TECHNICAL ISO/TS
SPECIFICATION 16489

First edition
2006-05-15

Water quality — Guidance for
establishing the equivalency of results

Qualité de I'eau — Lignes directrices-pour la création de I'équivalence
des résultats

-_— Reference number
= — ISO/TS 16489:2006(E)

©1S0 2006


https://standardsiso.com/api/?name=9072fd7d4e879931961fcf1989f4a35c

ISO/TS 16489:2006(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0 2006

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2006 — All rights reserved


https://standardsiso.com/api/?name=9072fd7d4e879931961fcf1989f4a35c

ISO/TS 16489:2006(E)

Contents Page
] T o o iv
L o T LU T oY o \'
1 IS ] 0 O PP PSSP PPPPP S SPRPPPPry NSRRI 1
2 Normative references ... Tk s 1
3 Terms and definitions ... e e 1
4 Overview of the different approaches ...........ccccovmiirrirccccccrercccceeerreee e Bt e, 2
5 Amount of data........cccuciiiiiini e 2
6 [DF:1 2= T o 0T 4T T= 14 1T o 4 - 7 N 3
7 Comparison of arithmetic means of two independently obtained-sets of data...............Jcccernce. 3
8 Comparison of population and sample arithmetic means ... e 4
9 Analysis of VariancCe ... e e 5
10 Determination of the equivalence of analytical results obtained from samples from

different MatriCes ... e ———— 7
0 T - - - | e N 7
102 Determination of the equivalence of the analytical results of real samples using

Lo g daTeTe TeT g I =T | f=TE=T T o] N N 7
10{3 Evaluation according to the difference method .............ccccrrirriicccisie e e, 9
1 L2 C=Y 7o £ ' e S S 10
Anjnex A (informative) Statistical tables ... .ccccciiiiiiiiiiriri e e 1
An[:ex B (informative) Example of acomparison of arithmetic means of two independently

obtained sets of data.......c....loe i ——— 13
Anjnex C (informative) Example of a comparison of population and sample arithmetic means.|............. 15
Annex D (informative) Example of an analysis of variance ..........c.ccoccvvminnnicnnnccccccnee e, 16
Annex E (informative) (Examples of a comparison of results from samples of different matricep........... 18
Annex F (informative)) lllustrative examples of graphic plots........ccccccvcmriiiicinincccccee e, 24
Annex G (informative) Schematic diagrams..........cccciiiiiciiiiiini e e, 27
L= T [ oo T =T o1 4 Y/ S R 29

© 1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=9072fd7d4e879931961fcf1989f4a35c

ISO/TS 16489:2006(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bod

ies

(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been

established has the right to be represented on that committee. International organizations

overnmental and

non-goverimental, in liaison with ISO, also take part in the work. ISO collaborates closely with- the

Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internationpl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main ftask of technical committees is to prepare International Standards. Draft Interpational Standafds

the technical committees are circulated to the member bodies for voting. Publication as
Internationgl Standard requires approval by at least 75 % of the member bodies casting.a-vote.

an

In other cjrcumstances, particularly when there is an urgent market requirement for such documents| a

technical gommittee may decide to publish other types of normative document;

— an ISO Publicly Available Specification (ISO/PAS) represents an agréement between technical experts in
an ISQ working group and is accepted for publication if it is approved’by more than 50 % of the membjrs

of the |parent committee casting a vote;

— an ISQ Technical Specification (ISO/TS) represents an agréement between the members of a techn
commfittee and is accepted for publication if it is approved by 2/3 of the members of the committee cast

e years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS
confirmed,|it is reviewed again after a further_three years, at which time it must either be transformed into
Internationpl Standard or be withdrawn.

Attention i$ drawn to the possibility that'some of the elements of this document may be the subject of pat
rights. ISO| shall not be held responsible’for identifying any or all such patent rights.

ISO/TS 16489 was prepared by~ Technical Committee ISO/TC 147, Water quality, Subcommittee SC
Physical, dhemical and bioctiemical methods.
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Introduction

The methods referred to in this Technical Specification can comprise a standard or reference method, the
results of which are to be compared with results generated by an alternative, perhaps more simple, method.
Alternatively, a comparison of results produced by an old established method and those produced by a new
more modern technigue can be undertaken. The methods can be laboratory based or undertaken “on-site”

where the samples are taken.

No| indication is given to confirm whether either one of the two methods, in terms of bias,(is bett
thgn the other method, only that the results produced by both methods are considered (equivalen
terms of the calculated means, standard deviations and variances. The procedures described ar
usgd for, and do not apply to, situations to establish whether two methods can be shoawn to be equi
prdcedures apply only to demonstrating equivalency of results.

Sinjce standard deviations and means can vary with concentrations, especially,where concentration
seyeral orders of magnitude, the procedures described in Clauses 7 16-9 are only applicable f
comtaining a single level of concentration. It would be necessary«to repeat the procedures
comcentration level if different concentration levels are encountered, and it is shown that standard
andl means vary over these concentration levels. It might be that the'demonstration of equivalence ¢
ieved over relatively small concentration ranges. For multiple concentration levels, the
scribed in Clause 10 might be applicable. In addition, the-laboratory will need to show that bo
suitable and appropriate for the sample matrix and the parameter under investigation, includin
concentration of the parameter. Also, the experimental data obtained in the comparison of res
ect the specific application for which equivalence is>questioned, as different matrices can lead
ults with the two methods.

are
of

ref|
res

Throughout this Technical Specification, it is assumed that results are obtained essentially under re
comditions, but it is recognized that this will not always be so. Hence, where appropriate, identical s
analysed by the same analyst using the_same reagents and equipment in a relatively short peri
Fufthermore, a level of confidence (0f)'95 % is assumed. The statistical tests described in this
Spgcification assume that the data‘to be compared are independent and normally distributed in 3
mgnner. If they are not, the data-might not be suitable for the statistical treatments described and

aningful difference, and a personal judgement should be made on whether a statistically
flerence is-important or meaningful and relevant. Alternatively, a statistical test might not be

r or worse
or not, in
not to be

alent. The

5 vary over
o0 samples
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deviations
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&rocedures
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Lits should
lo different
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be made.
hportant or
significant
sufficiently
nportant or

circumstances surrounding the data that have been generated.
compared they can have been generated under a variety of different conditions.
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Water quality — Guidance for establishing the equivalency

of results

1 | Scope

This Technical Specification describes statistical procedures to test the equivalency of results obtai
different analytical methods used in the analysis of waters. This Technical Specificatien/is not ap
esfablishing whether two methods can be shown to be equivalent. The procedureshgiven in this
Spegcification are only applicable to demonstrating the equivalency of results.

2 | Normative references

The following referenced documents are indispensable for the{application of this document.
references, only the edition cited applies. For undated referénces, the latest edition of the
do¢ument (including any amendments) applies.

W

ISQ 5725-2, Accuracy (trueness and precision) of measurement methods and results — Part 2: Ba
for|the determination of repeatability and reproducibility(of'a standard measurement method

NQTE A practical guidance document to assist in_the 'use of ISO 5725-2 has been published: see ISO/TR

3 | Terms and definitions

Fof the purposes of this document, the following terms and definitions apply:

closeness of agreement.between independent test results obtained under repeatability conditions

NQTE 1 Precision~depends only on the distribution of random errors and does not relate to the true,
acdepted value.

NQTE 2  Measurement of precision is usually expressed in terms of imprecision and computed as a standg
of the test fesults. Less precision is reflected by a larger standard deviation.

hed by two
plicable for
Technical

For dated
referenced

sic method

22971.

specified or

rd deviation

esult on the

NOQTE-3 ~ “Independent test results” means results obtained in a manner not influenced by any previous r
sa itati Si iti i ftioTTs:

3.2
repeatability conditions

conditions where independent test results are obtained with the same method on identical test samples in the
same laboratory, by the same operator, using the same reagents and equipment within short intervals of time

3.3

analytical method

unambiguously written procedure describing all details required to carry out the analysis of the dete
parameter, namely: scope and field of application, principle and/or reactions, definitions, reagents,
analytical procedures, calculations and presentation of results, performance data and test report

© 1SO 2006 — All rights reserved
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4 Overview of the different approaches

Where a sample is analysed in replicate using two methods, then the procedures described in Clause 7 and
Annex B may be used. The results should, ideally, be generated by a single analyst, however, it is recognized

that different analysts can be involved.

The procedures described in Clause 8 and Annex C might be applicable where, over a period of time,
samples are analysed by different analysts using a particular method and these results are compared with

results generated using an alternative method that is carried out by one or more analysts. In this ca
however, the assumption of repeatability will not be applicable.

Se,

Where different analysts are involved in the generation of data, the procedures described in Clause 9-3
Annex D mpay be used. In these cases, the assumption of repeatability will not be applicable. Whererident
samples are analysed by one or more analysts using two different methods, the procedures déscribed
Clause 10|and Annex E might be more appropriate. This might be applicable where the sameg’or differ

concentratjon levels are indicated.

5 Amount of data

The appropch described in this Technical Specification demonstrates the importance that the power of
significance tests lies in the amount of data available as well as the quality (spread) of the data. Through
this Techrcial Specification, it is assumed that the level of confidence i$ established at 95 %. This mi
represent B degree of acceptability that is insufficient for certain purposes: This would mean that individ
circumstar|ces would merit individual consideration as to whether this Technical Specification, in terms of
confidencq level used, should be applied. Confidence levels, of\'99 % or higher might be, in cert
circumstar|ces, more appropriate. In addition, where a statistically*significant difference has been sugges
by a statisjical analysis of the data, there is always a need to\guestion whether this difference is importan
relevant, ip terms of its suitability and fitness for purpose, and not in terms of its statistical meaning
understandling. This judgement should be based on whether the analytical results are fit for their intend
purpose.

For example, with large amounts of data, it is ‘possible to conclude that there is a statistically signific
difference petween 50,1 and 50,2. Whether this.difference is important or meaningful is another matter wh
deciding on the suitability of the method.

Before any statistical treatment is undertaken, it is always useful to plot a graph of the data. This will provid
visual dispjay of the results, an inspection of which should reveal the amount and quality of data available
comparisof. In this way, the numbger of results and the spread (or range) of the data is easily obsery
Figures F.[l to F.6 (Annex F) show illustrative examples of the type of plots that can be produced and
interpretations that can be concluded. Figures F.1 to F.3 show the arithmetic means of the results fron
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series of |determinations. ‘undertaken in comparative exercises of two methods and the associated

interpretations. Figures‘F4 to F.6 show the spread or range of results from a series of determinations 3
possible interpretations:

nd

From the data, the*arithmetic mean (average) x of a number, n, of determinations or measurements, x;, and

the standgqrd-deviation, s, of numerous repeated determinations obtained under repeatability conditions,

are

calculated lfrom Equations (1) and (2):

The square of the standard deviation is known as the variance, namely, s2.

(1)

()

2 © 1SO 2006 — Al rights reserved
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6 Data comparisons

When the results from two methods are compared, different situations will arise depending upon the
circumstances surrounding the manner in which the results are determined. Hence, the comparison will differ
for different situations. By way of example, Clauses 7 to 10 describe the different approaches that can be
encountered when sets of data are to be compared. In addition, since the comparisons undertaken in this
Technical Specification are used to establish whether a difference between sets of data exists, rather than to
determine whether one set of data is superior to another, then a two-sided test is carried out, rather than a

one-sided test.

Da
comtain values that are considered significantly different from the rest of the data. A number of diffe
tesfs are available and some of these are described in more detail in ISO 5725-2. Other outliertest
be [used, for example see Annex E. Further consideration of, and the need for, outlier tests are not
in this Technical Specification but will need to be taken into consideration.

Th
illu
cal
cal
res
pra

a)
=

example comparisons and information contained in Figures F.1 to F.6 and ‘Annexes B to
strative  purposes only. Suitable computer software might be available~to facilitate the
culations. In addition, the examples shown are based on limited data to highlight the manner in
culations were carried out. They are not presented as actual data comparisons. In reality, n
ults would be required before calculations of this type are undertakeh:)Schematic diagrams o
cedures that can be undertaken are shown in Figures G.1 and G.2 inAnnex G.

Sa
to

mples for analysis should be taken using procedures given insrelevant International Standards 4
he parameter being analysed.

7

Unfder repeatability conditions, analyse a sample jin-replicate using the two methods. The number

deferminations or measurements carried out with~each method can be different, but for both meth
be [sufficient to provide confidence in the statistical treatment that follows. This may involve 6 to 1
regeat determinations. For example, for the analytical method, method i, the following determinatig
obfained, namely x4, x5, X3, x4... x,_¢-a@nd x,. For the alternative analytical method, method j, th
deferminations can be obtained, namely y4, v, y3... ¥,_4 and y,. From these values the cor
means, standard deviations and variances are calculated, x, v, s;, s;, s and sj2 respectively.

To|ascertain whether the precision or spread of data (in terms of the variances s,.2 and s2) obtaing
twg methods differ statistically, a statistical F-test should be carried out. This statistical test will sha
there is a statistically significant difference between the two variances. The F-value calculated (F
thgn be compared with-the tabulated or theoretical F-value (F,,) obtained for the corresponding
dafa; i.e. number©f,degrees of freedom, at the stated level of confidence required, in this case
Table A.1). If Figg-is less than F, ., then it can be concluded that there is a statistically significant
befween the-two variances; i.e. s? and sj2 are not the same and, hence, cannot be regarded
equivalent.

Unper these circumstances, the variances should not be combined to form a single variance

ets of data
rent outlier
5 may also
considered

E are for
numerical
which the
hany more
itlining the

ppropriate

Comparison of arithmetic means of two-independently obtained sets of data

bf replicate
bds should
0 or more
bns can be
b following
esponding

d from the
w whether
a1c) should
amount of
95 % (see
difference

as being

value. The

m

thed exhibiting the smaller variance is the more precise of the two methods

If Fi,p, is greater than F .,

then it can be concluded that there is no statistically significant difference between

the two variances; i.e. s and sj2 can be regarded as being similar and, hence, can be regarded as being
equivalent. Under these circumstances, the precision of the results generated by both methods can be

regarded as being equivalent.

Fac Should be calculated as follows:

2

2 s

Foale :;2 or Fealc =j_2 (3)
Sj Si
The equation is always arranged so that a value greater than 1 is obtained.
© 1SO 2006 — Al rights reserved 3
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If no statistically significant difference is indicated for the variances, i.e. if Fy,, is greater than F_, ., then the
spread of results from both methods can be regarded as being similar. In such a case, the results from both
methods can be combined to produce a pooled or combined standard deviation, s, according to Equation (4):

N _\/siz(n—1)+sj2(m—1) (@)

n+m-2

To ascertain if the arithmetic means, x, 7, obtained for both methods differ statistically, a #test should be
carried out. This test will show whether there is a statistically significant difference between the two means.
The t-value calculated (z..,.) should then be compared with the tabulated or theoretical ¢-value (4.,,) obtained
for the corfresponding amount of data; i.e. number of degrees of freedom, at the stated level of confidemnce
required, in this case 95 % (see Table A.2). If 1, is less than 7, then it can be concluded that there-is a
statistically significant difference between the two arithmetic means; i.e. x and y are not the same, gnd
hence canhot be regarded as being equivalent.

If ., is greater than 7., then it can be concluded that there is no statistically significant difference betwgen
the two means; i.e. X and y can be regarded as being similar and, hence, can be régarded as bejng
equivalent] Under these circumstances, the bias of the results generated by both methéds’/can be regarded as
being equiyalent.

should be calculated as follows:
(5-5)
Lcale ‘W
Seol —+—
n m

Using thede tests, it can be concluded that the precision and\bias of the results generated for both methgds
might or night not be similar. Only if the precision (in term&'of 572 and s.2) and bias (in terms of ¥ and y ) of
both sets gf results show no statistically significant difference can the results be considered equivalent.

lcalc

®)

An example of this approach is shown in Annex B.

The use df these statistical tests can also(indicate whether the method performance capabilities change
significantly over periods of time from .those originally established. In these instances, it might be that
analytical quality control data can be used and compared over the two time periods rather than considering
the data bging generated by two different methods.

8 Comparison of population and sample arithmetic means

Over a long period of time, a method might be used by different analysts which provides sufficient information
to be estaplished, for'example on the overall arithmetic mean, g, of quality control samples. If a different
method is|then used by a number of analysts and information gathered on its performance, for a (smjll)
number of|determinations, », the arithmetic mean, x, and standard deviation, s, can be calculated from restilts
obtained uping the new method.

To ascertain whether the results from the new method differ statistically from the results obtained by the old
method, a r-test should be carried out. This test will show whether there is a statistically significant difference
between the two means, xand x . The r-value calculated (¢.,,;) should then be compared with the tabulated or
theoretical r-value (#,,,) obtained for the corresponding amount of data; i.e. number of degrees of freedom, at
the stated level of confidence required (see Table A.2). If ¢, is less than 7, then it can be concluded that
there is a statistically significant difference between the two arithmetic means; i.e. zand x are not the same,
and hence, cannot be regarded as being equivalent.

If 4,y is greater than 7., then it can be concluded that there is no statistically significant difference between
the two means; i.e. # and x can be regarded as being similar, and hence, can be regarded as being

4 © 1SO 2006 — Al rights reserved
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equivalent. Under these circumstances, the bias of the results generated by both methods can be regarded as
being equivalent.

On this occasion, ., should be calculated as follows:

(6)

An example of this approach is shown in Annex C.

As|well as demonstrating the equivalency of results, this test can also be used to ascertain if a melhod that is
us¢d and exhibits a certain bias is deemed acceptable when compared with a target bias value. Fgr example,
a method exhibiting a bias of, say, 10,5 % might or might not be statistically acceptable when‘compared with a
target bias value of, say, 10 %. Hence, the actual method performance can be compared 1o a required level of
pefformance.

9 [ Analysis of variance

When a new method is proposed, a number of different analysts might be used to generate|results or
pefformance data to demonstrate its capability. Under these circumstances, when repeat determinations are
mdde, there will always be some variability in the results and it ¢an*be difficult to ascertain if real differences
exist between the different sets of data produced by the differént analysts. One way this could be yindertaken
wolld be to carry out repeated s-tests, as described in Clause 7. Repeated use of this test to cpmpare all
comnbinations of data sets, however, increases the probability’of making erroneous conclusions. An easier way
is fo carry out an analysis of variance (ANOVA) test.“This test will help to ascertain whether there are
staistically significant differences between the sets of data generated by the different analysts. In ofher words,
thg ANOVA test is used to determine the statistical significance of differences in the arithmetiq means of
different sets of data. The data should be arranged as indicated in Table 1, and then an F-test|should be
cafried out. The F-value calculated (F,,.) should then be compared with the tabulated or theoreti¢al F-value
(Fikp) obtained for the corresponding amoeunt of data i.e. number of degrees of freedom, at the stafed level of
confidence required, in this case 95 %,(see Table A.1).

Table 1 — Statistical significance of differences in the arithmetic means of different sets of data
Analysts
Replicate determinations
1 2 3 i p-1 p
1 X1 X21 x31 Xi1 Xp-1)1 wa
2 X12 x22 x32 X2 X(p-1)2 X2
k X1k X2k X3k Xik X(p-1)k Xpk
n—1 X1(n-1) X2(n-1) X3(n-1) Xi(n—1) X(p—1)(n-1) Fp(n-1)
n X1p X2n X3y Xin X(p-1)n Xpn

Equations (7) to (9) should then be used to calculate the test statistics.

[k—n 2

i xik]

i=p

A== (7)

© 1SO 2006 — Al rights reserved 5
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i=p k=n
B- 22 (8)
i=1 k=1
i=p k=n 2
Xik
C= it k= 9
= ()
where the total number of replicates N = np.
If the numper of replicates for each analyst is not the same, then Equation (10) should be used insteéad of
Equation (f) to calculate the test statistic
k=n; 2
- Z Xik
D= | k=l (o)
i 1
where n; is| the number of replicates determined by each analyst.
In addition| the value of N should be calculated accordingly.
To ascertdin whether the sets of data differ statistically, an ANOVA table’ of results should be calculated|as
shown in Tlable 2:
Table 2 — ANOVA results
Sourge of variation Sum of squares, S Degrees of freedom Mean square, M Fealc
Between apalysts S4=4-C p-1 My=S84(p-1) MMy
Within analysts Sg=B-4 N-p Mg = So/(N - p)
Total S1+SpB-C N-1
NOTE A, B and C are defined in Equations)(7) to (9).
If Fi,y, is less than F, ., therit can be concluded that there is a statistically significant difference between fhe
sets of datp. Hence, ong ormore of the sets of data is not the same as the remaining sets of data, and hefce
the whole ¢lata set cannet be regarded as being equivalent.
If Fi,p, is gfeaterthan F, ., it can be concluded that there is no statistically significant difference between| all
the sets of data that can be regarded as being similar and hence, equivalent. In such a case, all the results
can be combined and the overall mean, standard deviation and variance values calculated. The procedyure

described in Clause 7 can then be used to ascertain whether the results, in terms of means and variances,
obtained for this new method are significantly different from the corresponding values obtained using an
existing method.

One disadvantage to this technique is that, if a statistically significant difference is indicated, no information is
provided as to which set of data might be different from the remaining sets of data. It might, however, be the
case that a graphical plot of the results suggests which set of data is different from the remaining sets.

Removing

An exampl

this particular set of data and repeating the procedure might provide confirmation.

e of this approach is shown in Annex D.

© 1SO 2006 — All rights reserved
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10 Determination of the equivalence of analytical results obtained from samples
from different matrices

10.1 General

The procedures described in 10.2 to 10.3 enable the comparison of results to be undertaken using two
different analytical methods, provided that there is no statistically significant difference (using the F-test for
variances) in the precision between the results of standard solutions obtained by both methods.

The test for the equivalence of analytical results is carried out on the basis of real samples using orthogonal
regression, or the difference method.

A

llanalyses should be carried out at the same time, either in one laboratory or two.

For the test of equivalence using orthogonal regression or the difference method, sufficient data Will need to
be|generated. For example, a minimum of 30 samples might need to be analysed. The statistically determined
number of samples will vary depending upon different circumstances and there should be sufficien results for
cafrying out the comparison. The samples should be homogenized and apprépriately sub-samplgd for each
mgthod prior to analysis being carried out.

10|12 Determination of the equivalence of the analytical results of real samples using
orthogonal regression

10j2.1 Single/replicated determinations

Single and replicated determinations may be carriedcout for each sample but the number df replicate
deferminations, N, should be the same for both methods.

10§2.2 Working range

The working range of the analytical method and the corresponding range of the alternative methofl need not
be[the same, but the final reported results (taking into account any sample preparation and dilution steps)
should be used in the equivalence test) For the orthogonal regression technique, the lowest and h|ghest final
reqults should differ

D

—| by at least a factor of 5,;and
—| by at most a factor’of-100.

If the factor is smaller, the difference method should be used (see also 10.3). If the factor is [larger, the
orthogonal regreSsion should be carried out separately for different concentration levels of interest. The
comcentration\fange should be divided into at least five smaller equidistant concentration rahges. The
analyticalesults obtained should be distributed evenly over each of these concentration ranges. When results
arg collated, outlier tests should be used, where necessary, to exclude those results considg¢red to be
sighificantly different from the rest of the data (see Clause 6 and Annex E).

10.2.3 Orthogonal regression

To test the equivalence of the results, an orthogonal regression should be carried out on corresponding pairs
of results obtained using both methods; i.e. the results from the first method are plotted on the y-axis whilst the
results of the second method are plotted on the x-axis. The slope, b, and intercept, a, of the regression line
should be calculated respectively according to Equations (11) and (12):

Slope, b is given by:

b=V (11)
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and

|ntercept, @, i ytvcll by.

a= ;— b-x
10.2.4 Test for systematic deviations
10.2.4.1 [General
If the resulgs from both methods agree, the regression line will possess an interceptvalue of ¢ = 0 and a sl
value of b 1. If the results from both methods do not agree and deviations are-observed, then it should
tested as o whether these differences are proportionally systematic (i.e. are coencentration dependent), us
the procedure described in 10.2.4.2 or constant-systematic (i.e. are independent of concentration), using
procedure |[described in 10.2.4.3.
10.2.4.2 [Test for proportionally systematic deviations

If the devigtions are proportionally systematic, the slope of the regression line will differ significantly from

value of b

2
X calc

where

7}
s

2}
o

xy

For a suf
calculated

= 1. The test statistic, chalc’ for the y2-test should be calculated according to Equation (13):
4 2
s -8
=N-In| ——+—
[sxzsy2 —sxyzj

a combined estimator for thexstandard deviation of the pairs (x;, y;), calculated as follows:

(5:2+5,2)

1
2
an estimator for-the variance of the determinations x;, and y;, calculated as follows:

9 3 L) [ R

iciently “large number of samples, the statistical y2-test should be carried out. The x2-v.

of confider

- Xt
the tabulated value (X tab) the deV|at|on is proportlonally systematic, i.e. there is no equwalence If the

should then be compared with the tabulated or theoretical x2 value (y2,,) at the stated |
» X caley

2
X calc

12)

pe
be

ing
the

the

13)

vel

calculated test statistic, y2.4, is less than or equal to the tabulated value (x2,) then no proportionally

systematic

10.2.4.3

deviation is detectable.

Test for constant-systematic deviations

If results are indicative of a constant-systematic deviation, the regression line is displaced but still retains a
slope value of b = 1; i.e. the regression line is parallel to, but displaced from, the line at 45° passing through

the origin.

d=x-

The displacement, 4, corresponds to the difference between the mean values:

y

(14)
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The existence of a constant-systematic deviation should be tested using the paired #test, as described in

10.3. The test statistic should be calculated as follows:

X -

V|
lcalc = s, |\/ﬁ

where

di=x;-y;
X
N

The calculated test statistic, 7., should be compared with the tabulated or theoretical value, f,, ¢
dis'tribution. If the calculated test statistic, 7., is larger than the tabulated-value, f,,, the d
comstant-systematic; i.e. there is no equivalence. If the calculated test statistic, 7.,., is less than
thg tabulated value, 1., no constant-systematic deviation is detectable; i.e. the results are equivale

103 Evaluation according to the difference method

1013.1 Formation of the differences

Two methods might be used by a number of different analysts to obtain results on identical portions
of the same sample. In order to ensure that variations-ifn results due to sample stability are mini
analyses should be carried out at the same time. In.this way, a series of results, x4, y1; x5, yo; 3,
v.h; and x,, y, are obtained using the two metheds. From these results, the difference in resulf
sample should be calculated, namely dy, dy, ds):.. d,_4 and d,. From the calculated paired differ
arifhrmetic mean, 4, and standard deviation, s, are calculated.

Hence

d;=x;-y;
3.2 Determination of equivalence (paired r-test)

ascertain whether @he” arithmetic mean of the difference, 4, obtained using the two meth
istically from zefe;“a t-test should be carried out. This test will show whether there is a

concluded:that there is a statistically significant difference between the arithmetic mean of the diffe
zefo; i«.\@ and 0 are not the same and, hence, cannot be regarded as being equivalent.

If 4

regarded as being equivalent. Under these circumstances, the bias of the results generated by bot
can be regarded as being equivalent.

The equation used to calculate .. is

d

Sd

n

Examples of the approaches described in this clause are shown in Annex E.

Lcalc =

© 1SO 2006 — All rights reserved
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f the t-test

eviation is
br equal to
nt.

or aliquots

mized, the

3, xn_1,
s for each
ences, the

(16)

bds differs

statistically
theoretical
the stated
it can be
ences and

e between

ab calc =
the mean of the differences and zero; i.e. 4 and 0 can be regarded as being similar, and hence, can be

h methods

(17)
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11 Reporting

When a comparison of results has been undertaken and these are considered or regarded as being
equivalent, the procedure (as described in this Technical Specification) used to demonstrate this equivalency
should be reported. In addition, the corresponding number of degrees of freedom and confidence level should
be reported.
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Annex A
(informative)

Statistical tables

Table A.1 — Two-sided F-test values (F,,) at 95 % confidence level

flr) géi‘:fzt' Degrees of freedom for the larger variance
the smaller
ariance 1 2 3 4 5 6 7 8 9 10 15 20 30 40 60 120 )
1 647,8|799,5(864,2|899,6 (921,8|937,1(948,2|956,7 | 963,3 | 968,6 | 984,9|993,1 |1 001,106 | 1 010 | [l 014 |1 018
2 38,51(39,00 (39,17 | 39,25 (39,30 39,33 (39,36 | 39,37 (39,39 | 39,4 |39,43|39,45|39,467 39,47 | 39,48 | B9,49 | 39,50
3 17,44116,04 | 15,44 (15,10 | 14,88 [ 14,73 | 14,64 | 14,54 | 14,47 | 14,42 | 14,25 | 14 A7 14,08 | 14,04 [ 13,99 | 13,95 [ 13,90
4 12,22|10,65| 9,98 | 9,60 | 9,36 | 9,20 | 9,07 | 8,98 | 8,90 | 8,84 | 8,66.|.8,66 | 8,46 | 8,41 | 8,36 |[8,31 | 8,26
5 10,01| 8,43 | 7,76 | 7,39 | 7,15 | 6,98 | 6,85 | 6,76 | 6,68 | 6,62 | 6,43 6,33 | 6,23 | 6,18 | 6,12 [[6,07 | 6,02
6 8,81 | 7,26 |6,60 | 623|599 (582|570 | 560 | 5,52 | 5,46, ['5,27 | 5,17 | 5,07 | 5,01 | 4,96 |[4,90 | 4,85
7 8,07 | 6,54 | 589 | 552 | 529 | 5,12 | 4,99 | 4,90 | 4,82 4,76 | 4,57 | 4,47 | 4,36 | 4.,.31 | 4,25 |[4,20 | 4,14
8 7,57 | 6,06 | 542 | 505 | 4,82 | 4,65 | 4,53 | 4,43 | 486,| 4,30 | 4,10 | 4,00 | 3,89 | 3,84 | 3,78 |[3,73 | 3,67
9 7,21 | 571|508 | 472 | 4,48 | 4,32 | 4,20 | 4,10.| 4,03 | 3,96 | 3,77 | 3,67 | 3,56 | 3,51 | 3,45 |[3,39 | 3,33
10 6,94 | 546 | 4,83 | 4,47 | 4,24 | 4,07 | 3,95 | 3,85 | 3,78 | 3,72 | 3,52 | 3,42 | 3,31 | 3,26 | 3,20 |[3,14 | 3,08
11 6,72 | 526 | 4,63 | 4,28 | 4,04 | 3,88 | 3,76} 3,66 | 3,59 | 3,53 | 3,33 | 3,23 | 3,12 | 3,06 | 3,00 |[2,94 | 2,88
12 6,55 | 5,10 | 4,47 | 4,12 | 3,89 | 3,73 | 3}61 | 3,51 | 3,44 | 3,37 | 3,18 | 3,07 | 2,96 | 2,91 | 2,85 [[2,79 | 2,72
13 6,41 | 4,97 | 4,35 | 4,00 | 3,77 |.3,60°| 3,48 | 3,39 | 3,31 | 3,25 | 3,05 | 2,95 | 2,84 | 2,78 | 2,72 |[2,66 | 2,60
14 6,30 | 4,86 | 4,24 | 3,89 | 3,66.4.3,50 | 3,38 | 3,29 | 3,21 | 3,15 | 2,95 | 2,84 | 2,73 | 2,67 | 2,61 |[2,55 | 2,49
15 6,20 | 4,77 | 4,15 | 3,80 |+3,58 | 3,41 | 3,29 | 3,20 | 3,12 | 3,06 | 2,86 | 2,76 | 2,64 | 2,59 | 2,52 |[2,46 | 2,40
20 5,87 | 4,46 | 3,86 | 3;51 3,29 | 3,13 | 3,01 | 2,91 | 2,84 | 2,77 | 2,57 | 2,46 | 2,35 | 2,29 | 2,22 |[2,16 | 2,09
25 569 | 429 | 3,69\ 8,35 | 3,13 | 297 | 2,85 | 2,75 | 2,68 | 2,61 | 2,41 | 2,30 | 2,18 | 2,12 | 2,05 |[1,98 | 1,91
30 5,57 | 4,18 \~3;59 | 3,25 | 3,03 | 2,87 | 2,75 | 2,65 | 2,57 | 2,51 | 2,31 | 2,20 | 2,07 | 2,01 | 1,94 |[1,87 | 1,79
40 5,42 | 4,059|°3,46 | 3,13 | 2,90 | 2,74 | 2,62 | 2,53 | 2,45 2,39 | 2,18 | 2,07 | 1,94 | 1,88 | 1,80 |[1,72 | 1,64
60 5,297).3/93 | 3,31 [ 3,01 | 2,79 | 2,63 | 2,51 | 2,41 | 2,33 | 2,27 | 2,06 | 1,94 | 1,82 | 1,74 | 1,67 |[1,58 | 1,48
120 5,161 3,80 | 3,23 | 2,89 | 2,67 | 2,52 | 2,39 | 2,30 | 2,22 | 2,16 [ 1,94 | 1,82 | 1,69 | 1,61 | 1,53 |[1,43 | 1,31
0 5,02 | 369|312 (279|257 (241229219 | 211|205 (183|171 |157 | 1,48 | 1,39 |[1,27 | 1,00
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Table A.2 — Two-sided z-test values at 95 % confidence level

Degrees of freedom tab Degrees of freedom tab Degrees of freedom tab
1 12,706 15 2,131 29 2,045
2 4,303 16 2,120 30 2,042
3 3,182 17 2,110 31 2,039
4 2,776 18 2,101 32 2,037
5 2,571 19 2,093 33 2,034
6 2,447 20 2,086 34 2,032
7 2,365 21 2,080 35 2,030
8 2,306 22 2,074 40 2,021
9 2,262 23 2,069 50 2,009
10 2,228 24 2,064 60 2,000
11 2,201 25 2,060 100 1,985
12 2,179 26 2,056 120 1,980
13 2,160 27 2,052 0 1,960
14 2,145 28 2,048

12 © 1SO 2006 — Al rights reserved
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Annex B
(informative)

Example of a comparison of arithmetic means of two independently
obtained sets of data

ts of data.
M n samples

comtaining relatively similarly concentrations. The results obtained are set out in Table B.1.

Table B.1 — Results

Replicates Method i Method ; Difference

1 4,0 44

2 4,8 47

3 4,0 4,3

4 5,0 4.7

5 4,6 4,9

6 47 47

7 42 4,5

8 4,9 5,0

9 3,9 4,6

10 4.8 4,5
Mg¢an 4,49 4,63 0,14
Standard deviation 0,420 0,216

Frgm these results, theffollowing can be calculated:

Fogic = 0,420210)2162 = 3,77

With (10 — 49.degrees of freedom for method i and (10 — 1) degrees of freedom for method ;

F{3p = 4,03

Since Fy,, is greater than F,., it can be concluded that there is no statistically significant difference between
the two variances. Hence, a combined standard deviation can be calculated. Thus

= {[0,4202 x (10 — 1) + 0,2162 x (10 — 1)}/(10 + 10 — 2)}* = 0,334

Using this value, 7_.,. = |4,63 — 4,49]/[0,334{(1/10) + (1/10)}4] = 1,447.

calc ~

Using Table A.2, with (10 + 10 — 2) degrees of freedom, ¢, = 2,101.

Since 1, is greater than ¢, it can be concluded that there is no statistically significant difference between
the two arithmetic means. The results can, therefore, be regarded as being equivalent.

© 1SO 2006 — Al rights reserved 13


https://standardsiso.com/api/?name=9072fd7d4e879931961fcf1989f4a35c

ISO/TS 16489:2006(E)

Thus, a statistically significant difference would not be demonstrated using these two methods until the
difference in the mean values exceeded 0,295.

If the standard deviation of both methods is calculated from all 20 results (i.e. 8= 0,333), and this value is
used to calculate 7, a value of 0,940 is produced. Comparing this value with a #,, value of 2,093 from
Table A.2 with (20 — 1) degrees of freedom, the same interpretation is obtained; i.e. it is concluded that there

is no statistically significant difference between the mean values of both methods.

14 © 1SO 2006 — Al rights reserved
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Annex C
(informative)

Example of a comparison of population and sample arithmetic means

This annex gives an example of comparing population and sample arithmetic means.

A Ipng-serving method with a mean for quality control samples of 22,7 is to be compared with a-n
prdducing a corresponding mean of 23,5 from 10 results with a standard deviation of 0,9. For this'c
dafa are obtained using samples with similar concentrations that are analysed by a number
analysts for both methods. Thus

teale = 123,5 - 22,7//[0,9/(10)7] = 2,81
Us|ng Table A.2, with (10 — 1) degrees of freedom, #,, = 2,262.

Sirjce 1, is less than 7., it can be concluded that there is a statistically significant difference bg
twg arithmetic means and the results cannot be regarded as equivalent:

Thus, the difference in the mean values should not exceed 0,64, for it to be concluded that the
staistically significant difference.

ew method
bmparison,
bf different

btween the

re was no

© 1SO 2006 — All rights reserved
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Annex D
(informative)

Example of an analysis of variance

This annex gives an example of comparing the results from a number of different analysts.

A new method is to be considered for the replacement of an old method. Before this can proceed, the. new
method is used by a number of different analysts to establish its capability. Each analyst carries out réplicate
determinatjons and these results are compared to ascertain if there are any statistically significant differenges.
The result$ obtained are set out in Table D.1.

Table D.1 — Results

Analysts
Replicatds
1 2 3 4 5 6
1 52 55 51 53 54 51
2 49 54 52 55 52 53
3 50 53 53 58 58 57
151 162 156 166 164 161 Total = 960

The corregponding values of 4, B and C [see Equations{7) to (9)] are:

A4 =(1512/3) + (1622/3) + (1562/3) + (1662/3) +(1642/3) + (1612/3)
= 51251,33

B =(529+ 492 + 502) + (552 + 542 + 532) + (512 + 522 + 532) +
(539 + 552 + 582) + (542 + 522+-582) + (512 + 532 + 572)
=51310

C  =960%/(3 x 6)
= 51200

From thesT values, an ANOVA table is calculated as shown in Table D.2.

Table D.2
Sum of squares Degrees of freedom Mean square Fealc
S1=4-C=51,33 p-1=5 Mi=84/(p-1)=10,266 (10,266/4,889)
So=B—A=58,67 N-p=12 Mo=Sy/ (N-p)=4,889 2,1
S1+Sg=B-C=110 N-1=17

16 © 1SO 2006 — Al rights reserved
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From Table A.1, with (6 — 1) degrees of freedom for the larger mean square and (18 — 6) degrees of freedom
for the smaller mean square, Fy,,, = 3,89.

Since Fy,, is greater than F, ., then it can be concluded that there is no statistically significant difference

between the sets of data. Hence, all the sets of data are similar, and can be considered equivalent. In this
case, all the results can be combined and overall mean, standard deviation and variance values calculated.

The procedure described in Annex C can then be used to compare results from two methods.

© 1SO 2006 — Al rights reserved 17
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(informative)

Annex E

Examples of a comparison of results from samples of different matrices

E.1 Introduction

When usin
matrix-free
can be sha

E.2 Orth

E.2.1 Ex

Table E.1

Table E.1 — Analytical results of analytical method (x;) and. alternative analytical method (y;)

hmple

Jogonal regression

g the orthogonal regression or difference method technique, the precision of both methads
standard solutions should be regarded as being equivalent for the two analytical methods) T
wn by using the F-test.

Ehows the analytical results of 35 different real samples that have beenvanalysed using two differ
analytical methods.

his

ent

i x;, mgl/l ¥;, mg/l yilx;=Q; i x;, mgl/l ¥;, mg/l yilx;=Q;
1 0,27 0,5 1,85 19 1,8 2,0 1,11
2 0,29 0,6 2,07 20 2,0 2,1 1,05
3 0,45 1,0 2,22 21 2,1 2,6 1,24
4 0,48 0,8 1,67 22 2,2 29 1,32
5 0,49 1.1 2,24 23 2,3 2,3 1,0
6 0,73 1.1 1,51 24 2,3 2,7 1,17
7 0,74 1,0 1,35 25 2,5 1,6 0,642
8 0,79 1,3 1,65 26 2,6 2,9 1,12
9 0,81 3,8 4,692 27 2,7 3,6 1,33
10 1,0 1,4 1,40 28 2,7 3,3 1,22
11 1.1 1,5 1,36 29 2,8 3,3 1,18
12 1,2 1,8 1,50 30 2,8 3,3 1,18
13 1.3 1,5 1,15 31 3,3 3,6 1,09
14 3 2;2 469 32 34 359 +145
15 1.4 2,0 1,43 33 3,4 4,0 1,18
16 1,6 2,3 1,44 34 3,4 4,0 1,18
17 1,7 1,9 1,12 35 3,5 3,8 1,09
18 1,8 1,6 0,89
s, = 1,011 s, = 1,060
¥=1836 | y =2,221
a8  Seetextin E.2.2.
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https://standardsiso.com/api/?name=9072fd7d4e879931961fcf1989f4a35c

ISO/TS 16489:2006(E)

Yi 4
45
4 -
‘0
35 |- 4 L 4
L 2 4
1
25 -
2 -
1,5 -
4
F &S
4
o5 &
0 | | | -
0 0,5 3 3,5 X;
Figure E.1 — Graph of the data pairs listed in Table E.1
E.2.2 Outliers
Outliers are found using Grubbsstest for quotients of single pairs of values for data pair 9, where Q; |s 4,69 and
thg calculated test statistic (PG) from Equations (E.1) to (E.4) is 4,43. This value is greater than th¢ tabulated
value (2,811) based on(95-% confidence level and 35 degrees of freedom, indicating an outligr which is
rejected from the rest gi-the data and excluded from further calculations when means and standard|deviations
arg re-calculated. Using the same procedure, data pair 25 is shown not to be an outlier.
0; = i (E.1)
X
=2 0;
D - (E.2)
>(0-0f -
SQ N_1 ( . )
0*-0
o121 E4)
S0
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E.2.3 Orthogonal regression

slope:

intercept:

b=1,049

a=0,294

Test for proportionally systematic deviations

s = 1,0356

Sy = 6493

ealc = P.807 8

thab = B,8 (from appropriate tables based on 95 % confidence level and 1 degree of freedoni)

As 12.qc iq less than 3,8, no proportional systematic deviation is detectable.

Test for constant-systematic deviations

7 = -0384

s; = 0B259

lealc = 6,873

tab 2103 (from #test tables with 95 % confidence and 33 degrees of freedom)

As 1. is greater than 2,03, a constant-systematic deviationiwas detected.

Thus, it can be concluded that the results obtainedyusing the two methods cannot be regarded as bejng
equivalent

E.3 Difference method

E.3.1 Difference method where_concentration levels may be different

E.3.1.1 xample

Table E.2 ghows the analytical results from 30 different real samples which have been analysed using {fwo
analytical ethods.

20 © 1SO 2006 — Al rights reserved
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Table E.2 — Analytical results of method (x;) and alternative analytical method (y,)

i X; Vi d; i X; Vi d;
mgl/ mg/| mg/| mg/| mg/| mg/l
1 1,03 1,07 -0,04 16 2,00 2,29 -0,29
2 1,18 1,34 -0,16 17 2,08 2,55 -0,472
3 1,20 1,22 -0,02 18 2,13 2,18 -0,05
4 1,21 1,30 -0,09 19 2,19 2,12 0,07
g 1,27 1,33 -0,06 20 2,26 2,65 +0,39
¢ 1,34 1,31 0,03 21 2,35 2,61 1026
1,36 1,47 -0,11 22 2,48 2,41 ,07
1,42 1,66 -0,24 23 2,55 2(r3 0,18
‘ 1,43 1,57 -0,14 24 2,75 2,8 0,05
10 1,58 1,70 -0,12 25 2,76 2,44 32
i 1,69 1,96 -0,27 26 2,89 2,95 —0,06
1R 1,75 1,69 0,06 27 2}99 2,91 ,08
1B 1,78 1,52 0,26 28 3,01 3,18 —0,17
1@ 1,96 1,92 0,04 29 3.1 3,05 ,05
1b 1,99 1,91 0,08 30 3,16 3,21 0,05
d =-0,07
54=0,172
@ | SeetextinE.3.1.2.
E.3.1.2 Outliers
Outliers are determined using the Grubbs-test for data pair 17 where d, is -0,47 (the highest diffefence) and
thg calculated test statistic.(PG) from Equations E.5 to E.7 is 2,313. This value is less than the tabulated value
(2,y45) based on 95 %confidence level and 30 degrees of freedom, indicating no outlier.
_ d.
y :% (E5)
> (e —3)2
i v (E.6)
d*—d
PG=L—- (E.7)
Sd
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Yik

45

4 =

35 -

'S 2
3 F ”’
P L 4
o %
25 ¢ ¢
L 4
*
2 $ %
¢ %0

15 |- 0’ L 4

1k 4

05 -

0 | | | | | | | [

0,5 1 1,5 2 25 3 3,5 4 Xx;
Figure E.2 — Graph of the data pairs listed in Table E.2
E.3.1.3 Paired r-test
teale =[2,292
tap = 2,04 (from tables-based on 95 % confidence with 30 degrees of freedom)

As 1., is greater than't,,,, there is a statistically significant difference (at the 95 % confidence level) betwgen
the results|using bothymethods.
Thus, it cah be eoncluded that the results from both methods cannot be regarded as being equivalent.

E.3.2 Difference method where concentration levels are similar

As an example of comparing arithmetic means from paired results, consider the following. Two methods are to
be compared, see Table E.3. Each sample (comprising a similar matrix) is divided into two aliquots and each
aliquot is analysed by one of the methods. The samples would need to contain similar concentrations and be
analysed by different analysts.
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