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ABSTRACT 

A p p r o p r i a t e  s t a t i s t i c a l  procedures a r e  p r o v i d e d  f o r  

d e t e r m i n i n g  t h e  s h e l f - l i f e  o f  a d r u g  p roduc t .  

r e g r e s s i o n  a n a l y s i s  i s  proposed here .  However, t h e  formu 

assoc ia ted  w i t h  t h e  conf idence l i m i t s  a r e  v e r y  cumbersome 

Complete SAS computer program statements a r e  p resented  so 

I n v e r s e  

as 

t h a t  

I t  has they  may be used i n  a computer to  accompl ish t h e  t a s k .  

been shown t h a t  t h e r e  a r e  s i t u a t i o n s  i n  which t h e  con f idence  

l i m i t s  may n o t  e x i s t .  The c o n d i t i o n s  under which such 

s i t u a t i o n s  a r i s e  a r e  d iscussed and a l t e r n a t e  procedures a r e  

proposed. 

INTRODUCTION 

The p r i m a r y  purpose o f  t h i s  paper  i s  t o  p r o v i d e  the  

developmental pharmaci s t  w i t h  adequate s t a t i s t i c a l  and 

computa t iona l  means t o  determine,  f o r  any t i m e - i n t e r v a l ,  t h e  
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40 BOHIDAR 

shelf-life of a drug-product which i s  currently in an early 

phase (phase I or 11) of its clinical trial. During this 

period, stability characteristics of the drug product are 

routinely monitored at specified intervals t o  gain knowledge of 

its current stability status. For this purpose, routine 

analysis of the avai lable stabi 1 1  ty data is an absolute 

necessity. 

of proper computational resources, the data analysis is 

general ly carried out by resort1 ng to informal graphing 

procedures or t o  subjective guess-estimate techniques which 

invariably produce inconclusive results. 

derived from the statistical results have far-reaching 

consequences, it is advisable that appropriate data analysis 

techniques be used with a well-tested computer software easily 

implemented in any available computer system. 

Either for the intention of expediency or for lack 

Since the conclusions 

The paper presents (a) the various statistical formulations 

associated with the formal analysis of stability data, based on 

the suggested statistical approaches outlined in ( 1 1 ,  (b) a 

complete set o f  SAS'" computer program statements, and (c) the 

salient results of the analysis of several stability studies 

obtained by using the computer program and their appropriate 

interpretation. 

THEORY 

Short-term thermal stabi 1 i ty property of a pharmaceutical 

preparation of drug content has been shown t o  follow, in 
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SHORT-TERM STABILITY DETERMINATION USING SAS 41 

general, a zero-order o r  a first-order kinetics ( 2 ) .  The 

primary purpose of a stability study is to experimentally 

determine the length of time that would be required t o  reach a 

Q (fixed) proportion of label claim using a linear least 

squares statistical model. Note that a first order kinetics 

model can be modified t o  a zero-order kinetics model by 

expressing the dependent variable in logarithmic scale. 

Let X be the vector of time observation points, 

X=(XIX2-- -X, ) ,  which are fixed and are measured without 

error. Let Y be the vector of assay responses corresponding to 

each of the time points in X .  

the rate of degradation is B * = ( X ‘ X ) - ’ X ’ Y  based on the model 

Y=XB+E, where E is the vector of  experimental errors associated 

with assay responses assumed to follow a Gaussion 

di stri bution. 

time, one uses, 

The least squares estimate of 

To test the hypothesis of no-degradation over 

F 1 , ,-*-CB* ‘X’Y-R( bo) I /C(Y’Y-B* ’X’Y 1 /n-23 

where R(bo)=(CY)’/n. If the no-degradation hypothesls is 

rejected (p <0.05>, then one concludes that there is 

statistically significant loss of potency over the time period 

considered. The point estimate o f  the shelf-life is obtained 

by employing the inverse regression method ( 3 ) ,  as follows 

X*=(Yo-A)/B* 

where Y o  denotes the Q% of label claim. 
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42 BOHIDAR 

Since the  term s h e l f - l i f e  has been d e f i n e d  by the  

g u i d e l i n e s  as the  t ime r e q u i r e d  f o r  a s t a b i l i t y  sample t o  reach 

a l e v e l  o f  potency e q u i v a l e n t  to  90% o f  l a b e l  c l a i m  w i t h i n  t h e  

experimental v a r i a t i o n  encountered, one has t o  es t ima te  n o t  

o n l y  the  p o i n t  es t ima te  b u t  a l s o  the  95% one-sided lower 

conf idence l i m i t  (95% OSLC l i m i t )  f o r  the  mean t ime ( 1 ) .  To 

accomplish t h i s  and s i m p l i f y i n g  t h e  n o t a t i o n ,  l e t  t he  es t ima ted  

reg ress ion  l i n e  be denoted by the  equat ion ,  

Y*=A+BX 

where, Y *  i s  t he  pred  c t e d  value o f  t he  assay response fo r  a 

g i ven  value o f  X and, A and B are  r e s p e c t i v e l y  t h e  i n t e r c e p t  

and slope o f  the  l i n e  The p o i n t  es t ima te  o f  t h e  s h e l f - l i f e  i s  

then (by s o l v i n g  fo r  X from the  above equat ion) ,  

X*=(Yo-A> /B  

where Y o  i s  t h e  90% o f  l a b e l  cla.im. 

To cons t ruc t  t he  95% OSLC l i m i t  o f  X * ,  one has t o  d e r i v e  t h e  

var iance fo rmula  for  X * ,  V ( X * ) .  Since X*  i s  a r a t i o  and n o t  a 

l i n e a r  f u n c t i o n  o f  t h e  regress ion  parameters, t h e  d e r i v a t i o n  

becomes compl icated. However, t h e r e  are  two ways to  accompl ish 

t h i s .  

( 1 )  F i e l l e r  Approach ( 4 ) ,  

The expression above may be r e w r i t t e n  as 

X*=(Yo-Y) /B  + X ( s 1 nce A=Y-BX) 

where v and X a r e  t h e  means o f  the  Y ' s  and X I S .  
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SHORT-TERM STABILITY DETERMINATION USING SAS 43 

Upon rearrangement, we have, 

YO-Y-B( X*-X> -0 

The variance formula for the left hand side of the above 

equation is equal to: 

S’((l/n) + <x*-X>‘/CX’I) 
where CX21 stands for C<X,-x)2 + (X2-x)’ +---+(X,-X)‘I 

It is well known that, the following ratio has a t-distribution, 

t=(Yo-V-B(X*-X)>/S((l /n>+(X*-X>’/CXZI) I ” )  

Squaring both sides of the equation, and rearranging, we have, 

[Yo-V-B(X*-j?) J‘-t~s’(( 1 /n> + (X*-X) /EX2 J>=O 

This is a quadratic equation in X* and has two solutions. The 

smaller root is the 95% OSLC limit, with ta representing the 

tabular t-value for 0.10 level of significance obtained from a 

t-table (3). 

The computational form of the 95% OSLC limit derived as a 

solution of the equation above i s  as follows: 

X: =X* + - G (X*-X> - t . r o ! j  
1 -G 

where G=t~,,,S*/B*[X‘l, L = Lower limit, G ~ ~ 1 . 0 ,  

S2 = measure of assay variability (apart from the 

residual regression variation)(5), 

and B = Absolute value of 8 (ignoring the sign) 
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44 BO H I DAR 

This is the most appropriate statistical formula to be used for 

the calculation of the 95% OSLC limit. 

( 2 )  Statistical Differential Method ( 4 ) :  

Let, as usual, X*=(Yo-A)/B. 

According to the statistical differential method (sometimes 

called the propagation o f  error principle), the variance formula 

for X*, V(X*), is derived from the following expression: 

where d represents the partial derivative operator, V ( A > =  

variance formula for A, V(B>=variance formula for B and Cov(A,B>= 

covariance between A and B. 

Now by substituting the various derivatives, and the variances 

and covariance formulas, we have, 

V(X*)=(S2/Bz ) ( (  1 /n) + < X * - x )  ICX’ I )  

The 95% one-sided lower confidence limit is as follows, 

X?=X*-(t. oS/B)((l/n> + <X*-%>’/CX’l>”’ 

The formula i s  generally not used because it assumes the G-value 

to be zero. This is not necessarily true in laboratory 

experiments. 

The 95% OSLC limit of Y *  for a given value o f  X i s  as 

follows: 

Y:=Y*-t. , o S  J ((I/n) + (XO-X)~/[X’I> 
where Y*=A+BXo, Xo=a given value of X. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



SHORT-TERM STABILITY DETERMINATION USING SAS 45 

Composit ion o f  the  G-value: 

degradat ion  over  t ime, t h e  t - s t a t i s t i c  i s  

To t e s t  t he  hypothes is  o f  no 

t = ( B )  ( [ X z  1) '"/S. 

For t h e  slope to  be s i g n i f i c a n t ,  t h e  t - s t a t i s t i c  must exceed the  

t a b u l a r  to.lo value. Symbo l i ca l l y  we have, 

(B2[X21/S2) > t:.,,, 

(squar ing  bo th  s ides o f  the  i n e q u a l i t y ) .  

Now, consider the  r e c i p r o c a l  of the  above express ion  

S2/(B2[X21) < l / t E . I O  

M u l t i p l y i n g  bo th  s ides o f  t h e  i n e q u a l i t y  by t2, we have 

( t i .  ,oS2/Bz[X21> < 1 .O 

(Note: The r i g h t  hand side=G-value) 

Th is  i n e q u a l i t y  shows t h a t  t h e  G-value should be l e s s  than  1.0.  

The usual d i s t r i b u t i o n a l  assumptions are  i m p l i c i t  i n  these 

d e r i v a t i o n s .  The a l g o r i t h m  inco rpo ra ted  i n t o  t h e  computer 

program for computing t h e  conf idence l i m i t  u t i l i z e s  an i t e r a t i v e  

procedure cons t ra ined by a s t a t e d  convergence c r i t e r i o n .  

STABILITY COMPUTER PROGRAM 

The program statements a re  presented i n  Addendum-A. They 

a re  w r i t t e n  i n  the  language o f  the  SAS S t a t i s t i c a l  Computer 

Package d i s t r i b u t e d  by the  SAS I n s t i t u t e  o f  Nor th  C a r o l i n a  (6). 

The hardware used here i s  t he  VAX/VMS Vers ion  4.5 t e r m i n a l  of  

the  D i g i t a l  Equipment Corpora t ion .  Th is  i n f o r m a t i o n  i s  
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46 BOHIDAR 

s u f f i c i e n t  for  the  computer department o f  the  u s e r ' s  f a c i l i t y  t o  

p rov ide  i n s t r u c t i o n s  o f  implementat ion and execut ion .  

Note t h a t ,  on t h e  body o f  the  program, f i v e  statements a re  

numer i ca l l y  marked. These statements need a t t e n t i o n  p r i o r  t o  

implementat ion.  The m o d i f i c a t i o n s  to  these statements a r e  as 

f o l l o w s :  (a )  The changes needed for the  statement i n  ( 1 )  should 

be prov ided by the  computer department; (b )  There i s  no change 

needed for  the  statement i n  ( 2 )  i f  the  name o f  t h e  da ta  f i l e  

(See Addendum-B, Table 8-11 remains the  same as "CAP466". 

However, should one p r e f e r  t o  use another name, t h a t  name must 

be typed i n  ins tead;  ( c )  The statement i n  ( 3 )  p e r t a i n s  t o  the  

p r o j e c t e d  s h e l f - l i f e  i n  months and i f  the  l a t e s t  t ime p e r i o d  

sampled was a t  month 12, then one may change t h e  statement as, 

DO I=12 TO 60 BY 1 ; 

i m p l y i n g  t h a t  t h e  conf idence l i m i t  l i e s  somewhere between 12 and 

60 months; (d )  I f  5 mg was l a b e l  c la im,  then i n s e r t  i n t o  

statement (4) a low and a h i g h  va lue  which i n c l u d e  90% o f  l a b e l  

c la im,  such as, 

DO YO=4.2 TO 4.7 BY 0.05; 

( e l  I n s e r t  t he  same statement above i n t o  t h e  statement i n  (5). 

For o t h e r  s i t u a t i o n s ,  p e r t i n e n t  values should be i n s e r t e d  i n  

( 3 1 ,  ( 4 )  and (5)  statements.  

The names o f  t h e  da ta  and program f i l e s ,  i n  t h i s  case, were 

CAP466.DAT and STAB.SAS, r e s p e c t i v e l y .  Whi le t y p i n g  i n  t h e  

program, one should be c a r e f u l  about p o s s i b l e  omissions of any 
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SHORT-TERM STABILITY DETERMINATION USING SAS 47 

syntexes and spaces i n  the statements. Note t h a t ,  for t h e  

convenience of  the  user,  t he  two addendum ( A  and 6) are  

presented a t  t he  end o f  t h e  paper, independent o f  the  t e x t  

m a t e r i a l .  

Explanat ion o f  Computer P r i n t o u t :  

The program generates seven pages o f  s t a t i s t i c a l  o u t p u t .  

However, t he  most r e l e v a n t  s t a t i s t i c a l  r e s u l t s  are presented 

here i n  Addendum-B i n  Tables 8-2, 8-3 and 8-4. 

da ta  used for  the  a n a l y s i s  are g i ven  i n  Table 8-1. 

study t h e  drug potency was 1 mg, and the  i n t e r e s t  here i s  t o  

f i n d  t h e  95% OSLC l i m i t  o f  t h e  s h e l f - l i f e  from t h e  computer 

o u t p u t .  For t h i s  purpose, one en te rs  i n t o  Table 6-2 and l o c a t e s  

0.9 i n  column Yo and reads o f f  from the nex t  column on t h e  l e f t  

(XHAT LOW) t he  va lue o f  38.62. Th i s  i s  the r e q u i r e d  95% OSLC 

l i m i t .  For the p o i n t  est imate',  go to  the  nex t  column on the  

l e f t  and read o f f  50.435 from the XHAT column. Now go t o  Table 

8-3 and l o c a t e  0.90 (or a c l o s e r  va lue)  i n  column e n t i t l e d  YLOW 

and read o f f  39 from the next  column on the r i g h t .  The r e s u l t s  

The s t a b i l i t y  

I n  t h i s  

each of 

the 95% 

0.97830 

l a b e l  c 

from Table 6-2 and Table 8-3 must be the  same (except for  

rounding) ,  even though they are c a l c u l a t e d  d i f f e r e n t l y .  Tab 

8-4 prov ides the  95% one-sided lower confidence l i m i t  (YLOW) 

the assay responses observed. I t  may be noted here 

e 

fo r  

h a t  

OSLC l i m i t  (YLOW) for  the 12-month t ime p o i n t  was 

which i s  s i g n i f i c a n t l y  h ighe r  (P  ~ 0 . 0 5 )  than 0.90, 90% 

aim. 
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48 BOHIDAR 

TABLE 1 
SUMMARY OF SELECTED STATISTICS OF SEVEN STABILITY STUDIES 

DP 

DP- 1 
DP-2 
DP-3 
OP-4 
DP-5 
DP-6 
OP-7 

N T B sss G P L 

14 5 -0.00217 S I G  0.11 50.6 38.7 
17 4 -0.01275 NS 2.66 34.7 - 
15 3 -0.03890 NS 2.34 12.1 - 
16 5 -0.01536 SIG 0.14 43.9 33.8 
15 5 -0.01113 S I G  0.02 59.6 52.9 
15 5 -0.03780 S I G  0.63 38.5 23.8 
14 5 -0.01020 NS 0.84 135.6 - 

Legend: 

DP-Drug produc t ,  N=Total number o f  observa t ions ,  T=Number o f  
t ime p o i n t s  considered, B=Rate o f  degradat ion,  SSS=Stati s t i c a l  
S lgn i f i cance of  Slope, G=Index o f  p r e c i s i o n ,  P=Point es t ima te  o f  
s h e l f - l i f e ,  L==95% one-sided lower conf idence l i m i t ,  "-" denotes 
t h a t  L i s  non-estimable (non-ex is ten t ) ,  SIG=Slope i s  
s i g n i f i c a n t l y  d i f f e r e n t  from zero  (p<0.05> and NS=Slope i s  n o t  
s i g n i f i c a n t l y  (p>0.05) d i f f e r e n t  from zero.  

STABILITY STUDIES: RESULTS AND DISCUSSION 

Table 1 p resents  a summary of the  r e l e v a n t  s t a t i s t i c a l  

r e s u l t s  o f  t h e  seven s t a b i l i t y  s tud ies  considered for 

d iscuss ion .  

experimental p ro toco l  and on r e g u l a t o r y  guide1 ines .  The drug 

produc t  was s to red  a t  30°C, and random composite samples o f  10 

u n i t s  each were analyzed independent ly a t  each o f  t h e  f i v e  

se lec ted  t ime per iods ,  0, 3, 6 ,  12 and 24 months fo r  t h e  drug 

products 1 ,  4, 5, 6 and 7. However, the  l e n g t h  o f  t h e  study 

pe r iods  fo r  DP-2 and DP-3 were 12 and 6 months, r e s p e c t i v e l y .  

Each study was conducted based on an in-house r i g i d  
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SHORT-TERM STABILITY DETERMINATION USING SAS 49 

Table B-1 (Addendum-B) provides the total data set for the DP-1 

study. Note the number of repeats at each time points. 

A cursory examination of  the contents o f  the table reveals 

that DP-2, DP-3 and DP-7 do not have a value for their 95% OSLC 

limits (column L ) .  It is also seen that the slopes of the same 

drug products are not statistically significant (column SSS) and 

that the G-values associated with the three products either 

exceed or are close t o  the value of 1.0. 

that it is possible t o  obtain the 95% OSLC limit only if the rate 

of degradation is statistically significant and the G-value is 

far less than the value of 1.0. Indeed, as a general rule, if 

the G-value is in the neighborhood of 0.05 and the slope is 

significant (p<0.05), one has a high probability of estimating 

the 95% one-sided lower confidence limit. 

This finding indicates 

The crucial quantity here is the G-value which is a 

non-linear function o f  the sample estimates of the slope, assay 

variability, and spread measure of the independent variable. The 

tabular t-value also plays an important role. It should be noted 

here that the size of the G-value entirely depends upon the 

relative magnitudes o f  the estimated values o f  the three 

quantities, noted above, obtained in the study being considered. 

A s  far as the computer program is concerned, a 

non-existent 95% OSLC limit is indicated by a negative value, 

implying that it is not a meaningful estimate o f  the shelf-life 

(Table 8-2). For the situation in which the 95% OSLC limit is 
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n o t  est imable,  t he  p o i n t  es t ima te  and t h e  95% OSLC l i m i t  o f  t h e  

mean response o f  the l a s t  t ime p e r i o d  would be of cons lde rab le  

va lue  i n  understanding the  c u r r e n t  stab1 1 i t y  s t a t u s  o f  t h e  d rug  

produc t .  

Note: The user may con tac t  t h e  au tho r  (DR. N. R. BOHIDAR, 1530 

BRIDAL PATH, LANSDALE, PA, 19446) fo r  any c l a r i f i c a t i o n  w i t h  

rega rd  t o  the  conten ts  of Addendum-A and Addendum-B. 
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ADDENDUM-A 
SAS COMPUTER PROGRAM 

+pCl+o ECJC.; 1 
data one; 
infile CAP466; a 
input x y; 

PROC SORT DATA=ONE; BY X; 

PROC MEANS NOPRINT DATA=ONE; 
BY x ; 
VAR Y; 
OUTPUT OUT=SP N=N VAR=VARY ; 

PROC MEANS NOPRINT DATA=ONE; 
VAR X; 
OUTPUT OUT=CSSQ CSS=SSXC; 

DATA SP; 
SET SP; 

VARY=VARY+N; 

PROC MEANS DATASP; 
VAR N VARY; 
OUTPUT OUT=S2P SUM= SUMN SUMVARY; 

DATA SZP; 
SET S2P; 

SPOOLED=SQRT(SUMVARY/SUMN); 
KEEP SUMN SPOOLED; 

PROC MEANS DATA=ONE NOPRINT; 
VAR X; 
OUTPUT OUT=XSTAT N=N MEAN=MEAN ; 

PROC REG DATA=ONE NOPRINT outest=BETAS; 
MODEL Y=X/ P ; 
OUTPUT OUT=REG P=YHAT; 

N=N-l; 
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52 BOHIDAR 

DATA TINVER (KEEPSUMN T); 
SET S2P: - 
T=TINV(:lB,SUMN) ; 
T=ABS (T) ; 

DATA FINAL (KEEP=T SPOOLED B INTERCEP MEAN SSXC N MERGER); 
MERGE S2P TINVER CSSq XSTAT BETAS; 
MERGER=l ; 

DATA REG ; 
SET REG; 
MERGER=l ; 

B=X; 

DATA ALL; 
MERGE REG FINAL; BY MERGER; 

PROC PRINT; 

DATA C I ;  
SET ALL; 

YLOWzYHAT- (T+SPOOLED+SqRT(l/N + ((X-MEAN) **2/SSXC)) ) ; 

PROC PRINT; 
VAR Y YYAT YLOW X; 
TITLE3 ONE SIDED CONFIDENCE INTERVALS (ALPHkB.10) - ACTUAL DATA'; 

DATA XZEROCI; 
SET FINAL; 

DO I = 3 0  TO 6 0  BY 3; 3 

XVAL=I  ; 
YHAT=INTERCEP + B+XVAL; 

OUTPUT; 
YLOWzYHAT- (T+SPOOLED+SqRT(l/N + ((XVAL-MEAN) ++P/SSXC)) ) ; 

END ; 

PROC PRINT; 
VAR YHAT YLOW XVAL; 
TITLE2 'ONE SIDED CONFIDENCE INTERVALS (ALPHA=0.10) - X0 = 3 0  TO 60 BY 3'; 

DATA INV; 
SET FINAL; 

G=T++2+SPOOLED++2/8++2+SSXC; 

IF G<l THEN DO; 

DO Y0=4.2 TO 4.7 BY .1 ; /a Y0 VALUES. INSERT ENVALUES AND I N  - */ 
/* CREMENTS I N  THE "DO LOOP" */ 

XHAT= (YO-INTERCEP) /B; 
XHATLOW= XHAT + G/ (1-0) * (XHAT-MEAN) - (T+SPOOLED/B+ (1-G) + (SqRT( 

(l-G)/N + (XHAT-MEAN)**?/SSXC))) ; 
OUTPUT; 

END ; 
END; 
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ADDENDUM-A (CONT.) 

ELSE DO; 

DO YO =4.2 TO 4 .7  a y  .I ; 5 /* ~0 VALUES. INSERT ENVALUES AND IN - 
*/ /* CREMENTSIN THE “DO LOOP“ 

XHAT= (YO-INTERCEP) /B; 
XHATLOW=XHAT-(T*SqRT((SPOOLED+*2/B++2)*(l/N + (XHAT-L(EAN)**2 

/SSXC) 1) ; 
OUTPUT ; 

END; 
Em); 

PROC PRINT; 
VAR XHAT XHATLOW YO; 
TITLE1 ’XHAT AND LOWER 10 PERCENT C . I .  ’; 

proc r e g  data=one; 
mod01 y = x / p r c l i  clm; 
output  out=c p=pred 196=195 u96=u95 r = r e s i d  cookd=cookd; 

proc p l o t  data=c; 
p l o t  ~ + x = ~ A ’  pred*x=’pJ uSS+x=’u’ 195+x=’I’/ 
over lay  vpoo=32 hpos=80; 
p l o t  reo id+x  /v re f=0  vpos=18 hpos=80; 
p l o t  cookd*x /v re f=0  vpos=18 hpos=88; 

/* OLD STAB1 */ 

ADDENDUM-@ 

v 
TABLE B -1 
DP-1 DATA 

X Y 
0 1.01 
0 1 .01  
0 1.02 
0 1 .oo 
0 1 .oo 
0 1.01  
1 1 .01  
1 1.01 
3 1.02 
3 1.02 
6 0.98 
6 0.97 

12 0.99 
12 0.99 

TABLE 6-2 
XHAT AND LOWER 10 PERCENT C.I. 

OW XHAT XHATLOW YO 
1 96.413 73.17 0.8 
2 50.435 38.62 0.9 
3 4.457 3 .37  1.0 
4 -41 .522 -52.69 1.1 
5 -87.500 -110.09 1 .2  
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54 BOHIDAR 

ADDENDUM-B (CONT.) 

TABLE B-1  
SAS 

ONE SIDED CONFIDENCE INTERVALS (ALPHA=O.lO) - X0=30 TO 60 BY 3 

OBS 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  

YHAT 
0.944444 
0.937920 
0.931 395 
0.924870 
0.91 8345 
0.91 1820 
0.905296 
0.898771 
0.892246 
0.885721 
0.879196 

Y Low 
0.929732 
0.921600 
0.91 3465 
0.905328 
0.897189 
0.889049 
0.880907 
0.872765 
0.864621 
0.856477 
0 .a48333 

TABLE B -4 
SAS 

ONE SIDED CONFIDENCE INTERVALS (ALPHA=O.lO) 

OBS Y 
1 1.01 
2 1.01 
3 1.02 
4 1 .oo 
5 1 . o o  
6 1.01 
7 1.01 
8 1.01 
9 1.02 

10 1.02 
11 0.98 
12 0.97 
13 0.99 
14 0.99 

YHAT 
1 .00969 
1 .00969 
1.00969 
1 .00969 
1 .00969 
1 .00969 
1.00752 
1.00752 
1.00317 
1.00317 
0.99664 
0.99664 
0.98359 
0.98359 

Y Low 
1 .00687 
1.00687 
1 -00687 
1 .00687 
1.00687 
1 .00687 
1.00499 
1.00499 
1.00092 
1 .00092 
0.99391 
0.99391 
0.97830 
0.97830 

XVAL 
30 
33  
36 
39 
42 
45 
48 
51 
54 
57 
60 

- ACTUAL DATA 

X 
0 
0 
0 
0 
0 
0 
1 
1 
3 
3 
6 
6 

12 
12 
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