What are Mandel’s k/h test statistics?



Objectives of Mandel’s k/h consistency test
statistics

« kand h test statistics are measures for data consistency,
particularly useful for inter-laboratory studies

« By studying the collated data deviations and accuracy, the
performance of a laboratory in terms of its reliability and
errors can be established

« The laboratory with poor performance can then do its own
in—-house investigation and make corrective actions for such
deficiencies



Mandel’s k and h consistency test statistics are discussed
in ASTM E691 standards for interlaboratory analysis :

“Standard practice for conducting an interlaboratory
study to determine the precision of a test method”



Inter-laboratory cross-checks and

proficiency testing programs

* Inter-laboratory comparison of test results is an efficiency
way to validate the precision of a test method and also to
compare the technical competence of the laboratory

personnel in terms of precision and accuracy

« Many participating laboratories will carry out series of
analyses on one or more given similar samples at about
the same period. The data collated are statistically

analyzed



Evaluating k£ test statistic

« kvalue is a measure of within-laboratory consistency in

repeatability

« If there are p number of participating laboratories (j), and n is the

number of repeats in a laboratory (x,, x,, x; ... x; ..., X}, x,)
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* The kvalue of lab (j ) is :
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Interpretation of k value

« The k value compares the repeatability standard deviation of a
laboratory data set with the average of the repeatability
standard deviations of all other laboratories

* From the k value, we can evaluate the spread of the data set
and its precision.

* This test statistic reflects the single lab’s repeatability against
the average repeatability of all participating laboratories

« The larger the k value, the bigger is the data deviation,
indicating the poorer the precision



k critical value for consistency (k-crit)

« k-crit value is the critical value of seriousness for data
deviation at a given probability

* k-crit defines as: k —crif = p
I+(p—-D/F

« where: Fvalue is from the F — F distribution,

p is the number of participating laboratories.

« When the k value is higher than the k-crit, it can be concluded that

the test result deviation is serious with poor precision and unacceptable.



How to obtain the F test statistic value?

« F(vl,v2)is the F— Fdistribution value

* Degree of freedom vI = (n-1), nis the number of repeats in a
single laboratory

« Degree of freedom v2 = (p-1)(n-1)

« Upon knowing the degrees of freedom, we can obtain the F
value from the F-F table

« Or use the Excel function “=FINV(0.05,v1,v2)”



Evaluating the 7/ test statistic

« The h test statistic is used to examine the consistency of inter-
laboratory data, confirming if any laboratory data is an outlier

 In other words, it is to indicate the accuracy of a lab results against
the others reported

* Let p be the number of participating labs with the lab mean results
as follows:

(X1, X2000eey X jpereen X p)

« The overall mean result of this interlaboratory study is : :;: j=1




Evaluating the £ test statistic

* The deviation of mean result of a lab (j ) from the overall mean is:




Interpretation of h test value

* h test statistic value reflects the deviation of a single
laboratory’s mean test results from the overall mean

results obtained from all participating laboratories

« The larger the hvalue, the bigger the deviation, the

poorer is the accuracy of that single laboratory



h critical value for consistency (h-crit)
* h-crit is @ measure of seriousness in a lab’s inaccuracy

h—crit =% p=1)
P+ p-2)

e h-crit defines as:

« where: tis the Student’s distribution with degree of

freedom v=p— 2 ,and a=0.05;

p is the number of participating laboratories

When the & value is larger than the h-crit, it is concluded that the mean
result given by the laboratory concerned is not accurate and reliable
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