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I n  r e c e n t  y e a r s ,  v a r i o u s  types  of o r g a n i c  and i n o r g a n i c  m a t e r i a l s  

have been i n v e s t i g a t e d  f o r  u s e  a s  s o i l  s t a b i l i z i n g  a g e n t s  i n  t h e  con- 

s t r u c t i o n  of highways and a i r p o r t s .  S i n c e  t h e  p r o p e r t i e s  and env i ron-  

mental  c o n d i t i o n s  of s o i l s  va ry  so  g r e a t l y  from p l a c e  t o  p l a c e ,  a  

s t a b i l i z i n g  a g e n t  t h a t  i s  s u i t a b l e  f o r  one t y p e  of s o i l  may n o t  be  

s a t i s f a c t o r y  f o r  a n o t h e r .  A S  a  r e s u l t ,  it i s  o f t e n  d e s i r a b l e  t o  

e v a l u a t e  s e v e r a l  s t a b i l i z i n g  a g e n t s  under  v a r y i n g  t r e a t m e n t  c o n d i t i o n s  

b e f o r e  d e c i d i n g  on a  s p e c i f i c  one t o  be  used wi th  a  g ivcn  s o i l .  I n  

a d d i t i o n  many r e s e a r c h  programs have been i n i t i a t e d  which i n v e s t i g a t e  

t h e  e f f e c t s  of t h e s e  s t a b i l i z i n g  a g e n t s  upon s o i l s .  

The unconf ined compressive s t r e n g t h  t e s t  i s  probably  t h e  most 

commonly used t e s t  i n  such s o i l  s t a b i l i z a t i o n  i n v e s t i g a t i o n s .  The 

g e n e r a l  p rocedure  i s ,  f o r  one g iven  t e s t  c o n d i t i o n ,  t o  p r e p a r e  and 

t e s t  s e v e r a l  specimens, a f t e r  which t h e  average  of t h e  s e v e r a l  

s t r e n g t h  v a l u e s  i s  r e p o r t e d .  Three specimens per  t e s t  c o n d i t i o n  a r e  

commonly used.  Because of t h e  many v a r i a b l e s  involved,  t h e  t o t a l  

number of specimens which may have t o  be t e s t e d  may range from t h e  

hundreds t o  t h e  thousands ,  depending upon t h e  s i z e  and scope of t h e  

i n v e s t i g a t i o n .  



Since  such l a r g e  numbers of specimens a r e  invo lved ,  it i s  l i k e l y  

t h a t  some unconfined compressive s t r e n g t h  r e s u l t s  will be ob ta ined  

t h a t  a r e ,  seemingly,  n o t  what t h e y  should be. The q u e s t i o n  t h e n  

a r i s e s  whether t h e s e  unusua l  o b s e r v a t i o n s  a r e  t h e  r e s u l t  of expected 

normal exper imenta l  v a r i a t i o n ,  o r  whether they  a r e  due t o  a n  experimen- 

t a l  o r  m a t e r i a l  a b b e r r a t i o n  and should t h e r e f o r e  be d i s c a r d e d .  I n  

c a s e s  where t h r e e  specimens a r e  p repared  p e r  t e s t  c o n d i t i o n ,  a  commonly 

used s o l u t i o n  t o  t h i s  q u e s t j o n  i s  t o  d i s c a r d  any s i n g l e  measurement 

which d e v i a t e s  by more t h a n - t e n  p e r c e n t  from t h e  average of a l l  t h r e e  

measurements, a s  p r e s c r i b e d  i n  ASTM Method of T e s t  f o r  Compressive : 

3 S t r e n g t h  of Hydraul ic  "ment idortars (Cl09-58) . I n  t h e  even t  of such 

a  d i s q u a l i f y i n g  d e v i a t i o n ,  t h e  average of t h e  remaining two s t r e n g t h  

v a l u e s  i s  t h e n  r e p o r t e d .  

I t  is f e l t  t h a t  t h i s  b lanke t - type  d i s q u a l i f y i n g  percen tage  should 

be r e a p p r a i s e d  from a  s t a t i s t i c a l  p o i n t  of view, s i n c e  it i s  very  

p o s s i b l e  t h a t  e n t i r e l y  v a l i d  t r i p l i c a t e  unconfined compressive s t r e n g t h  

v a l u e s  may a t t a i n  t h i s  p e r c e n t a g e  s imply by v i r t u e  of expected s t a t i s -  

t i c a l  f l u c t u a t i o n .  Thus many v a l u e s  may be u n j u s t l y  d i s q u a l i f i e d .  

S ince  u n j u s t l y  d i s q u a l i f i e d  s t r e n g t h  v a l u e s  c a r r y  i n f o r m a t i o n  which 

i s  a s  v a l i d  a s  t h a t  c a r r i e d  by t h e i r  supposedly  more r e l i a b l e  neigh- 

b o r s ,  u n c r i t i c a l  adherence t o  such a  b lanke t - type  d i s q u a l i f y i n g  per-  

cen tage  causes  n e e d l e s s  l o s s  of informat ion.  I n  a d d i t i o n ,  b i a s  i s  

in t roduced  when any s t r e n g t h  o b s e r v a t i o n  i s  wrongfu l ly  d i s c a r d e d .  

I n  summary, t h i s  paper  d e a l s  w i t h  t r i p l i c a t e  unconf ined compressive 

s t r e n g t h  t e s t i n g ,  and o u t l i n e s  a  procedure  which a t t e m p t s  t o  c o n t r o l  

t h e  r a t e  of wrongful d i s q u a l i f i c a t i o n s  by r e p l a c i n g  t h e  cormonly used 



" b l a n k e t "  d i s q u a l i f y i n g  percen tage  by a  p e r c e n t a g e  t a i l o r e d  t o  t h e  

s p e c i f i c  i n v e s t i g a t i o n  a t  hand. I n  a d d i t i o n ,  a  method i s  g iven  f o r  

examining t h e  s e r i e s  a s  a  whole f o r  r e l i a b i l i t y ,  homogeneity and 

normal i ty .  

Proposed D i s q u a l i f  i c a i i o n  T e s t  

: The s t a t i s t i c a l  t h e o r y  of t h e  p r e s e n t  approach r e q u i r e s  t h e  

e x i s t e n c e  and t h e  e s t i m a t i o n  of a  c o n s t a n t  c o e f f i c i e n t  of v a r i a t i o n - -  

a b b r e v i a t e d  CV--for t h e  e n t i r e  s e r i e s  of o b s e r v a t i o n s .  The CV of any 

o b s e r v a t i o n  e q u a l s  t h e  d i s p e r s i o n  t o  which t h a t  o b s e r v a t i o n  i s  s u b j e c t  

d i v i d e d  by t h e  t r u e  v a l u e  t h a t  t h e  o b s e r v a t i o n  i s  supposed t o  e s t i m a t e .  

I t  should be a  c o n s t a n t  f o r  a l l  t h e  o b s e r v a t i o n s  of a  s i n g l e  i n v e s t i -  

ga t ion .  

A s imple  nomographic p rocedure  h a s  been d e v i s e d  f o r  e s t a b l i s h i n g  

and e s t i m a t i n g  t h i s  c o n s t a n t  CV. 

Procedure  f o r  e s t a b l i s h i n a  and e s t i m a t i n a  t h e  CV: 

l ( a ) .  For each s e t  of t r i p l i c a t e  unconf ined compressive s t r e n g t h  

v a l u e s ,  compute t h e  r a t i o ,  r ,  of t h e  range,  R ,  of t h e  t h r e e  
- 

v a l u e s  t o  t h e  average,  X, of t h e  t h r e e  v a l u e s .  The range  i s  

d e f i n e d  a s  t h e  d i f f e r e n c e  between t h e  l a r g e s t  v a l u e  and t h e  

s m a l l e s t  v a l u e  of t h e  t h r e e .  Thus 

l ( b ) .  Arrange a l l  t h e  r v a l u e s  s o  o b t a i n e d  i n  ascend ing  o r d e r  

of magnitude. This  can e a s i l y  b e  done by p l o t t i n g  them on o r -  

d i n a r y  graph paper.  



l ( c ) .  Choose approx imate ly  t h i r t y  w e l l  spaced r va lues .  For 

each s e l e c t e d  r v a l u e ,  f i n d  t h e  number of o t h e r  r v a l u e s  l e s s  t h a n  

it and e x p r e s s  t h i s  number a s  a  pe rcen tage  of t h e  t o t a l  number of 

r v a l u e s .  

l ( d ) .  P l o t  each p e r c e n t a g e  a g a i n s t  i t s  cor responding  r v a l u e  on 

t h e  nomograph, u s i n g  s c a l e  A f o r  t h e  x v a l u e s  and s c a l e  B f o r  

t h e  pe rcen tages .  

l ( e ) .  F i t  t h e  t h i r t y  p o i n t s  so  ob ta ined  w i t h  a  s t r a i g h t  l i n e  - 
h e r e a f t e r  c a l l e d  t h e  CV l i n e  - p a s s i n g  through t h e  o r i g i n .  I f  

t h e  p o i n t s  l i e  r e a s o n a b l y  c l o s e  t o  t h e  s t r a i g h t  l i n e ,  t h e n  

constancy of t h e  CV i s  e s t a b l i s h e d  and t h e  proposed t e s t  i s  

a p p l i c a b l e .  ( Q u e s t i o n s  of o b j e c t i v e  f i t  and c l o s e n e s s  c r i t e r i a  

a r e  touched upon i n  t h i s  d i s c u s s i o n ) .  

O u t l i e r s ,  i f  p r e s e n t ,  w i l l  t end  t o  unduly e n l a r g e  r .  T h i s  

w i l l  cause  t h e  r p a t t e r y  t o  form a n  arched r a t h e r  t h a n  s t r a i g h t  

l i n e .  I n  such c a s e s ,  t h e  p o i n t s  f u r t h e s t  from t h e  o r i g i n  should 

be excluded from t h e  s t r a i g h t  l i n e  f i t ,  A t e c h n i c a l  though per-  

haps i m p r a c t i c a l  r e f i n e m e n t  h e r e  i s  t o  e l i m i n a t e  f a r  p o i n t s  u n t i l  

t h e  remaining r e p l o t t e d  p o i n t s  form a  s a t i s f a c t o r y  s t r a i g h t  l i n e .  

The CV i t s e l f  i s  e s t i m a t e d  by t h e  v a l u e  on s c a l e  A a t  which 

t h e  CV l i n e  a t t a i n s  a  h e i g h t  of 24 on s c a l e  B. 

I t  might be noted t h a t  p r i o r  workers i n  t h i s  g e n e r a l  a r e a  

have worked w i t h  t h e  assumption of c o n s t a n t  ZV (114. In a d d i t i o n ,  

a  c o n s i d e r a b l e  number of exper imenta l  s e t s  of d a t a  have been 

examined f o r  cons tancy  of t h e  CV a t  t h e  Iowa Engineer ing  Experiment 

S t a t i o n ,  and it has  been found t o  ho ld  i n  every case .  



&a2. Upon t h e  establ ishment  and es t imat ion  of t h e  cons tant  CV, it 

i s  now poss ib l e  t o  t e s t  f o r  poss ib l e  inco r rec t  unconfined compressive 

s t r eng th  va lues .  The procedure i s  a s  follows; 

Procedure f o r  d i s n u a l i f i c a t i o n  of extreme s t r enq th  values: 

2a. For each s e t  of t r i p l i c a t e  va lues  compute t h e  ratio,U,of t h e  

l a r g e s t  value (Xmax) - t h e  average value (?) t o  t h e  average value 

2b. For each s e t  of t r i p l i c a t e  values,  compute t h e  ra t io ,V,of  

t h e  average value (?) - smal les t  value (Xmin) t o  t h e  average 

2c. r n t e r  s ca l e  D a t  t h e  t o t a l  number of t r i p l i c a t e  s e t s .  Through 

t h i s  po in t  draw a ho r i zon ta l  l i n e  u n t i l  it i n t e r s e c t s  the  CV l i n e  

through t h e  o r ig in .  Read on s c a l e  A the  value t of t h e  absc issa  

of t h i s  i n t e r s e c t i o n  poin t .  

2d. t i s  the  c r i t i c a l  value f o r  both U and V. Any t r i p l i c a t e  

whose U exceeds t should have i t s  Xmax discarded;  s imi l a r ly ,  any 

t r i p l i c a t e  whose V exceeds t should have i t s  Xmin discarded.  I n  

o ther  words the  t value,  when expressed i n  percentage form,is the  

d i s q u a l i f y i n g  percentage f o r  t h e  inves t iga t ion  a t  hand. 

I t  must be r ea l i zed  t h a t ,  although t h e  suggested procedure con t ro l s  

the r a t e  of wrongful d i s q u a l i f i c a t i o n s ,  it cannot reduce t h i s  r a t e  t o  

zero. I t  i s  t h e r e f o r e  poss ib l e  t h a t  v a l i d  observat ions may be d isqual -  

i f i e d .  S imi l a r ly ,  a  c e r t a i n  number of o u t l i e r s  w i l l  not  be de tec ted .  



Wrongful disqualifications can occur either when all three members 

of the triplicate set are subject only to normal experimental variation 

or possibly because the two remaining values are, in fact, the illegit- 

imate ones. The investigator seeking additional controls for errors 

of this type may wish to cross-check the disqualifications suggested 

by the present procedure against the disqualifications suggested by 

the magnitude of the corresponding residuals from fitted regression 

functions (2). This cross check is not further discussed in this paper. 

Where, however, the cross-check is not used, it is recommended 

that if one observation is disqualified, the middle observation of 

the original three then be reported. If it should happen that both 

U and V are extreme for one triplicate set, the entire triplicate set 

should then be discarded. 

, In some cases it may be of interest to check on the reliability 

of the investigation as a whole. This may be necessary for many reasons, 

such as suspected unreliability of the operator, non-normality, or 

inhomogeneity of the material under test., 

Crjt~rion for the reliabilitv of the entire investia&m: 

3(a). Arrange all the U values in ascending order of magnitude. 

This is most easily done by plotting them on ordinary graph paper. 

3(b). Select approximately thirty well spaced U values. For 

each selected U value, find the number of other U values that 

are less than the selected U value and express this number as a 

percentage of the total number of U values. 

3(c). Using the nomograph, plot on scale E each percentage 

obtained in 3b against its corresponding U value on scale A. 



3(d). Fit the points so obtained by a straight line - hereafter 
called the U line - through the origin. 
3(e). Similarly, do 3(a), 3(b) and 3(c) and 3(d) for V so as to 

obtain a V line. 

The extent of non-coincidence of the three lines obtained in l(d), 

3(d) and 3(e), and the extent to which the three sets of points fail 

to be fitted by the CV line, indeed the actual shape of the sets 

themselves, will provide clues concerning series-wide unreliability, 

inhomogeneity and non-normality. For example, inhomogeneity, in the 

sense of more than one underlying coefficient of variation, will cause 

the three sets to form similar "S" shaped curves, arching first down- 

ward then upward, the first arch typically being the more pronounced. 

This effect is similar to that arising under "inadvertent plot splitting" 

in half-normal plot analyses (3), and is due to similar causes. Again, 

certain types of operator fabrication will manifest themselves in 

distinctive patterns. For example, fabricating a triplicate from a 

single determination by adding and subtracting fixed proportions of 

the single determination will cause a vertical discontinuity to appear 

in all three plots. On the other hand, fabricating a triplicate from 

a pair of determinations by interpolation will cause a configuration 

similar to but typically less extreme than that arising under inhomo- 

geneity . 
Should serious series-wide non-normality be uncovered, the clash 

of non-normal data with normal theory should, as a rule, be resolvable 

in favor of the theory, In other words, non-normality of data often 

will have an identifiable and removable cause. 



Examples 

Thc proposed technique i s  now applied t o  two s e r i e s  of t r i p l i c a t e  

determinations. The f i r s t  example involves 134 t r i p l i c a t e  s e t s  of un- 

confined conipressive s t r eng th  determinat ions of soil-calcium l igno- 

sulfonate-aluminum s u l f a t e  specimens (4) .  The second example involves 

152 t r i p l i c a t e  s e t s  of unconfined compressive s t r eng th  determinat ions of 

soil-lime-sodium s i l i c a t e  specimens (5). 

As shown i n  Fig. 1, t h e  estimated CV f o r  t h e  f i r s t  example i s  0.048, 

and t h e  c r i t i c a l  t i s  0.114, corredponding t o  a  disquaLifying percentage 

of 11.4, None of t h e  134 t r i p l e t s  were d i s q u a l i f i e d  by t h i s  c r i t e r i o n .  

As shown i n  Fig, 2, t h e  CV.line and V.line coincide,  with t h e  U-points 

and V-points f a l l i n g  c l o s e  t o  t h i s  j o i n t  l ine .  A l l  i nd ica t ions  there-  

fo re  po in t  t o  t h e  f a c t  t h a t  t h i s  i n v e s t i g a t o r  was i n  thorough cont ro l  

of h i s  experiment. 

The estimated CV f o r  t h e  second example i s  approximately 0.074, 

i nd ica t ing  a  degree of experimental p rec i s ion  lower than t h a t  of t h e  

f i r s t  example, This  lower p rec i s ion  probably does not  r ep resen t  an 

opera tor  e f f e c t ,  but  i s  probably due t o  t h e  well known rapid  j e l l -  

forming a b i l i t y  of sodium s i l i c a t e .  Low p rec i s ion  does not by i t s e l f  

c o n s t i t u t e  evidence of experimental i n e f f i c i e n c y  but ,  a s  i s  l i k e l y  i n  

t h e  present  case, can be t h e  r e s u l t  of inherent  mater ia l  p r o p o ~ t i e s .  

The c r i t i c a l  t-value f o r  t h i s  example i s  approximately 0.182, corre-  

sponding t o  a  d i squa l i fy ing  percentage of 18.2. As regards  t h e  

r e l i a b i l i t y  check c a r r i e d  out  i n  Fig. 2, t h e  CV l i n e ,  U l i n e  and V l i n e  

a r e  seen n o t  t o  coincide. Moreover, t h e  U p o i n t s  and V po in t s  do not 



l i e  c lose  t o  t h e i r  r e spec t ive  l i nes .  The tendency t o  downward 

curva ture  exhib i ted  by both t h e  U po in t s  and V po in t s  suggests  t h e  

p o s s i b i l i t y  of inhomogeneity of experimental mater ial .  

It i s  inpor t an t  t o  note t h a t  t h e  c r i t i c a l  percentage of 11.4 f o r  t h e  

f i r s t  experimental s e r i e s  i s  near t h e  blanket  percentage of lo%, which, 

pa ren the t i ca l ly ,  is exceeded by 3 t r i p l i c a t e  s e t s  of t h i s  s e r i e s ,  This  

10% is a l s o  exceeded by 38 t r i p l i c a t e s  of t h e  second se r i e s .  Use of t h e  

c r i t i c a l  percentage "tailor-made" t o  inherent  experimental v a r i a b i l i t y  

thus  l eads  t o  a  reduct ion  i n  t h e  number of d i s q u a l i f i c a t i o n s  i n  t h e  case 

of both experimental s e r i e s .  These a r e p  namely, zero  versus  3 f o r  

example No. 1 and 18 versus  38 f o r  example No. 2. 

Note t h a t  t h e  two types of nomographic computations shown i n  

Figs,  1 and 2 can be performed on a  s ing le  nomograph. A sample of such 

a nomograph, ca l l ed  "Outl ier  Paper" i s  given i n  Fig. 3. 

Discussion 

I t  i s  planned t o  d i scuss  t h e  d e t a i l s  ucder ly lng  t h e  proposed 

procedure i n  a  separa te  t echn ica l  publicat ion.  However it seems 

appropr ia te  t o  give a  b r i e f  t h e o r e t i c a l  d iscuss ion  here. 

The O u t l i e r  Paper of Fig. 3 i s  based upon t h e  following f ac t s .  

( A )  The ra t io ,  2, has approximately t h e  d i s t r i b u t i o n  of t h e  range 
CV 

of t h r e e  u n i t  normal dev ia t e s ,  and & and 1 have approximately t h e  cv CV 
d i s t r i b u t i o n  of t h e  l a r g e s t  minus t h e  average of t h r e e  u n i t  normal 

deviates .  Verifying computations i n d i c a t e  t h a t  t hese  approximations a r e  

s u f f i c i e n t l y  exac t  a s  long a s  t h e  c o e f f i c i e n t  of v a r i a t i o n  is l e s s  than 

0,15, Sca les  A and B r ep resen t  ipverse p r o b a b i l i t y  t ransformations 



corresponding t o  t h e  above two funct ions  of u n i t  normal va r i ab le s .  The 

l f n e a r i z i n g  property of inverse p r o b a b i l i t y  t ransformations has been 

explo i ted  before (3). 

(5) I n  view of t h e  above, t h e  cumulative d i s t r i b u t i o n  funct ions  

f o r  r ,  U and V a r e  s t r a i g h t  l i n e s  through t h e  o r i g i n  and have s lope  

of -?, when p l o t t e d  on t h e  o u t l i e r  paper. This  enables t h e  CV l i n e ,  
cv 

which i s  i n  f a c t  t h e  est imated cumulative d i s t r i b u t i o n  of r, t o  y i e l d  

c r i t i c a l  va lues  f o r  U and V i ,e .  t o  be used a s  i f  it were i n  f a c t  t h e  

cumulative d i s t r i b u t i o n  funct ion  of U and V. 

I t  i s  important t o  note t h a t ,  i dea l ly ,  t h e  cons t ruc t ion  of t h e  CV 

l i n e  should be based on a  s t a t i s t i c  t h a t  is a s  i n s e n s i t i v e  a s  poss ib l e  

t o  o u t l i e r s ,  whereas t h e  d i squa l i fy ing  percentage derived from t h i s  CV 

l i n e  should be appl ied  t o  s t a t i s t i c s  t h a t  a r e  a s  s e n s i t i v e  a s  poss ib l e  

t o  o u t l i e r s .  T r i p l i c a t e  observat ions lend themselves only p a r t i a l l y  

t o  these  ob jec t ives  i f ,  a s  is assumed i n  t h i s  paper, both l a r g e  and 

small o u t l i e r s  a r e  involved. In  view of t h i s ,  t h e  p l o t  of t h e  p a r t i a l l y  

ser i s i t jve  r va lues  may show some downward curvature. In  such cases ,  a s  

has a l ready been recommended, t h e  CV l i n e  should be f i t t e d  on t h e  b a s i s  

of t h e  r po in t s  l e s s  l i k e l y  t o  be contaminated by t h e  o u t l i e r s ,  i.e. 

t h e  r p o i n t s  c lose r  t o  t h e  origin.  

I n  cases  where it i s  known t h a t  only l a rge  o u t l i e r s  a r e  p resen t ,  

an idea l  i n s e n s i t i v e  s t a t i s t i c  i s  t h e  r a t i o  of t h e  d i f f e rence  t o  t h e  

mean of t h e  middle and smal les t  observation. 

With quadruple observat ions,  almost complete i n s e n s i t i v i t y  and 

s e n s i t i v i t y  can be achieved even when both l a r g e  and small o u t l i e r s  a r e  

present ,  A s u i t a b l e  i n s e n s i t i v e  s t a t i s t i c  i s  t h e  r a t i o  of t h e  d i f f e r e n c e  



t o  t h e  average of t h e  middle two observat ions,  and a  s u i t a b l e  s e n s i t i v e  

s t a t i s t i c  i s  t h e  l a r g e s t  minus  t h e  average of t h e  middle two, divided 

by t h e  average of t h e  middle two observat ions.  

(C) The method of ob ta in ing  t h e  d i s q u a l i f y i n g  percentage i s  based 

upon t h e  "multiple-comparison" po in t  of view t h a t  experimental s e r i e s  

not conta in ing  o u t l i e r s ,  r ega rd l e s s  of t h e i r  l eng th  should s u f f e r  no 

d i s q u a l i f i c a t i o n  wi th  p r o b a b i l i t y  *. It i s  r e a l i z e d  t h a t  o the r  po in t s  

of view regarding t h e  ques t ion  of r i s k  w i l l  l ead  t o  d i f f e r e n t  D sca les .  

I t  i s  of i n t e r e s t  t b  note  t h e  maiiner i n  which t h e  c r i t i c a l  d i s -  

qua l i fy ing  va lues  f o r  U and V depend Upbn t h e  t o t a l  number of t r i p l i c a t e  

s e t s  and a l s o  upon t h e  cons tan t  c o e f f i c i e n t  of va r i a t i on .  When t h e  num- 

ber  of t r i p l i c a t e  s e t s  increases ,  t h e  c r i t i c a l  t va lue  inc reases ,  which 

means t h a t  t h e  c r i t i c a l  U and V values  a l s o  increase.  This  fo l lows  from 

t h e  p re sen t  po in t  of view regarding r i s k  and may be explained by t h e  

f a c t  t h a t ,  s i nce  a  g r e a t e r  number of t r i p l i c a t e s  a r e  involved, na tu ra l  

experimental v a r i a t i o n  i s  expected t o  produce g r e a t e r  numbers of extreme 

U and V values.  The c r i t i c a l  t value a l s o  inc reases  with inc reas ing  CV. 

This i s  a  r e f l e c t i o n  of t h e  f a c t  t h a t  t h e  data  a r e  expected t o  be more 

e r r a t i c  whenever t h e  na tu ra l  experimental e r r o r ,  of which t h e  cons tan t  

CV is a  measure, is large.  

Fu r the r  t h e o r e t i c a l  cons ide ra t ions  revolve about t h e  manner of 

f i t t i n g  t h e  CV l i n e  and t h e  manner of a s se s s ing  t h e  goodness-of-f i t  

of t h e  r ,  U and V p o i n t s  t o  t h i s  l i n e .  As a  r u l e ,  an eye - f i t  w i l l  be 

adequate f o r  t h e  CV l i n e ,  a s  o the r  more soph i s t i ca t ed  methods probably 

w i l l  not provide s u f f i c i e n t l y  g r e a t e r  accuracy t o  compensate f o r  t h e i r  

g r e a t e r  computational complexi t ies ,  A measure of goodness-of-fit  i s  



provided by t h e  maximum v e r t i c a l  devia t ion ,  i n  u n i t s  of percentage, of 

t h e  t h i r t y  po in t s  from t h e  s t r a i g h t  l i ne .  This  dev ia t ion  may be approxi- 

mately judged i n  terms of t h e  known d i s t r i b u t i o n  of t h e  maximum v e r t i c a l  

discrepancy between a  populat ion CDF and i t s  corresponding sample CDF (6). 

However t h i s  d i s t r i b u t i o n  theory  should be taken only a s  a rough guide 

s ince  ( a )  only t h i r t y  po in t s  of t h e  sample CDF have been p lo t t ed ,  (b)  

t h e  CDF t o  which t h i s  sample CDF is being compared i s  a  f i t t e d  r a t h e r  

than a  t r u e  CDF and ( c )  whatever b u t l i e r s  a r e  present  a r e  a c t u a l l y  

cont r ibut ing  t o  t h e  discrepancy between t h e  two CDF's; a l t e r n a t i v e l y ,  

i f  one a t tempts  t o  e l iminate  o u t l i e r s  by t h e  refinement given i n  l ( e ) ,  

maximum v e r t i c a l  dev ia t ions  w i l l  a r i s e  t h a t  a r e  considerably smaller  

than those  expected according t o  t h e  standard d i s t r i b u t i o n  theory. 
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Footnotes: David, Davidson and O'Flaherty 

1. For a s i m i l a r  t rea tment  of t h i s  sub jec t ,  re ference  i s  made t o  

ASTM Tenta t ive  Recommended P r a c t i c e  f o r  Dealing with Outlying 

Observations t o  be issued l a t e r  t h i s  year  under E 000 - 61 T, 

(Number w i l l  be assigned following i t s  adoption by Committee 

E-11 on Q u a l i t y  Control  of Materials.)  

2. Associate Professor  of S t a t i s t i c s ,  Professor  of C i v i l  ( S o i l )  

Engineering, and Ass i s t an t  Professor  of Engineering Graphics and 

C i v i l  Engineering Graduate Student,  r e spec t ive ly ,  Iowa S t a t e  

Univers i ty  of Science and Technology, Ames, Iowa. 

3. ASTM Method of Test  f o r  Compressive Strength of Hydraulic 

Cement Vnrtars (using 2-in. Cube Specimens) ( c  109 - 58). 

1958 Book of ASTM Standards, P a r t  4, p. 130. 

4. The boldface numbers r e f e r  t o  t h e  l i s t  of re ferences  appended 

t o  t h i s  paper. 

4, When t h e  u l t ima te  i n t e r e s t  is i n  es t imat ing  a  mean, another  

po in t  of view i s  of fered  by F. J. Anscombe, "Rejection of 

Ou t l i e r s , "  'T-metrics, Vol. 2, pp. 123 f f .  (1960). 
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