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aBSTRACT 
A discordant observation is a data point whose 

value is drastically different from that of the rest of 
the members in the data set. In the context of content 
uniformity experiments, however, a discordant 
observation arises in two ways: (i) when the value of an 
observation is markedly Uistant from that of the other 
data points even though it is within the required 
cornpendial range, and (ii) when the value of an 
observation is outside the permissible compendial range. 
Several statistical tests for detecting one or more 
discordant observations are presented. Since 
discordancy distorts the symmetricity of the data, 
several tests of symmetricity are provided. Tests for 
detection of group discordancy induced by discordant 
samples are also included. The compendial requirements 
are explained in statistical terns. The impact of 
discordant observations on cornpendial compliance 
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8 16 BOHIDAR, BOHIDAR, AND BOHIDAR 

requirements is assessed. The statistical basis of the 
construction of compendial limits as well as the 
assumptions implicit in the construction is elaborated. 
The results of the statistical analysis of three content 
uniformity studies are appropriately interpreted. 

I” 
In a set of experimental data, it is not uncommon 

to encounter a limited number of observations (one or 
two) whose magnitudes are far separated (either very low 
or very high) from the remainder of the data set. Such 
observations are called outlying, discordant, spurious, 
aberrant or maverick observations in the literature. In 
this paper, these spurious observations, however, will 
be referred to as discordant values (DVs). Most DVs are 
primarily detected by the subjective judgement of the 
scientist. As such, it would be necessary to conduct 
for objective confirmation appropriate statistical tests 
of discordancy so that relevant corrective actions are 
initiated in order to address appropriately the 
compendial and regulatory requirements. Based on the 
statistical results, several courses of action must be 
considered for the resolution of the situation. 
Investigative actions must be instituted to determine if 
the occurrence is indeed an outcome of an accidental 
deviation from a well documented prescribed procedure 
(such as high temperature, inaccurate solvent 
concentration or wrong mixing speed) or, the outcome of 
extreme random fluctuations (variabilities) inherently 
associated with the process itself. 

The primary purpose of this paper is to (a) depict 
the appropriate statistical procedures for detecting 
discordant observations, (b) describe the various 
statistical tests for detecting asymmetricity in the 
data induced by the Dvs and for detsctinq group 
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DISCORDANT CONTENT UNIFORMITY OBSERVATIONS 817 

discordancy induced by discordant samples, (c) recommend 
necessary actions based on the statistical 
interpretations of the results and (d) review various 
aompendial compliance requirements(l), (e) depict 
explicitly the statistical basis of the compendia1 limit 
formulation as well as the associated assumptions 
implicit in the formulation, and (f) present appropriate 
interpretation of the statistical results of three 
content uniformity studies associated with Product-C, 
Product-K and Product-Q. 

THEORY 
In this section, the basic theory associated with 

(a) the derivation of the cumulative distribution 
function and the probability density function of a DV, 
(b) the construction of the test statistic for testing a 
DV and (c) the determination of the critical value 
associated with a given significance probability level 
for accepting or rejecting the test statistic are 
presented in a succinct manner so as to generate a 
general appreciation of the various developments 
involved. 

The cumulative distribution function is defined as 
the probability that a random variable X will assume a 
value less than or equal to a specified number XO, 

denoted by P(X < X O ) .  For a continuous distribution 
possessing a continuous derivative at all points, one 
obtains dP(X)/dX = g(X) which is the probability 
distribution function of X. The integration of the 

function leads to P ( X )  = J-i g(X)dX which is 
represented by the area enclosed by the curve g ( X )  with 

the property, 1- --Q) g(X)dX = 1.0. 

With this background consider the following: Let 
X I ,  x2, ---- X, denote n random independent observations 
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818 BOHIDAR, BOHIDAR, AND BOHIDAR 

each emanating from the same probability distribution 
function and let X(l), X(2),--- x(n) denote the same 
observations ranked according to the order of their 
magnitudes. The necessary and sufficient condition that 
the largest observed value, X(n) , is less than or equal 
to X is that all the observations are less than or equal 
to X. Since the observations are independent, according 
to the probability multiplication formula, one has, 

[P(X)ln. The first derivative of the expression with 
respect to X, yields the probability distribution 
function as, f(X)= n[P(X)ln'l g(X), since dP(X)/dX = 

S(X1 
For a test of significance, however, one needs the 

percentage point of the rejection region (tail area) 
using the cumulative distribution function from which 
the percentage points of x(n),, the critical value, are 
calculated by solving the equation, P[X(n) < X(n),] = a 
where, (1-a) is the level of significance (for instance, 
for a 5% test, 1-a = 0.05 and a = .95). NOW, from 
above, [P(X)]* = a for X = X(n),. This leads to P(X) = 

= a* for X = X(n),. The equation, P(X) = a*, 
however, has the solution, X = Xa* and therefore, x(n), 

= Xa In other words, this essentially 
implies that the 95% percentage point for the largest 
observation, X(20), of 20 observations is equal to the 
99.7% percentage point of the distribution of all the 
observations (See table below), because ( .95) 1/20 = 

0.997 = a*. 
Now consider n observations from a Gaussian 

distributed population with parameters p as the 
population mean and o z  the population variance. Then 
x(n), = p + aZ(n), = p + , for  a* = al/n 
symbolically then, 

P(X(n) < X) = P(X1 < X). P(X2 i X). ---- P(Xn < X) = 

* for a* = alln. 

* 
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DISCORDANT CONTENT UNIFORMITY OBSERVATIONS 819 

Sample 
Size 
(n) 

From a standard normal ( w  = 0, u = 1) table, one finds 
that, X(20)(.95) (one-sided) = Z(.997)(one-sided) = 
2.80, which implies that the probability that the 
largest of the 20 normally distributed observations is 
less than p + 2.80~ is 95%. The following table is 
constructed to show the critical values of the 95% 
percentage point of the distribution of the discordant 
value (the largest observation) as a function of the 
percentage points of the distribution of all the 
observations for a selected set of sample sizes, 
assuming strict normality. 

Level of sig. a a* 
for DV Test 
(1-1 

1 1.65 
1.96 
2.32 
2.57 
2.80 
2.93 
3.14 

Critical Value 
for DV Tep(one 
sided) Za 

0.95 
0.95 
0.95 

0.95 
0.95 
0.95 

0.95 

1 
2 
5 
10 
20 
30 
60 

0.95000 
0.97468 
0.98979 

0.99744 
0.99824 
0.99915 

0.99488 

i 0.05 
0.05 

' 0.05 
0.05 
0.05 
0.05 
0.05 

~ _ _  ~ 

Note that, for n = 5, a* = (O.95)Oe2O = 0.989794 
and now one enters the widely available standard normal 
statistical table and locates the a* value and reads off 
the critical value from the first column of the standard 
normal table. consider some examples. A sample of 10 
tablets are randomly selected from a large batch whose 
content uniformity mean and standard deviation are known 
to be 100.0 and 6.0 respectively (population RSD = 6%). 
If the mean of the sample is 116.0, then the upper 95% 
critical value is X(l0)(.95) = 100 + (6)(2.57) = 115.42. 
Since the largest value (116.0) exceeds 115.42, it 
should be considered as a significant discordant 
observation. This particular example has some 
significance in that the current compendia1 limit for 
range is 85%-115% and that for RSD is 6%. For a sample 
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820 BOHIDAR, BOHIDAR, AND BOHIDAR 

of s ize 30, however, the 95% upper critical value is 100 
+ (7.8)(2.80) = 121.84(approx. 122.0). (Note that the 
compendia1 limit for n=30 is 75%-125%(RSD = 7.8%)). 

The test procedures depicted in this paper pertain 
to test statistics involving the sample estimates of the 
mean and variance. Consequently, the probability 
distribution of the test criterion is no longer 
Gaussian. It is indeed a variation of the Student's t- 
distribution. The probability distribution function is 
derived from the following recurrence relationship, 
(2,3) 

fn(t) = K1. K2. K3. K4. Fn-l(N/D) 
where K1 = (n/n-1), K2 = (n/n)t, K3 = I'(n-l/2)/I'(n- 
2/21, K4 = [I - (nta/(n-l)'](n-4)/2, 
D = (n-l)[(n-l)a - nta], Limits of t = (n-t, (n-l)n-+), 
F2(t) = 0 when t < 2'+ and F2(t) = 1 when t > 2'1. 
The level of significance probability is calculated as, 

D* = (n-l)2 - nt2, and t(n-2) = tabular Student's t 
value with (n-2) degrees of freedom, and P stands for 
Probability. For example, the critical value for the 
one-sided 5% Tn-test with n=10 is 2.176 (See Column Z in 
Table A ) .  The value for (N*/D*)f with n=10 and t=2.176, 
is 3.355. By entering the Student's t-table, one finds 
that for 8 degrees of freedom (n-2), the critical t- 
value is indeed 3.355 for the significance probability = 
0.005. Now by multiplying the value by 10, one has 
a(2.176) = 0.05 or 5%. For T10 = 2.3, ( N * / D * ) *  = 3.88 

and a(3.88) << 0.05 meaning that T10= 2.3 is significant 
at a level much lower than 5%. For each test statistic 
presented, appropriate and elaborate tables of critical 
values are provided for their immediate use. 

N = na(n-2)tz 

a(t) 5 nP(tn,2) > (N*/D*)t) where N* = n(n-2)ta, 

In this section, the formula for each test 
statistic, the application of the test to a set of 
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DISCORDANT CONTENT UNIFORMITY OBSERVATIONS 82 1 

content uniformity data and the appropriate 
interpretation of the results, are presented, i n  detail. 
The critical values associated with each test statistic, 
necessary for deriving proper conclusions are presented 
in Table-A. 
I. Test for a SiDale Discordant m.he: 
(1) Test for Hi!& DV: 
(A) 2-G T e s t  (4,5): After an examination of the 
following ten content uniformity values arranged from 
low to high (99.7, 100.5, 101.1, 101.2, 101.2, 101.6, 
101.6, 102.4, 102.8 and 105.7) it is contended by the 
scientist that the highest (H) value is a DV. A test is 
carried out to confirm or reject this contention. The 
test statistic for a single high DV is T(n,H) = (Xn' 
X*)/S, where Xn is the highest value in a sample of size 
n, X* = CX/n = mean of n values, n = total number of 
observations in the sample, S2 = C(X-X") Z/(n-l), and S = 
positive square-root of S2 (standard deviation). For 
the present data set, T(10,H) = (105.7-101.68)/1.674 = 

2.401. The one-sided 5% critical value of T( 10, .05) = 

2.176 (see n=lO in column T of Table-A). Since the 
sample T(10,H) is larger than the critical T(10,.05), it 
is concluded that the highest value is indeed a DV (p < 

(B) R-TeSt (6): The test statistic for high DV is R11 = 
(Xn-Xn-l)/ (Xn - X,), where, as before, Xn is the 
highest value, Xn-1 is the next highest value and X2 is 
the second lowest value, Using the same data, R11 = 
(105.7 - 102.8)/(105.7 - 100.5) = 0.5577. The critical 
value for R11 (5%, one-sided) is 0.477, (see n-10, in 
column D of Table-A). Since the sample R11 exceeds the 
critical R11(5%), the DV is considered a significant DV 

It should be noted here that, the %-test: statistic 
measures the distance of the DV from the mean whereas, 

0 . 0 5 ) .  

(p < 0.05). 
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the distance between the DV and the next highest value 
is measured by the D-test statistic. Since each test 
procedure defines discordancy in a different and unique 
way, the results of both tests are complimentary and 
informative and as such it is recommended that both 
tests should be carried out, and if any one of these 
tests is significant, then it should be declared that 
the suspected DV is indeed a significant DV (p < 0.05). 
(ii) Test for Low DV: 
( A )  3&?25w& (5): Consider the following data set of 10 
values ordered from low to high, 90.1, 95.7, 97.5, 98.3, 
98.4, 99.7, 100.0, 101.0, 101.5 and 101.7. The lowest 
(L) value is suspected by the scientist to be a 
discordant value. The test statistic for single low DV 
is T(n,L) = (x* - X1)/S, where X1 is the lowest value of 
the sample of size n, and the symbols X* and S have been 
defined previously. For this data set, T(10,L) = 

(98.39-90.10)/3.4723 = 2.3875. The one-sided 5 % 
critical value of T(10, .05) = 2.176 (see n=lO in column 
T of Table-A). Since the sample T(10,L) exceeds 
T(10,.05), it is concluded that the suspected DV is 
indeed a significant DV ( p 0.05). 
(B) Q-Tesg (6): The test statistic for the low DV is 
R11 = (X2 - XI)\ (Xn-1 - XI), where, X,,l is the next 
to the highest value and X1 and X2 are the two lowest 
values in the sample. Using the same data, R1l = (95.7 
- 90.1)/(101.5 - 90.1) = 0.4912. The one-sided 5% 
critical value of Rll is 0.477, (see n=10, in column D 
of Table-A). Since the sample R11 exceed6 the critical 
R11(5%), the DV is considered a significant DV (p < 

It should be noted here that, even though the 
individual content uniformity values in each of the two 
data sets are within the compendia1 range of 85%-115% 
for n-10, and also the RSD values of each set, 1.65% and 

0.05). 
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DISCORDANT CONTENT UNIFORMITY OBSERVATIONS 825 

3.538, are below the required limit of 6% for n-10, yet 
one detects statistically significant DV in each set. 
For the purpose of quality control, the existence of a 
DV indicates that the process may not necessarily be in 
control. Even though only a single DV has been 
detected, however, in a random representative sampling 
scheme such a finding means that there is a high 
probability that other such units whose values may be 
outside the compendia1 limits do exist in the l o t .  This 
fact must be given serious consideration. 
11. Test For Two U c o r u n t  Values: 

(i) Test: For Two Hiah DVS. 
est(7): Consider the following data set of 10 

values ordered from low to high, 100.0, 100.5, 101.1, 
101.2, 101.2, 101.6, 101.6, 102.4, 104.9 and 105.7. The 
two highest values are suspected to be the DVs. The 
test statistic for two high DVs is L(d,n) = ssd/ssn 
where, d denotes the number of discordant observations, 
n denotes the sample Size, ssd denotes the sum of 
squares C(X-X*d)l wit&&& the d discordant values, SSn 
denotes the sum of squares C(X-X*n)’ for all n values, 
and x*d = mean of x without the d DVS, and x*, = mean of 
all n values, 

For this data set, L(2,lO) = 3.70/30.916 = 0.11967 
m 0.12 where SS2 = 3.70 and SSl0 = 30.916. The one- 
sided 5% critical value for L(2,10,.05) = 0.2305 (see 
n-lo in column TML-2 of Table-A). Since the sample 
L( 2, lo) is than the critical L(2,10, . 0 5 ) ,  the two 
suspected DVs are indeed significant DVs ( p < 0.05). 
(ii) Test for Two J~OW D V s  : 

est  (7): Consider the following data set of 10 
values arranged from low to high, 89.2, 90.1, 95.7, 
97.5, 98.3, 99.7, 100.0, 101.0, 101.5 and 101.7. The 
two lowest values are Suspected to be the DVs. The test 
statistic for two low DVs iS L(d,n) = ssd/ssn (the 
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826 BOHIDAR, BOHIDAR, AND BOHIDAR 

symbols have been defined above). For this data set, 
L(2,lO) = 31.215/184.501 = 0.1692. As before, the one- 
sided 5% critical value for L(2,10,.05) = 0.2305 (see 
n=10 in column TML-2 of Table-A). Since the sample 
L(2,lO) is less than the critical L(2,10,.05), the two 
suspected D V s  are indeed significant D V s  ( p < 0.05). 
(iii) Test For TWO D V ~  f a n e & a u m d  One H i m  

est(7): Consider the following data set of 10 
values arranged according to the ascending order of 
their magnitudes, 97.1, 99.7, 100.5, 101.1, 101.2, 
101.2, 101.6, 101.6, 102.4, and 104.7. The first Step 
of the procedure is to compute for each observation, the 
absolute mean deviation (ABS( Xi - X*) ) . The second step 
of the procedure is to arrange the absolute deviations 
from low to high and then denote the absolute deviations 
as, Zl, Z2---Zn. Now the two discordant values will be 
on the high side af the Z-array, Z,,1 and Zn. The test 
statistic for this is E(d,n) = SS( z)d/ss( Z)n, where 
SS( z)d stands for the sum of squares C( z-z*d) 1 y.&houf 
the d discordant values, SS(Z)n denotes the sum of 
squares C(Z-Z*n)a for all n values, and z*d = mean of z 
without the d DVs, and Z*n = mean of all nZ's. For this 
data set, the following are the absolute deviations 
arranged from low to high, 0.01, 0.09, 0.09, 0.49, 0.49, 
0.61, 1.29, 1.41, 3.59 and 4.01. Now, E(2,lO) = 

2.012/18.896 = 0.1065 and the critical E(2,10,.05) = 
0,172 (see n=10 in column TME-2 of Table-A) . Since the 
sample E(2,lO) is than E(2,10,.05), it is concluded 
that the two suspected discordant values are both 
significantly ( p < 0.05) discordant. 
111. Test For Three D VS: 
(i) Test For Tfiree Hiah D Vs: 

est(7): The data set of 10 values arranged from 
low to high consist of, 100.0, 100.5, 101.1, 101.2, 
101.2, 101.6, 101.6, 103.5, 104.9 and 105.7. The test 
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DISCORDANT CONTENT UNIFORMITY OBSERVATIONS 827 

statistic L(d,n) = ssd/ssn =e L(3,lO) = 2.054/32.841 = 
0.0626 with a critical value L(3,10,.05) = 0.129 (see 
n-10 in column TML-3 of Table-A), indicating that all 
three high D V s  are significantly ( p < 0.05) discordant. 
(ii) mst For Three Low D B :  

a ( 7 ) :  The data set of 10 values arranged from 
low to high consists of the following: 89.2, 90.1, 90.5, 
95.7, 97.5, 98.3, 99.7, 100.0, 101.0, 101.5, for which 
L(3,lO) = 25.30/202.65 = 0.125 with the critical value 
L(3,10,.05) = 0.129, indicating that all three low D v s  

are significantly ( p < 0.05) discordant. (see n=10 in 
column TML-3 of Table-A). 
(iii) Test For Three Dvs ( m e  low and two him: 

est(7): The data set of 10 values arranged from 
low to high consist of the following 95.1, 100.1, 100.5, 
101.1, 101.2, 101.3, 101.6, 102.1, 104.5 and 105.7 and 
their corresponding absolute mean deviations arranged 
from low to high are, 0.02, 0.12, 0.22, 0.28, 0.78, 
0.82, 1.22, 3.18, 4.38 and 6.22. The sample test 
statistic E(3,lO) = 1.201/41.174 = 0.0292 with the 
critical value E(3,10,.05) = 0.083, indicating that all 
the three D V s  are significantly discordant (p < 0.05) 
(see n=lo in column WE-3 of Table-A). 

The foregoing statistical procedures can also  be 
used for other response measurements such as, 
dissolution, disintegration, tablet strength or 
friability, and also for other sample sizes depicted in 
Table-A. 

TS OF SY-CITY 
The foregoing statistical tests of discordancy are 

designed to test only for one or two targeted DVs 
selected by the experimenter. It is however not always 
possible to detect the D V s  in a random set of data by 
visual inspection in a finite amount of time. Since a 
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828 BOHIDAR, BOHIDAR, AND BOHIDAR 

DV would tend to distort the symmetrical (around the 
mean) nature of the distribution of a set of 
experimental data, generally statistical tests of 
symmetricity (normality) are carried out to detect if 
the degree of distortion is indeed statistically 
significant and to determine the direction of such 
distortion. If the tests are significant, it would 
clearly signal the existence of the DVs in the sample. 
Besides, these tests should be conducted routinely to 
determine if the sample data meets the tacit assumptions 
implicit in the construction of the compendia1 limits. 
Three important tests are considered here, (a) Wilk- 
Shapiro W-Test, (b) Ferguson-Pearson skewness test (SK- 
Test) and (c) Ferguson-Pearson Kurtosis test (KT-Test). 
W-test is considered to be the most powerful general 
purpose (omnibus) test, SK-test is used to detect 
skewness (right or left) of the distribution and the KT- 
test is used to detect narrow peakedness of the 
distribution. 
I. p-Tesg(8): The test statistic of the W-test is W = 

BZ/C(X - X*) where B = CAiXi and the magnitudes of the 
Ai coefficients for n = 10 are providecl in the example 
given below (the magnitude of the Ai coefficients for n 
= 30 are listed in Ai column of Table-A). The following 
data set of 10 values arranged from low to high is 
considered for the test, 99.7, 100.5, 101.1, 101.2, 

101.2, 101.6, 101.6, 102.4, 102.8 and 105.7 and the 
magnitudes of their corresponding Ai coefficients are, 

+0.1224, +0.2141, +0.3291 and +0.5739. The quantities 
needed for the test are the SM of the cross product of 
the Xi-values and Ai-values, CAiXi = B = 4.5436, C(X- 
X*)2 = 25.2205, W(10) = (4.5436)2/25.2205 = 0.8185 and 
the critical W( 10, .05) = 0.842 (see n=10 in W column of 
Table-A). Since the sample W(10) is than the 
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DISCORDANT CONTENT UNIFORMITY OBSERVATIONS 829 

critical W(10,.05), it is concluded that there is a 
significant (p < 0.05) departure from symmetricity 
(normality) for this sample. 
11. - Test (9,lO): The t@st statistic for the SK-test 
is, SK = (noo5)(M3)/(M2)la5, where, M3 = C(X - X*)3 and 
M2 = Z(X - X*)2. For the same data set considered in 
t h e  W - t e s t ,  g i v e n  a b o v e ,  S K ( 1 0 )  = 

(3.162) (49.7235)/(23.956)1*5 = 1.341 and the critical 
SK(10,5%) one-sided value = 0.950 (see n=10, SK column 
in Table-A), indicating that the distribution i s  
significantly (p < 0.05) skewed to the right (note: 
SK(10) is higher than critical SK(10,.05)). 
III. - T e s t  (9,lO): The test statistic for the KT-test 

retains the same definition as above. For the same data 
set c o n s i d e r e d  in t h e  W-test, KT(10) = 
(10)(259.Z01)/(23.956)2 = 4.5166 and the critical value 
for a fwo - sided KT (10,.05) = 4.40 (see n-10 in KT 
column of Table-A), indicating that the distribution is 
subjected to a significant (p < 0.05) peakedness (flat 
peak, here)fnote: KTtlO) is higher than KT(10,.05)). 

It i s  interesting to note that, when the same data 
set is subjected to all the three tests the 
highest value(105.7), with n-9, none of the tests are 
significant, since, W(9) = 0.9659 (critical W(9, .05)= 

0.829), SK(9) = -0,129 (critical SK(9,.05) = 0.977) and 
KT(9) = 2.577 (critical KT(9,.05) = 4.28). 

Since each test procedure defines aspetricity 
(non-normality) in a different and unique way, the 
results of all thre@ tests (W, SK, KT) are complementary 
and informative and as such, it is recommended that all 
three tests, should be carried out, and if any one of 
the tests is significant, the sample distribution should 
be considered non-normal. 

is KT = n(M4)/(M2)2, where M4 = Z(X - X*)' and M2 
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TESTS OF W P  DISCO- 
Consider that there are three or more independent 

laboratories testing the same lot for content 
uniformity. It is possible to delineate any one or two 
of the laboratories which are significantly discordant. 
Here the entire group (laboratory) is tested for 
discordancy and hence the name group discordancy. The 
method can also be used for testing different chemists, 
different days or different assay methods. 
I. p-Teat;(ll): The test statistic for the test is, 
P = n(X** - X*)/[CC(X - X**)2]0*5, where X** is the 
overall mean of all the groups, X* is the mean of the 
group with the lowest mean and ZZ(X - X**)' is the sum 
of squares of the deviations from the overall mean for 
all observations (also called "total sum of squares"). 
The adjusted P here is AP = (G) [ (tn - i)/nlod5, where t 
is the number of groups and n is the number of 
observations per group. The means of the three 
laboratories which participated in a content uniformity 
test, are, L1 = 102.44, L2 = 98.99and L3 = 94.56, the 
total sum of squares = 1718,53, t53, n=30 and X** = 

98.63. Here P = (30)(98.63-94.56)/41.455 = 2,945 and 
AF = (2.945)(90-1)/30) = 5.073 and the critical 
AP(3,30,.05) = 1.75 indicating that there is at least 
one laboratory which is statistically significantly 
discordant. 
11. f)H - Test (12,13:) This test is used to determine 
which of the t groups are significantly discordant. The 
test statistic is, DH = (x** - X*d)/S*p, where x** is 
the overall mean, x*d is the mean of the presumed 
discordant group and S*p is the standard error of the 
mean, calculated as follows: S Z p  = (S1a + S2* + S32)/3 
and S*p = [Spz/30]o.5 (Note: in general terms, 3 is 
replaced by t. The formula for Sp2 above is applied 
only when the group sample sizes are equal as in this 
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DISCORDANT CONTENT UNIFORMITY OBSERVATIONS 83 1 

case). For the above example, DH(3,30) = (98.63- 

94.56/0.6658 = 6.113 and the critical DH(3,30,.05) = 

1.77, indicating that, LAB-3 (L3) is indeed 
significantly (p c 0.05) discordant, Now when the same 
test is carried out for LAB-2 (Lz), DH(LAB-2) = 0.541 
which is not significant (p > 0.05). Note that, for 
this study, it is decided that only the laboratory means 
which are below the value of 100.0 are to be tested for 
discordancy. 

T I C W  SI-T DIS- 
D W E D  CO- 

This section is devoted to an examination of the 
role of cornpendial limit requirements(1) and the 
detected discordant values in content uniformity 
studies, A t  the outset, however, it must be stated 
that, in the context of content uniformity experiments 
there are two ways in which a DV is defined, (i) when an 
observation is far separated from the remainder of the 
data set even though the unit is within the required 
compendial limits and (ii) when an observation is 
QuL&& the prescribed lower or upper cornpendial limits. 
In either case, one must resort to statistical tests of 
discordancy, described above, for the purpose of 
confirmation and for initiating further action. 

If an observation is established as a discordant 
value by the appropriate statistical discordancy tests 
(T,D,TML) as well as by the tests of non-normality 
(W,SK,KT), the predominant interpretation of the result 
is that the DV, in question, is not a member of the 
population distribution (batch) under consideration. 
However, the retention of the DV in the sample primarily 
depends upon its manner of origin. There are two 
possibilities(l4), P-I: It is merely an extreme 
manifestation of random fluctuation (variability) 
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832 BOHIDAR, BOHIDAR, A N D  BOHIDAR 

inherent in the data associated with the batch, or P- 
11: It is an outcome of an accidental deviation from a 
well documented experimental procedure. To determine 
the extent of P-1 involvement, one is encouraged to take 
multiple samples (3 or more) of 30 units each from 
different locations of the container in full 
confirmation with the randomization procedure described 
in the product protocol. A statistical comparison of 
the sample standard deviations as well as of the sample 
relative standard deviations is conducted with and 
without the DV, after completing the tests of 
discordancy, the tests of synunetricity and the tests of 
group discordancy. If the tests without the DV turn out 
to be non-significant (p > 0 . 0 5 ) ,  then P-I is considered 
to be the prime cause of the occurrence of the single 
DV . However, if the tests without the DV are 
significant, then it will be surmised that the process 
is out-of-control and heterogeneity among the units is a 
real possibility. To test for the P-I1  condition, one 
should institute an investigation of the conduct of the 
experiment and of the total process, by re-examining 
step-by-step, the existing (a) protocol (experimental 
steps), (b) statistical design of experiment (assignment 
of chemists, days, randomization), (c) process 
validation methods (analytical as well as production) 
and ( d )  the quality control procedures implemented. If 
an explanation can be found as to the cause of the 
incident, then it should be properly documented. If no 
specific cause can be assigned, the retention of the DV 
is recommended and as such, it can not be excluded from 
participating in the required statistical analyses. It 
must be noted that in a random representative sample, 
the presence of one non-conforming unit may be 
symptomatic to the presence of other undetected units 
lurking in the lot. The results of the tests with the 
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DISCORDANT CONTENT UNIFORMITY OBSERVATIONS a33 

DV in the data, must carefully be examined and 
appropriately interpreted. The multiple sampling scheme 
is primarily directed towards (i) acquiring a deep 
insight into the statistical characteristics of the 
sample for making statistical inference about the lot, 
(ii) discovering if indeed the situation re-Occurs in 
the future samples and (iii) reassuring that the single 
DV so far discovered is due to a subtle accident 
impossible to detect and document at the time of the 
incident. 

TISTICAJ, BASIS FOR CONSTRUCTION OF C O M V  

RELATIVE ST-D DEVIATION (RSI)L 

This section is devoted to a succinct description 
of the derivation of the statistical formulations 
associated with the construction of the required 
cornpendial limits (1) and to an explanation of the 
various statistical assumptions (limitations) implicit 
in the derivation of the formulations. Briefly, the 
compendial requirements for tablets are as follows: (i) 
The value of each of the 10 units in the sample must not 
only be within the range of 85%-115% but also the RSD of 
the sample must not exceed 6% and (ii) if one unit is 
outside the range of 85%-115% but no unit is outside the 
range of 75%-125% in (i), the RSD of the sample of 
30(10+20) must not exceed 7.8%. The same requirements 
for the range and RSD are applied to capsules, as well. 

Since the compendial limits on the sample RSD (RSD 
= lOOS/X*, where X* is the sample mean and S is the 
sample standard deviation) are based on the construction 
of the one-sided 95% statistical confidence limits, one 
needs the exact probability distribution of the sample 
RSD to obtain the necessary 5% percentage-point. A 

comprehensive coverage of the probability distributions 
of the sample RSD can be found in a paper by the first 
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GE PBIUIJTS OF SAMPrmE - UPPER 95% 
GJNFIDENCF: IN %L 

METHOD-M(15) METHOD-EX(15) 

0.7 
1.3 
1.9 
2.5 
3.1 
3.7 
4.3 
4.9 
5.5 

6.7 
7.3 

~~ - - 

RSD C" C* C* 
N = 10 

1.152 
2.139 
3.127 
4.115 
5.105 
6.095 
7.086 
8.079 
9.074 

L L J L L J u ! 2  
11.068 
12.068 

0.9 
1.6 
2.4 
3.2 
4.0 
4.7 
5.5 
6.3 
7.1 
z8 

, 8.6 
9.4 

1.152 
2.048 
3.072 
4.096 
5.122 
6.019 
7.046 
8.073 
9.101 

11.033 
12.065 

1.216 
2.430 
3.644 
4.855 
6.064 
7.269 
8.470 

12.0 
14.0 

RSD = One-sided upper 95% confidence 

N = 30 
RSD C* 

I 
limit, C* = 

Population (Lot) R S D ,  Underscored RSD = Current 
Compendia1 Limits 

two authors(l5). Primarily, the paper prments six 
different methods of obtaining the two-sided upper 95% 
confidence limits. Since an extensive groundwork has 
already been done in that paper (15), only the mechanism 
for obtaining the required compendia1 limits from the M 
and EX tables (15) are presented here. The procedures 
for the M-method and the EX-method are as follows: (i) 
construct one-sided upper 95% confidence limit for a 
given RSD (Note: the tables in (15) contain only the 
two-sided upper 95% confidence limit), (ii) locate the 
assumed value of the population (lot) R S D  in the right- 
hand column and read off the corresponding RSD in the 
left-hand column for a given sample size (n=lO or n-30) 
and for a given method (M or EX) (See TABLE-B). The 

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.



DISCORDANT CONTENT UNIFORMITY OBSERVATIONS 835 

left-hand column RSDs constitute the 95% upper limit (or 
5% percentage point) of sample R S D s .  Consider, for 
instance, if the presumed value of the population (lot) 
RSD = 10% (as has been assumed for constructing the 
current compendial limits) then the upper limit on 
sample RSD for each of the following cases is (from 
TABLE-8) : 

METHOD SAMPLE SIZE 

n = 10 n = 30 

M 6.100 7.8 
EX 6.064 7 . 8  

This derivation totally confirms the statistical basis 
of the compendial limits. Note that in this derivation 
no assumptions are made with respect to the presumed 
value of the mean (p = 100) or that of the standard 
deviation ( Q  = lO)(which is erroneously done by using 
the chi-square distribution). 

tions anQ L U t a t m :  It is true that no 
mathematical/statistical derivation is free of 
simplifying assumptions. However, in practice, one 
should be aware of the limitations of the formulations. 
One of the cardinal limitations here is the assumption 
of strict normality (symmetricity). Because of the 
large range of values allowed, it has been the 
experience that the distribution is generally skewed 
(right or left). only in a symmetrical distribution the 
mean and standard deviation are meaningful, however, 
this may not be the case for asymmetrical skewed 
distributions which are more prevalent in samples of 30 
with one or more discordant observations. A l l  
derivations are also based on the presumption that the 
lot RSD is 10% or less. This is a cardinal limitation. 
An RSD limit can be achieved even with a large standard 
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deviation (magnitude of 7-10) because RSD is a ratio 
which is necessarily not unique. All these situations 
will be addressed in a forthcoming publication in which 
the formulations with the least number of limitations 
will be the prime COn8ideratiOn. 

S: DfSCUSSUB 
For each of the three tablet products denoted by 

C , K  and Q, a content uniformity test is conducted based 
on the compendial guidelines as depicted on page 1618, 
USPXXII(1). In this section, the results of the 
statistical analyses of the three content uniformity 
studies are presented. 
Product C - .  . The mean, standard deviation, range and RSD 

of the sample of 10 units are 104.3, 3.338, 98.7-108.6 
and 3.20% respectively. Note that the individual units 
are within the required compendial range of 85%-115% and 
the two-sided upper 95% confidence limit (TSUCL) for R S D  

of 3.20% is 5.850% for the M-method and 5.848% for the 
EX-method [in reference (151, see on page 34, TABLE-A, 
and locate the RSD in column-1 and the TSUCL in colu11~1-6 
for the M-method, and see on page 35, TABLE-B, and find 
for the EX-method, TSUCL = 5.848% by interpolation 
between 0.04 and 0.061. Since the TSUCL is below the 
required cornpendial limit 6.0% for n = 10, it can be 
safely surmised that the batch conforms to the 
compendial specifications. Even though this type of 
procedure is not in general practice yet, several 
companies in the industry have started to adopt this new 
procedure after the publication cited in (15). This 
type of limit will provide a greater degree of assurance 
of quglity and product integrity. 

salient aspects of the statistical analysis associated 
with the product. A statistically significant ( p < 

Producl:. - .  It is proposed here to present only the 
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. 0 5 )  discordant value (85.7) is detected in the sample 
of 10 units and so twenty more units are tested, and the 
analysis of the 30(20+10) units indicates that the same 
value is still significantly discordant ( p < . 0 5 ) .  

Thirty additional units are resampled and a test of 
discordancy indicates that one of the 30 values (112.8) 
is found to be statistically significantly (p < . 0 5 )  

discordant. Both samples failed the symmetricity tests 
as well as the tests for homogeneity of the two 
variances. For a resolution of the situation, the 
principles, procedures and recommendations provided in a 
previous section must be the prime consideration. 

duct-Q: Again, only the salient aspects of the 
statistical analysis associated with the product are 
depicted here. In this experiment, one of the values of 
the sample of 10 units is found to be outside the upper 
limit of the permissible compendial range. Even though 
the lot already failed to meet the compendial 
specifications, the experiment is allowed to continue (a 
positive thing to do) by testing twenty additional units 
(SAMP-I, n=20+10), by retesting (SAMP-11, n=30) and by 
resampling (SAMP-111, n=30) for the purpose of (a) 
discovering if indeed the incident re-occurs in the 
future samples, (b) acquiring a deep insight into the 
statistical characteristics of the samples to make 
statistical inference about the lot and (c) examining if 
the DV indeed pertains primarily to a single unit and 
that it is not a reflection of the entire lot. However, 
the samples failed the tests of symmetricity, the tests 
of group discordancy (one of the sample is discordant) 
and the tests of homogeneity of sample variances. For a 
resolution of such situations, the statistical 
principles, actions, procedures and recommendations 
provided in a previous section must be the prime 
consideration. 
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