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Background 
- 

The HFMS e f f o r t  i s  d i r e c t e d  t o  t h e  des ign  and development of a  cont inuing  
frame of  r e f e rence  which is  capable of a s se s s ing  t h e  performance of 
highway systems f t h  r e s p e c t  t o  t he  s a f e ,  e f f i c i e n t ,  and economical. 
movement of pcop e and goods, and which i s  a l s o  a b a s i s  f o r  f o r e c a s t i n  
t h e  p o t e n t i a l  impacts of f u t u r e  a l t e r n a t i v e  programs and p o l i c i e s  on such 
performance. 

The development of a  framework f o r  monitor ing changes i n  t h e  phys i ca l  
and ope ra t fona l  c h a r a c t e r i s t i c s  of highways r e q u i r e s  t h e  f d e n t i f i c a t i o n  
of s p e c i f i c  ata  elements  necessary f o r  t h e  d e r i v a t i o n  of performance 
measures pe r  t o  n a t i o n a l  p o l i c y  planning and program e v a l u a t i o n  
concepts .  P r  nary t o  t h i s  paper ,  t h e r e  w a s  developed a t e n t a t i v e  
group of d a t a  elements considered e s s e n t i a l ,  i n  vary ing  degree,  t o  t h e  
measurement of highway .L/ These s p e c i f f  c d a t a  elements  
were s e l e c t e d  w t h e  underlying purpose of  minimizing ongoing and 
unique d a t a  requirements .  

From t h e  beginning of t h e  conceptual  development of HPNS, i t  
envisioned t h a t  MPMS d a t a  w i l l  b e  gathered us ing  s t a t i s t f c a l  sampling 
techniques.  'PPafs paper i s  concerned w i t h  the e f f i c a c y  of proposed 
sampling methods i n  ob ta in ing  e s s e n t i a l  d a t a  element v a l u e s ,  While it  
i s  assurned t h e r e  i s  a " t echn ica l ly  bes t "  way t o  c o l l e c t  sample d a t a  
element e s t ima te s ,  manpower and c o s t  cons ide ra t ions  a r e  necessary  t o  
a r r i v e  a t  a usa Pe sampling p l an ,  The s e l e c t e d  sampling p lan  f o r  m n i -  
t o r i n g  highway e r f o m n c e  must be s imple and y e t  c o s t  e f f i c i e n t ,  b e  
app l i cab le  t o  i n d i v i d u a l  S t a t e  needs, be s u i t a b l e  f o r  d a t a  aggrega t ion  
by f u n c t i c n a l  system a t  r e g i o n a l  and n a t i o n a l  l e v e l s ,  b e  capable  of 
d e t e c t i n g  s t a t i s t i c a l l y  s i  i f i c a n t  changes over  time, and s f n e e  time 
phasing i s  a j a r  concern f o r  S t a t e  workloads, t h e  p l an  must be  
adaptable  t o  t h e  resampling requirements s p e c i f i c  t o  each d a t a  element.  

The proposed sampling plan having t h e  above r e q u i s i t e s  i s  a randomly 
sample o r  "panel" of road s e c t i o n s ,  gene ra l ly  of unequal 

E l  remain f ixed a f t e r  t h e  i n i t i a l  sample s e l e c t i o n  process*  
2e and t e n t a t i v e  subsample d a t a  from t h i s  f i x e d  pane l  of 
n be inven to r i ed  on a c y c l i c a l  bas i s .  The advantages of 

this p lan  a r e  o u t l i n e d  i n  t h e  Sa l e  Design s e c t i o n  of t h i s  paper.  

I n  a d d i t i o n  t o  the pr ry sample and subsample f o r  HPMS d a t a  c o l l e c t i o n  
requirements,  t a r e  two o t h e r  d a t a  c o l l e c t i o n  c a t e g o r i e s  n o t  covered 
i n  t h i s  paper;  Py, ease  s tudies - - l imi ted  t o  necessary  t y p i c a l  d a t a  
t h a t  cannot be fned from a sample of s e c t i o n s ,  and a l s o  areawide 
nonsect ion spe 

No cons idera t ion  has  been given to  t h e  sampling of l o c a l  roads.  The 
consensus is t h a t  t h e s e  roads  are n o t  as s e n s i t i v e  t o  changes i n  t h e  
highway p e r f s  nce elements as a r e  t h e  f ive h ighe r  l e v e l  f u n c t f o n a l  

I/&pendix A--Pr a ry  Data Elements - 





road ca t egor i e s .  I f  they are t o  be sampled, t h e  recommendation i s  t o  
sample t h e  r e l a t i v e l y  high-volume l o c a l  roads on a road s e c t i o n  b a s i s  
Fafth volume grou s t r a t i f i c a t i o n ,  The remaining low-volume roads may be 
sampled on an  a r e a  b a s i s  according t o  t h e  method f o r  e s t ima t ing  l o c a l  
rural and urban W i n  Technical  Report 31, J u l y  1973, Sampling Surveys 
l o r  Est imating Local ,  Rural ,  and Urban Vehicle  Miles of Trave l ,  U.S. 
k p a r t m e n t  of Transpor ta t ion ,  Federa l  Highway Administration. 

A s s d n g  t h a t  the  concept of t h e  f i x e d  panel  is  reasonable ,  t h i s  paper 
w i l l  address  t h e s e  i s s u e s :  

(I) Is t h e  use  of nonuniform l e n g t h  road s e c t i o n s  as sampling 
u n i t s  accep tab le  f o r  a predetermined l e v e l  of accuracy? 

(2) t d a t a  elements a r e  c r i t i c a l  t o  sample s i z e ?  

(3) What n m b e r  af randomly s e l e c t e d  road s e c t i o n s  w i l l  
produce r e l i a b l e  s t a t i - s t i c a l  e s t i m a t e s ,  conforming 
t o  predetermined p r e c i s i o n  l e v e l  requirements ,  f o r  
a s u f f i c i e n t  number s f  d a t a  elements i n f luenc ing  
highway p e r f o  

The s e c t i o n s  t h a  fo l low a r e  concerned wi th  a f a i r l y  d e t a i l e d  d e s c r i p t i o n  
s f  road s e c t i o n  sampling a p p l i c a t i o n s ,  sample des ign  and s i z e  requirements ,  
and an a n a l y s i s  of test r e s u l t s .  Reference i s  made t o  t h e  General 
Assessment s e c t i o n  of t h i s  paper  f o r  t h e  r eade r  who d e s i r e s  a gene ra l  
overview oT t h e  u a l i f i c a t i o a s  and l i m i t a t i o n s  of t h e  proposed f i x e d  
panel  sampling 

Road Sec t ion  Appl ica t ion  

h e  of the f i r s t  concerns i n  t h e  planning of a sample des ign  f o r  e s t ima t ing  
d a t a  element va lues  needed i n  t h e  monitor ing of  highway performance f s  
t h e  a c c e p t a b i l i t  o f  nonuniform road s e c t i o n  l e n g t h s  as primary sampling 
u n i t s .  T r a d i t i o  a l l y ,  most f o m u l a s  use o r  t h e  sampling of v a r i o u s  
highway s t a t i s t i c s  r e l y  upon t h e  un i fo  l e  a s  t h e  b a s i c  sampling u n i t .  
Conversely, field d a t a  records  i n  t h e  S t a t e s  are f o r  t h e  most p a r t  pre-  
f e r a b l y  c o l l e c t e d  from and based on nonuniform s e c t i o n  l eng ths ;  consequent ly,  

-t~-~Xhsa, mr_e~_ra~: g 
A genera l  d e f i n i t i  

of road d e l i d t e d  by any 
s, b r idges ,  r a i l r o a d  

c ros s ings ,  natural o r  manmade b a r r i e r s ,  d e m a r b t i o n s  of convenience, o r  
any combination s f  t h e  preceding.  

rm sections .fqr-t$s product ion  - * -  sf r e l i a b r e  
n t  e s t i m a t e s  r equ i r ed  sec t ion- length  weight ing 
s i n  uniform I-mile s e c t i o n s  a r e  i n t r i n s i k a l Q  
, .* .-.'-% *,*z.w *.-,< 

16 N a t i ~ n a l  ~i gchway Inventory  an"aye<f~I%%i?e"~ 
ed d a t a  provfded a sonvenient  source  f o r  t e s t i n g  
e t ed  d a t a  elements  us ing  l-mLle sampling wits 
araples of nonuniform sec t ion- length  samplfng u n i t s  





I n  c o n t r a s t  t o  q u a n t i t a t i v e  da t a ,  tRe e s t fma te s  for q u a l i t a t f v e  v a l u e s  
(propor t ions)  gene ra l ly  r e q u i r e  no weight ing adjustments .  The p ropor t ions  
f o r  s e l e c t e d  a t t r i b u t e s  o f  d a t a  elements  ( f o r  exafnple, the  percentage of 
gavenent condi t ion  as poor,  f a i r ,  o r  good) a r e  expressed as r a t i o s  of 
sampled a t t r i b u t e  mileage t o  t o t a l  sampled mileage,  r e g a r d l e s s  of whether 
t he  l eng th  of the sarnpled s e c t i o n s  are uniform o r  nonuniform. 

e eurnber of  non i form l e n g t h  sec t ions*  a v a i l a b l e  f o r  sampling i n  r u r a l  
a r e a s  tends t o  be less than  those  f o r  un i fo  l -mile  u n i t s  i n  r u r a l  areas 
because t h e  median s e c t i o n  l eng th  exceeds 1 mile; t h e  r e v e r s e  i s  true 
fo r  urban a reas .  It should be noted t h a t  t h l s  r e l a t i o n s h i p  does n o t  
n e c e s s a r i l y  have bear ing  on sample s i z e  requirements .  Table P i s  de r ived  
from t h e  nationwide NHIPS s tudy f i l e  and g ives  median va lues  f o r  s e c t i o n  
l e n g t h s  by a r e a  and func t iona l  c l a s s .  

Table % 

Median Median 
Sec t ion  Sec t ion  

Rural  Urban - Length 

I n t e r s  t a t @  3 . 9  I n t e r s t a t e  1.0 
Other P r i n c i p a l  terials 2.0 Other Freeway 0.9 
Hinor A r t e r i a l s  1 .8  Other P r i n c i p a l  A r t e r i a l s  0 . 4  
& j o r  Co l l ec to r  1 . 8  Mfnor A r t e r i a l s  0.4 
Minor Co l l ec to r  1 .6  Co l l ec to r s  0 . 3  

i n t a i n  sample des ign  s i m p l i c i t y ,  cons ide ra t ion  is g iven  t o  
two simple rands 

number of sample s e c t i o n s  is  randomly s e l e c t e d  
each func t iona l  highway system i n  each S t a t e  a r e a  

( r u r a l ,  urbanized, o r  sma l l  urban) .  This  method i s  
eneous rnfx of d a t a  element 

va lues  r e q u i r e  an excep t iona l ly  l a r g e  number of samples 
t o  achieve des i r ed  accu rac i e s .  

of sample s e c t i o n s  is  randomly s e l e c t e d  
ed Average Dai ly  T r a f f f c  (ADT) groups 

given function highway system w i t h i n  
is i s  t h e  r e ~ o  ended sample design. 

*Further r e f  erenee t o  " sec t f  on " w i l l  b e  assumed t o  mean nonuniform 
l e n g t h  section 

0 





Bnce the 

allocation of sampling =its into relatively Romogeneous 
ADT volume groups produces estimates of greater accuracy 

ADT for a smaller number of samples at 
lass summation levels. Stratification by ADT 
ther advantages: (1) It serves as a weighting 
antitative data element values sampled from 

sections of nonunifom length; (2)the effect of volume on 
ensitive data element values may be measured; and 
s useful in the application of specific statistical 
suck as ratio estimates for Daily Vehicle Miles 

( D W I )  estimates, 

structure is established, the frequency of samplfng 
operations mst be taken into account. One way is to select a new 
sample of roadway sectkms from which primary sample data are to be 
inventoried on w cyclical basis. This method for obtaining data is 
not recornended for two major reasons: (1) A new sample must be 
taken each cycle with attendant instruction and coordination problems; 
and (2) even though the sample design uses statistical concepts to the ) 
m a x i m u m  extent possible, changing samples may introduce sampling error&$ 
larger than the changes in performance over a period of time, thus 3 
destroying the somparal~ility of performance and impace measures over _ 
time. 

s -  
nded way is to allow the sample of road sections or "panel" 

to remain "fixe 'hafec the initial selection, The primary sanple can 
then be invents ied from this fixed panel on a cyclical basis for the 
desired data element values. The advantages of this method are: (1) 
need for the periodic (drawing of an entirely new sample is eliminated, 
thereby keepin the sampling error relatively constant and increasing 
the validity of comparisons over time; (2) the need to sample many of 
the data elements frequently 5s eliminated because many data element 
value estimates remain unchanged until a capital improvement is made, 
and such an imp ovement can be used as a signal to initiate an update 
for the af feete section; (3) the data elements that consistently 
change in tine an be updated on a cyclical basis, the cycle interval 
being dictated y the eharacterfstics of the individual elements, the 
intended use, d the time/cose considerations; and (4) for the first 
time, a statfs cally sampled "fixed panel" of sections will be established 
that can be a eat aid in yet undefined special studies. 

The concept o he "fixed panel" allows for the making of minor adjustments 
for changes i rban boundaries. It assures statistically valid comparisons 
of performance measures over time for impact assessments and should con- 

In addition to the sample design and data collection time-phasing 
considerations o the HPl%, sample size requirements for a desired level 





of accuracy f o r  a t a  element e s t ima te s  st be determined. Two b a s i c  
methods have bee considered f o r  o b t a i n  g t h e  number of road s e c t i o n s  
t o  be used-as primary sampling u n i t s :  (1)  The r equ i r ed  number of  samples 
Is determined by t h e  a p p l i c a t i o n  of s p e c i f i e d  sampling r a t e s  t o  t h e  t o t a l  
number of available sampling u n i t s  i n  a n  i n d i v i d u a l  B T  volume group. 
This use of sampling r a t e s  i s  n o t  accep tab le  because t h e r e  i s  no assurance  
t h a t  des i r ed  l e v e l s  of accuracy w i l l  b e  a t t a i n e d .  Observat ions from 
W I P S  t e s t  da t a  show t h a t  f o r  a given accuracy l e v e l  t h e  requfred  sampling ' 

r a t e  may be  from 2 percent  t o  100 pe rcen t ,  d-ing - -.-- on .---.-- t h e  - .- va.riabill.ty 
d a t a  element va lues  and the  s i z e  of -the given volume group. Also, ".- "I 

f e r e n t  sampling r a t e s  a r e  used f o r  d i f f e r e n t  d a t a  elements ,  i n t e r -  
r e l a t i o n s h i p s  w a r e  e s s e n t i a l  i n  t h e  de te rmina t ion  of performance 
measures, e.g., and pavement cond i t i on ,  w i l l  n o t  be  known. (2) The 
r equ i r ed  number of samples i s  der ived  empi r i ca l ly  by f o m l a  from t h e  
n o r m 1  d ispers iaw c h a r a c t e r i s t i c s  of  ADT va lues  w i th in  t h e  recommended 
framework of p re se l ec t ed  ADT volume groups o r  s t r a t a .  The advantage of 
t h i s  method i s  its i m p l i c i t y  and gene ra l  a p p l i c a b i l i t y .  There i s  no 

d a t a  element va r i ances  from p i l o t  s t u d i e s  
~ s p & h z <  
cag_beA conven&xttLy 
e l s  of accuracy can 

O f f i c e  w i t h  t h e  a i d  of i n d i v i d u a l  S t a t e  road 
s e c t i ~ n  information a v a i l a b l e  i n  t h e  1976 NHIPS f i l e .  Computed sample 
s i z e  requirements  f o r  each volume group wi th in  t h e  f i v e  f u n c t i o n a l  systems 
can be assigne t o  t h e  ind iv idua l  S t a t e s  f o r  random a l l o c a t i o n ,  p r e f e r a b l y  
computerized, accordance wi th  t h e  S t a t e ' s  highway network c h a r a c t e r i s t i c s -  

The formulas f o r  the computation of sample s i z e  by t h e  recommended empi r i ca l  
method a r e  presented  and i l l u s t r a t e d  i n  Appendix B. 

Sample s i z e  requirements  w i l l  vary  by S t a t e  according t o  t h e  number of  
a v a i l a b l e  road eetions and t h e  s t a t i s t i c a l  parameters  of t h e  predetePmined 
ADT volume grou s. The a p p l i c a t i o n  of t h e  empi r i ca l  method t o  NHIPS d a t a  
f o r  a group of t a t e s  was h e l p f u l  i n  ob ta in ing  an  expected range of  S t a t e  
areawide sample s i z e  requirements f o r  s e l e c t e d  p r e c i s i o n  l e v e l s .  The 

t h i s  r e p o r t  is  def ined  a s  t h e  maxim% a l l o w a b l e  
e a t  a given confidence l e v e l ;  o r  expressed 

confidence t h a t  t h e  e r r o r  of  a produced estimate 
w i l l  f a l l  w i t h i n  a d e s i r e d  f i x e d  range. u s ,  f o r  a p r e c i s i o n  level  of 
80 percent  confidence i n  a 10 percent  a l l  ab l e  e r r o r ,  t h e r e  i s  a proba- 
b i l i t y  s f  80 t s o u t  of 100 t h a t  t h e  e r r o r  of a d a t a  element est 

r e a t e r  than  LO percent  of i t s  t r u e  va lue .  For t h e  b a s i s  of 
i o n ,  i t  i s  t e n t a t i v e l y  recommended t h a t  t h e  HPPfS sample size 

requirements  be based on a p r e c i s i o n  l e v e l  of $0 percent  confidence i n  
an  a l lowable  error of 10 percent ,  viz  80-10. A genera l ized  range of 
areawide sample s i z e  requirements  a p p l i c a b l e  t o  a l l  S t a t e s  f o r  s e l e c t e d  
p r e c i s i o n  l e v e  s is  shown i n  Table 2. 





Table 2 
- 

Confidence Range of Sample S i z e  Requirements by Area Within 
Level  and S t a t e  - Number of Sec t ions  f o r  Funct iona l  Systems 

Percent  
Allowable Ind iv idua l  

Er ror  Rural Urbanf zed Areas Small Urban 

General Assessment 

Tes t s  conducted on t h e  1976 National  Highway Inventory  and Performance 
Study (NHIPS) f o r  t h r e e  S t a t e s  show as a whole t h a t  a f i x e d  sample pane l  
s f  read  s e c t i o n s  s e l e c t e d  by random sampling w i t h i n  Average Daily T r a f f i c  
(BT) volume s t r a t a  g ives  d a t a  element estimates conforming t o  d e s i r e d  
accuracy requirements f o r  q u a n t i t a t i v e  v a l u e ~ $ ~ h s t i m a t e s  f o r  q u a l i t a t i v e  
o r  p ropor t iona te  va lues  obta ined  from t h e  same sampling bases  are a l s o  
accep tab le  bu t  w i th  some l i m f t a t i o n s .  As w i th  m m g & q I & e ~ g e 4  
t h e  q u a l i t y  ofst$e f i n a l  ou tput  depends on t h e  accuracy of $he s o y E e  

.+-.C--rvl-.^--- *" --- 
m a t e r i a l .  - Poor .--- h3?di?mation - -  fu rn i shed  ba*a S t a t e  w i l l  r e s u l t  in i n c p r e c t  
sampling errors. This has occurred i n  a fei i n s t ances  in t h i s  s tudy on - -.ae- --urrr " c--- *.-...--I Y-- - 
test da ta .  

* -  " 

e s i z e  requirements f o r  t h e  predetermined l e v e l  of  80 percent  
dence an  al lowable e r r o r s  of e s t ima te  no g r e a t e r  than  1 0  pe rcen t  

s f  t h e  true va lue  (100 percent  sampling) range from 8 t o  122 road 
s e c t i o n s  f o r  the t h r e e  S t a t e s  t e s t e d ,  with a n  average of 65 road s e c t i o n s  
pe r  a r e a  func t iona l  system. It i s  f e l t  t h a t  t h e  sample s i z e  requirements  
f o r  an 80-10 p r e c i s i o n  l e v e l  w i l l  n o t  b e  ove r ly  demanding and w i l l  ensu re  
a reasonable  de e e  of accuracy i n  d a t a  element e s t ima te s .  The ranges  
f o r  t h e  examine t h r e e  S t a t e s  f o r  areawide sample size requirements  f o r  
all func t iona l  stems, exc luding  l o c a l  roads,  are: Rural 260-4603 
Urbanized 225-4 ; and Small Urban 90-290. 

The use of an empir ica l  method f o r  dete-ing sample s i z e  requirements  
i n  t h e  Washingto Of f i ce  f o r  a l l  S t a t e s ,  a long  w i t h  t h e  a v a i l a b i l i t y  of 
the ITHIPS d a t a  file, i s  a d i s t i n c t  advantage. The random a l l o c a t i o n  of 
t h e  s e l e c t e d  samples t o  t he  sample panel  and a l s o  t h e  d a t a  c o l l e c t i o n  
is  l e f t  t o  t h e  i n d i v i d u a l  S t a t e s .  





The presence of  v a r i a b l e  l e n g t h  i n  t h e  sampled road s e c t i o n s  is  o f f s e t  
hy road l eng th  wefghting adjustment f a c t o r s  included in t h e  f o m u l a s  
f o r  e s t ima t ing  q u a n t i t a t i v e  d a t a  element s t a t i s t i c s .  For q u a l i t a t i v e  
da t a ,  t h e  propor t ions  f o r  s p e c i f i c  d a t a  element a t t r i b u t e s  a r e  ob ta ined  
by the  s imple r a t i o  of sampled a t t r i b u t e  mileage t o  t o t a l  samples mileage 
i n  a  func t iona l  system. 

In c o n t r a s t  t o  the  o v e r a l l  accep tab le  test r e s u l t s  on q u a n t i t a t i v e  d a t a ,  
t h e  a p p l i c a t i o n  of  a p r e c i s i o n  l e v e l  of 80-10 t o  q u a l i t a t i v e  (propor t ions)  
data i s  l imi t ed .  The use of r e l a t i v e l y  h igh  p r e c i s i o n  l e v e l s  as s t anda rds  
of accuracy f a r  t h e  es t imated  p ropor t iona te  va lues  of  a t t r i b u t e s  o r  c l a s s e s  
Within s e l e c t e d  highway d a t a  elements r e q u i r e s  a f a r* ,ghea te r - saqp le  s i z e  

l_l___---= -- . - .? -c"w, 

than t h a t  needed f o r  q u a n t i  t a t i v e  va lues .  Even though t h e  p re se l ec t edz  
p r e c i s i o n  l e v e l  of 80-10 i s  gene ra l ly  a p p l i c a b l e  t o  a l l  q u a n t i t a t i v e  d a t a  
i n  t h i s  sample panel ,  t h e  average sample s i z e  i n  t h i s  s tudy  shows t h a t  
i t  can apply on1 t o  p ropor t iona te  va lues  of approximately 70 pe rcen t  
o r  h igher .  Since t h e  l e v e l  of accuracy f o r  es t imated  propor t ions  i s  
c l o s e l y  r e l a t e d  t o  sample s i z e ,  t h i s  propor t ion  can be s i g n i f i c a n t l y  
lowered only by l a r g e r  i n c r e a s e s  i n  sample s i z e .  

Chrrec t ing  t h e  ce i n  sample s i z e  requirements  f o r  q u a n t i t a t i v e  
and q u a l i t a t i v e  e s t ima te s  can be b e s t  descr ibed  as a numbers game trade-  
off-- large i n c r e a s e s  i n  sample s i z e  w i l l  r e s u l t  fi an "ove rk i l l "  i n  t h e  
accuracy r e q u i r e  n t s  f o r  q u a n t i t a t i v e  e s t i m a t e s  and a modest improvement 
i n  t h e  propor t fo  estimates; moderate i n c r e a s e s  i n  sample s i z e  w i l l  
produce some up ding in t h e  p r e c i s i o n  l e v e l  of q u a n t i t a t i v e  e s t i m a t e s  
b u t  w i l l  be i n s  i f i c a n t  f o r  propor t ions .  

The recommendation i s  t o  main ta in  t h e  sample s i z e  level of t h i s  s tudy  
f o r  p r a c t i c a l  reasons.  Assurning that t h e  d e s i r e d  accuracy f o r  p ropor t ion  
e s t ima te s  i s  l i m i t e d ,  t h e  e s t ima te s  so  produced n e v e r t h e l e s s  serve as 
f i x e d  panel  bene r k s  f o r  monitor ing change a t  p re sc r ibed  t h e  periods. 
The study sample i s  capable of  d e t e c t i n g  s t a t i s t i c a l l y  s i g n i f i c a n t  changes 
s f  10  percent  o r  g r e a t e r  i n  propor t ion  estimates f o r  areawide f u n c t i o n a l  
systems du r in  the  monitor ing p roces s  of a S t a t e .  Based on t h e  average 
sample s i z e  o this study panel ,  a b s o l u t e  changes of less than  approxi- 
mately PO percent  i n  t h e  es t imated  va lue  of  a p ropor t ion  would n o t  be 
considered s t a t i a t i c a l P y  s i g n i f i c a n t  because of t h e  wide margin of 
sampling e r r o r ,  Detect ing s t a t i s t i c a l l y  s i g n i f i c a n t  changes of 5 pe rcen t  
r e q u i r e s  t h e  quadrupling s f  t h e  average sample s i z e  of 65 pe r  f u n c t i o n a l  
system, regasdle  s of t h e  sample design.  

From t h e  s t andpo in t  of sample size and c o s t  c o n s t r a i n t s ,  w e  must u se  a 
func t iona l  sys sample s i z e  capable of d e t e c t i n g  changes of a t  l e a s t  
10 percent ,  an  r e f e r a b l y  l e s s ,  i n  propor t ions .  Such a  sample s i z e  





w i l l  ensure  an  accuracy s tandard  of a t  l e a s t  (80-10) i n  t h e  measurement 
of q u a n t i t a t i v e  va lues  a t  t h e  func t iona l  system l e v e l .  Msreover, t h e  
improvement i n  accuracy obta ined  by aggrega t ing  f u n c t i o n a l  system 
es t ima te s  t o  hfgher  geographic l e v e l s  (e .g . ,  i n d i v i d u a l  urbanized a r e a  

can be cons iderable ,  e s p e c i a l l y  i n  e s t a t e s  of  propor t ions .  

Fy r the r  d e t a i l s  concerning t h e  content  s f  t h i s  s e c t i o n  are presented  i n  
t h e  next  s e c t i o n ,  t h e  Analysis  of Tes t  'Results.  

?%'he goa l  of p r  ion  tests conducted on t h e  1976 National  Highway 
Inventory and onnance Study (NHIP ) d a t a  i s  t o  a s c e r t a i n ,  (1) whether 
a s p e c i f i c ,  EP sample des ign  of s e  e c t e d  road s e c t i o n s  w i l l  produce 
r e l i a b l e  s t a e i  a 1  e s t ima te s  f o r  a s u f f i c i e n t  number of  d a t a  elements  
i n f lueac ing  hi y p e r f o m n c e ;  d a l s o ,  (2)  whether t h e s e  s t a t i s t i c a l  
e s t i m a t e s  con£ t o  predetermined p ree f s fon  level requirements .  The 
form of sample design f o r  t h e s e  t e s t s  was a simple random sample s t r a t i f i e d  
by f ixed  ADT volume groups within f u n c t i o n a l  highway c l a s s  w i t h i n  type 
of area (rural., urbanized,  o r  sma l l  urban).  

e s e c t i o n  on Sample s i g n  and o u t l i n e d  i n  Appendix B, 
n t  Average Daily T r a f f i c  (ADT) was s e l e c t e d  as t h e  
i c h  t o  base  sample s i z e  requirements-- i -e . ,  

number of road secg ions_Qr imasy  
ned p r e c i s i o n  __- . . - -_- TZVKO .- - 
percent .  This sampl ed t o  produce q u a n t i t a t i v e  
bve es t ima te s  of s e l  e n t s ;  namely,. 
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acs-s_ci"_ C ~ R F E , ~ ,  idth, and r i g h F S K " o S " U ' ~ ~ e ~ ~ d t h ,  T e s t s  were l i m i t e d  --- 
t o  t h e  WIPS tk for t h r e e  S t a t  Ezona, Gal if  o r n i a ,  and Pennsylvania.  

Mter t h e  sanpPe s i z e  f o r  p re se l ec t ed  volume groups wi th in  f u n c t i o n a l  
system f o r  each t a t e  had been computed, a computerized random s e l e c t i o n  
program was use t o  s e l e c t  t h e  needed number of  road s e c t i o n s  from t h e  

f i l e  f o r  each volume p .  'Phe road s e c t i o n s  so  s e l e c t e d  serve 
as t h e  f i x e d  "panel" of p r i  sampling u n i t s .  

Table 3 shows sa l e  s i z e  by t h e  f i v e  f u n c t i o n a l  classes wi th in  area f o r  
each of t h e  t h r  surveyed S t a t e s .  For t h e  sake of  b r e v i t y ,  sample s i z e s  
by volume group w i t h i n  f u n c t i o n a l  c l a s s e s  are n o t  i temized.  Also shown 
are t h e  a r e a  t f o r  t h e  nuznber of road s e c t i o n s  a v a i l a b l e  f o r  sampling 
in each State he o v e r a l l  s a m p l h g  r a t e s .  
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Est imates  s f  t h e  s t a t i s t i c a l  parameters  f o r  t h e  q u a n t i t a t i v e  and 
q u a l i t a t i v e  va lues  of t h e  e i g h t  d a t a  elements were computed f o r  t h e  
f u n c t i o n a l  system l e v e l s .  Where app l i cab le ,  t h e s e  were t h e  aggrega te  
t o t a l s ,  t h e  means and average propor t ions ,  t h e  s tandard  e r r o r s ,  and 
t h e  r e l a t i v e  e r r o r s  of t h e  e s t h t e d  means o r  propor t ions .  &m?!ulas 

zssein. c a l c u l a  ng &hesa es t &eq-are not  shown" in- fh$s r-egort b u t  -. -* 
a r e  a v a i l a b l e  a s  a package ap c a b l e  t o  - rnos*tLa,ta --+-" - --" - --.x^--) -ri- - -" 
i n  highway pe r fo  nce monTEoring. 
wlx- -- '" -w. 

The s t a t i s t i c ,  "percent r e l a t i v e  e r r o r  of t h e  es t imated  mean o r  
propor t ion ,"  i s  u s e f u l  i n  dec id ing  whether t h e  s i ze  of  t h e  ADT based 
panel  of primary sampling u n i t s  is  adequate  f o r  producing accep tab le  
e s t i m a t e s  f o r  a l l  e i g h t  d a t a  elements  i n  t h i s  s tudy a t  t h e  p re se l ec t ed  
p r e c i s i o n  l e v e l  of 80 percent  confidence i n  a maximum a l lowable  e r r o r  
of 18 percent .  e r e l a t i v e  e r r o r ,  a l s o  known as t h e  c o e f f i c i e n t  of 
v a r i a t i o n ,  can be used t o  set up a p r e c i s i o n  index  e x p r e s s i b l e  i n  t e r n  
s f  any d e s i r e d  confidence l e v e l  and a l lowable  e r r o r .  The degree o f  
confidence t h a t  one may expect  i n  t h e  accuracy of a  produced s t a t i s t i c  
may be  es t imated  from t h e  r a t i o  d/%R-E = 2. . 

e r e ,  

d  = The a l lowable  percent  e r r o r  of t h e  sample e s t i m a t e  from 
e value  of a given d a t a  element o r  i t s  a t t r i b u t e .  

%R-E- The percent  r e l a t i v e  e r r o r  of a produced s t a t i s t i c .  
t i t f e s :  %RSE = s- 

where, r;_ i s  t h e  s tandard  e r r o r  of t h e  es t imated  mean 
V 

of a  dat; element,  and I i s  t h e  es t imated  mean. 
A t  68 percent  confidence,  t e pe rcen t  r e l a t i v e  e r r o r  
i s  a l s o  c a l l e d  t h e  c o e f f i c i e n t  of v a r i a t i o n .  

For propor t ions  : % R e E  = s / P P where, s i s  t h e  s tandard  e r r o r  of t h e  e s t ima ted  p ropor t ion  
7 
s t h e  es t imated  propor t ion .  

Z A &atips which when t r a n s l a t e d  i n t o  s t anda rd  e r r o r  u n i t s  of 
de r  t h e  Nowal  Cuwe gives  t h e  confidence l e v e l  o r  
l i t y  t hae  a produced e s t i m a t e  w i l l  no t  exceed an 

a l lowable  range of  e r r o r .  f o r  confidence 
l e v e l s  sf 50, 60, 68, 70, 8 5 percene a r e  0.68, 
8.84, 1.00, 1 .04,  1 . 2 8 ,  1 . 6  r e s p e c t i v e l y .  

I n  us ing  the  above r e l a t i o n s h i p ,  ds t h a t  a p r e c i s i o n  l e v e l  of 80-10 
2s approximately t h e  same a s  5 0 - 5  . e data shewn i n  Table 4 are t h e  

I / F o r  a  p r e c i s i o n  l e v e l  of 80-10, t h e  percent  r e l a t i v e  e r r o r  of an  e s t i m a t e  - 
rester than 7 $ 8  pe rcen t ;  e .g . ,  % R * E = ~ / Z = ~ ~ * ~ =  7.8 .  

1.2 
A t  a 50-5 p r e c i s i o n  l e v e l ,  the va lue  of Z f o r  a r e l a t i v e  e r r o r  of 7.8 i s  
5.0/7.8= 0.641, which i s  a confidence l e v e l  of 48 pe rcen t ,  roughly 50 pe rcen t .  





confidence bevel  f o r  a 5 pe rcen t  a l lowable  e r r o r  f o r  t h e  s e l e c t e d  
q u a n t i t a t i v e  d a t  lement e s t ima te s .  The 5 percent  a l lawable  e r r o r  
base  i s  used i n  e r  t o  b e t t e r  i l l u s t r a t e  p r e c i s i o n  dev ia t ions  from 
t h e  r equ i r ed  mfn of 50-5. A confidence l e v e l  of less than  50 pe rcen t  
in Table 4 i n d i c a t e s  t h a t  the  accuracy of t h e  e s t ima te s  de r ived  from t h e  
samples d a t a  f o r  a given d a t a  element does n o t  conform t o  t h e  predetermined 
ninirnum p r e c i s i o n  requirements .  

In Table 4 ,  t h e  row "all func t ions"  c l a s s  i s  an i n d i c a t o r  of t h e  "average" 
p r e c i s i o n  l e v e l  o r  the f i v e  f u n c t i o n a l  systems w i t h i n  a given a r e a  type. 
The "a l l  frmcticns" confidence l e v e l  t a k e s  i n t o  cons ide ra t ion  bo th  t h e  
va r i ances  of r e s p e c t i v e  data elements w i th in  each f u n c t i o n a l  c l a s s  and 
a l s o  t h e  va r i ance  between f u n c t i o n a l  c l a s s e s .  For any f u n c t i o n a l  c l a s s ,  
i t  i s  expected t t t h e  d i s p e r s i o n  of t h e  v a r i a b l e s  i n  d i f f e r e n t  random 
sample sets w i l l  o t  be q u i t e  t h e  same due t o  random chance v a r i a t i o n s ,  
road geometrfcs,  and inde termina te  manmade causes.  Because of t h e s e  
v a r i a t i o n s ,  we can only  assume i n  Table 4 t h a t  t h e  s p e c i f i e d  confidence 

t i n  Table 4 i s  the lowest  l e v e l  a t  which t h e  prede ter -  
p rec f s ion  requirements  are maintained.  

The fo l lowing  e ivalency t a b l e  may be  h e l p f u l  i n  r e l a t i n g  the  confidence 
l e v e l  va lues  i n  a b l e  4 t o  an  80 pe rcen t  confidence-allowable e r r o r  base:  

Equivalency Table 

Table 4 Confidence Level f o r  
mw---A 

*Percent Allowable E r r o r  
5 Percent  Allowable E r r o r  a t  80 Pe rcen t  Confidence 

where, ' 

~ b l e  e r r o r  a t  80 pe rcen t  confidence - 5/2 (1,281 

5 = Percent  a l lowable  e r r o r  i n  Table 4 
Z - Value of Z f o r  t h e  confidence l e v e l  shown i n  Table 4 

= Value of Z f ~ r  80 pe rcen t  confidence i n  t h e  a l lowable  
e r r o r  

I n  gene ra l ,  the  confidence l e v e l s  presented  i n  Table 4 f o r  t h e  mean 
value es t ima te s  s f  t h e  data elements under cons ide ra t ion  are s a t i s f a c t o r y  
on a n  a r e a  b a s i s  f o r  t h e  t h r e e  sampled S t a t e s .  By f u n c t i o n a l  c l a s s ,  
t h e r e  a r e  s c a t t e r e d  i n s t a n c e s  where t h e  confidence l e v e l s  of  t h e  e s t i m a t e s  
are cons ide rab l  below t h e  d e s i r e d  l e v e l  of  50 percent .  Some of t h e  
causes of t h e s e  ow va lues  can b e  e l a i n e d ;  o t h e r  caases  are inde termina te  

















o r  a r e  a t t r i b u t a b l e  t o  chance v a r i a t i o n s .  Average pavement cond i t i on  
r a t i n g  e s t ima te s  a r e  inf luenced  by t h e  propor t ion  of g r a v e l  and graded 
roads  i n  ii sample which i n  e f f e c t  reduces sample s i z e  and en la rges  t h e  
e r r o r  of  e s t  The average r i g h t  shoulder  w i d t h  e s t i m a t e s  a r e  
s i m i l a r l y  a£ d by sample s e c t i o n s  having no shoulders ,  e s p e c i a l l y  
on c o l l e c t o r  minor a r t e r i a l s .  Low confidence l e v e l s  a l s o  occur  
f o r  some es t imated  l a n e  width averages because of t h e  mix o f  l a n e  width 
and curb t o  

Tables  5 through 10  a r e  f u n c t i o n a l  c l a s s  w i th in  area e x h i b f t s  of 
a t t r i b u t e  p ropor t ions  f o r  six o f  t h e  sampled d a t a  elements.  The 

d pe rcen t  t r u c k s  a r e  n o t  included because p a r t i t i o n i n g  
o t  j u s t i f i e d  i n  t h i s  r e p o r t ,  Each c e l l  i n  t h e  t a b l e s  
p ropor t ions  f o r  Arizona, C a l i f o r n i a ,  and Pennsylvania ,  

n m b e r  of  a t t r i b u t e  propor t ions  is  more o r  less 
ed and ranges from t h r e e  f o r  Access Cont ro l  t o  e i g h t  
e es t imated  propor t ion  f o r  each a t t r i b u t e  fs t h e  r a t i o  

of t h e  a t t r i b u t e  sampled mileage t o  t h e  t o t a l  sampled mileage i n  a  g iven  
f u n c t i o n a l  s y s t e  

Some gene ra l  co n t s  on t h e  n a t u r e  of t h e  d i s t r i b u t i o n  of  a t t r i b u t e  
p ropor t ions  f o r  t h e  s e l e c t e d  d a t a  elements i n  Tables  5-10 fol low: 

o l  - A s  expected,  t h e  I n t e r s t a t e  f u n c t i o n a l  system 
F a n d  d s o  t h e  "other  freeways" system i n  urban 
most esmple te iy  f u l l  o r  p a r t i a l  a c c e s s  c o n t r o l .  
c t i o n a l  systems a r e  f o r  t h e  most p a r t  wi thout  

acces s  c o n t r o l .  

- For r u r a l  a r e a s  most of t h e  r a t i o  v  ues a r e  below 
0.41. I n  urban a r e a s ,  a l though a major p a r t  of t h e  r a t i o  va lues  

0.26, t h e r e  i s  a s c a t t e r  of p ropor t ions  Q £  va ry ing  
m g n i t u d e s  throughout a l l  t h e  value. c l a s s e s ,  

e c e n t r a l  tendensy f o r  t h e  h i g h e s t  p ropor t ions  i s  i n  
-14 f o r  a l l  a reas .  

i g h e s t  p ropor t fons  t end  t o  b e  g e n e r a l l y  
s f o r  a11 a r e a s ,  The 0.0 r a t i n g  class 

i s  f o r  g rave l  m d  graded roads  and con ta ins  some r e l a t i v e l y  h igh  
ropor t ions  f o r  t h e  lower v o l  e  roads  i n  Arizona. 

- Almost a11  of t h e  shoulder  widths on t h e  
a l l  a r e a s  exceed 8 feet. For t h e  o t h e r  

of  t h e  p ropor t ions  and shoulder  

e design l a n e  width f o r  I n t e r s t a t e  roads  i s  
r e  appears  t o  be a c e n t r a l  tendency f o r  12-foot 

t h e  o t h e r  f u n c t i o n a l  systems i n  a l l  a r eas .  
s i n  urban a r e a s  f a r  widths exceeding 1 5  f e e t  
urb  t o  curb measurements. 
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Right Shoulder Width: S ry of Estimated Proportions for Selected Data Element Values * 

hrea Type and 
Functional System 

Collectors 

drab 
Interstate 
QP A 
Arterials 
Major Collectors 
Minor Collectors 

Urbanized 
Interstate 
omr 
OP A 
Minor Arterials 
Colllectors 

Small Urban 
Interstate 
om 
OPA 
Minor Arterials 

No 
Shoulder 1-4 f t .  5-43 f t .  

I 

8 ft. 

* The proportions for each ~f the three surveyed States are shown Bn each c e l l .  
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When dea l ing  th propor t ions ,  t h e  degree sf  confidence on 
an es t imated  opor t i an  i s  determined by t h e  s i z e  of t h e  s 
e r r o r  of t h e  es t imated  propor t ion .  This  eombinatfon of sample s i z e  and 
sample e r r o r  H t s  the  minimum propor t ion  t a  which a  d e s i r e d  p r e c i s i a n  
l e v e l  can be a  f ed .  The term "minimum proport ion" may be de f ined  as 
t h e  lowest  propor t ion  t o  wbfch a s p e c i f i e d  l e v e l  of confidence i n  a  
d e s i r e d  a l lowable  e r r o r  i s  v a l i d .  The des i r ed  a l lowable  e r r o r  is  
exceeded f o r  propor t ions  below t h i s  c r i t i c a l  l e v e l .  A method f o r  
determining t minhum p ropor t ion  i s  t o  t a k e  a  random subsample of 
t h e  t o t a l  e s t  t e d  p ropor t ions  and t h e i r  a s s o c i a t e d  percent  r e l a t i v e  
e r r o r s  and produce a curve of "best  f i t ' y f o r  t h e  r e l a t i o n s h i p  between 
percent  r e l a t i v e  e r r o r  and es t imated  propor t ion ,  The curves  i n  F igures  1 
and 2 show a  eu i l i n e a r  r e l a t i o n s h i p  which i s  expressed by "best  f i t "  
power s e r i e s  eu es of t h e  3rd (Figure 1 )  and 4 t h  (Figure 2) degrees.  
Visua l  i n spec t ion  shows t h a t  t h e  F igure  2 curve i s  t h e  more r e p r e s e n t a t i v e  
of t h e  p o i n t  s c a t t e r ,  and a l s o ,  t h a t  t h e  c r i t i c a l  p o r t i o n  of t h e  curve 
i s  t h e  p o r t i o n  elow 30 pe rcen t  on t h e  X-axis where t h e r e  i s  a r a p i d  
h a t e  of i n c r e a s e  i n  t h e  r e l a t i v e  e r r o r .  The Figures  1 and 2 s t a t i s t i c  
G ,  t h e  c o e f f i c i e n t  of de te rmina t ion ,  i s  t h e  va lue  of t h e  r a t i o  of t h e  
v a r i a t i o n  expla ined  by the  curve t o  t h e  t o t a l  v a r i a t i o n .  

The Figures  1 2 curves  r e p r e s e n t s  a one s t anda rd  e r r o r  (58 pe rcen t )  
ny given p ropor t ion  on t h e  X-axis w i l l  n o t  b e  i n  e r r o r  
r e s p e c t i v e  percent  va lue  on t h e  Y-axis. A s  arn example, 
n t  confidence t h a t  t h e  true va lue  of  an  es t imated  

ffn Figure  2 w i l l  b e  between 32 and 48 pe rcen t  

Since t h e  percent  r e l a t i v e  e r r o r  i n  i g u r e s  1 and 2  i s  e r e s s e d  i n  t h e  
percent  va lue  o  m e  s tandard  e r r o r ,  t h e  minimum propor t ion  f o r  any 
d e s i r e d  p r e c i s i o n  l e v e l  can be c a  c u l a t e d  e a s i l y  from t h e  equat ion:  

- Desired Pe rcen t  R e l a t i v e  E r r o r  Percent  Re la t ive  E r r o r  i n  Ffgure 2  - 
2-Value f o r  Desired Confidence Leve 

ropor t ion  2s t h e  va lue  on t h e  X - a x i s  a s s o c i a t e d  wi th  
a t e d  from t h e  above equat ion  f o r  Percent  R e l a t i v e  

2-values f o r  s p e c i f i c  confidence l e v e l s  have been p rev ious ly  

For example, should one wish t o  b o w  t h e  minimum propor t ion  f o r  a confidence 
l e v e l  of 80 percent  a d  an a l lowable  r e l a t i v e  e r r o r  of 20 percent ,  t hen  

Percent  R e l a t i v e  E r r o r  in Figure  2 = - = 15.625 
1.28 

The correspondi  value t o  15.625 on t h e  F igure  2 X-axis is about  58 percent, 
the minimurn pro  r t i o n  t o  which t h e  d e s i r e d  p r e c i s i o n  l e v e l  of  80-20 can be 
appl ied .  













Using t h e  method o u t l h e d  above, t h e  minimum a p p l i c a b l e  propor t ions  
f o r  va r iogs  p r e c i s i o n  levels  can be c a l c u l a t e d  f o r  t h e  s e l e c t e d  f i x e d  
sample panel .  n imm propor t ions  based on t h e  F igure  2 curve a r e  
shown on Table 11 f o r  va r ious  p r e c i s i o n  l e v e l s :  

Minimum Propor t ions  Applicable  t o  Se lec ted  P r e c i s j o n  Levels  

P r e c i s i o n  Level  Minimum Propor t ion  
(Confidence Level-Allowable Percent  E r ro r )  i n  Percent. 

Of i n t e r e s t  i s  t h e  e f f e c t  of i n c r e a s i n g  sample s i z e  on t h e  minimum 
propor t ion  app l i cab le  t o  a p r e c i s i o n  l e v e l  of 80-10. Doubling t h e  
p r e s e n t  average sample s i z e  of 65 s e c t i o n s  pe r  f u n c t i o n a l  system w i l l  
lower t he  minimum propor t ion  from the p re sen t  72 pe rcen t  t o  56 pe rcen t ;  
quadrupl ing the sample s i z e  reduces t h e  minimum propor t ion  t o  39 pe rcen t .  
The average sampling r a t e  i n  t h i s  s tudy  is  about  4 . 3  pe rcen t  (65 + 1,500, 
t h e  average n m b e r  s f  road s e c t i o n s  sampled p e r  f u n c t i o n a l  system div ided  
by t h e  average n d e r  of a v a i l a b l e  road s e c t i o n s  per  f u n c t i o n a l  system 
i n  t h e  t h r e e  s tudy  S t a t e s ) .  

Appendfx B shows t h e  e f f e c t  of i n c r e a s i n g  sample s i z e  on t h e  va lue  of 
t he  minimm propor t ion  f o r  va r ious  p r e c i s i o n  l e v e l s .  Note t h a t  f o r  
small propor t ions  a p r e c i s i o n  l e v e l  of  80-10 r e q u i r e s  sample s i z e s  
exceeding 1,000. 

The f i n i t e n e s s  t h e  number of s e c t i o n s  a v a i l a b l e  f o r  sampling in t h e  
v a r i  o w  S t a t e s  s the  e f f e c t  of lowering t h e  minimum propor t ions  
a p p l i c a b l e  t o  d i r e d  p r e c i s i o n  l e v e l s .  A f i n i t e  c o r r e c t i o n  f a c t o r ,  
(N - n ) / ~ ,  where N i s  t h e  number of  eectPons a v a i l a b l e  f o r  sampling i n  
a system and a s t h e  number of s e c t i o n s  sampled, i s  e f f e c t i v e  i n  
f r a c t i o n a l l y  r e  w i n g  t h e  r e l a t i v e  e r r o r  of an es t imated  propor t ion .  
However, when t e es t imated  propor t ions  are smal l ,  10 percent  or  less, 
t h e  sampling r a  io n/bJ must be increased  cons iderably  t o  o b t a i n  h igh  
p r e c i s i o n  l e v e l  of accuracy. For i n s t a n c e ,  i n  a system w i t h  1 ,500  
road s e c t i o n s ,  %e w i l l  r e q u i r e  750 sanp le  sectfons--a 50 pe rcen t  
sampling rate-- to  have an 88-10 p r e c i s i o n  l e v e l  for a 1 0  pe rcen t  
propor t ion ;  o r ,  f o r  t h e  same p r e c i s i o n  l e v e l  f o r  a 10  pe rcen t  propor t ion ,  
i t  w i l l  r e q u i r e  sample s i z e  of 135 s e c t i o n s  f o r  a system wfth 150 s e c t i o n s  
available--a 96 e r c e n t  sampling r a t e .  In t h e  above two examples, i f  t h e  
es t imated  propor i o n  were 46 i n s t e a d  of  1 0  pe rcen t ,  t h e  r equ i r ed  sampling 
r a t e s  will be 14  percent  and 6 percent ,  r e s p e c t i v e l y .  





The above s ta tements  regard ing  sampling r a t e s  f o r  propor t ion  a t  s p e c i f i c  
p r e c i s i o n  l e v e l s  a r e  der ived  from formulas i n  Appendix E, 

11 and Appendix B, t h e  degree. o f  conffclence t h a t  one 
t-ted propor t ion  i n  t h i s  s tudy  decreases  d i r e c t l y  
t he  propor t ion  and sample size. Table 1 2  shows t h e  
ence  l e v e l  f o r  t h e  lower and upper l i m i t s  of s e l e c t e d  

sma l l  p ropor t ions  f o r  average sample s i z e s  (n) s f  2 5 ,  65, and 115 road 
s e c t i o n s  per  f u n c t i o n a l  system. 

Table 12 

Lower and Upper Limits f o r  Se l ec t ed  Est imated Propor t ions  
wi th  Sample S i z e  (n) for an 80 percent  Confidence Level  

Estimated 
Propor t ion  Lawer Upper Lower Upper Lower Upper 
(Percent)  Limit  Limit Limit  L i d  t 

The percent  r e l a t i v e  e r r o r  a t  t h e  80 percent  confidence l e v e l  f o r  any of 
t h e  data i n  Table 1 2  can be c a l c u l a t e d  as follows: 

l a t i v e  Er ro r  = m e r  Limit  - Lower Lirnit/2 
S i z e  of Estimated Propor t ion  

As a n  example, t h e  pe rcen t  r e l a t i v e  e r r o r  f o r  an  es t imated  p ropor t ion  of 
PO percent  w i th  a sample sfze of  65 i s :  

Qe formula f o r  t h e  Table 1 2  da t a  i s  given i n  Appendix F. 

The monitor in a f  the f i x e d  1e panel f o r  s i g n i f i c a n t  changes a t  
prescr ibed  ti e per iods  l e a d  t h e  ques t ion  of how e f f e c t i v e  i s  t h i s  
panel i n  d e t e c t i n g  s t a t i s t i c  f f k a n t  d i f f e r e n c e s  i n  p r o p ~ r t i o n s  
a t  an 88 percent  l e v e l  of conf ide  Because of s a w l i n g  e r r o r ,  what 

Llest percent  change t h a t  can b e  considered s i g n i f i c a n t  for 
le size? A formula for answering t h i s  ques t ion  i s  given i n  

ding t o  t h e  formula, a sample s i z e  range of about 60 
t o  85 road s e  s per  f u n c t i o n a l  system i s  needed t o  d e t e c t  w i th  
80 percent  eo nee a change of I percent  a s  s i g n i f i c a n t .  This  
genera l ly  conf with t h e  average number of road s e c t i o n  samples 
used i n  t h i s  t e s t .  The d e t e c t i o n  of d i f f e r e n c e s  of 5 percent a s  
s t a t i s t i c a l l y  s i g n i f i c a n t  r e q u i r e s  samples of 240 t o  340 sections--a 
four fo ld  inc rease .  









Primary Data Elements 

Degree of Access Control  
Median Type 
Median Width 
Sect ion Length 
Grades (Ver t i ca l  Uignment)  
Hor izonta l  Curves (Alignment) 
Pavement Type 

Skid  Resis tance  
e r  of I n t e r s e c r f s n s  
e r  of Bridges 
er of At-Grade 

ht-of-Wag Width 
by Time of Day 

Average Daily T r a f f i c  
ercent Trucks 
eak Hour Parking 

Peak Hour Operation 
Speed Limit 
Shoulder Type 
Percent  Passing Sight  Distance 
Ter ra in  
Lane Width 
Shoulder Width 

proach Wfdth 
Percent  Green Time 
Urban Location 
'XF' Factor 
" D ' q a c t o r  
Drainage Condition 
Daily Vehicle Miles Traveled 





- 
Empirical Method f o r  Computing Sample S ize  

Predetermined o l m e  group s t n a t a  a r e  assigned areawide ( r u r a l ,  
urbanized,  o r  urban) t o  each of t h e  f i v e  f u n c t i o n a l  s y s t a s  i n  
a S t a t e ,  The u l a s  f o r  c a l c u l a t i n g  t h e  sample s i z e ,  n, f o r  each 
volume group s t r a tum f o r  a given p r e c i s i o n  l e v e l  of accuracy by s imple  
random sampling a r e :  

nh " no ; no= -a- 
d2 

where, 

nh = 

n = o 

N = 

Z = 

d IE 

sf = 

e r equ i r ed  sample s i z e  f o r  a given ADT volume group 
d f o r  a given p r e c i s i o n  l e v e l ,  c o r r e c t e d  f o r  f i n i t e n e s s .  

The r equ i r ed  sample s i z e  wi thout  f i n i t e  adjustment.  

The t o t a l  number of road s e c t i o n s  a v a f l a b l e  f o r  sampling 
i n  a given voPurne roup f o r  a s p e c i f i c  f u n c t i o n a l  highway 
system i n  t h e  S t a t e .  

Tke va lue  of  t h e  normal v a r i a t e  as app l i ed  t o  a s p e c i f i c  
confidence l e v e l  and t h e  t o t a l  number of road s e c t i o n s  i n  

i ven  ADT volume group. It is ob ta inab le  f o r  s t a t i s t i c a l  

The a l lowable  range of  e r r o r  from t h e  midpoint va lue  of a 
given ADT volume group. It i s  expressed as an a b s o l u t e  
va lue  and r e p r e s e n t s  t h e  a l lowable  percentage  d e v i a t i o n  
from t h e  midpoint va lue  o f  the vslme group. 

e s p a t i a l  var iance .  is r e f e r s  t o  t h e  v a r i a t i o n  of ADT 
s among road s e c t i o n  l o c a t i o n s  f o r  a given ADT volume 

group. The square r o o t  of t h i s  va lue ,  e l ,  i s  t h e  s p a t i a l  
dard devia t ion .  The s imples t  e s t i m a t o r  of t h e  s t anda rd  

ion  and its square ,  t h e  va r i ance ,  i s  based on t h e  
e of  va lues  conta ined  i n  a volume group stratum, t h e  
erence between t h e  l a r g e s t  and s m a l l e s t  l i m i t s  of a 

group. Analyses show t h a t  t h e  normal d i s t r i b u t i o n  
va lues  w i th in  def ined  s t r a t a  (volume groups) can be 

approx imted ,  Thus, s p a t i a l  va r i ance  f o r  a volume 
up can be e s t ima te  y t h e  fo l lowing  formula, based on 
earch  by L. H, C.  p e t t  in Biometrika: 

= approximately 0.30 of  t h e  Range 





- = The va r i ance  of t h e  given v o l m e  group. 

age - The value of t h e  d i f f e r e n c e  between t h e  
l i m i t s  of t h e  volume group. 

s; = The temporal var iance .  This  i s  t h e  v a r i a t i o n  of  ADT 
over  time a t  a given road s e c t i o n  in a given ADT volume 
group. The square  r o o t  s f  t h i s  va lue ,  s2 ,  i s  t h e  temporal 

a r d  devfa t ion .  e formula f o r  s2 is:  

where, 

CV = The c o e f f i c i e n t  of  v a r i a t i a n ,  a measure of she 
r e l a t i v e  d i s p e r s i o n  of i n d i v i d u a l  road s e c t i o n  
ADT va lues  over  t i m e  with r e fe rence  t o  t h e  mid- 
p o i n t  ADT va lue  f o r  a given volume group. S tud ie s  
based on traffic counting programs have shown 
t h a t  the s i z e  of CV v a r i e s  i n v e r s e l y  w i t h  t r a f f i c  
vo lume.u  Appendix C shows a r e l a t i o n s h i p  between 
CV and two-way t r a f f i c  volumes, 

- 
Xh = The midpoint ADT v a l u e  of a given volume group. 

I n  t h e  computation s f  temporal va r i ance ,  t h e  
ue sf CV in Appendix C is referenced  t o  t h i s  

midpoint va lue .  

An i l l u s t r a t i o n  f o r  t h e  eonaputation s f  sample s i z e  f o r  a f u n c t i o n a l  system 
f olfows. 

To o b t a i n  t h e  sample s i z e  needed t o  e s t fma te  t h e  quantitSit2ve v a l u e s  of 
s e l e c t e d  d a t a  elements in a f u n c t i o n a l  system, e.g.,  Major Co l l ec to r s ,  
Rural,  a t  a p r e c i s i o n  l e v e l  of 80 pe rcen t  confidence i n  an a l lowable  

e r c e n t ,  t h e  fol lowing informat ion  is a v a i l a b l e :  

PredetePmined T o t a l  ad Midpoint Value o f  ge 
Sec t ions  i n  Value of d2 = 

Volume 
Stratum ~ r o u p ( ~ )  ( . U I T $ ~  

l / S s u r c e  : Guide ic Volume Counting, U.S.  Department - 
, October 1975. 





I 
2 
3 
4 
5 

Stratum 

1 
2 
3 
4 
5 

72.04 7 0 
1 2  .05 1 2  

9.92 10  
8 

* 3 - 
Totsf  sample for funs t5onal  system = 103 

nded t h a t  no l e s s  than 3 road s e c t i o n s  be 
volume group. 

I n  t h e  above thod, t h e  smallest volume group, in t h i s  e a s e  0-2,499 
almost i n v a r i a b l y  r e q u i r e s  t h e  l a r g e s t  number of samples because of t h e  
l a rge  d i spe r s ion  of t h e  ADT v a r i a b l e s .  I n  t h e  event  t h a t  t h i s  number i s  
too  l a r g e  because of  cost-manpower l i m i t a t i o n s ,  t h e  use  of optimum 
a l l o c a t i o n  fo l a s  shown below can b e  considered,  p a r t i c u l a r l y  f o r  minor 
co1 lec to r s  in r a l  areas and c o l l e c t o r s  i n  urbanized and sma l l  urban 
areas. It should be noted,  however, t h a t  under t h e  optimum a l l o c a t i o n  
approach, t h e  des i r ed  p r e c i s i o n  l e v e l  is  achieved on ly  a t  t h e  total 
f u n c t i o n a l  system l e v e l ;  whereas, under t h e  recommended method, t h e  

on is obta ined  n o t  on t a stratum l e v e l ,  where i t  
a l s o  is upgraded by s t i o n  f a r  t h e  o v e r a l l  system 

t i m u  a l l o c a  ion  formulas: 





where, 

no-= The sample s i z e  requi red  f o r  a given f u n c t i o n a l  system 
and p r e c i s i o n  l e v e l ,  n o t  co r r ec t ed  f o r  f i n i t e n e s s .  

n  = Same as above, bu t  co r r ec t ed  f o r  f i n i t e n e s s .  

pbe s i z e  requirement f o r  a given volume group. 

Nh = The t o t a l  number of road s e c t i o n s  a v a i l a b l e  i n  a  given 
volume group. 

N = The t o t a l  number of road s e c t i o n s  a v a i l a b l e  i n  a given 
f u n c t i o n a l  system. 

2 2 2 sh = sl t S2 = The composite va r i ance  ( s p a t i a l  + temporal) 
f a r  a given volume group. 

e a l lowable  range of e r r o r  from t h e  average ADT of 
the f u n c t i o n a l  system, xpressed as a n  a b s o l u t e  va lue ,  
Thfs i s  obta ined  by w e i  ting t h e  midpoint ADT v a l u e  
of each volume group by f t s  r e s p e c t i v e  t o t a l  number of 
road s e c t i o n s  . 
e square s o o t  of t h e  co o s i t e  va r i ance  f o r  a given 

v o l m  group. 

Z = n o m l  v a r i a t e  = 1.28 f o r  t h e  (80-10) p r e c i s i o n  
l e v e l .  

Using t h e  o p t  a l l o c a t i o n  formulas f o r  t h e  i l l u s t r a t i o n  above, t h e  
d i s t r i b u t i o n  of s m p l e  s i z e s  by s t r a tum f o r  a p r e c i s i o n  l e v e l  of 80-10 
i s  : 

Stratum Sample S i z e  

3 
P 
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Value of the Minimum Pro or  tion (In Percent )  t o  
Which Desired Confidence Criteria can be  Applied 

Confidence 
Level 

X 

95 

9 5 

90 

9 0 

80 

8 0 

68 

6 8 

68 

68 

68 

Error  
% 

1 0  

15 

1 0  

1 5  

1 0  

1 5  

5 

7 *5 

1 

15 

2 0 

- Arranged by S m p f e  S i z e  

S i z e  of Sample 

LOO 

The f o m d a s  f o r  c a l c u l a t i n g  the minirnum propor t ion  (p) 

values are: 

q l p  = d2/t2 * n and p = 
100 

1 + ¶/P 

where, 

= Percent al lowable error. 

t = Normal variate f o r  t h e  desired confidence level .  

ropor t ion  in percent .  

" 1 - p  

n Number of sampled s e c t i o n s .  

3 3 





MPEMDIX E - 

qui red  Sampling Rates f o r  S p e c i f i c  Propor t ions  

Given, t h e  fo 

8 ,  so lv ing  for n 

then,  

t h e  sampling rate = n/N 

where, 

er of s e c t i o n s  t o  be sampled. 

d = Percent  allowable e r r o r .  

v a r i a t e  f o r  the des i r ed  confidence level. 

er of  sections a v a i l a b l e  f o r  sampling. 

p = The es t imated  propor t ion  under cons ide ra t ion .  

" 1 - p  





APPENDIX F 
- 

per  L M t s  of Estimated Propor t ions  

The formula f o r  the lower and upper limits of t h e  es t imated  p ropor t ions  
presented  i n  Table 1 2  is  der ived  from a modi f ica t ion  of the  gene ra l  
quadratic formula: 

b l (b2 - 4ac) l / 2  
Upper o r  Lower Limit of p = 

2a 

where, 

rue propor t ion .  

t e d  propor t ion .  

a = cn2 + t'n) 

t = Value of t h e  normal v a r i a t e  f o r  the d e s i r e  
level. 





APPENDIX G 
- 

Eas f o r  Sample S ize  b q u i r e d  (a) t o  Detec t  
A S i g n i f i c a n t  Di f fe rence  Between Estimated Propor t ions  

Given the  formula: 

Assuming that the sample s i z e  nl and n2 are t h e  sa e i n  a f i x e d  s P 1 panel ,  t hen  nl = n2; l e t  5 = pl + p2/2 and 2/13, - - + - . 
nl n2 

o lv ing  f o r  no, 

where, 

e requi red  sample s i z e , c o r r e c t e d  f o r  f i n i t e  popula t ion ,  
needed t o  d e t e c t  a s i g n i f i c a n t  d i f f e r e n c e  between t h e  
es t imated  propor t ions  pl and p2 a t  a given l e v e l  of 
confidence. 

no = Same: as above, b u t  n o t  co r r ec t ed  f o r  f i n i t e  popula t ion .  

"1 and n2 = Tfae number of road s e c t i o n s  i n  t h e  sample panel  f o r  
e r i o d s  #1 and f 2 .  

PI = The es t imated  propor t ion  f o r  a given data element 
a t t r i b u t e  on a functional system at t h e  pe r iod  #l. 

e same as above f o r  time per iod  #2 .  

Z = The n o m l  v a r i a t e  for a given  level of confidence.  

e botal number af road s e c t i o n s  a v a i l a b l e  f o r  sampling 
i n  a f u n c t i o n a l  system, 

What sample s i z e  (n) is requ i r ed  t o  be 80 pe rcen t  c e r t a f n  s f  d e t e c t i n g  
a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  between two e s t ima ted  p ropor t ion  
p1 = 8,65 and p = 0.55 on a f s t i o n a l  system having 200 road s e c t i o n s ?  
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then, 




