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acid and glycerophosphoric acid. The compound con- 
cerned is evidently a glyeeroinositophosphatidic acid, 
which is perhaps  identical with the one previously 
found in soybean phosphatides (13). 

The thi rd  weight-curve peak, around t rans fe r  No. 
250, is like the last-mentioned peak, reflected both in 
the phosphorus  and in the glycerol curve but  nei ther  
in the ni t rogen nor in the meso-inositol curve. As the 
molar  ratio phosphorus : f a t ty  acid is about 1:2 and 
since glyeerophosphorie acid is the only phosphoric 
acid ester occurr ing in an acid hydrolysate,  it would 
be reasonable to assume tha t  the compound concerned 
was an ord inary  glyeerophosphatidic acid. The posi- 
tion of the peak does not however correspond to the 
position it should have if this were true,  and electro- 
metric t i t ra t ion shows it to be a monobasie acid with 
an equivalent weight of about 2,700. Af t e r  being 
washed with acid for  a short period, it may  be t i t ra ted  
as a dibasic acid with the same equivalent weight. 
These facts suggest the presence of a polyglycerophos- 
phatidic acid. 

The four th  weight-curve peak occurs at about  tube 
No. 40. I t  is reflected in the glycerol, phosphorus,  and 
nitrogen curves. The molar ratio . . . . . . . . . . . . . . . . .  ~euween me~e com- 
pounds is very  near ly  equal to 1. Moreover this peak 
coincides with a peak of the f a t ty  acid curve. The 
molar ratio of f a t ty  acid:phosphorus is about  2:1. 
Pape r  chromatographic  separatio.l~ of the substauces 
released by acid hydrolysis  (6 N HC1 for  24 hrs.) 
shows that  the only substances present  are choline, 
ethanolamine, and serine. Therefore  it is a reasonable 
assumption tha t  what  we are dealing with is a mix- 
ture of phosphatidyleholine,  phosphat idylethanola-  
mine, and phosphatidylserine.  

Summary 
The objcet of the I)resent work has been to s tudy  

those soybean phosphatides which cannot bc extracted 
by means of nonpolar  solvents but  only by means of 

mixtures  of nonpolar  and  polar  solvents, for  instance 
hexane and ethanol. These phosphatides were frac-  
t ionated by  the eountercurrent  distr ibution technique, 
and the following groups of substances were found:  
a) carbohydrates  with d-inositol in the fo rm of the 
methyl  ether called pinitol ;  b) a number  of ni trogen- 
containing substances, the nature  of which is not  as 
yet  ful ly  elucidated but  which is perhaps  mere ly  
decomposition products  of proteins;  e) a glyceroinosi- 
tophosphatidic acid which contains equimolar quanti-  
ties of glyeerophosphorie acid and inositolmonophos- 
phoric acid and phosphorus and f a t t y  acids at a rat io  
of about  1 to 2; d) a high-molecular phosphat idic  
acid; and e) a mix ture  of the three glycerophospha-  
tides: phosphatidyleholine,  -ethanotamine, and -serine. 
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An Interlaboratory Study of Test Methods 
A. C. ROHLOFF and R. J. HOULE, ~ Lever Brothers Company, Edgewater, New Jersey 

N I N T E R L A B O R A T O R Y  STUDY o f  t h e  a c c u r a c y  a n d  

preeision of test  methods is one of the activities 
of the Smalley subcommittee on glycerin of the 

American Oil Chemists '  Society. In this paper  the 
statistical methods used to analyze the rcslflts of the 
1957-58 s tudy are described. The scoring system used 
to select the two laboratories awarded certificates of 
meri t  is also expIained. 

In  addition to. fulfilling Smalley Committee objec- 
tives, an in te r labora tory  test s tudy eouht shed light 
on the following questions: 

D o  a n y  o f  t h e  l a b o r a t o r i e s  h a v e  a c o n s t a n t  e r r o r  f o r  t h e  t e s t ?  
W h a t  d e g r e e  o f  v a r i a t i o n  c a n  b e  e x p e c t e d  w h e n  t h e  t e s t  i s  u s e d  

a )  b y  t h e  s a m e  a n a l y s t  on  t h e  s a m e  d a y ?  
b )  o v e r  a p e r i o d  o f  s e v e r a l  m o n t h s  w i t h i n  t h e  s a m e  

l a b o r a t o r y  ? 
e)  i n  d i f f e r e n t  l a b o r a t o r i e s  ove r  a p e r i o d  o f  s e v e r a l  

m o n t h s  ? 
C a n  t h e  v a r i a t i o n  o f  t h e  t e s t  b e  c o n s i d e r e d  t h e  s a m e  

a )  f r o m  m o n t h  to  m o n t h  w i t h i n  t h e  s a m e  l a b o r a t o r y ?  
b )  f r o m  m o n t h  to  m o n t h  w i t h i n  d i f f e r e n t  l a b o r a t o r i e s ?  

1 Pas t  cha i rman  of the A.O.C.S. Smalley Subcommittee for  Glycerin.  

To the individual  par t ic ipa t ing  laboratory,  the first 
question is probably  the most important .  Fo r  com- 
panies using the services of referec laboratoric, s the 
degree of laboratory- to- laboratory  var ia t ion for the 
test method is also an impor tan t  consideration. 

Discussion and Calculations 

To realize the full potential  informat ion in an inter-  
l abora tory  s tudy it is necessary to have the results  
reported in the same uni form way by all pa r t i c ipa t ing  
laboratories, lilt is desirable to have each labora tory  
run  and repor t  the same number  of determinat ions  
per  sample. I f  ]aboratories run  f rom one to 10 deter- 
minat ions per sample and repor t  only the average  
value, not only is a great  deal of informat ion lost 
but  the results are almost impossible to. in te rpre t  
statistically. 

Twenty-five laboratories par t ic ipated in the glyc- 
erin subcommittee program.  Five samples were dis- 
t r ibuted  at  monthly  intervals. The series included 
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|!~IG. ]. Control charts for glycerol by sodium periodate. 

soap lye crude, saponification crude, USP,  and syn- 
thetic glycerin samples. 

As the sodium pcriodate method for  determining 
glycerol is of great  interest,  the numerical  examples 
are based solely on the results  of this test as repor ted 
by 14 of the laboratories par t ic ipa t ing  in the 1957-58 
study. 

When results are received f rom the par t ic ipants ,  
the question invar iably  arises as to which, if  any, of 
the values should be discarded as some of the values 
are often quite obviously out-of-line. Therefore  it 
is desirable to have an objective method for  discard- 
ing such values. The Dixon (1) cri teria for  re ject ing 
them, using the 99% confidence level, was conse- 
quent ly  adopted. The calculations for  the first sam- 
ple are i l lustrated in the Appendix.  Using these 
criteria, none of the results  reported by  the 14 labo- 
ratories were discarded. 

Af te r  re ject ing such values the ar i thmetic  average 
of the remaining  values is computed for  each sample, 
and, in the absence of other information,  this aver- 
age is taken as the t rue  value. The deviation of the 
average of each labora tory  f rom the over-all sample 
average (d) is next  computed. This procedure  is 
followed for  each of the five samples, as shown in 
Table I. These deviations are also plot ted in control 
char t  form, as in the uppe r  port ion of F igure  1. 

The var ia t ion o.f the test  when run  in duplicate  on 
the same day  is. now estimated. I f  the average  of 
two values for  a given labora tory  was discarded when 
testing for  out-of-line values, these two values are 
not included in the calculation of test variat ion.  The 
absolute difference between duplicate determinat ions 
(a) is found  and plot ted for  each sample as illus- 
t ra ted  by  the lower pa r t  of F igure  1. We  notice 
tha t  the r a n g e  for  the first sample analyzed by  Labo- 
r a to ry  1 is considerably larger  when compared with 
the other ranges. Before calculat ing the average for  

a sample, out lying values were discarded;  s imilarly 
we want  to discard a typical  values before obtaining 
an estimate of the var ia t ion of the test. 

To do this we computed the average range (g) and 
followed the statistical qual i ty control methods to find 
the three-sigma limits for the range chart.  F r o m  the 
computat ion given in the Appendix,  the first estimate 
of the uppe r  control l imit for  the range char t  is 
0.21%. The chances are 3 in 1,000 that  a point  will 
lie above this limit when there is no real change in 
the test variat ion.  Two of the values do exceed this 
upper  l imit ;  these values are discarded as atypical,  

and the limits are reeompnted.  Other than  the dis- 
carded values, all points now lie within the revised 
limits shown on the range chart  in F igure  1. 

Based on the average range of ~ = .058%, the three- 
sigma limits for  the chart  of average deviations are 
• .109%. These limits are shown as dashed lines in 
the uppe r  p a r t  of F igure  1, where it is seen tha t  none 
of the laboratories have deviations fal l ing within 
these l imits for  all five samples. 

I t  is typica l  of m a n y  test methods tha t  duplicate 
determinat ions run  near ly  at  the same t ime agree 
more closely than  determinat ions made at  longer time- 
intervals ;  hence it is not surpr is ing to find a number  
of points outside the control l imits based on duplicate 
determinations.  I t  is for  this reason tha t  we may  
wish to have and, in fact,  may  need another  estimate 
of the var ia t ion of the test. 

The total  variance,  a 2, of the observed results  (other 
than that  caused by  differences between samples)  can 
be par t i t ioned into three components: var ia t ion  due 
to differenees between duplicates, ~2/a; var ia t ion  due 
to the interact ion between laboratories and samples, 
~e/]~; and var ia t ion  due to differences between labora- 
tories, O'2/1. Algebraical ly  we have O'2=O'2 /d -~o '2 / l s -~o  "2/1. 

For  an i l lustrat ive example, any  var ia t ion within 
laboratories, over and above tha t  caused by  differ- 
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T A B L E  I 
D u p l i c a t e  D e t e r m i n a t i o n s  Repor t ed  for P e r c e n t a g e  of Glycerol  by Sodium P e r i o d a t e  wi th  Aw, r ages  (~ ) ,  Di f fe rences  B e t w e e n  D u p l i c a t e  ( R ) ,  and  

Dev ia t i ons  f rom Sample  A v e r a g e s  ( d )  

1 

Soap lye c r u d e  81 .29  
g lyce r in  80 .97  

x = 81 .71  ~ = 81 .13  
R :  .32 a 
d = - - . 5 8  

Soap lye c rude  79 .77  
g lyce r in  79 .81 

x - -  79 .59  x = 79 .79  
R : .04 
d = .20 

Saponi f i ca t ion  76 .85  
c rude  g lyce r in  76 .83  

x : 7 6 . 6 4  ~ = 76 .84  
R = .02 
d - -  .20 

U S P  g lycer in  98 .43  
98 .45  

x = 98 .59  x = 9 8 . 4 4  
g : .02 
d = - - . 1 5  

Syn the t i c  U S P  99 .39  
g lycer in  99 .42  

x ---- 9 9 . 5 0  x ~--- 9 9 . 4 0  
R = .03 
d----- - - . 1 0  

2 

81 .41  
81 ,55  

81 .48  
.14 

- - . 23  

79 .33  
79 .37  

79 .35  
.04 

- - . 2 4  

76 .68  
76 .72  

76.7(~ 
.04 
.06 

98 .59  
98 .63  

98.61 
.04 
.02 

99 .52  
99 .55  

.(t9.54 
.03 
.04 

L a b o r a t o r y  n u m b e r  

8 1 . 8 7  
81 .88  

81 .88  
.01 
.17 

79 .78  
79.81 

79 .80  
.03 
.21 

76 .23  
76 .28  

7 6 . 2 6  
.05 

1 . 3 8  

98 .69  
9 8 . 7 0  

98 .70  
.01 
.11 

9 9 . 2 4  
9 9 . 3 2  

9 9 . 2 8  
.08 

- - . 2 2  

4 

8 1 . 7 7  
81 .70  

8 1 . 7 4  
.07 
.03 

79 .88  
79 .92  

79 .90  
.04 
.31 

7 6 . 3 4  
76 .49  

76 .42  
.15 

- - , 2 2  

9 8 . 5 2  
9 8 . 5 4  

98 .53  
.02 

- - . 0 6  

9 9 . 6 0  
9 9 . 5 8  

99 .59  
.02 
.09 

6 

8 1 . 6 6  
8 1 . 7 8  

81 .72  
.12 
.01 

7 9 . 3 7  
7 9 . 3 5  

7 9 . 3 6  
.02 

- - . 2 3  

76 .75  
76 .75  

7 6 . 7 5  
.00 
.11 

9 8 . 4 6  
9 8 . 5 6  

98.51 
.10 

- - . 0 8  

99 .62  
9 9 . 7 !  

9 9 . 6 6  
.09 
.16 

7 8 

8 1 . 8 0  - 8 i . ~  
81 .71  / 8 1 . 6 6  

8 1 . 7 6  / 8 ] . 6 6  
.o9 I .0o 
.05 - - . 0 5  

79 .63  I 79 .31  
7 9 . 6 0  79 .31  

79 .62  / 79 .31 
.03 .00 
.03 - - . 2 8  

76.81 76 .84  
76.81 76 .95  

76 .81  76 .90  
.OO . 11  
.17 .26 

98 .89  98 .49  
98 .92  9 8 . 6 3  

98 .90  9 8 . 5 6  
.03 .14 
.31 - - . 0 3  

9 9 . 2 0  9 9 . 5 7  
99 .13  99 .71  

9 9 . 1 6  9 9 . 6 4  
.07 .14 

- - . 3 4  .14 

9 1 0 _ . _ _  _ _  1 1  

8 1 8 4 , 8 1 9 2 , 8 1 . 0 0  
81.61181., ,2 I 81.61 
8 1 7 2 , 8 1 9 2 ,  81.60 

. 2 3 a  .00 .01 

.01 .21 - - .11  

79.77 79.72 79.53 
79 .66  79 .60  79.48 

79 .72  7 9 . 6 6  79 .50  
. 11  ,12 .05 
. I 3 . 0 7  - - .0 . ( )  

76 .89  76,8"1 76 .52  
76 .89  76 .83  76 .68  

76 .89  76 .83  76 .60  
.00 .00 .16 
. 2 5  .19 - - . 0 4  

98 .53  9 8 . 5 7  98 .49  
9 8 . 5 3  9 8 . 6 9  98 .48  

98 .53  98 .63  9 8 . 4 8  
.00 .12 .01 

- - . 0 6  .04 -- .11 

99 .43  99 .5q  9 9 . 3 6  
9 9 . 4 6  99 .48  9 9 . 3 6  

9 9 . 4 4  9 9 . 5 4  9 9 . 3 6  
.03 .1 l .00 
.06 .04 - - . 1 4  

2 1 .  13 . . . . . . .  

82 .18  8 2 . 3 1  
82 .05  / 8 2 . 3 5  

82 .12  82 .33  
.13 .04 
.41 .62 

79 .31  7 9 . 6 2  
79 .23  79 .43  

79 .27  79 .52  
.08 .19 

- - . 3 2  - - . 0 7  

76 .43  76 .89  
76 .32  76 .82  

76 .38  7 6 . 8 6  
.11 .07 

- - . 2 6  .22 

98 .42  9 8 . 3 4  
98 .37  9 8 . 3 4  

9 8 . 4 0  9 8 . 3 4  
.05 .00 

- - . 1 9  - - . 2 5  

9 9 . 4 5  9 9 . 3 6  
9 9 . 5 5  99 .43  

9 9 . 5 0  99.4(3 
.10 .07 
.00 - - . 1 0  

14 

81 .43  
8 1 . 3 7  

8 1 . 4 0  
.06 

- - .31  

79 .89  
79 .80  

79 .84  
.09 
.25 

76 .02  
76 .02  

76 .02  
.00 

- - . 6 2  

98 .99  
99 .01  

9 9 . 0 0  
.02 
.41 

9 9 . 8 0  
99 .91  

9 9 . 8 6  
.11 
.36 

�9 Not included in the f inal  es t imate  of g.  

enees between duplicates, will make the second eonl- 
ponent, ,r 2/is, larger. The eomputational procedure 
for obtaining estin/at(,s of these eomponents of vari- 
anee is given by Anderson and Baneroft  (3). The 
results of these coml)utations are shown in Table I1. 

The largest varian(ee (:Olnl)<ment is , r  2 / ~  = 0.0606. I f  
some laboratories show significantly better aeeuraeT 
for USP saml)les while oiher laboratories show better 
accuracy for soap lye crude samples, we expect (r 2 /1~  

t() be large. IIowever ~T 2/ls will also be large if not all 
the within-laboratory variation is reflected in ~r 2 /a .  

Assuming the latter is true, we obtain a new estimate 
of within-laboratory variance by pooliBg ~r 2 / d  and ,r2/l'~: 
O "2/w = <.r 2 /d  -}- 6 r2 / I s  --~ 0 . 0 6 4 5  ( " w  = 0 . 2  5 % ). 

The variance of the average of duplicate determina- 
tions is equal t<) ,r2/%/2 + ,r 2/Is = 0.0625 (a standard de- 
viation of ().25'~). Three-sigma limits, _+ 0.75% based 
on this standard (leviation, include all the values of d, 
plotted in the ul>per part  of Figure 1. 

To what extent ,r 2/~s does in fact include within- 
laboratory variation can be determined by a specially 
designed interlaboratory series. In part, sueh a de- 
sign would call for the same sample to be reanalyzed 
within each laboratory after at least a month. Until 
such a program is eonlpleted, we believe that the value 
of 0.25% can be taken as a reasonable estimate of the 
standard deviation for the precision of the test. 

T A B L E  1[ 

Components  of V a r i a n c e  for  tho P e r c e n i a g e  of Glycerol  Ana lys i s  

I Deg ..... I S~ms Mea~ 1 
Source  of v a r i a t i o n  of of 

fl fedora squa res  SCjl~ os 

Samples  .. . . . . . . . . . . . . . . . . . . . . . . . . .  t 4 I 1 3 4 5 8 . 3 8 9 2  
L a b o r a t o r i  ..................... I 13 0.5259 
Samples  X labora tor ies . . , '  52 6 . 5 0 3 6  0 .1251  

0 . 2 7 3 0  I 0 . 0 0 3 9  B e t w e e n  dupl ica tes  ......... ~ 70 [ 
L 

[ i 

Tota l  .. . . . . . . . . . . . . . . . . . . . . . .  L 139  I --13465.6917- [ / 

Expec ted  
mean  

squa res  

O-=/d + 10 a ~ l l  

o'~/aq - 2 ere/is 

Scoring System 
As all incentive for tmrticipation in the s tudy and 

also as a means of emphasizillg the imporhume of eon- 
trolling test variability, recognition is given to the 
three most accurate and precise laboratories. To se- 
lect these laborat<>ries an objective seorillg system is 
needed. The scoring system has bern1 devised so that:  
ties in the final standings will tie avoided; improve- 
lnent even anlong the better laboratories will be re- 
fleeted in the scoring; each of tile lest methods is 
weighted according to relatiw> ilnl>oriance ill the in- 
dus t ry ;  a laboratory does not reach the neighborhood 
of the maximunl possible scores until the nlonth-to- 
ntonth variabili ty of the test 11miho/I is near that 
evidenced by duplicate dehwnlinations mm on the 
sanle day. 

The score depends on the nlagnilude of the mean 
deviations from the over-all samllle aw~rage (d). To 

TABIA~; l t l  
The  Max imum Possitdc Score for Each  T e s t  

All e tudes  
P e r c e n t a g e  of glycerol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
P e r c e n t a g e  of ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
P e r c e n t a g e  of total  a l k a l i n i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
P e r c e n t a g e  of sodium chlor ide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l 0  
P e r c e n l a g e  of total  r e s idue  at  175~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

Syn the t i c  I J S P  and U S P  g lycer in  
Percenta~7e of glycerol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45  
Specific g r a v i i y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
P e r c e n t a g e  of K a r l  F i scher  moi s tu re  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l 0  

T A B L E  I V  
P e r c e n t a g e  of Max imum Score to B~, Assigned for  D i f f e r e n t  Va lue s  of D 

D 

0 .00  to 0 .49 
(}.50 to 0 .99 
1 .00 to 1.4.  () 
1 .50  to 1.99 
2 .00  to 2 .49  
2 .50  to 2 .99  
3 .00  to 3 .99  
4 .00  to 4 .99  
More t h a n  5 .00  

P e r c e n t a g e  of 
n l ax imum score 

100  
90 
80 
70 
60 
50 
30 
1.0 

0 

a ~/d = 0 .0039  Crd = 0.O6V/~, 
a ~ / ] s  (0 .1251  0.003.()) / 2 = 0 . 0 6 0 6  crls --= 0 . 2 5 %  
o : ~ / ~  = ( 0 . 0 4 0 4  - -  0 . 0 0 3 9 ) / 1 0  --  0 . 9 0 3 6  aJ = 0 , 0 6 %  
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T A B L E  V 

Scores  for  E a c h  L a b o r a t o r y  and  Sample  for  P e r c e n t a g e  of Glycerol by Sod ium P e r i o d a t e  a 

L a b o r a t o r y  number 
Sample  

( 

( 

3 

4.5 

0 

0 

13.5 

4 

40.5 

0 

0 

31.5 

5 

0 

40.5 O 40.5 

27.0 

4.5 

90.0 

40.5 

13.5 

0 

31.5 

31.5 

117.0 

11 12 

13.5 0 

22.5 0 

36.0 0 

13.5 0 

• 45.o 
99.0 45.0 

4 I 9 

Soap lye c rude  
g lyce r in  

Soap lye c rude  
g lycer in  

Saponi f ica t ion  
c r u d e  g lycer in  

U S P  g lycer in  

Syn the t i c  U S P  
g lycer in  

Tota[  score  

R a n k  o rde r  

0 

4.5 

22.5 

27.0 

1 0  

2 

0 

31.5 

40.5 

36.0 

IOg.O 

2 

1 g .O 

11 

22.5 

94.5 

5 

22.5 

31.5 

13 .5  

108.0 

2 1 

10 

O 

31.5 

0 

36.0 

36.0 

103.5 

3 

13 

0 

31.5 

0 

0 

22.5 

54.0 

8 

14 

0 

0 

0 

0 

0 

0 

12 

a b a s e d  on S = 0 . 0 5 1 %  a n d  S*-= S / \ / 2 = 0 . 0 3 6 ~ / ~ , .  

score a l a b o r a t o r y  on a g iven  tes t  we compu te  D = 
[ d ] / S l ,  where  SI is the  s t a n d a r d  dev i a t i on  of ave rages  
of two d u p l i c a t e  d e t e r m i n a t i o n s  r u n  on the  same day .  
In Tab le  [ H we show the m a x i m u m  possible  score fo r  
each tes t  me thod  in the study. Table  I V  gives the 
percentage of the total possible score awarded for 
various vahIes of D. Table V shows the total scores 
for the 14 laboratories. 

Al though there will  be ties between laboratories for 
a given test method, these ties will almost always dis- 
appear when the scores for  the test methods  are  pooled.  

]~or l a b o r a t o r i e s  i n t e r e s t ed  ill i m p r o v i n g  and  con- 
t r o l l i n g  the  p rec i s ion  a n d  a c c u r a c y  of tes t  methods ,  
s t a t i s t i c a l  q u a l i t y  control  t echn iques  p rov ide  a use fu l  
tool. One a p p r o a c h  is to p r e p a r e  a l a rge  n u m b e r  of 
aliquots from the same sample ,  i nc lude  these a l iquo t s  
p e r i o d i c a l l y  wi th  r o u t i n e  samples ,  and  use s t a t i s t i ca l  
q n a ] i t y  cou t ro l  cha r t s  to spot  when a shift oceurs  in  
the va lues  ob ta ined .  W h e n  the  (:ontrol c h a r t  ind i -  
ca tes  a shift  in the average ,  an effort  can  thou be made  
to locate and el iminate the source of difficulty. I f  all 
analysts  within a laboratory report values consistently 
too high or low, this may  not  be detected by statistical 
control charts within the laboratory. This type of 
bias will  however probably be detected by a large- 
scale interlaboratory comparison such as the A.O.C.S. 
glycerin sample series. 

Conclusions 

Our aim has been to construct a simple method of 
scoring consistent with the objectives of the s tudy and 
to present the results in a nlanner that does not require 
too much statistical sophistication. However,  i f  real- 
istic estimates of  the precision of test methods are to 
be obtained, the interlaboratory tests must  be more 
thought fu l ly  designed and the statistical analysis will  
tend to be somewhat  more complicated as in the com- 
ponents  of  variance analysis  we have presented. 
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A P P E N D I X  

Discarding Outlying Values. For  the first soap lye crude 
sample tim averages of t h e  t w o  values reported by each labora- 
tory are in rank order:  81.13, 81.40, 81.48, 81.50, 81.60, 81.66, 
81.72, 81.72, 81.74, 81.76, 81.88, 81.92, 82.12, 82.33. To deter- 
mine if  82.33 should be discarded, following Dixon (1) ,  wc 
('~lll{)llt e : 

X ( , , ) - -X (,,-'.,) 82.33--81.92 
r= - -- -- 0.48~0.64 

X e,)--X(a, 82.33--81.48 

where r u  for  r..~ at .99 confidence level -- 0.64 
Xo,  is the largest  value 
X(,-~) is the second f rom the largest  value 
X~a) is the value third in rank 

Since 0.48 is less than 0.64, the 0.99 confidence point  given by 
Dixon, we do not discard 82.33. To test i f  81.13 is an outlying 
value, the averages are ranked f rom smallest to largest  and t h e  
formula  is used as before with X(n) now represent ing the small- 
est value. 

Limits  for  Control Charts. The constants  used in calculating 
control char t  limits and fu r the r  details may  be found in t h e  
"A.S.T.15s Manual  on Quali ty Control of ~vlaterials" (2) .  

The Range Chart. The sun* of the values of ~ for  all labo- 
ratories and samples is 4.46. 

E = 4.46/70 = 0.064% 
Lower limit = Da~ ---- 0.000 (0.064) = 0  
Upper  l imit  = n ~  = 3.267 (0.064) ---- 0.21% 

The revised limits are found a f t e r  discarding two values, 0.32 
and 0.23 : 

= ( 4 . 4 6  - -  0 . 2 3  - -  0.32)/68 -- 0.058% 
Lower limit = 0 
Upper  limit = 3.267 (0.058) = 0.19% 

The est imate of a single test s tandard  deviation i s :  

s = ~ / d 2  = 0 . 0 5 8 / 1 . 1 2 8  - 0.051% 
The Chart for  Mean Deviations from Sample Averages (d). 

The limits are based on ~ = 0 . 0 5 8 %  : 
+ A f t =  •  ( 0 . 0 5 8 )  = ~ 0 . 1 0 9 % .  


