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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 liaison with 1SO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 756 % of the member bodies casting
a vote.

International Standard 1ISO 5725-4 was prepared by Technical Committee
ISO/TC 69, Applications of statistical methods, Subcommittee SC 6,
Measurement methods and results.

1SO 5725 consists of the following parts, under the general title Accuracy
{trueness and precision) of measurement methods and results:

— Part 1: General principles and definitions

— Part 2: Basic method for the determination of repeatability and re-
producibility of a standard measurement method

— Part 3: Intermediate measures of the precision of a standard
measurement method

— Part 4: Basic methods for the determination of the trueness of a
standard measurement method

— Part 5: Alternative methods for the determination of the precision
of a standard measurement method

— Part 6: Use in practice of accuracy values

Parts 1 to 6 of ISO 5725 together cancel and replace iSO 5725:1986,
which has been extended to cover trueness (in addition to precision) and
intermediate precision conditions (in addition to repeatability and repro-
ducibility conditions).

Annex A forms an integral part of this part of ISO 5725. Annexes B, C and
D are for information only.
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Introduction

0.1 ISO 5725 uses two terms “trueness” and “precision” to describe
the accuracy of a measurement method. “Trueness” refers to the close-
ness of agreement between the arithmetic mean of a large number of test
results and the true or accepted reference value. “Precision” refers to the
closeness of agreement between test results.

0.2 General consideration of these quantities is given in ISO 5725-1 and
so has not been repeated in this part of 1ISO 5725. |SO 5725-1 should be
read in conjunction with all other parts of ISO 5725, including this part,
because it gives the underlying definitions and general principles.

0.3 The “trueness” of a measurement method is of interest when it is
possible to conceive of a true value for the property being measured. Al-
though, for some measurement methods, the true value cannot be known
exactly, it may be possible to have an accepted reference value for the
property being measured; for example, if suitable reference materials are
available, or if the accepted reference value can be established by refer-
ence to another measurement method or by preparation of a known
sample. The trueness of the measurement method can be investigated
by comparing the accepted reference value with the level of the results
given by the measurement method. Trueness iIs normally expressed in
terms of bias. Bias can arise, for example, in chemical analysis if the
measurement method fails to extract all of an element, or if the presence
of one element interferes with the determination of another.

0.4 Two measures of trueness may be of interest and both are consid-
ered in this part of ISO 5725.

a) Bias of the measurement method: where there is a possibility that the
measurement method may give rise to a bias, which persists wher-
ever and whenever the measurement is done, then it is of interest to
investigate the “bias of the measurement method” (as defined in
SO 5725-1). This requires an experiment involving many laboratories,
very much as described in ISO 5725-2.

b) Laboratory bias: measurements within a single laboratory can reveal
the “laboratory bias” (as defined in ISO 5725-1). If it is proposed to
undertake an experiment to estimate laboratory bias, then it should
be realized that the estimate will be valid only at the time of the ex-
periment. Further regular testing is required to show that the labora-
tory bias does not vary; the method described in ISO 5725-6 may be
used for this.

Copyright by the International Organization For Standardization
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Accuracy (trueness and precision) of measurement

methods and results —

Part 4:

Basic methods for the determination of the trueness of a

standard measurement method

1 Scope

1.1 This part of ISO 5725 provides basic methods
for estimating the bias of a measurement method and
the laboratory bias when a measurement method is
applied.

1.2 |t is concerned exclusively with measurement
methods which yield measurements on a continuous
scale and give a single value as the test result, al-
though the single value may be the outcome of a
calculation from a set of observations.

1.3 In order that the measurements are made in the
same way, it is important that the measurement
method has been standardized. All measurements are
to be carried out according to that standard method.

1.4 Bias values give quantitative estimates of the
ability of a measurement method to give the correct
(true) result. When a value for the bias of a measure-
ment method is quoted, together with a test result
obtained by that method, there is an implication that
the same characteristic is being measured in exactly
the same way.

1.5 This part of ISO 5725 can be applied only if the
accepted reference value can be established as a
conventional true value, for example by measurement
standards or suitable reference materials or by refer-

Copyright by the Inlernational Organization For Standardization
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ring to a reference measurement method or by prep-
aration of a known sample.

Reference materials could be either
a) certified reference materials;

b) materials manufactured for the purpose of the
experiment with known properties; or

¢) materials whose properties have been established
by measurements using an alternative measure-
ment method whose bias is known to be negligi-
ble.

1.6 This part of ISC 5725 considers only those
cases where it is sufficient to estimate bias on one
level at a time. It is not applicable if the bias in the
measurement of one property is affected by the level
of a second property (i.e. it does not consider inter-
ferences). Comparison of the trueness of two
measurement methods is considered in ISO 5725-6.

NOTE 1 In this part of ISO 5725, bias is considered only
at one level at a time. Therefore the index j for the level has
been omitted throughout.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 5725. At the time of publication, the
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editions indicated were valid. All standards are subject
to revision, and parties to agreements based on this
part of ISO 5725 are encouraged to investigate the
possibility of applying the most recent editions of the
standards indicated below. Members of IEC and ISO
maintain registers of currently valid International
Standards.

SO 3634-1:1993, Statistics — Vocabulary and sym-
bols — Part 1: Probability and general statistical
terms.

1SO 5725-1:1994, Accuracy (trueness and precision)
of measurement methods and resufts — Part 1:
General principles and definitions.

ISO §725-2:1994, Accuracy (trueness and precision)
of measurement methods and results — Part 2: Basic
method for the determination of repeatability and re-
producibility of a standard measurement method.

3 Definitions

For the purposes of this part ISO 5725, the definitions
given in I1SO 3534-1 and in I1SO 5725-1 apply.

The symbols used in ISO 5725 are given in annex A.

4 Determination of the bias of a
standard measurement method by an
interlaboratory experiment

4.1 The statistical model

In the basic model described in subclause 5.1 of
SO 5725-1:1994, the general mean m may be re-
placed by

m=g+96 .M
where

u is the accepted reference value of the prop-
erty being measured;

& is the bias of the measurement method.

The model becomes

y=u+dé+B+e (2

Equation (2) is used when ¢ is of interest. Here B is
the laboratory component of bias, i.e. the component
in a test result representing the between-laboratory
variation.

Copyright by the International Organization For Standardization
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The laboratory bias, 4, is given by
A=34+B . (3)
so the model may be written
y=p+A4+e¢ o)

Equation {4) is used when A is of interest.

4.2 Reference material requirements

If reference materials are used, the requirements
given in 4.2.1 and 4.2.2 shall be satisfied. Reference
materials shall be homogeneous.

4.2.1 Choice of reference materials

4.21.1 The reference material shall have known
properties at the level appropriate to the level at
which the standard measurement method is intended
to be applied, e.g. concentration. In some cases it will
be important to include, in the assessment exper-
iment, a series of reference materials, each corre-
sponding to a different level of the property, as the
bias of the standard measurement method may be
different at different levels. The reference material
should have a matrix as close as possible to the
matrix of the material to be subjected to the standard
measurement method, e.g. carbon in coal or carbon
in steel.

4.2.1.2 The quantity of the reference material shall
be sufficient for the entire experimental programme,
including some in reserve if this is considered
necessary.

4.2.1.3 Wherever possible, the reference material
should have stable properties throughout the exper-
iment. There are three cases, as follows.

a} The properties are stable: no precautions are
necessary.

b) The certified value of the property may be influ-
enced by storage conditions: the container should
be stored, both before and after its opening, in the
way described on the certificate.

¢) The properties change at a known rate: there is a
certificate supplied with the reference value to
define the properties at specific times.

4.21.4 The possible difference between the certi-
fied value and the true value expressed by the uncer-
tainty of the reference material (see ISO Guide 35) is
not taken into account in the methods given here,
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4.2.2 Check and distribution of the reference
material

Where sub-division of the unit of the reference ma-
terial occurs prior to distribution, it shall be performed
with care to avoid the introduction of any additional
error. Relevant International Standards on sample
division should be consulted. The units should be
selected on a random basis for distribution. If the
measurement process is non-destructive, it is poss-
ible to give all the laboratories in the interlaboratory
experiment the same unit of reference material, but
this will extend the time-frame of the experiment.

4.3 Experimental design considerations
when estimating the bias of a measurement
method

4.3.1 The objective of the experiment is to estimate
the magnitude of the bias of the measurement
method and to determine if it is statistically signif-
jcant. If the bias is found to be statistically insignif-
icant, then the objective is to determine the
magnitude of the maximum bias that would, with a
certain probability, remain undetected by the results
of the experiment.

4.3.2 The layout of the experiment is almost the
same as that for a precision experiment, as described
in subclause 4.1 of ISO 5725-2:1994. The differences
are

a) there is an additional requirement to use an ac-
cepted reference value, and

b) the number of participating laboratories and the
number of test results shall also satisfy the re-
quirements given in 4.5.

4.4 Cross-references to ISO 5725-1 and
1SO 5725-2

Clause 6 of 1SO 5725-1:1994 and clauses 5 and 6 of
SO 5725-2:1994 apply. When reading parts 1 and 2
in this context, “trueness” should be inserted in place
of “precision” or “repeatability and reproducibility” as
appropriate.

4.5 Required number of laboratories

The number of laboratories and the number of test
results required at each level are interdependent. The

Copyright by the International Organization For Standardization
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number of laboratories to be used is discussed in
subclause 6.3 of ISO 5725-1:1994. A guide to decid-
ing how many is given below.

In order for the results of an experiment to be able to
detect with a high probability (see annex C) a prede-
termined magnitude of bias, the minimum number of
laboratories, p, and test results, n, shall satisfy the
following equation:

é

Ao < gz

.(5)

where
4, 15 the predetermined magnitude of bias that

the experimenter wishes to detect from the
results of the experiment;

or 1 the reproducibility standard deviation of
the measurement method.

A is a function of p and n and is given by

A=196 N (5)]
where
7 = 0g/o, )

Values of A are given in table 1.

Ideally, the choice of the combination of the number
of laboratories and the number of replicate test results
per laboratory should satisfy the requirement de-
scribed by equation {5), with the §,, value predeter-
mined by the experimenter. However, for practical
reasons, the choice of the number of laboratories is
usually a compromise between the availability of re-
sources and the desire to reduce the value of §,, to a
satisfactory level. If the reproducibility of the
measurement method is poor, then it will not be
practical to achieve a high degree of certainty in the
estimate of the bias. When oy is larger than o, (i.e. y
is larger than 1) as is often the case, little is to be
gained by obtaining more than n = 2 test results per
laboratory per level.
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Table 1 — Values showing the uncertainty in the estimate of the bias of the measurement method

y=1 y=2 y=5
P n=2 n=3 n=4 n=2 n=3 n=4 n=2 n=3 n=4
5 0,62 0,61 0,44 0.82 0,80 0,79 0,87 0.86 0.86
10 0,44 0,36 0,31 0,58 0,57 0,56 0,61 0,61 0,61
15 0,36 0.29 0,25 0,47 0,46 0,46 0,50 0,50 0,50
20 0,31 0,25 0,22 0.4 0,40 0,40 0,43 0,43 0,43
25 0,28 0,23 0,20 0,37 0,36 0,35 0,39 0,39 0.39
30 0,25 0.21 0,18 0,33 0,33 0,32 0,35 0,35 0,35
35 0,23 0.19 017 0,31 0,30 0,30 0,33 0,33 0,33
40 0,22 0,18 0,15 0,29 0,28 0,28 0,31 0,31 0,31

4.6 Statistical evaluation

The test results shall be treated as described in
ISO 5725-2. In particular, if outlying values are de-
tected, all necessary steps shall be taken to investi-
gate the reasons why they have been obtained,
including re-appraisal of the suitability of the accepted
reference value.

4.7 Interpretation of the results of the
statistical evaluation

4.7.1 Check of precision

The precision of the measurement method is ex-
pressed in terms of s, (estimate of the repeatability
standard deviation) and s; (estimate of the reproduc-
ibility standard deviation). Equations (8) to (10) as-
sume an equal number (n) of test results in each
laboratory. If this is not true, the respective equations
given in 1ISO 5725-2 should be used to calculate s, and

Sp

4711 The estimate s° of the repeatability variance
for p participating laboratories is calculated as

14

=15 ... ®
im1

2_ 1 S —\2 9

S =3 O = ¥) )

k=1

- 1%

Y= ) Yu . (10)
k=1

where s,~2 and y; are respectively the variance and the
average of n test results y, obtained in laboratory i.

Cochran's test, as described in I1SO 5725-2, shall be
applied to the variances s? to verify that no significant

Copyright by the International Orgénizatiom For Standardization
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differences exist between the within-laboratory vari-
ances. Mandel's & and k plots, as described in
ISO 5725-2, should also be drawn for a more thor-
ough investigation of potential outliers.

If the repeatability standard deviation of the standard
measurement method has not been previously deter-
mined in accordance with ISO §725-2, s, will be con-
sidered to be the best estimate of it. If the
repeatability standard deviation of the standard test
method, a,, has been determined in accordance with
ISO 5725-2, s,2 can be assessed by computing the
ratio

C =5o?

.o

The test statistic C is compared with the critical value

Cent = X%\ - @) ()

where xf1 - o(v) is the (1 — a)-quantile of the 1 dis-
tribution with v [ =p(rn—1)] degrees of freedom.
Unless otherwise stated, « is assumed to be 0,05.

a) If C< Cuy s2 is not significantly larger than o>.
b) IfC>C. s is significantly larger than 0,2.

In the former case, the repeatability standard devi-
ation, o,, will be used for the assessment of the bias
of the measurement method. In the latter case, it is
necessary to investigate the causes of the discrep-
ancy and possibly to repeat the experiment prior to
proceeding further.

4.71.2 The estimate, s2, of the reproducibility vari-

ance for the p participating laboratories, is calculated
as

P

LY G-I (1)

i=1

...(12)

2
Sgp =
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with

<

=%Zi ..(13)

if the reproducibility standard deviation of the stan-
dard measurement method has not previously been
determined in accordance with I1ISO 5725-2, s; will be
considered the best estimate of it. |f the reproducibil-
ity standard deviation, g, and the repeatability stan-
dard deviation, o, of the standard measurement
method have been determined in accordance with
1SO 5725-2, s; can be assessed indirectly by comput-
ing the ratio

st — (1= 1n)s?

02— (1 = 1/n)o?

C = ...(14)

The test statistic C’ is compared with the critical value
, 2
Con= X0 - u)(v)/v

where xf, _ (v) is the (1 —a)-quantile of the 1 dis-
tribution with v ( = p — 1) degrees of freedom. Unless
otherwise stated, o is assumed to be 0,05.

a) f C'<Cyy si—(1—1/n)s’ is not significantly
larger than o — (1 — 1/n)a’.

b) If C'>Cyy sz — (1= 1n)s? is significantly larger
than o3 — (1 - 1/n)o$.

In the former case, the repeatability standard devi-
ation, o,, and the reproducibility standard deviation,
og, Will be used for the assessment of the trueness
of the measurement method. In the latter case, a
careful examination of the working conditions of each
laboratory shall be carried out before the assessment
of the bias of the standard measurement method is
undertaken. It may appear that some laboratories did
not use the required equipment or did not work ac-
cording to the specified conditions. In chemical anal-
ysis, problems may arise from, for example,
insufficient control of temperature, moisture, pres-
ence of contaminants, etc. As a result the experiment
may have to be repeated to yield the expected preci-
sion values.

4.7.2 Estimation of the bias of the standard
measurement method

The estimate of the bias from the assessing labora-
tories is given by

S=% — u ...(15)

il

where § may be positive or negative.
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If the absolute value of the estimated bias is smaller
than or equal to half the width of the uncertainty in-
terval, as defined in ISO Guide 35, there is no evi-
dence of a bias.

The variation of the estimate of the bias of the
measurement method is due to the variation in the
results of the measurement process and is expressed
by its standard deviation computed as

i— (1= 1/n)o?
03 = B

in the case of known precision values, or

55— (1- 1/n)s,2
S=\—— 73—

in the case of unknown precision values.

... (16)

(7

An approximate 95 % confidence interval for the bias
of the measurement method can be computed as
where A is as given in equation (6). If o is unknown,

its estimate sz has to be used instead, and A has to
be computed with y = sg/s,.

If this confidence interval covers the value zero, the
bias of the measurement method is insignificant at
the significance level &« = 5 %, otherwise it is signif-
icant.

5 Determination of the laboratory bias
of one laboratory using a standard
measurement method

As described below, experiments in one laboratory
are used to estimate laboratory bias, provided that an
interlaboratory precision experiment, in accordance
with ISO 5725-2, has established the repeatability
standard deviation of the method.

5.1 Carrying out the experiment

The experiment shall conform strictly to the standard
method and measurements shall be carried out under
repeatability conditions. Prior to conducting the as-
sessment of trueness, a check of the precision of the
standard measurement method as applied by the lab-
oratory shall be performed. This implies comparison
between the within-laboratory standard deviation and
the stated repeatability standard deviation of the
standard measurement method.
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The layout of the experiment consists of the
measurements required of one laboratory in a preci-
sion experiment as described in 1SO 5725-2. Apart
from the restriction to a single laboratory, the only
substantial difference is the additional requirement to
use an accepted reference value.

When attempting to measure the bias of a laboratory,
it may not be worth putting a great deal of effort into
such an experiment: the effort could perhaps be bet-
ter expended by making checks at intervals as de-
scribed in 1SO 57256-6. If the repeatability of the
measurement method is poor, then it will not be
practical to achieve a high degree of certainty in the
estimate of the bias of the laboratory.

5.2 Cross-references to ISO 5725-1 and
1SO 5725-2

When reading ISO 5725-1 and ISO 5725-2 in this
context, “trueness” should be inserted in place of
“precision” or “repeatability and reproducibility” as
appropriate. In 1ISO 5725-2, the number of laboratories
will be p = 1, and it may be convenient for one person
to combine the roles of “"executive” and
“supervisor”.

5.3 Number of test results

The uncertainty in the estimate of the laboratory bias
depends on the repeatability of the measurement
method and on the number of test results obtained.

In order for the results of an experiment to be able 1o
detect with a high probability (see annex C} a prede-
termined magnitude of bias, the number of test re-

sults, n, shall satisfy the following equation:
A
Apo, < ﬁ ... (19)

where

A, is the predetermined magnitude of laboratory
bias that the experimenter wishes to detect
from the results of the experiment;

o, s the repeatability standard deviation of the
measurement method and

_ 1,96

Jn

5.4 Choice of reference materials

... (20)

Ay

If a reference material is used, the requirements de-
scribed in 4.2.1 also apply here.
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5.5 Statistical analysis

5.5.1 Check of the within-laboratory standard
deviation

Compute the average, y. of the n test results and
sw, the estimate of the within-laboratory standard de-
viation ayy, as follows:

= > L.@1)
k=1
sw= | =5 ’;(yk-fw)z (22

The test results shall be scrutinized for outliers using
Grubbs' test as described in subclause 7.3.4 of
ISO 5725-2:1994.

if the repeatability standard deviation, o,, of the stan-
dard measurement method is known, the estimate
sy can be assessed by the following procedure.

Compute the ratio

C” = (swlo,)? ... (23)
and compare the value C” with the critical value

1 2
C'et = X(1 - a) (v)lv

where 1%1_ () is the (1 — o)-quantile of the ¥ dis-
tribution with v [ = n — 1] degrees of freedom. Unless
otherwise stated, « is assumed to be 0,05.

a) W C"<g C” swis not significantly larger than o,.
b) U C">C", swis significantly larger than g,.

in the former case, the repeatability standard devi-
ation of the measurement method, o,, will be used for
the assessment of the laboratory bias.

In the latter case, consideration should be given to
repeating the experiment with verification at all steps
that the standard measurement method is properly
implemented.

5.5.2 Estimation of the laboratory bias
The estimate, 2\, of the laboratory bias A is given by

A=y—u .28
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The variation of the estimate of the laboratory bias is
due 1o the variation in the results of the measurement
process and is expressed by its standard deviation

computed as

cia=0,\/n

in the case of a known repeatability standard devi-

ation, or

sy = swiv/ 1

in the case of an unknown repeatability standard de-

viation.

The 95 % confidence interval of the laboratory bias

can be computed as

A A
A—Awo'r SA SA—}—AWG,

where Ay, is as given in equation (20). If ¢, is un-

known, its estimate s, has to be used instead.

If this confidence interval covers the value zero, the
laboratory bias is insignificant at the significance level

o = 5 %, otherwise it is significant.

The laboratory bias is further considered

SO 5725-6.

6 The report to, and the decisions to be

taken by, the panel

6.1 Report by the statistical expert

Having completed the statistical analysis, the statisti-
cal expert shall write a report to be submitted to the
panel. In this report the following information shall be

given:

a) a full account of the observations received from
the operators and/or supervisors concerning the

standard measurement method;
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b) a full account of the laboratories that have been
rejected as outlying laboratories, together with the
reasons for their rejection;

¢) a full account of any stragglers and/or outliers that
have been identified, and whether these were
explained and corrected, or discarded;

d) a table of the final results of appropriate means
and precision measures,

e) a statement on whether the bias of the standard
measurement method with respect to the ac-
cepted reference used is significant; if so, the es-
timated magnitude of the bias for each level shall
be reported.

6.2 Decisions by the panel

The panel should then discuss the statistical expert's
report and take decisions concerning the following
guestions.

a) Are the discordant test results, if any, due to de-
fects in the description of the measurement
method?

b) What action should be taken with respect to re-
jected outlying laboratories?

c) Do the results of outlying laboratories and/for the
comments received from the operators and
supervisors indicate a need to improve the stan-
dard measurement method? If so, what are the
improvements required?

d) Do the results of the accuracy experiment justify
the acceptability of the measurement method for
adoption as a standard? What action is to be taken
concerning its publication?

7 Utilization of trueness data

Refer to clause 7 of 1ISO 5725-1:1994.
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Symbols and abbreviations used in ISO 5725

a Intercept in the relationship
s=a+bm
A Factor used to calculate the uncer-

tainty of an estimate

b Slope in the relationship
s=a+bm
B Component in a test result repre-

senting the deviation of a laboratory
from the general average (laboratory

component of bias)

By Component of B representing all
factors that do not change in inter-

mediate precision conditions

B(]), B(z), etc.

Components of B representing fac-

tors that vary in intermediate preci-

sion conditions

¢ Intercept in the relationship

lgs=c+dlgm

c C,c Test statistics

Cetr Conte C”cne Critical values for statistical tests

CDp Critical difference for probability P

CRp Critical range for probability P

d Slope in the relationship

lgs=c+dlgm

e Component in a test result repre-
senting the random error occurring
in every test result
Critical range factor

F,(v1. %) p-quantile of the F-distribution with
v; and v, degrees of freedom

G Grubbs' test statistic

h Mandel's between-laboratory con-
sistency test statistic

8
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LCL

RM

e

UCL

Mandel's within-laboratory consistency test

statistic

Lower control limit (either action limit or warning
limit)

General mean of the test property; level

Number of factors considered in intermediate
precision conditions

Number of iterations

Number of test results obtained in one labora-
tory at one level (i.e. per cell)

Number of laboratories participating in the inter-
laboratory experiment

Probability

Number of levels of the test property in the
interlaboratory experiment

Repeatability limit

Reproducibility limit

Reference material

Estimate of a standard deviation
Predicted standard deviation
Total or sum of some expression
Number of test objects or groups

Upper control limit (either action limit or warning
limit)

Weighting factor used in calculating a weighted
regression

Range of a set of test results
Datum used for Grubbs' test

Test result
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y Arithmetic mean of test results

y  Grand mean of test results

o Significance level

B Type Il error probability

y Ratio of the reproducibility standard deviation to
the repeatability standard deviation (oz/a,)

A Laboratory bias

A Estimate of 4

é Bias of the measurement method

A -

) Estimate of &

A Detectable difference between two laboratory
biases or the biases of two measurement
methods

U True value or accepted reference value of a test
property

v Number of degrees of freedom

0 Detectable ratio between the repeatability stan-
dard deviations of method B and method A

I True value of a standard deviation

T Component in a test result representing the
variation due to time since last calibration

¢  Detectable ratio between the square roots of

the between-laboratory mean squares of
method B and method A

xg(v) p-quantile of the y*-distribution with v degrees

of freedom
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Symbols used as subscripts

C Calibration-different

E Equipment-different

i Identifier for a particular laboratory

1() Identifier for intermediate measures of

precision; in brackets, identification of
the type of intermediate situation

J Identifier for a particular level
(ISO 5725-2).
Identifier for a group of tests or for a
factor (ISO 5725-3)

k Identifier for a particular test result in a
laboratory i at level j

L Between-laboratory (interlaboratory)

m Identifier for detectable bias

M Between-test-sample

0 Operator-different

P Probability

r Repeatability

R Reproducibility

T Time-different

W Within-laboratory (intralaboratory)

1,2, 3. For test results, numbering in the order

of obtaining them

(1), (2), (3)... For test results, numbering in the order
of increasing magnitude
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Annex B
(informative)

Example of an accuracy experiment

B.1 Description of the experiment

An accuracy experiment on the determination of
manganese content in iron ores by an atomic absorp-
tion method was conducted by ISO/TC 102, lron
ores, using five test materials with the accepted ref-
erence values {(u) given in table B.1 {(which were not
disclosed to the laboratories). Each laboratory re-
ceived two randomly selected bottles of test sample
for each level and performed duplicate analyses on
each bottle. The purpose of the two-bottle system
was to confirm the absence of the between-bottle
variation. The analysis was performed such that in the
case where the absence of between-bottle variation
is confirmed, the four analytical results can be con-
sidered as replicates under repeatability conditions.
Analysis of the results showed that the between-
bottle variation was indeed insignificant; the sample
was considered to be homogeneous. Thus results
from each laboratory can be considered as replicates
under repeatability conditions. The analytical results
are listed in table B.2. The laboratory means and vari-
ances for each of the five test materials are listed in
table B.3.

B.2 Precision assessment

To assess the precision of the analytical method, the
data were analysed by the procedure described in
ISO 5725-2. The test results for each level are shown
in figures B.1 to B.5.

The stragglers and outliers for both Cochran's and
Grubbs' tests were identified and are listed in
table B.4. The boxed points in figures B.1 to B.5 sig-
nify that the test results were identified as outliers.
Table B.4 shows that seven laboratory results were
identified as outliers; of these, five originated from
two laboratories (Labs. 10 and 19). One laboratory re-
sult was identified as a straggler; it originated from
the same laboratory (Lab. 10).

10
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The k and k values are shown in figures B.G and B.7.
The h values (figure B.6) show clearly that laboratory
10 gets very low results; two of them (levels 2 and
3) were identified as outliers. It was therefore decided
to discard the results from laboratory 10 completely;
it should be the object of special attention, and the
matter should be resolved. In addition, the data at
level 1 of laboratory 7, identified as an outlier by
Grubbs' test, were discarded. The & wvalues
{figure B.7) show that laboratories 10, 17 and 19 tend
to get somewhat larger within-laboratory variation
than the others. There again, appropriate action
should be taken by investigating these laboratories,
or, if necessary, by tightening the protocol of the
measurement method. For the analysis, it was de-
cided to discard the outliers identified by Cochran's
test; i.e. the data at levels 3 and 5 of laboratory 19 and
at level 5 of laboratory 17.

The repeatability and the reproducibility standard de-
viations were then computed excluding those data
that were discarded. The results of this computation
are summarized in table B.5 and plotted against the
level in figure B.8. Figure B.8 shows that a linear
function seems to be an appropriate relationship be-
tween the precisions and concentration levels. The
linear regression equations of the repeatability and
reproducibility standard deviations versus levels of
concentration are:

s, = 0,000 579 + 0,008 85m
sz = 0,000 737 + 0,015 57m

B.3 Trueness assessment

The trueness of the measurement method was as-
sessed by computing the 95 % confidence intervals
of the bias of the measurement method using
equation (19) and comparing them with zero
(table B.5). Since at levels 3, 4 and 5 these confidence
intervals cover the value zero, the bias of this
measurement method is insignificant at the high con-
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centration levels 3, 4 and 5 of manganese; since at
levels 1 and 2 the confidence intervals do not cover
zero, the bias is significant at the low concentration

levels 1 and 2 of manganese.
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B.4 Further analysis

Further information can be extracted from the data by
carrying out supplementary analyses such as a re-
gression analysis of y versus u.

Table B.1 — Manganese content in iron ores: Accepted reference values

Level

1

2 3 4 5

Accepted reference value ¢ (% Mn)

0,010 0

0,083 0 0,401 0 0.777 0 2,630 0

Table B.2 — Manganese content in iron ores: Analytical results as percentage Vin

Lab.
No.

Bottle
No.

Level
3 4 5

10

1

12

13

14

15

16

17

18

19

N = N= N2 -2 N2 N=  NN= = NS N2 N D= D= D= N2 N D2 D= =2

0.0118
0,012 1

0,013 1
0.0115

0,011 8
0,011 0

0,010 7
0,011 4

00120
0,011 2

0,011 1
0,011 0

0,008 8
0,007 0

0,011 5
0,011 3
00123
00117
0,009 5
0,009 2
00125
0,0130

0,0125
0,011 5

0.0125
0,012 1

00116
0,009 8
0,0108
0,011 2
0,0109
0.0111

0,0100
0.0100

0,011 7
0,01256

0,009 9
0,011 8

0,0121
0,0121

00115
0,011 5

0,011 2
00104
0,0121
0,0121
00128
00128

0,011 0
0,011 1

0,009 5
0,008 6

0,011 2
0,011 3
00120
0,011 8
0,008 6
0,008 4
0,0125
0.0125

0,0130
0,0130

00116
00116

0,0120
0,011 6

0,011 2
0,011 1
0.0108
0,011 0

0,011 0
0,010 0

0.0102
0,0103
0,012 8
00128

0,088 0
0,086 &
0,089 4
0,088 7

0,086 4
0,086 7

0,088 1
0,086 1
0,090 4
0,086 2

0,089 2
0,000 0

0,089 3
0,085 9

0,082 3
0,082 8

0,086 2
0,086 &
0,078 0
0,078 0

0,090 0
00890

0,088 5
0,089 0

0.084 2
0,083 2

0,089 8
0,090 0

0,087 1
0,088 3

0,084 6
0,084 9

0.084 9
0,083 0

0,088 0
0.086 8
0,094 5
0,092 4

0,087 5 | 0,408 0,407 | 0,791 0,791 | 2,684 2,560
0,086 7 | 0,407 0,408 | 0,794 0,801 | 2,635 2,545

0,086 1 | 0,41 0,405 | 0,760 0,766 | 2,543 2,591
0,086 7 | 0,406 0,399 | 0,766 0.783 | 2,518 2,667
0,084 9 | 0,410 0,403 | 0,752 0.767 | 2,526 2,463
0,089 6 | 0,408 0,400 | 0,755 0,753 | 2,515 2,493
0,089 2 | 0,402 0,402 | 0,780 0.750 | 2,560 2,520
0,087 4 | 0,404 0,402 | 0,777 0,750 | 2,600 2,520
0,090 4 | 0,404 0,400 | 0,775 0.775 | 2.470 2,510
0,087 0 | 0,404 0,396 | 0,770 0,780 | 2,500 2,480
0,089 3 | 0,402 0,398 | 0,786 0,782 | 2,631 2,514
0,086 4 | 0,408 0,404 | 0,780 0,772 | 2,524 2,494

0,0895 | 0,390 0,390 | 0,754 0,762 | 2,510 2,521
0,088 6 | 0,395 0,385 | 0,758 0.756 | 2,500 2,513

0,082 3 | 0,390 0,396 | 0.761 0.765 | 2,501 2,499
0,082 9 | 0,400 0,389 | 0,770 0.766 | 2,507 2,490
0,086 6 | 0,414 0,414 | 0,765 0,765 | 2,623 2,520
0,0876 | 0,411 0,414 | 0,765 0,765 | 2,621 2,508
0,072 0 | 0,390 0,370 | 0,746 0,730 | 2,530 2,580
0,073 0 | 0,392 0,374 | 0,750 0,738 | 2,510 2,610
0,089 0 | 0,405 0,385 | 0,790 0,780 | 2,520 2,520
0,089 5 | 0,400 0,405 | 0,785 0,790 | 2,530 2,520
0,089 0 | 0,405 0,395 | 0,790 0,780 | 2,535 2,525
0,087 5 | 0,405 0,380 | 0,775 0,790 | 2,550 2,495
0,083 2 | 0,399 0,399 | 0,784 0,777 | 2,523 2,523
0,082 8 | 0,398 0,399 | 0,782 0.777 | 2,527 2,537
0,089 0 | 0,418 0,416 | 0,797 0,800 | 2,602 2,602
0,090 2 | 0,415 0,416 | 0,801 0.790 | 2,592 2,602
0,086 0 | 0,399 0,400 | 0,775 0,774 | 2,488 2,495
0,086 1 | 0,397 0,401 | 0,783 0,773 | 2,503 2,485
0.0858 | 0,392 0,400 | 0,779 0.769 | 2,628 2,516
0.0855 | 0,396 0,397 | 0,751 0,753 | 2,528 2,525
0,088 0 { 0,409 0.410 | 0,766 0.794 | 2,571 2,380
0,089 0 | 0.392 0,402 | 0,755 0,775 | 2,429 2,488
0,088 1 | 0,405 0,404 | 0.771 0.773 | 2,520 2,511
0,088 2 | 0.402 0,403 | 0,778 0,763 | 2,514 2,503

0,080 5 | 0,398 0,375 | 0,770 0.767 | 2,483 2,351
0,088 4 | 0.418 0,382 | 0,799 0,760 | 2,485 2,382
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‘ Table B.3 — Manganese content in iron ores: Laboratory means and laboratory variances
Lab. Level
No. 1 2 3 4 5
Laboratory mean
1 0,012 03 0,087 18 0,407 50 0,794 25 2,556 00
2 0,011 90 0,087 73 0.405 25 0,768 75 2,554 25
3 0,011 10 0,086 90 0,405 25 0,756 75 2,499 25
4 0.011 58 0,087 70 0,402 50 0,764 25 2,550 00
5 0,012 20 0,088 50 0,401 00 0,775 00 2,490 00
6 0,011 05 0,088 73 0,403 00 0,780 00 2,515 75
7 0,008 48 0,088 33 0,392 50 0,757 50 2,511 00
8 0,011 33 0,082 58 0,393 75 0,765 50 2,499 25
9 0,011 95 0,086 73 0,413 25 0,765 00 2,518 00
10 0,008 93 0,075 25 0,381 50 0,741 00 2,557 50
1 0,012 63 0,089 38 0,401 25 0,786 25 2,622 50
12 0,012 50 0,088 50 0,398 75 0,783 75 2,526 25
13 0,011 95 0,083 35 0,398 75 0,780 00 2,527 50
14 0,011 25 0,089 75 0,416 00 0,797 00 2,599 50
15 0,011 08 0,086 88 0,399 25 0,776 25 2,492 75
16 0,010 95 0,085 20 0,396 25 0,763 00 2,524 25
17 0,010 25 0,086 23 0,403 25 0,772 50 2,467 00
18 0,011 18 0,087 78 0,403 50 0,771 25 2,512 00
19 0,011 83 0,091 45 0,393 25 0,774 00 2,425 25
Laboratory variance
1 0,2250x 107’ 0,489 2 x 10°¢ 0,3333x 1078 0,2225x 1074 0,454 0 x 1072
2 0,6400x 10°° 02482 x10°° 0,242 5x 107* 0,9825x10™* 0,103 4 x 10~ 2
3 0,3333x 1075 0,386 0 x 10™° 0,209 2 x 107* 04825 x107* 07722 x 1073
4 0,449 2 x 107° 0,168 7 x 107° 0,100 0 x 1073 0,2722 x 1073 0,146 7 x 1072
5 0,586 7 x 107 ° 0,492 0 x 10°° 0,146 7 x 107 * 0,166 7 x 10~ * 03333 x 1073
6 0,3333x10°¢ 0,252 9 x 107° 0,1733x107* 0,346 7 x 10~* 0,258 9 x 10~ 3
7 0,111 6 x 107 ° 0,276 3 x 10~ ° 0,8333x10°°% 0,116 7x10~* 07533 x107*
8 0,158 3 x 107’ 0,102 5 x 10°° 0,2682x107* 01367 x 107" 0,4958 x 107 *
9 0,700 0 x 10~ 0,369 2 x 10°° 02250 x 107 ° 0 0,460 0 x 1074
10 0,262 5x 107° 0,1025x 107" 01237 x 1073 0,786 7 x 1074 0,209 2 x 1072
11 0,625 0x 1077 02292 x 108 02292 x 10~ * 0,229 2 x 107 % 0,250 0 x 10~ *
12 0,500 0 x 10~¢ 0,500 0 x 10°° 0,562 5% 10™"* 0,562 5 x 10™* 05396 x 1073
13 0,190 0 x 10°° 0,356 7 x 10~ & 0,250 0 x 107 ° 0,126 7 x 10°* 0,436 7 x 1074
14 0,970 0x 10°° 0,276 7 x 10°°¢ 0,200 0x 107 % 0,246 7 x 107 * 0,250 0 x 10~*
15 0,358 3 x 1077 01149 x 1073 0,291 7 x 1073 0.2092 x 10™* 0,642 5% 107*
16 0,166 7 x 107 0,300 0x 10°° 0,109 2 x 10~* 01787 x 1073 0,3225x107*
17 0,250 0x 107° 0,766 9 x 107 ° 06892 x107* 0,2723x 1073 0,675 7 x 1072
18 0,124 9 x 107° 0,429 2 x 1078 0,166 7 x 107° 0,3892x 10°* 0,500 0 x 107*
19 0,186 9 x 107° 0,6803x107° 0,364 9 x10°° 0,2953 x 1073 0,476 3 x 1072

12
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Table B.4 — Manganese content in iron ores: Outliers and stragglers

Level I Lab. Calculated statistic’ Critical value™
List of outliers (« = 0,01)
! A G2 = 0,295 G2(19) = 0,339 8
2 10 = 3,305 G1(19) = 2,968
3 19 C=0474 C(4.19) =0,276
10 € =0,305 Cc(4, 8) 0,288
4 — —
5 17 C =0,358 C(4, 9) =0,276
19 ¢ =0,393 C(4,18) = 0,288
List of stragglers (« = 0,05)
1 — — —
2 — — —
3 —_ - —
4 —_ — —
5 10 Cc=0,284 C(4.17) =0,250
1} C = Cochran's test
G1 = Grubbs' test for one outlying observation
G2 = Grubbs' test for two outlying observations

Table B.5 — Manganese content in iron ores: Estimation of repeatability and reproducibility standard
deviations and bias of the measurement method

Level

1 2 3 4 5
n 4 4 4 4 4
p 17 18 17 18 16
s, 0,000 65 0,001 43 0,004 07 0,008 95 0,018 15
Sp 0,000 84 0,002 48 0,007 06 0,013 85 0,032 46
y 1,29 1,73 1,73 1,54 1,79
A 0,3528 0,399 9 04117 0,3830 0,428 7
Asp 0,000 296 0,000 991 0,002 906 0,005 301 0,013 916
y 00116 0,087 4 0,402 4 0.773 9 25249
u 0,0100 0,093 0 04010 0,777 0 25300
P 0,001 6 —0,0056 0,001 4 —0,0031 — 0,005 1
&~ Asg 0,001 3 — 0,006 6 -0,0015 — 0,008 4 -0,0190
5+ Asg 0,001 9 — 0,004 6 0,004 3 0,002 2 0,008 8

Copyright by the International Organization For Standardization

Wed Nov 08 14:53:08 2006

13



ISO 5725-4:1994(E)

Laboratory No.
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NOTE — Boxed points signify that the test resuits were identified as outliers
by Grubbs' test for two outlying observations (G2).

Figure B.1 — Manganese content in iron ores: Test results at level 1
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Figure B.2 — Manganese content in iron ores: Test results at level 2
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Figure B.3 — Manganese content in iron ores: Test results at level 3
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Figure B.4 — Manganese content in iron ores: Test results at level 4
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Figure B.5 — Manganese content in iron ores: Test results at level 5
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Figure B.6 — Manganese content in iron ores: /4 values grouped by laboratories
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Figure B.7 — Manganese content in iron ores: k values grouped by laboratories
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Figure B.8 — Manganese content in iron ores: Repeatability and reproducibility standard deviations as
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Annex C
(informative)

Derivation of equations

C.1 Equations (5) and (6) (see 4.5)

oK _|_0975
The minimum number of laboratories, p, and of test V((AS)
results, n, are calculated to satisfy the two following
conditions: — K g = 1,960
a) the test should be able to detect that the bias is V(é)
equal to zero with the probability 1 — « = 0,95; -
K = 1,980/ V(o) ...(C.1)
b) the test should be able to detect a predetermined
magnitude of bias, §,, with the probability where

1—-8=0965.
®() is the cumulative distribution function of

The first condition is actually developed in 4.7.2, the standard normal distribution:;

where the confidence interval for the bias of the

measurement method, §, is used to carry out a stat- u, is the p-quantile of the standard normal
istical test of the null hypothesis that the bias is equal distribution;

to zero (Hy: 6 = 0) against the alternative hypothesis N

that the bias is unequal to zero (Hy: 6 # 0). V(é) is the variance of the estimate of the bias

of the measurement method.
An equivalent form of this test would be to compare

the absolute value of the estimate of the bias of the V(S) =VG - ) =VE)
measurement method

A - 0_2 0_2
ol =1 — =5+ n
with a critical value K, and reject H, (6 = 0) if ISI >K og—0d° o
[and not reject H, (6 =0) if || < K]. =—>% T
K can be computed using the requirement that the n(c,f? - a}’;/yz) e
probability of rejecting H,, if it is true, shall be equal = PR
to the chosen significance level « = 5 %:
2
A niy —'1 + 1
P (16l > K = 0) = « = 0,05 - (_2)_ 2
S ypn

P (|3| <K5=0)=1-a=095
where o] is the between-laboratory variance so that

0,23= OE+ o? and

0| —X | _p|l___K
S 2 ¥ = ogfo,
V(o) V(o) o
The second condition is that the test should be able
to detect the predetermined magnitude of bias, O
— 20 K 1 with the probability 1 — 8 = 0,95:

v(5) P (16 > K16 = om) =1-$=095
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... (C2

K =6, 16454/ V(2)

Equating the two expressions (C.1 and C.2) for K
gives

1,960/ V(3) =, — 1,645/ v(5)
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(1,960 + 1,645)4/ V(5) =6,

1,645 [
(1+m)1,960 v(8) =6

1,645 ~
(1 + —1 '960“)AO'R = 6[11

5
Aocr=gg

C.2 Equations (19) and (20) (see 5.3)

These equations follow immediately if in the preced-
ing derivation (C1) 8, 6m, O, V(é and A are replaced
by A 4, A VgA and Ay, respectively, and the ex-
pression for V( ) is replaced by the expression

V(Z) = 0’,2/11
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