INTERNATIONAL ISO
STANDARD 5725-4

Second edition
2020-03

Accuracy (trueness and precision) of
measurement methods'and results —

Part 4:
Basic methods forthe determination
of the trueness;of a standard
measurement- method

Exactitude (justesse-et fidélité) des résultats et méthodes de mesure —

Partie 4: Méthodes de base pour la détermination de la jujtesse d'une
méthode de\mesure normalisée

Reference number
1SO 5725-4:2020(E)

©1S0 2020


https://standardsiso.com/api/?name=2c59eaabf3692ba25dce8cce39d34ec0

ISO 5725-4:2020(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2020

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=2c59eaabf3692ba25dce8cce39d34ec0

ISO 5725-4:2020(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIMETOUICEIONL. ..ot 8885 v
1 S0P ... 1
2 Normative references
3 Terms and definitions
4 Symbols
5 Determination of the bias of a standard measurement method by an
interlaboratory eXpPeriment ... S 3
5.1 Experimental design considerations 3
700 0 I 0 o) 1ot OSSOSO IOP <t A 3
5.1.2  Layout of the eXperiment ...l o 4
5.1.3  Cross-references to ISO 5725-1 and ISO 5725-2....... 80 2 4
5.2 The statistical MOdel.........oisssa ke b 4
5.3 Required number of laboratories and measurements ... e 4
5.4  Requirements of the accepted reference value..........mmhcn 6
5.4.1  Approaches to assigning the accepted refefence value .6
5.4.2  Materials used in the eXperiment. ... b ) e 6
5.4.3 Requirements of measurement uncertainty of the accepted reference yalue.... 7
5.5 Carrying out the eXPerimEnt. ... i e oo 8
5.5.1  Evaluation of precision 8
552 Check of PreCiSion. .. 3 e 8
5.5.3  Estimation of the bias of the;standard measurement method
554 EXAMPLE o i e
6 Determination of the laboratory hias of one laboratory using a standard
measurement Method. ...t
6.1 Experimental design cONSIAErations ...
6.1.1  ODbjectiVe....... .S
6.1.2  Layout of the experiment ...
6.1.3  Cross-neferences to ISO 5725-1 and I1SO 5725-2......
6.2 The statistical model.........o e
6.3 Number ofilmieasurement results ...
6.4 Requiremeénts of the accepted reference values ...
6.5 Carryinig out the EXPETrTMENT ... ..o
6.5 Check of the within-laboratory standard deviation
6.5:2  Estimation of the 1aboratory bias........ e
7 Report'to the panel and decisions to be taken by the panel ... 14
7.1 Cross-reference t0 ISO 5725-2 ..o 14
7.2 Report by the statistiCal €XPeTt.... .| 14
73 Betistons by the pame e 14
Annex A (informative) Derivation of fOrmulae ... 15
Annex B (informative) Example of an accuracy eXperiment. ... 18
BIDIIOGIAPIIY ... 26

© 1S0 2020 - All rights reserved iii


https://standardsiso.com/api/?name=2c59eaabf3692ba25dce8cce39d34ec0

ISO 5725-4:2020(E)

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

IS0 5725 uses two terms, “trueness” and “precision”, to describe the accuracy of a measurement method.
“Trueness” refers to the closeness of agreement between the expectation of a measurement result and a
true value. "Precision” refers to the closeness of agreement between independent measurement results

obta

ined under stipulated conditions.

General consideration of these quantities is given in ISO 5725-1 and so is not repeated in this document.
[SO 5725-1 should be read in conjunction with all other parts of ISO 5725, including this document,
because it gives the underlying definitions and general principles.
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“trueness” of a measurement method is of interest when it is possible to conceive-0f)
he property being measured. Although the true value cannot be known exactly, it\cdn
ive an accepted reference value for the property being measured; for example, if suitab
brials or measurement standards are available, or if the accepted reference value can be

surement method can be investigated by comparing the accepted reference value with|
results given by the measurement method. Trueness is normally expressed in terms
rise, for example, in chemical analysis if the measurement methodfails to extract all off
the presence of one element interferes with the determination of another.

measures of trueness are of interest and both are considered.in this document.

Bias of the measurement method: where there is ajpossibility that the measurem

s of interest to investigate the “bias of the meastirement method”. This requires an
nvolving many laboratories.

[.aboratory bias: measurements within a'ingle laboratory can reveal the “labor
(as defined in ISO 5725-1). If it is propaesed to undertake an experiment to estimatg
bias, then it should be realized that the estimate is valid only at the time of the expg
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W true value
be possible
le reference
established

pference to another measurement method or by preparation of a known sample. The trueness of the

the level of
f bias. Bias
an element,

ent method

Can give rise to a bias, which persists wherever and.whenever the measurement is done, then it

experiment

atory bias”
laboratory
riment and
pw that the

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=2c59eaabf3692ba25dce8cce39d34ec0



https://standardsiso.com/api/?name=2c59eaabf3692ba25dce8cce39d34ec0

INT

ERNATIONAL STANDARD ISO 5725-4:2020(E)

Ac

curacy (trueness and precision) of measurement

methods and results —

Part 4:
Basic methods for the determination of the trueness of a

st

1.1

1.2

calcyilation from a set of observations.

1.3
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NOT

1.4
valu
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Scope

This document

iwhen a measurement method is applied;

provides a practical approach of abasic method for routine us€in estimating the bias of m
nethods and laboratory bias;

Fesults of the measurements for estimating bias.

specifies basic methods for estimating the bias of a measurementmethod and the lab¢ratory bias

pasurement

provides a brief guidance to all personnel concerned with designing, performing or analysing the

[t is concerned exclusively with measurementimethods which yield measurements on g continuous
scalg¢ and give a single value as the measurement¥ésult, although the single value can be the qutcome of a

This document applies when<:the measurement method has been standardiz
Eurements are carried out according to that measurement method.

ed and all

) In ISO/IEC Guide 99:2007(VIM), “measurement procedure” (2.6) is an analogous term rglated to the
term| “measurement method” used‘in this document.

This document applies only if an accepted reference value can be established to substitute the true

b by using the valug; for example:
Df a suitable ¥eference material;
bf a suitable measurement standard;

Feferring to a suitable measurement method;

of a suitable prepared known sample.

1.5 This document applies only to the cases where it is sufficient to estimate bias on one property at
a time. It is not applicable if the bias in the measurement of one property is affected by the level of any
other property (i.e. it does not consider interferences by any influencing quantity). Comparison of the

true

2

ness of two-measurement methods is considered in ISO 5725-6.

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
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ISO 3534-1, Statistics — Vocabulary and symbols — Part 1: General statistical terms and terms used in

probability

ISO 3534-2, Statistics — Vocabulary and symbols — Part 2: Applied statistics

ISO 5725-1, Accuracy (trueness and precision) of measurement methods and results — Part 1: General
principles and definitions

IS0 5725-2, Accuracy (trueness and precision) of measurement methods and results — Part 2: Basic method
for the determination of repeatability and reproducibility of a standard measurement method

ISO Guide 30, Reference materials — Selected terms and definitions

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3534-1, ISO 3534-2, ISO 57]25-1

and ISO Guide 30 apply.

ISO and IEC

— ISO Onlline browsing platform: available at https://www.iso.org/obp

maintain terminological databases for use in standardization at the(following addressg¢s:

14

— IEC Eleftropedia: available at http://www.electropedia.org/

4 Symbols

A Factor used to calculate the measurement uncertainty of an estimate

B Laboratory component of bias

cc,c” Test statistics

Copit » Cérit , CC"Fit Critical values for statistical tests

e Random error oceurring in every measurement under repeatability conditions
G Grubbs' test statistic

h Mandel's between-laboratory consistency test statistic

k Mandel’s within-laboratory consistency test statistic

n Number of measurement re_sults obtained in one laboratory at one level of th¢

property being measured (i.e. per cell)
Number of laboratories participating in the interlaboratory experiment

P Probability

s Estimate of a standard deviation

u Standard measurement uncertainty; quantile of the standard normal distribution
y Measurement result

y Average of the measurement results

y Grand mean of the measurement results

a Significance level (a is assumed to be 0,05 in this document)

2 © IS0 2020 - All rights reserved
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B Type Il error probability
0] Cumulative distribution function of the standard normal distribution

Ratio of the reproducibility standard deviation to the repeatability standard

14 deviation (oy/0,)

) Bias of the measurement method under investigation

5 Estimate of the bias of the measurement method under investigation

A Laboratory bias

A Estimate of the laboratory bias

U Accepted reference value of a property being measured

% Number of degrees of freedom

o True value of a standard deviation

;(f, W) P-quantile of the y2-distribution with v degrees of freedom

Subscripts

i Identifier for a participating laboratory; identifier for an individual laboratory (jnner
laboratory)

k Identifier for a particular measurement result from a laboratory
Between-laboratory (interlaboratory)

m Identifier for detectable bids

P Probability

r Repeatability

R Reproducibjlity

y Identifier for the measurement result

0 Identifier for the accepted reference value

5 Petermination of the bias of a standard measurement method by an

inteérlaboratory experiment

5.1 Experimental design considerations

5.1.1 Objective

The objective of the experiment is to estimate the value of the bias of the measurement method and to
determine when it is statistically significant. When the bias is found to be statistically insignificant,
then the objective is to determine the maximum absolute value of bias that can remain, with a certain
probability, undetected by the results of the experiment.

© IS0 2020 - All rights reserved 3
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5.1.2 Layout of the experiment

The layout of the experiment is almost the same as that for a precision experiment, as described in

[SO 5725-2.

The differences are

the requirements given in 5.3, and

being measured.

the number of participating laboratories and the number of measurement results shall also satisfy

there is an additional requirement, given in 5.4, to use an accepted reference value of the property

5.1.3 Cr

1ss-rererences WO IDDUO/45-1and IdU 5745-4

Requirements on experimental design given in ISO 5725-1 and ISO 5725-2 apply. Wheh\\reading

ISO 5725-1
“repeatabil

5.2 The:

The basic nj

y=p+4
where

u st

6 st

B ist

e ist

NOTE I
ISO 5725-1, f

When all o
the sufficie
repeatabilif
measureme

~

)

<l

where

-4

and ISO 5725-2 in this context, "trueness” shall be inserted in place of “precisior
ty and reproducibility” as appropriate.

jtatistical model
odel of a measurement result, y, can be expressed as

+B+e

he accepted reference value of a property being méasured;

he bias of the measurement method under investigation;

he laboratory component of bias;

he random error occurring in everymeasurement under repeatability conditions.

this document, bias is evaluated ‘at one level at a time; for convenience, the index j, defin
pr the level of property has beermromitted throughout.

[ measurement results(are obtained according to the requirements in 5.3 and 5.4
nt number of partiCipant laboratories and sufficient number of measurements u
y conditions in eaety Iaboratory by using the same measurement method, the bias o
nt method, at eaehlevel of the property, is estimated by

”

or

M

bd in

‘rom
nder
F the

(2)

)

y
U

is an estimate of the bias of the measurement method Under investigation,
is the grand mean of the measurement results from all participant laboratories;

is the accepted reference value of the property being measured.

5.3 Required number of laboratories and measurements

The number of laboratories and the number of measurement results required at each laboratory are
interdependent. Guidance on selecting these numbers is given below. Although it is assumed that the
laboratory biases can be regarded as draws from an approximately normal distribution, in practice the

guidance is

appropriate for most unimodal distributions.

© IS0 2020 - All rights reserved
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For the results of an experiment to be able to detect with a high probability a predetermined maximum
absolute value of bias, 6,,,, the following formula shall be satisfied:

(3)

Ao, <—2
k71,84
where
A is a factor used in calculating the measurement uncertainty of an estimate of bias (see below);

In Fgrmula (3), A is a function of the number of laboratories, the number of measurement res
laboratory, the reproducibility standard deviation of the measurement inethod and the m
uncdrtainty of the accepted reference value. A4 is given by

whe

In Eq

whe

»is the reproducibility standard deviation of the measurement method:

b, is the predetermined maximum absolute value of bias that the experimenter‘wjs]
tect from the results of the experiment;

1,84 isa derived factor (see Annex A).

2 n(y?-1)+1
4=1,96/42 +42 =1,96\/” (2“)+ (7/2 )

op Y“pn
e
1,96 isthe 0,975-quantile of the standard normal distribution (see Annex A);

A,  is the ratio of the standard measurement uncertainty of the accepted reference v
to the reproducibility standard deviation of the measurement method;

A is the ratio of the standard deviation of the grand mean in this experiment
to the reproducibility standard deviation of the measurement method;

() is the standard measfirement uncertainty of the accepted reference value;
n is the number of measurement results in each laboratory;
D is the number-of participating laboratories;

is the ratio of the reproducibility standard deviation to the repeatability standar

hes to de-

ults in each
basurement

(4)

alue

H deviation.

rmula (4),)4,, A, and y are given respectively by

Ay =ulit)/op (5)
2

n(ys-1)+1

Ay = —( > ) (6)
Y pn

V=0p /O-r (7)

re o, is the repeatability standard deviation of the measurement method.

© IS0 2020 - All rights reserved 5
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If the measurement uncertainty of the accepted reference value is small enough to be neglected,
implying 4, < 0,34, (i.e. u(p) < 0,34,05), Formula (4) may be simplified to

A=1,964, (8)

The values of A calculated by Formula (8) are given in Table 1.

Ideally, the choice of the combination of the number of laboratories and the number of replicate
measurement results per laboratory should satisfy the requirement described by Formula (3), with the
0, value predetermlned by the experlmenter However, for practlcal reasons, the choice of the number
of laboratori ) ] duce
the value off 6, to a satlsfactory extent. If the reproduc1b111ty of the measurement method is poor, then
it is not pr4g ctlcal to achieve a high degree of certainty in the estimate of the bias. When og.is/Iqrger
than o, (i.e{y is larger than 1) as is often the case, little is to be gained by obtaining mor¢ than 5 = 2

Table 1 — Values of 4, the factor used in calculating the measurement uncertainty of an
estimate of bias in the case when the measurement uncertainty of the accepted reference value
is small enough to be neglected

No. of Value of A calculated by Formula (8)
laboratoriges 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 0,51 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 0,41 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 0,17 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

5.4 Requirements of the accepted reference value

5.4.1 Approaches to assighing the accepted reference value

The acceptqd reference value of the property of interest, y, shall be reliable and metrologically tracgable
to an accepted referernice'by which the true value can be substituted. It refers to the value carried by
the materiall used in‘this experiment, which was either assigned in another independent study, su¢h as
the characterization of the reference material, the calibration of the measurement standard by ysing
suitable ca 1brat10n procedures and competent laboratories, the a551gnment by other measureinent
method (pre
materials used for preparatlon of the known sample.

NOTE Guidance for the characterization and use of reference materials is given in ISO Guide 35 and
ISO Guide 33, respectively. Refer to the definition for other measurement standards in ISO/IEC Guide 99 (VIM).

5.4.2 Materials used in the experiment

5.4.2.1 The material used in the experiment, whether purchased or prepared, can be a reference
material, a measurement standard or a prepared known sample; it shall have the same property as that
the standard measurement method is intended to be applied to, e.g. concentration.

5.4.2.2 The value of the property of interest carried by the material, which has been assigned by any
approach listed in 5.4.1, shall be appropriate to the range of values at which the standard measurement

6 © IS0 2020 - All rights reserved
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method is intended to be applied. In some cases, it is important to include a series of the materials,
each corresponding to a different level of the property, preferably covering the range of values of the
measurement method as completely as possible, because the bias of the measurement method can be
different at different levels of the property.

5.4.2.3 The material should have a matrix as close as possible to that to be subjected to the standard
measurement method, e.g. carbon in coal or carbon in steel.

5.4.2.4 The quantity of the materials shall be sufficient for the entire experimental programme,
including some in reserve if this is considered necessary, such as for contingencies in transportation and

potential Te-measurements.

5.4.2.5 Wherever possible, the materials should have stable property values, thro
expdriment. In the case of unstable materials, special instructions on transportation, sto1
treafment shall be specified, so that the requirements in 5.4.3 can be achieved.

5.4.2.6 Where subdivision of the unit of the material occurs prior to distribution, it shall b¢
with| care to avoid the introduction of any additional error. Relevant Infernational Standard
docyments on sample division should be consulted. The units shall¢be selected on a randd
distfibution. If the measurement process is non-destructive, it is,possible to give all the lab
the i
expgriment.
5.4.]
leve
appt
imp
batc

.7 In principle, the material should be adequately fomogeneous, i.e. it should have af
of heterogeneity. When a material has to be hemiogenized, this shall be done in the m
opriate for that material. When the material t0 be measured is not sufficiently homog
rtant to prepare the samples in the mannet’specified in the method, preferably starti
h of commercial material for each level of the property value. In particular, the knoy
pregared by mixing materials with differeritknown levels of property values in specified
or by spiking a specified proportion of@‘substance to a matrix material, shall be quantifi
homlfogeneity, so that the requirements in 5.4.3 can be achieved.

5.4.3 Requirements of measiirement uncertainty of the accepted reference value
5.4.]
from
cont|
ont
two

8.1 The standard measurement uncertainty of the accepted reference value, cited

that in relevant doCuments accompanying the material or estimated for this experim¢
rolled to be as low as possible. If it is lower than 0,34, 0, the effect of the accepted refq
1e measuremeht uncertainty of the estimate of the bias may be neglected. If it is highe
strategies sheuld be considered:

ncreasing p or both p and n, so that the value of A is reduced to such a level that the pre
valtie of bias can be detected with a high probability;

ughout the
age and/or

t performed
s and other
m basis for
oratories in

terlaboratory experiment the same unit of the material, but this can extend the timeframe of the

| acceptable
anner most
bneous, it is
hg with one
vn samples
roportions,
d for their

or derived
ent, shall be
rence value
r than AyoR,

determined

choosing other materials which carry an accepted reference value meeting this require

ment.

5.4.3.2 The standard measurement uncertainty of the accepted reference value consists of, in principle,
components arising from characterization (or calibration, or preparation) procedures, heterogeneity
and instability, and the measurement uncertainty arising from bias. However, for historical reasons,
sometimes the uncertainties arising from heterogeneity, instability and/or bias were not included
(maybe separately stated) in the certificate of reference material or measurement standard. They should
be estimated by additional studies (or combined with the stated measurement uncertainty), unless there
is reliable evidence that they are negligible.

5.4.3.3 Contribution of the heterogeneity to the measurement uncertainty can depend on the mass
or volume used in the measurement. If the heterogeneity measurement uncertainty is the dominant
component of the measurement uncertainty of the accepted reference value, the mass or volume used

© IS0 2020 - All rights reserved 7
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in the homogeneity check experiment shall be no larger than that to which the measurement method is
applied. Otherwise the heterogeneity measurement uncertainty shall be re-assessed based on the latter
mass or volume, and the measurement uncertainty of the accepted reference value shall be re-calculated.

5.5 Carrying out the experiment

5.5.1 Evaluation of precision

5.5.1.1 The precision experiment shall be carried out according to ISO 5725-2.

5.5.1.2 T}lne measurement results shall be treated as described in ISO 5725-2, where the precisi(lm of

the measur

pment method is expressed in terms of s, (estimate of the repeatability standard deviation)
and sy, (estiate of the reproducibility standard deviation).

5.5.1.3 The estimate Sf of the repeatability variance and the estimate 512;, of Ahe’reproducibility

variance ars¢
each labora

1
2 _—\
S§4=—
r Pﬁ
2 _
S§4 = —
R p—
with
2 _
51- _n__
- 1N
yi_n]é:
14
=1
y=—
p2
where siza

in laboratof

Outliers sh43

"2
L !
1

7,

yI.

1l be investigated according to the procedures given in ISO 5725-2.

calculated by Formulae (9) to (13), provided that the number (n) of measurement results in
fory is equal. If this is not true, the formulae for s, and sy given in IS@.5725-2 shall be usqd.

(9)

(10)

(11

(12)

(13)

hd y; are reSpectively the variance and the average of n measurement results y;;, obtained

5.5.2 Chbb;\ Uf pPI CLibiUll

5.5.2.1 If the repeatability standard deviation and the reproducibility standard deviation of the
standard measurement method have not been previously determined in accordance with ISO 5725-2, s,

and sy, are considered to be the best estimates of those.

© IS0 2020 - All rights reserved
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.2 If the repeatability standard deviation of the standard measurement method, o,, has been
determined in accordance with ISO 5725-2, sg can be assessed by computing the ratio

—2 /52
C=s: /o7

The test statistic C is compared with the critical value

Ccrit :%(Zl—a) (V)/V

(14)

edom.

whepe—2 G isthe (4 —a)-quantile of the 2 distributionwithv=pH— desreesof frg
/L(l_a) v |8 J M A P\ J [S)
. 2 - . .« 2
a) [fC<Cy s¢ isnotsignificantly larger than o .
. 2 . . v 2
b) [fC>C.y: s¢ is significantly larger than o .
In the former case, the repeatability standard deviation, o, is to be used forthe’assessment of the bias

of the measurement method.

In th
expe

riment prior to proceeding further.

e latter case, it is necessary to investigate the causes of the discrepancy and possibly tp repeat the

NOTE Other statistical techniques, such as two-side F-test, havebeen suggested for the check of fepeatability

and feproducibility standard deviation, it is duty of the panel (refer to Clause 7) to decide which
suitgble.

5.5.2.3 If the reproducibility standard deviation, og@nd the repeatability standard deviati
stanflard measurement method have been determined in accordance with ISO 5725-2, s, can

indif

The

whe
a)
b)

In th

T

ectly by computing the ratio

| (-1
o5-(1-1/n)c?

Lest statistic C' is compared with the critical value

al a2

Fcrit _Z(l_a) (v)/v

e X(Z)'—a) (v) is the\ [V~ a)-quantile of the y2 distribution with v = p - 1 degrees of freed
fC’<Cl.: s8=(1-1/n)s? is not significantly larger than 63 —(1-1/n)c?.

f C'>Clyd s5—(1-1/n)s? is significantly larger than 63 —(1-1/n)c?.

erit”

e former case, the repeatability standard deviation, o,, and the reproducibility standar

op, Areto be used for the assessment of the trueness of the measurement method.

technique is

bn, o, of the
be assessed

(15)

d deviation,

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. As a result,
the experiment can have to be repeated to yield the expected precision values.

NOTE

It can appear that some laboratories did not use the required equipment or did not work according

to the specified conditions. In chemical analysis, problems can arise from, for example, insufficient control of
temperature, moisture, presence of contaminants, etc.
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5.5.3 Estimation of the bias of the standard measurement method

5.5.3.1 The estimate of the bias is given by

iy (16)

6:

<l

where 6 can be positive or negative.

5.5.3.2 The variation of the estimate of the bias of the measurement method is due to the variation in

the results of-themeasurement process and the variation of the arr‘npfnd reference value-In the case of

known predision values, the standard deviation of the estimate of the bias is

i :\/(YI% —(1-1/n)o?
p

+u? () (17)
or, in the cape of unknown precision values, as

z\/sg_(l_l/n)sg

p

+u? (1) (18)
5.5.3.3 An approximate 0,95 confidence interval for the bias of the measurement method caph be

computed af

5—Aol, 6+4c (19)
[6-4o),, +40, ]

where 4 is gs given in Formula (4). If o is unknown, its estimate s shall be used instead, and A shqll be
computed With y = sp/s, rather than Formula (7).

If this confidence interval contains the value-zero, the bias of the measurement method is insignificant
at the significance level a = 0,05; otherwise itis significant.

5.5.4 Exdmple

An exampld for the bias assessmient by an inter-laboratory experiment is given in Annex B.

6 Determination of'the laboratory bias of one laboratory using a standard
measurement method

6.1 Experimerital design considerations

6.1.1 Objective
The objective of the experiment is to estimate the value of the bias of a particular laboratory and to
determine if it is statistically significant. If the bias is found to be statistically insignificant, then the

objective is to determine the value of the maximum bias that can remain, with a certain probability,
undetected by the results of the experiment.

6.1.2 Layout of the experiment

6.1.2.1 An interlaboratory precision experiment, in accordance with ISO 5725-2, has established the
repeatability standard deviation of the method before this experiment for estimating the laboratory bias.
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6.1.2.2 The experiment shall conform strictly to the standard method and measurements shall be
carried out under repeatability conditions. If the repeatability of the measurement method is poor, then
it cannot be practical to achieve small measurement uncertainty in the estimate of the laboratory bias.

6.1.2.3 The layout of the experiment consists of the measurements required of one laboratory in a
precision experiment as described in ISO 5725-2. Apart from the restriction to a single laboratory, the
only substantial difference is the additional requirement to use an accepted reference value. The number

of m

easurement results shall satisfy the requirements given in 6.3.

6.1.3 Cross-references to ISO 5725-1 and ISO 5725-2

Whe

of “precision” or “repeatability and reproducibility” as appropriate, in ISO 5725-2,\the

labo

sup|

6.2
The

So, t

6.3

The
the 1
unce

For
pred
forn{

whe

n reading ISO 5725-1 and ISO 5725-2 in this context, “trueness” should be insert

Fatories is p = 1, and it can be convenient for one person to combine the roles of “exd
ervisor”.

The statistical model
aboratory bias, 4, is given by

N\=5+B

he model can be written

y=u+A+e

Number of measurement results

measurement uncertainty of the estimate of the laboratory bias depends on the rep¢
measurement method, on the number of measurement results obtained and on the m
rtainty of the accepted referencgé value used.

the results of an experiment to be able to detect with a high probability (see A

ula:

<A

.o <
1,84
Fe
A; is'a factor used in calculating the measurement uncertainty of an estimate of lab

bias;

ed in place
number of
cutive” and

(20)

(21)

batability of
pasurement

\nnex A), a

etermined absolute valuelof bias and the number of measurement results shall satisfy the following

(22)

ratory

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

is the predetermined absolute value of laboratory bias that the experimenter wis
detect from the results of the experiment;

1,84 isaderived factor (see Annex A).
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In Formula (22), A4;is a function of the number of measurement results and the measurement uncertainty
of the accepted reference value. 4; is given by

1. 4
Ai=1,96 ;+Ai0

where

1,96 isthe 0,975-quantile of the standard normal distribution (see Annex A);

n i

the number of measurement results:;

(23)

—

AiO

—

A =u(

1
where u(u)

6.4 Requ
The require

— related

— on the fneasurement uncertainty limits of the accepted reference value, which should be contr

as low 4

If the meas

obtain a suitable material, the number of measurements should be increased, so that the value of A

be reduced
high probal

6.5 Carr
6.5.1 Che

6.5.1.1 Py
deviation b

6.5.1.2 Cc

the ratio of standard measurement uncertainty of the accepted reference value tao‘the
ppeatability standard deviation of the measurement method, 4, is given by

(1)/0,
is the standard measurement uncertainty of the accepted reference yalue.

irements of the accepted reference values
ments given in 5.4 should be achieved except those

to the transportation conditions;

s possible and can be neglected when u(u)<0,30, Jn.

irement uncertainty of the accepted referénce value is higher than o, Jn, e.g. it is hal

to the level that the predetermined absolute value of laboratory bias can be detected wj|
ility.

ing out the experiment
ck of the within-laboratory standard deviation

ior to conducting-the assessment of laboratory bias, a check of the within-laboratory stan

mpute the average, y,, of the n measurement results and s;, the estimate of the wi

laboratory §

blled

d to

. can
ith a

dard

) comparing(with the stated repeatability standard deviation of the standard measureinent
method shall be performed.

thin-

tahdard deviation, o;, as follows:

_ 1
Vi =_2yik

n =

¥, isthe average of the n measurement results;

n isthe number of measurement results;

Vi is the kM independent measurement result.

12

(24)
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1 n
=\/_12 (25)

k=1
where s; is the estimate of the within-laboratory standard deviation.

6.5.1.3 The measurement results shall be scrutinized for outliers using relevant statistical techniques,
such as Grubbs’ test, as described in ISO 5725-2.

6.5.1.4 If the repeatability standard deviation, o,, of the standard measurement methdd has been
estaplished, the estimate s; can be assessed by the following procedure:

Comjpute the ratio
~ 2

C"=(s; /0,) (26)
and fompare the value C" with the critical value

ﬁ(:,rlt %(1—06) (V)/V

where )((Zl_a) (v) is the (1 - a)-quantile of the y2 distributioh.with v = n - 1 degrees of freedpm.
a) [C"<C. :s;isnotsignificantly larger than o,.
b) |C” >CCrlt s; is significantly larger than o,.

In the former case, the repeatability standard deviation of the measurement method, o,, i§ to be used
for the assessment of the laboratory bias.

In the latter case, consideration should be given to repeating the experiment with verifi¢ation at all
stepp that the standard measurementmethod is properly implemented.

6.5.2 Estimation of the laboratory bias

6.5.2.1 The estimate, ), of the laboratory bias 4 is given by

~

i=7 —u (27)

6.5.2.2 The measurement uncertainty of the estimate of the laboratory bias is due to the [variation in
the ;Esults of the measurement process and the variation of the accepted reference value. In the case of a

knoynrepeatability standard deviation, it is expressed by its standard deviation computed gs
2
o
_ | r .2
O'AA— T‘Fu (‘u) (28)

s i =|——+u? (1) (29)
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6.5.2.3 The 0,95 confidence interval of the laboratory bias can be computed as

[A—Aiar, A+Ai0r}

where 4; is as given in Formula (23). If 0, is unknown, its estimate, s,, shall be used instead.

6.5.2.4

significance level a = 0,05; otherwise it is significant.

NOTE

7

7.1 Cros

The person

7.2 Repa

Having com
the panel. In this report, the following information shall be given:

The laboratory bias is further considered in ISO 5725-6.

(30)

If this confidence interval contains the value zero, the laboratory bias is insignificant at the

Repor

explained and corrected, or discarded;

t to the panel and decisions to be taken by the panel

5-reference to ISO 5725-2

el and their duties involved in the experiment shall refer to those described in ISO 572

rt by the statistical expert
pleted the statistical analysis, the statistical expert shall wtite a report to be submittg
ccount of the observations received from the operators and/or supervisors concerning
d measurement method;

for their rejection;

ccount of any stragglers and/or outliexsCbhat have been identified, and whether these Y

bf the final estimates of appropriaté means and precision measures;

nent on whether the bias ofthe standard measurement method with respect to the acce

ce used is significant; if s0,.the estimated value of the bias for each level of property shg
d.

sions by the panel

nould then discuss the statistical expert’s report and take decisions concerning the folloy

e diseordant measurement results, if any, due to defects in the description of
ement method?

5-2.

bd to

r the

count of the laboratories that have been rejectedas outlying laboratories, together with the

vere

pted
1l be

wing

the

What action should be taken with respect to rejected outlying laboratories?

Do the results of outlying laboratories and/or the comments received from the operators and
supervisors indicate a need to improve the standard measurement method? If so, what are the
improvements required?

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? (e.g., bias can be
estimated as negligible (not statistically significant) at only certain levels of the property. These
cases can require the panel to suggest reducing the working range of the measurement method.

a) afulla
standai
b) afull ag
reason;
c) afulla
d) atable
e) astater
referen|
reportg
7.3 Deci
The panel s}
questions.
a) Are th
measu
b)
c)
d)
14
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Annex A
(informative)

Derivation of formulae

Formulae (3) and (4)

The
two

a)
b)

The
mea
valu
bias

An ¢
mea

with

K is
the ¢

minimum number of laboratories, p, and of measurement results, n, are calculateéd tq
following conditions:

Lhe test should be able to detect that the bias is equal to zero with the probability 1 - a

[he test should be able to detect a predetermined absolute value of bias,; 6., with the
L - =095.

first condition is actually developed in 5.5.3.3, where the confidence interval for the
surement method, 6, is used to carry out a statistical test of the null hypothesis that {
e of bias is equal to zero (H:|8| = 0) against the alternative‘hypothesis that the absol
is not equal to zero (H;:|6] £ 0).

quivalent form of this test is to compare the absaélite value of the estimate of the
surement method

o

=|y—ul

a critical value K, and reject Hy(|6| = Opif |5| >K [and notreject Hy(|6| = 0) if |5|SK ],

computed using the requirement that the probability of rejecting H,,, if it is true, shall
hosen significance level a =0,05:

P (16> K |5|=0)=a=0,05

satisfy the

= 0,95;

probability

bias of the
he absolute
lite value of

bias of the

be equal to

P (|6|<K||8]=0)E1-=0,95= — |-®| - —— |=20 — -1
v(s) v(3) v(9)
D L =0,975
7(3)
K

W:u0’975 :1,960

K =1,960,/V(§) (A.1)
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where
@() isthe cumulative distribution function of the standard normal distribution;
Up is the P-quantile of the standard normal distribution;
%4 (3) is the variance of the estimate of the bias of the measurement method.

The second condition is that the test should be able to detect the predetermined absolute value of bias,
0, with th¢ probability 1 - = 0,95:

P(|6|>k1|6]=5_)=0,95

P(8|<k1|6|=5_)=p=0,05=P 68 KO | o K%
< = =f=0,05= — < — |= =
) W) () ) (Wv(o)
o 1,645
=u =-1,
V(S) 0,05
K=8_ 11,645,V (5) A.2)

Equating thle two expressions (Formulae A.1 and A.2) for K give's
(8)=6_-1,645,/V ()
(1,96011,645) |V (8) =5 _

1+ 245 11 960 V(é) =5
1,960 m

1,960,

1,8440), =5 _ A.3)

The variande of the estimate of the bias of the measurement method, V (3) , can be derived as follpws,

V(8)=V (¥-u)EV (¥)+u? (1) A.4)
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Let A

A2

Thes
repl
expy]

ISO 5725-

re

4:2020(E)

u(u)  isthe standard measurement uncertainty of the accepted reference value obtained from

an independent study;

© ISO

V(y) is the variation of the grand mean obtained from this experiment,
2 2 22 2 2_~2 /o2 2 702 2
_. of 0% o5-0f o2 nlof—o5/y°)+os/y n(y“-1)+1
V(y):_L_’__r:M_i__r:(R R ) R _ (7) G}%
[J [}ll P IJIl IJIl K }/ p[[ }

O'f is the between-laboratory variance so that

o%=0f+0? andy = oy/0,
lO = u(‘u)/o-R;

2
n(y“-1)+1
U=1,96 Lm@ (A.5)
¥Y2pn
Formulae (22) and (23)

e formulae follow immediately if in the preceding,derivation (A.1) 6, 6,,,, 5,V (5) ,Aland A are
iced by 4, 4., A, %4 (A), A; and A, respectively;and the expression for V (3) is replpced by the
ession

2

.. O

/(4)= i (u)

n
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Annex B
(informative)

Example of an accuracy experiment

B.1 Description of the experiment

Anaccuracy experiment on the determination of manganese contentiniron ores by an X-ray fluotresc
spectrometfy method and using five materials with the accepted reference values () is givendn-Tabl|
(which werp not disclosed to the laboratories). Each laboratory received two, randomly selected,

of sample fdr each level of manganese content and performed (under repeatability conditions) dupl
analyses on each bag. The purpose of the two-bag system was to confirm absence of the between
variation. The analysis was performed such that in the case where absence of between-bag variati
confirmed, [the four analytical results can be considered as replicates under repeatability condit
Analysis of the results showed that the between-bag variation was indeed insignificant; the mate
were regardled to be homogeneous. Thus, results from each laboratory cambe considered as replic
under repeatability conditions. The analytical results are listed in TabléB.2. The laboratory means
variances for each of the five materials are listed in Table B.3.

B.2 Predision assessment
To assess the precision of the analytical method, the datawere analysed by the procedure describ

[SO 5725-2| The measurement results for concentratiolevel 1, 2, 3, 4 and 5 of manganese conten
shown in Fipure B.1, Figure B.2, Figure B.3, Figure B.4-and Figure B.5.

The stragglers and outliers for both Cochran’stand Grubbs' tests were identified and are listg
Table B.4. The boxed points in Figures B.1 te"B.5 signify that the measurement results were ident
as stragglers or outliers. Table B.4 shows thattwo sets of results from two laboratories (Lab. 3 and
two levels of manganese content were idéntified as outliers by Cochran’s test; and one set of results
one laboratpry (Lab. 1) at one level of(manganese content was identified as stragglers by Grubbs’ teg

The Mandel's h and Mandel’s k values are shown in Figures B.6 and Figure B.7. The Mandel’s h v3
(Figure B.6) show clearly that4aboratory 1 gets somewhat lower results at level 2, and they were
identified by Grubbs’ test as-stragglers. The Mandel’s k values (Figure B.7) show that laboratories 3
7 tend to geft much largerswithin-laboratory variation than the others respectively at the content le
and level 5.|Appropriate-action should be taken by investigating these laboratories, or, if necessarj
tightening the protdcol of the measurement method.

For the anglysis,(it was decided to discard the outliers identified by Cochran’s test; i.e. the dat

content levgls-d of laboratory 3 and the data at content level 5 of laboratory 7.

ence
eB.1
bags
cate
-bag
bn is
ons.
rials
ates
and

bd in
t are

d in
ified
7) at
'rom
t.

lues
also
and
vel 1

y, by

a at

The repeatability and the reproducibility standard deviations were then computed excluding those

data

that were identified. 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
between the precisions (repeatability standard deviation, s,, or reproducibility standard deviation, sp)
and content levels, m. The linear regression formulae of the repeatability and reproducibility standard

deviations versus content levels are:

s,,=0,009 25m+0,001 15

sp=0,018 81m+0,002 02
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The trueness of the measurement method was assessed by computing the 0,95 confidence intervals of
the bias of the measurement method using Formula (19) and comparing them with zero (Table B.5).
Since at all content levels these confidence intervals contain the value zero, the bias of this measurement
method is insignificant at the significance level a = 0,05.

B.4 Further analysis

Further information can be extracted from the data by carrying out supplementary analyses such as a

regrgssion analysis of y Versus ii.
Table B.1 — Manganese content in iron ores: accepted reference values
Confent level 1 2 3 4 5
Accgpted reference value u (%) 0,028 0 0,127 0,403 0,650 0,80
Exppnded measurement uncertainty, Uys(%) 0,001 4 0,0039 0,0066 0,009 2 0,01
Starjdard measurement uncertainty, u(u) (%) 0,000 7 0,002 0 0,003 3 0,004 6 0,005 0
Table B.2 — Manganese content in iron ores: analyticCal results as percentage Mn
Unit: %
Lab} |Bottle Contentylevel
No.|| No. 5
1 1 0,0249 10,0259 | 0,1181 0,1185 | 034127 04150 | 0,6898 10,6826 | 0,821|4 0,8189
2 0,0249 10,0246 | 0,1177 0,1178.420,4139 04155 | 0,6839 10,6903 | 0,828/3 0,824 9
2 1 0,0316 0031301352 0,1350|0,3975 10,4015 | 0,6603 0,6665 | 0,782[0 0,7876
2 0,0308 10,0315 01354 01354 | 04024 0,4009 | 0,6494 10,6566 | 0,788(7 0,7867
3 1 0,0222 10,0224 | 0,1305.:0,1302 | 0,4006 10,4004 | 0,6598 0,6604 | 0,791(0 0,7908
2 0,0271 10,0273 01303 0,1301 | 04001 0,4003|0,6597 10,6603 | 0,790/5 0,7909
4 1 0,0271 10,0290 40,2283 0,1277 | 04087 10,4072 | 0,6603 0,669 2 | 0,804/6 0,8022
2 0,0288 0,027(6 70,1298 0,1282 | 0,4042 0,4085 | 0,6632 0,6632 | 0,801|9 0,8028
5 1 0,0271 10,0271 | 01286 0,1286 | 0,3957 0,3965 | 0,6598 0,6613 | 0,783(0 0,7814
2 0,0271,.0,0271 | 0,1293 0,1293 | 0,3957 10,3957 | 0,6544 0,6552 | 0,7822 10,7830
6 1 0,0244) 0,0267 | 0,1279 10,1303 | 04054 0,4043 | 0,6603 0,6603 | 0,795/4 0,787 2
2 00251 10,0252 | 0,1279 10,1284 | 04067 10,4030 | 0,6617 10,6608 | 0,791|6 0,7941
7 1 00269 10,0283 | 0,1288 0,1262 | 0,3878 0,3833 | 0,6418 10,6341 | 0,830{2 0,799 4
2 0,0270 10,0260 | 0,1243 10,1284 |0,3887 10,3801 | 0,6372 10,6354 | 0,800[8 0,8315
8 1 0,0272 10,0263 |0,1271 0,1295 | 0,3900 0,4016 | 0,6420 0,6416 | 0,825(0 0,8319
2 0,0279 10,0265 | 0,1242 10,1286 | 0,3955 0,3915|0,6352 10,6325 | 0,8151 10,8292
9 1 0,0268 10,0272 01298 10,1301 | 04004 0,4054 | 0,6685 0,6749 | 0,7890 0,7903
2 0,0274 10,0275 01297 0,1302 | 0,4004 10,4030 | 06617 0,6517 | 0,7859 10,7884
10 1 0,0293 10,0304 | 0,1338 0,1312 | 0,4044 0,4047 | 06591 10,6620 | 0,7903 0,7868
2 0,0292 0030101337 0,1308 | 04001 0,4081| 06491 0,6538|0,7903 0,7869
11 1 0,0311 10,0306 | 01336 0,1355|0,4081 0,4084 | 0,6770 10,6628 | 0,7962 0,7969
2 0,0304 10,0294 | 0,1352 0,1359 | 0,4074 0,4068 | 0,6765 0,6701 | 0,7906 0,8038
12 1 0,0259 10,0263 | 01325 0,1277 | 04100 04127 | 0,6397 10,6403 | 0,7985 0,8037
2 0,0250 10,0257 |0,1297 0,1309 | 04003 10,4077 | 0,6413 10,6418 | 08156 10,8127
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Table B.3 — Manganese content in iron ores: laboratory means and laboratory variances

Lab. Content level
No. 1 2 3 4 5
Laboratory mean (Unit: %)
1 0,0251 0,1180 0,414 3 0,686 7 0,823 4
2 0,0313 0,135 3 0,400 6 0,658 2 0,786 3
3 0,024 8 0,1303 0,400 4 0,660 1 0,790 8
4 0,0281 0,128 5 0,407 2 0,664 0 0,8029
5 0,0271 0,1290 0,3959 0,657 7 0,782 4
6 0,025 4 0,128 6 0,404 9 0,660 8 0,792 1
7 0,027 1 0,126 9 0,3850 0,637 1 0,815 5
8 0,027 0 0,127 4 0,394 7 0,637 8 0,825 3
9 0,027 2 0,1300 0,402 3 0,664 2 0,788 4
10 0,029 8 0,132 4 0,404 3 0,656 0 0,788 6
11 0,030 4 0,1351 0,407 7 0,671.6 0,796 9
12 0,025 7 0,130 2 0,407 7 0,640.8 0,807 6
Laboratoryvariance [Unit: (%)?2]
1 3,23 x 1077 1,29 x 1077 1,55 x 106 157 x 105 1,68 x 1079
2 1,27 x 1077 3,67 x 1078 4,58 x 106 5,11 x 10-5 8,70 x 109
3 8,02 x 106 2,92 x 10-8 4,33 x 1078 1,23 x 1077 4,67 x 1078
4 8,49 x 107 8,20 x 107 4,31 x 106 1,40 x 105 1,46 x 109
5 0 1,63 x 1077 1,60%10-7 1,15 x 105 5,87 x 1077
6 9,37 x 107 1,30 x 10-6 2,48 106 4,36 x 1077 1,30 x 1079
7 8,97 x 1077 4,37 x 1076 1,61 x 1075 1,13 x 105 3,16 x 1074
8 5,29 x 107 5,39 x 1076 2,69 x 1075 2,23 x 1075 5,43 x 1079
9 9,58 x 108 5,67 x 10°8 5,77 x 106 9,85 x 1075 3,41 x 109
10 3,50 x 1077 2,55 x 106 1,07 x 105 3,27 x 1075 3,97 x 109
11 5,09 x 107 1,02\x10-¢6 5,16 x 1077 4,43 x 1075 2,93 x 1079
12 2,96 x 1077 4,09 x 106 2,83 x 1075 9,02 x 1077 6,27 x 1073
Table B.4 —-Manganese content in iron ores: outliers and stragglers
Content Jevel | Lab Calculated statistic? Critical value?
List of outlfers (a=0;01)
1 €=0,620 Co,01(4,12) = 0,392
5 7 €=0,619 Co,01(4,12) = 0,392
List of stragglers (« = 0,05)
2 1 | G1=2,531 | G1y,05(12) = 2,412, G1,(12) = 2,636

a)  (C=Cochran’s test; G1=Grubbs’ test for one smallest outlying observation.

Table B.5 — Manganese content in iron ores: estimation of repeatability and reproducibility

standard deviations and bias of the measurement method

Content level
1 2 3 4 5
4 4 4 4 4
p 11 12 12 12 11
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Table B.5 (continued)

ISO 5725-4:2020(E)

Content level
1 2 3 4 5
f,, % 0,027 6 0,129 3 0,402 1 0,657 9 0,798 6
s, % 0,001 16 0,002 23 0,005 04 0,008 70 0,007 28
Sp, % 0,002 29 0,004 85 0,008 79 0,016 12 0,01597
y 1,98 2,17 1,75 1,85 2,19
Ay 0,2710 0,264 8 0,250 6 0,255 2 0,277 0
AysR % 0,000 62 0,001 26 0,002 20 0,004 12 ,004 42
0,34, 0,081 3 0,079 4 0,075 2 0,076 6 D,083 1
0,34,sp, % 0,000 19 0,000 39 0,000 66 0,001 23 4,001 33
w% 0,028 0,127 0,403 0,650 0,80
u(u), % 0,000 7 0,002 0 0,003 3 0,004 6 D,005 0
Ay 0,3059 0,401 8 0,375 3 0,285 3 D, 313 1
A 0,8011 0,943 2 0,884 6 0,750 2 D,819 4
Asp,|% 0,001 83 0,004 58 0,007 78 0,012 10 4,013 08
S, o -0,000 4 0,002 3 -0,000 9 0,007 9 -0,001 4
5 - Asp, % -0,002 2 -0,002 3 -0,008'7 -0,004 2 40,014 5
S+ Asp, % 0,001 5 0,006 9 0,006 8 0,0200 D,011 7
m
0,034
0,032 ¥
0,03 X %
X x =
0,028 —|
X 3
X X
0026- & XL X %
X X X
0,024 -5 X
0,022 —
0,02 |
\ \ \ \ \ \ \ \ \ \ >
0 1 2 4 5 6 7 8 10 11 12
L
Key
m manganese content in percent
L  laboratory No.
NOTE Boxed points signify that the measurement results were identified as outliers by Cochran’s test.

Figure B.1 — Manganese content in iron ores — Measurement results at content level 1
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