factors Which Constrain the Variabil i ty of a G ~ o u D ' s  
Mi 1 eage and Other Exposure Variables , Sal ford,  Engl and : Road Safety 
Research Unit , Uni versi ty  of Sal ford ,  1976. 

A par t ia l  report of an elaborate panel survey of the driving 
behavior of three groups of s ix th  form high school students:  
those w i t h  a pre-driving course including classroom instruction 
and some off-road car  ins t ruct ion,  those with a driver education 
course which also included considerable on-road ins t ruct ion,  
and those with no high school driver t ra in ing.  Three d i f fe ren t  
panels were selected from the 1969-70, 1970-71 , and 1971 -72 
school years ,  each to be followed up a t  6-9 month in tervals  
t i l l  1974; thus there were 8 contacts with the f i r s t  panel, 6 
contacts with the second panel, and 5 contacts with the th i rd  
panel. The i n i t i a l  data collect ion was by group-administered 
questionnaire in the schools, while the subsequent data col- 
lect ions a1 ternate ly  used home in-person interviews and postal 
questionnaires as the primary txethod; since many of the sample 
members were University students the data col 1 ect ions were 
scheduled for  holiday periods; high response ra tes  were o b -  
tained with f inal  analysis driver sample of 569 male a n d  349 
females. Data elements col lected included estimated t o t 2 1  
mileage ever,  l a s t  7 days mileage, average weekly mileage, rough 
proportions of nighttime and motorway driving , most frequent 
driving purpose, general seat  be l t  use, general passenger types, 
ownership and type of normally driven vehicle,  accident history , 
and t r a f f i c  offense hi s tory .  

K7.  Traff ic  and Operations Dept., Highway Research Board. "New Concepts in 
0-2 Studies",  1967 Origin and Destination Committee Meeting, Washington. 

Discussion of use of drop-off and pick-up self-administered 
questionnaires in Ohio and of telephone interviewing methods i n  
dwell i n g  unit  t r i p  surveys. 

K8. Urban Transportation Systems Associates. "Eval uation of A1 te rnat ive  
Data Collection Techniques", Rhode Island Statewide Origin-Destination 
Study: Task 4 Report, Providence: Sta te  of Rhode Island,  1970. 

Includes a comparison of telephone and in-person home in te r -  
view methods in Rhode Island t r i p  surveys. 





L .  COMPARISONS O F  VARIOUS EXPOSURE MEASUREMENTS METHODS 

L1. Carrol l ,  Phil ip S ,  - e t  a1 . Acquisition of Information on Exposure and 
on Non-Fatal Crashes, A n n  Arbor: HSRI , 1971 

Section 5 of Volume I reports  a small study of the accuracy of 
7-day mileage estimates; in the 1969 preliminary exposure sur- 
vey of Washtenaw County l icense renewal applicants (see H2) 
448 interviewees were asked t o  return two odometer-readi ng 
postcards a t  about one-week in te rva l s ,  and 54% cooperated by 
returning both cards; the comparison of the odometer mileage 
and  the respondents 7-day estimate of personal driving i s  con- 
founded by the d i f fe ren t  time periods, by the f ac t  t ha t  some- 
one e l s e  might drive the same vehicle,  and conversely by the 
f a c t  tha t  the respondent might drive some other vehicles. For 
the 242 cases the mean 7-day respondent estimate was 297 with 
a standard deviation of 456, while the mean 7-day vehicle 
odometer mileage was a smaller 276 with a standard deviation 
of 261 ; the much larger standard deviation of the estimated 
mileage i s  indicative of the unrel iabi 1 i ty of some est imates,  
b u t  unfortunately the standard deviation of individual d i f -  
ferences i s  n o t  given. 

Appendix G of Volume IV indicates t ha t  in the national p i lo t  
survey the mean 30-day mileage estimate was 1013 with a 
standard e r ro r  of 1400; 50% of the respondents gave answers 
t o  the nearest 100 and 228 gave answers t o  the nearest 1000; 
i f  one assumed an average of 50 miles rounding e r ro r  tha t  would 
s t i l l  seem to be only a small part  of to ta l  e r ro r .  

1 2 .  'douse, Elizabeth G .  and Patr ic ia  F .  Waller. Accuracy of Drivers'  
Estimates of Vehicle Miles Driven, Chapel Hill : University of North 
Carolina Highway Safety Research Center, 1971 . 

Report of a study to  t e s t  the accuracy of mileage estimates 
by unobtrusively observing the odometers of Universi ty-registered 
cars in University parking l o t s  and sending mai 1 questionnaires 
t o  the owners; 2276 odometers were successfully read in the f a l l  
of 1969, 2245 questionnaires were sent  t o  owners in the spring 
of 1970, and 806 of these odometers were read again in the spring 
of 1970; 5.7:; of the questionnaires were returned unopened, o f  
the remainder 805 were completed a f t e r  one follow-up mailing 
three weeks l a t e r ;  each respondent Nas asked to estimate the 
monthly and annual mileages on the car 9e or she usually drove 
plus percentages the car was driven by someone e l s e ,  was driven 
during the three summer months, was driven in town, a n d  was 
driven for  business purFoses; a to ta l  of 505 cases nad b o t n  
odometer readinqs and a driver estimate for  t ha t  c a r ,  and the 



r corre la t ion  between actual and estimated monthly mileage 
was 0.65; there were more over-estimates than under-estimates 
of monthly mileages co~pared  t o  the actual mean of 903 miles 
( w i t h  a standard deviation of 427  miles)  ; half of the monthly 
es t iva tes  d i f fered  by more than 200 miles, and 10% dif fered  
by more than 600 miles; a simple 2-factor  formula was developed 
which made an 18:; improvement in the whole-sample prediction 
of actual monthly mileage from estimated monthly mileage. 

L3. Negri , D. Barry, Vehicle Mileage Exposure Study: Final Report, 2eport 
DOT-HS-800 961 from Contract DOT-HS-245-2-476, Sept.  1973. 

Used over one mil i ion pai rs  of 1970-72 odometer readings from 
N , Y .  inspection receipts  t o  obtain annual vehicle mileages; 
then compared these actual mileages with two methods of ext ra-  
polating annual mileages from a s ingle  odometer reading. The 
f i r s t  assumed uniforv dai ly  miizage from April 1 of the vehicle 
model year to the date of the odometer reading. The second 
method involved comparing the average odometer readings fo r  
each make/model year group ~ v e r  2 years .  in comparisons of 
the  group averages by the two methods with the  actual group 
averages the second method ai;vays gave too 1 ow r e s u l t s ,  while 
the f i r s t  nethod >tias pore accurate except f o r  the two newest 
models where the extrzpolat ions tended t o  be too high and 
for  some of the older  models where they tended to  be scmewhat 
l ow ( su rp r i s ing ly )  . 

L4.  Research Tri angl e Ins t i  t u t e  Envi ronmental Analysis Department. Improved 
Exposure Measures: Interim Ropart, - December 1972. 

Chapter 3 contains a comparison of two annual mileage e s t i -  
mates obtained from the 1969-70 National Personal Transpor- 
t a t ion  Study (one based on the  annual estimate and the other  
based on conversion of the 1 day c r ip  mileage) and o f  three 
annual mileages from HSRI's i970 national stgdy of dr iver  
l icense  renewal applicants  (one based on conversion of the 30 
day est imate,  one based on conversion of the  7 day estimate 
fo r  a1 1 d r i v e r s ,  and one based on conversion of the 7 day 
estimate for  dr ivers  of only one c a r ) .  Within the NPTS the 
annual estimates !were considerably larger  than the  1 -day con- 
versions, b u t  bcth NPTS f igures were subs tan t i a l ly  l e s s  than 
the three HSRI f igures  fo r  each o f  s ix  zge-sex c las ses ;  within 
the ESRi study tiie 7-day conversions were qui te  a b i t  higher 
than the 30-day conversions for  a l !  s ix  groups. O f  course 
no independent v a ?  idat ion data were avai 1 abl e f o r  e i t h e r  study 
(a1 though i t s '  of i n t e r e s t  t h a t  FHiJA annual mileage estirnatos 
are in between the NPTZ s n n d s l  estimate and the HSRI 30-day 
canversion).  



L5. White, S.B, "On the Use of Annual Vehicle Miles o f  Travel Estimates 
from Vehicle Owners", Accident Analysis and Prevention 8 (4 )  :257-261 
(Dec, 1 9 7 6 ) .  (Also reported b r ie f lv  in Section 4 and Appendix D of 
RTI  ' s improved '~xposure  ~ea su remenc  : Fi nal Report , 1976, b u t  wi t h  
somewhat d i f ferent  f igures ) ,  

The Research Triangle I n s t i t u t e  sent  mail questionnaires to a 
sample of 911 North Carolina motor vehicle owners whose vehicles 
had been inspected in Oct. 1974. There was a 63% response ra te  
with one follow-up mailing a f t e r  3 weeks, only 433 of these 
cases also had a sa t is factory  pair  of odometer readings from 
the inspection receipts  (approximately 12 months a p a r t ) .  The 
annual mileages obtained from the odometer readings were com- 
pared with owner estimates of 12-month vehicle mileages, and 
there was an r correlat ion of 0 .67 .  The mean was only 423 
greater  fo r  the estimated vehicle VMT than for  the actual vehicle 
VMT, b u t  the standard deviation of the individual differences 
was 5363 miles. Thus individual estimates exhibited a great  
degree of unrel iabi 1 i ty , b u t  the overall estimated mean seemed 
f a i r l y  rel iable .  I n  par t icular  owners tended t o  overestimate 
VMT for  low mileage and older vehicles and to  underestimate 
VMT for  high mileage vehicles, which could have important ef fects  
on analyses using mean estimates in cer ta in  subgroups such as 
older vehicles. 








