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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (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, governmental and non-governmental, in
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Introduction

The main purpose of this part of ISO 8196 is to give definitions of the various performance characteristics which are
covered by the general concept of “overall accuracy” of an analytical method, experimental designs and
recommended statistical procedures to evaluate these characteristics quantitatively.

The performgree-—t aetertste ar-anatytica-methog-may-be-defined-as-asetofgaantitative-and-expgrimentally
determined palues for criteria of fundamental importance in assessing the suitability of a method ferygny given
purpose. The general concepts apply to all analytical methods, but special emphasis is given_to\rapjd indirect
ical methods which are currently in use for testing milkfat, protein, lactose and total salids cgntent.

As an applidation of accuracy data, ISO 8196-2 gives practical details and recommendatigns-for the caljbration of

While this part of ISO 8196 is mainly intended for experts to assess new indirect instttmental methods of analysis,
part 2 gives guidance for routine laboratories using these methods.
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Milk — Definition and evaluation of the overall accuracy of indirect
methods of milk analysis —

Part 1:
Analytical attributes of indirect methods

1 Scope

This part |of ISO 8196 defines the various performance characteristics that constitute)the overall acguracy of an
analytical| method and describes the design of experiments and the recommended procedures to| be used to
evaluate fhese characteristics quantitatively. It also gives recommendations fotthe calibration of insttuments and
quality control procedures for dairy laboratories.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part df 1ISO 8196. For dated references, subsequent amefndments to, or revisions of, any of these| publications
do not apply. However, parties to agreements based on this part of ISO 8196 are encouraged to inyestigate the
possibility] of applying the most recent editions of the normative documents indicated below. For undated
referencesg, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain
registers ¢f currently valid International Standards.

ISO 353411, Statistics — Vocabulary and symbels — Part 1: Probability and general statistics terms.
ISO 353412, Statistics — Vocabulary and.symbols — Part 2: Statistical quality control.
ISO 353413, Statistics — Vocabulary ‘and symbols — Part 3: Design of experiments.

ISO 5725|(all parts), Accuracy(trueness and precision) of measurement methods and results.

3 Terms and defiaitions

For the pgurposes>of this part of ISO 8196, the terms and definitions given in parts 1 to 3 of IO 3534 and
ISO 572511 apply; together with the following.

3 1 Ge-\r\rﬂl daofinitiana
. rcrarocrnTauorTtS

3.11

true value

that value, known or assigned, which characterizes a measured quantity perfectly defined under the conditions
which exist at the moment when that quantity is observed

NOTE It is an ideal value which could be achieved only if all causes of measurement error were eliminated and the
population were infinite.

3.1.2

reference method

method internationally recognized by experts or by agreement between the parties, which gives the “true” or
“assigned value” of the quantity of the determinant to be measured

© I1SO 2000 — All rights reserved 1
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3.1.3

indirect method

method which does not measure directly the component that is intended to be measured, but instead measures
one or more quantities or properties which are functionally linked to that component

NOTE The signal is related to known quantitative values, or true values, of the component, obtained either by standard
materials or instruments, or more often by using a reference method.

3.1.4
overall accuracy
degree of confidence for a measured value, or the extent of its correctness

NOTE 1  This is an index which indicates the amount of error involved, and is usually expressed as the error assgciated with
the method uged and calculated under appropriate conditions.

NOTE 2  When a single quantitative measurement (x;) of a specific determinant (or variable) is made with"a giver] method of
analysis, thatjmeasurement is always an estimate of its true value (u). The error of the method is given(by the differénce x; — .
The overall agcuracy is best when the difference x; — p is the smallest.

Basically, this|difference depends on the following four major analytical characteristics of the method:

— precisior,
— accuracy of the mean,
— sensitivity

— limit of dgtection.
NOTE 3  Only the precision and accuracy of the mean will be consideréd in ISO 8196.

3.15
sensitivity
smallest chgnge in concentration which can be measured by an analytical procedure

3.1.6
limit of detgction
smallest corjcentration (or amount) of a substance which can be detected with a specified degree of confidence by
an analytical procedure

NOTE Fpr indirect instrumental metheds, sensitivity and limit of detection are usually determined by the sensitivity of the
detector and the signal/noise ratio. Fhese characteristics are generally very good for instrumental methods used fgr chemical
milk analysis.

3.2 Statigtical definitions

3.21

precision
closeness df -agreement between results obtained by a given standard method on identical matefial under
prescribed cbnditions

3.2.2

repeatability limit

r

value below which the absolute difference between two single test results obtained with the same method on
identical test material, under the same conditions (same operator, same apparatus, same laboratory, and in rapid
succession) may be expected to lie with a specified probability

NOTE In the absence of any other indication, the probability is 95 %.

2 © 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=1ea7d6fa037a88a01b6c4a2722c65727

3.2.3
reproduc
R

ISO 8196-1:2000(E)

ibility limit

value below which the absolute difference between two single test results on identical material obtained under
different conditions (different operators, different apparatus, different laboratories and/or different times) may be

expected
NOTE

3.2.4
accuracy

to lie with a specified probability

In the absence of any other indication, the probability is 95 %.
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This refers to that portion of the overall error associated with a method at a particular level of-the dete
the random error of measurement but is attributable to known or unknown factors which. prevent the
ng the true value.
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ethod on identical materials, providing the calibration of the indirect method is exact

stical expressions

cision

brecision covers all types of fortuitous and random errors which cannot be completely avoide
acteristics vary from one testto another (e.g. volume delivered by a pipette, environmentg
an instrument, electronic noise, etc.).

e tests and which afe-worth considering, are not included in precision data.
, the variability between test results will be smallest when tests are performed within a labd

dentical conditions (replication conditions), and largest when tests are performed by different
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4.2 Repeatability and reproducibility limits

In practice:

they differ by more than r; and

they differ by more than R.
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4.3 Systematic error or bias

Sources of systematic error or bias for indirect methods, and especially instrumental methods for milk analysis,
may arise from error in calibration and variation in the chemical/physical form of the measured component, or from
the influence of interfering factors. This last source of error is called “matrix effect”.

Therefore, according to the origin of the error and the ability of eliminating one source of error by adjustment of the
calibration, the accuracy of the mean is split into two components: exactness of calibration (3.2.5) and accuracy of
estimate or accuracy (3.2.6).

Accuracy measures the part of the systematic error not due to error in calibration.

Separating rLe bias into that due to calibration and that due to other factors serves two useful purpese
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This is calculated from the algebraic differences (d;) between the measured and true values for a population of
samples, and is expressed by:

— the mean of differences or bias (a);

the standard deviation of differences (oy);

exactness of calibration: assuming that the relationship between the reference method values (y;) and the

indirect method results (X;) is linear, the actual calibration of an instrument is considered exact if the slope of
the linear regression equation (y; = bX; + a) is equal to 1,000 and the intercept equal to zero; in practice, the
slope should not differ statistically from 1,000, nor the mean of the instrumental values X from the mean of the
reference values y [mean of the differences d; = (x — y;) not different from zero];
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true value is estimated with a given probability, when the indirect method is exactly calibrated.

accuracy: the accuracy of an indirect method is given by the critical values or tolerance limits within which the

Accuracy is expressed by the residual standard deviation (oy ) of the differences between the true value (y;) and
the estimated mean reference value (y) obtained from the regression of the actual calibration function (see
Figure 1). It reflects, in a mathematical expression, the selectivity and specificity of the method in predicting the true
values of the component to be measured.

In practice, for any individual sample, the mean X; of test results given by an indirect method exactly calibrated
should be considered suspect if the difference between %; and the reference value Y, is outside the statistical

tolerance

limits.

6 Ass

NOTE
accurate d

6.1 Preg

6.1.1 Ge
For detail

In order t

bssment of precision and accuracy

It should be borne in mind that both indirect and reference methods should be standardized or,
btailed procedures of the methods should be available before undertaking an overall agcuracy evaluatio

cision: Interlaboratory trial

eneral
5 concerning the organization and the statistical analysis, refep te' ISO 5725-1.

D determine the precision (repeatability and reproducibility) of a test method, an interlaborn

at least, very
n.

atory trial or

collaborative study is organized in which sub-samples of a certain number of samples covering the norfnal range of

variation pf the determinant are analysed in replicate by séveral laboratories using the same standard method.

Variation pf results, both within and between laboratories, -€nables the precision of the method to be esjimated.

6.1.2 EXperimental design

Preparation and performance of such a trialxshould be conducted under precise conditions, briefly [summarized

below.

a) The pumber of participating laberatories should be as large as possible (p = 8). In practice, with high-cost
instrymental methods, it may he difficult to find equipment in numerous laboratories.

b) The method should be standardized or at least adequate instructions should have been written.

c) Assepsing the reproducibility of an instrumental method implies that instruments are identically calibrated,
otherwise reproducibility will reflect the variations in calibration rather than the real reprodudibility of the
instryment. One,‘major source of difference between calibrations is the lack of uniformity of| test results
obtained with-the reference method.

To oyereome this difficulty and obtain a valid estimate of reproducibility, the laboratory responsible for the
collaborative—study-shotid-distribtte-to-eachparticipating-taboratory-standard-materiats{e-g—mittk-samples) for

calibration of the different instruments.

d)

shoul
e)
© 1SO 2000
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Figure 1 — Breakdown of criteria in the overall accuracy of an indirect method
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6.1.3 Statistical analysis

The fullest possible model of analysis of variance is given in this subclause.

This model is suitable providing that:

ISO 8196-1:2000(E)

within-laboratory (error) variances are homogeneous and there is no outlier result (see relevant part of
ISO 5725 for specific statistical tests);

r and R are independent of the level; if not, use a one-way analysis of variance for each level, or make
appropriate data transformation (see 6.1.4);

— the Igboratory bias may vary with the level, leading to a significant interaction (laboratory x level) effect;

— laborptories involved are considered as a random selection of the total laboratory population; this variable is
assumed to be normal with a variance o2, called between-laboratory variance; this/includes frandom and
systematic differences between laboratories; usually, systematic differences which.ate unavoidable should be
small;

— the cpmponent levels are also considered as a random selection of the total‘population of sample flevels with a
variahce og2: this variance does not enter into the calculation of precision-data.

Under thgse conditions a two-way analysis of variance using a cross-classification and a random modgl allows the

calculation of the variance of repeatability ;2 and the variance of reproducibility og2 (see Table 1).

Table 1 — Analysis of variance;of precision data
Soyrce of Sum of Degrees of Mean square Expecied
vaitiation squares freedom mean square
Sample (level) SOSg qg-4& SOSg/q-1 Se2 + n-§ g2 + N-p-sg?
Labpratory SOS, p=1 SOS, /p-1 S2 + N5 g2 + Ngs 2
Laboratdry x sample SOS g G=~1) (p-1) SOS,s/(q—1) (p—1) Se2 + N-§ g2
Hrror SOS, p-q(n-1) SOS./p-q(n—1) S2
NOTE Samples representing q different levels are sent to p laboratories which perform n replicate tests at eqch level.

From Tabje 1 one can derive‘the following:

—  §2, s|nce the estimate’s.2 of the variance of error .2 is an unbiased estimate of 5;2;

— sg2, which isitheé’sum of the variance between laboratories (s.2), the variance of interaction laboratpry x sample
(s.s2] and the variance of repeatability (52).

Thus: s =52 F 552 F 52

Finally, r = 2,83 x 5 and R = 2,83 x sy are the quantitative expressions of the repeatability and the reproducibility
limits of the method.

For a simple case for repeatability: when a set of q milk samples is analysed in duplicate by one laboratory, w,
being the absolute difference between duplicates, the standard deviation of repeatability can be calculated using
the formula:

1
1 q ) 2
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