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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 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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Introduction

0.1 The general term accuracy is used in ISO 5725 (all parts) to refer to both trueness and precision.

The term accuracy was at one time used to cover only the one component now named trueness, but it
became clear that to many persons it should imply the total displacement of a result from a reference
value, due to random as well as systematic effects.

The term bias has been in use for statistical matters for a very long time, but because it caused certain
philosophical objections among members of some professions (such as medical and legal practitioners),
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ISO 5725 (all parts) uses two terms "trueness" and "precision” to describe thelac
surement method. "Trueness” refers to the closeness of agreement between the arith
large number of test results and the true or accepted reference value. "Precision” r
bness of agreement between test results obtained under stipulated conditions.

The need to consider "precision” arises because tests or measures‘performed on
Fical test items in presumably identical circumstances do not, in-general, yield ident

curacy of a
metic mean
bfers to the

presumably
ical results.

is attributed to unavoidable random errors inherent in every measurement procedure
influence the outcome of a measurement cannot all be completely controlled. In

om errors, in which case a real deviation from such.a_specified value has not been

rence if the difference between them can be attributed to the inherent variation in the m
edure.

The general term for variability between'@eplicate measurements is precision. Twd
recision, termed repeatability and reproducibility conditions, have been found nec
many practical cases, useful for describing the variability of a measurement met]
atability conditions, all factors thatdnfluence the measurement are considered constan
ribute to the variability, while ufider reproducibility conditions, some or all influential

do contribute to the variability. of the test results. Thus repeatability and reproducib
extremes of precision, the first describing the minimum and the second the maximun
sults. Other intermediate.conditions between these two extreme conditions also occy
ore of the factors that influence the measurement are allowed to vary, and are use
ified circumstances.-Precision is normally expressed in terms of standard deviations.

The purpose of (SO 5725 (all parts) is as follows:

fo outline the-general principles to be understood when assessing accuracy (trueness an
pbf measurement methods and results, and in applications, and to establish practical est
Lhe yarious measures by experiment (ISO 5725-1);

b)

the factors
e practical

t
pretation of measurement data, this variability should be‘taken into account. For ivIstance, the
rence between a test result and some specified value,may be within the scope of
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Lo provide basic methods for estimating the two extreme measures of the precision of m

pasurement

methods by experiment, giving the circumstances in which they apply (ISO 5725-2);

)

to provide designs for obtaining intermediate measures of precision, giving the circumstances

in which they apply and methods for estimating them and to provide some alternative designs to
those given in ISO 5725-2, for determining the precision and trueness of measurement methods for
use under certain circumstances (ISO 5725-3);

d) to provide basic methods for the determination of the trueness of a measurement method

e)

(ISO 5725-4);

to provide some alternatives to the methods, given in ISO 5725-2 to ISO 5725-4, for determining the

precision and trueness of measurement methods for use under certain circumstances (ISO 5725-5);
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f) to present some practical applications and use of these measures of trueness and precision
(ISO 5725-6).
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This document

ntroduces conditions, constraints and resources necessary to evaluate.a‘measuremen
h result;

efines an organizational scheme for the acquisition of truenesscand precision data by 4§
provides the necessary definitions, statistical model and principles for ISO 5725 (all pa

s not applicable to proficiency testing or production of the reference item that ha
standards (ISO 13528, respectively and ISO Guide 35).

This document is concerned exclusively withimeasurement methods which yield f
inuous scale and give a single value as the testtesult, although this single value may be {
calculation from a set of observations.

fines values which describe, in quantitative terms, the ability of a measurement meth
result (trueness) or to replicate a given result (precision). Thus, there is an implication
dentical item is being measured, jin exactly the same way, and that the measuremen|
br control.

document may be applied_to a very wide range of test items, including gas, liquids, p
objects, manufactured-or naturally occurring, provided that due consideration is g
rogeneity of the test item.

Normative references

following documents are referred to in the text in such a way that some or all of t
titotes requirements of this document. For undated references, the latest edition of th

document does.not include methods of calculation that are described in the other part$

]

t method or

tudy;
'ts).

b their own

esults on a
he outcome

pd to give a
that exactly
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pwders and
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eir content
referenced

document (including any amendments) applies.

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

3 Terms and definitions

For the purpose of this document, the terms and definitions given in ISO 3534-1, ISO 3534-2 and the
following apply.

The symbols used in ISO 5725 (all parts) are given in Annex A.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at https://www.electropedia.org/

31
testresult
value of a characteristic obtained by carrying out a specified test method

Note 1 to entry: The test method should specify that one or a number of individual observations be made, and
their average or another appropriate function (such as the median or the standard deviation) be reported as the
test result. If can also require standard corrections to be applied, such as correction of gas volumes to standard
temperaturel and pressure. Thus a test result can be a result calculated from several observed values,In the
simple case, fhe test result is the observed value itself.

Note 2 to eptry: When measurement is used (for methods or results) in this documentJt means tept or
measuremer]t (for methods or results).

[SOURCE: I§0 3534-2:2006, 3.4.1, modified — Note 2 to entry rephrased.]

3.2
accepted reference value
value that serves as an agreed-upon reference for comparison, which isderived as:

a) atheorgtical or established value, based on scientific principles;

b) an assigned or certified value, based on experimental work of some national or internatjonal
organization;

c) a consdnsus or certified value, based on collaborative experimental work under the auspiceg of a
scientiffic or engineering group;

d) the explectation, i.e. the mean of a specified\population of measurements when a), b) and c) ar¢ not
available.

[SOURCE: 130 3534-2:2006, 3.2.7]

3.3

level
<test item> general average of the test results (3.1) or test results (3.1) from all laboratories for| one
particular test item or test itenrtested

Note 1 to enfry: The accuracy of a measurement method is defined at each level and can be different.

34
measurement
testitem
sample whighiis prepared and can be presumed to be identical for the intended purpose

Note 1 to entry: Practical requirements are stated in the protocol of the intended purpose.

Note 2 to entry: Examples of test items: sample, product, artifact, reference test item, equipment, measurement
standard.

3.5
accuracy
closeness of agreement between a test result (3.1) and the true value

Note 1 to entry: In practice, the accepted reference value is substituted for the true value.

Note 2 to entry: The term accuracy, when applied to a set of test results, involves a combination of random
components and a common systematic error or bias component.
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3 to entry: Accuracy refers to a combination of trueness and precision.

4 to entry: Common systematic error is called bias component.

[SOURCE: ISO 3534-2:2006, 3.3.1, modified — Note 4 to entry added.]

3.6

trueness
closeness of agreement between the expectation of test results (3.1) and a true value

Note

1 to entry: The measure of trueness is usually expressed in terms of bias.

Note|2 to entry: Trueness is sometimes referred to as “accuracy of the mean”. This usage is not reconmended.
Note|3 to entry: In practice, the accepted reference value is substituted for the true value.

[SOURCE: ISO 3534-2:2006, 3.3.3]

3.7

outlfer

valup from a set of values which is inconsistent with the other values of thatset, identified byja statistical
test

Note|1 to entry: ISO 5725-2 specifies the statistical tests and the sighificance level (3.3) to be us€d to identify
outliprs in trueness and precision experiments.

3.8

bias]

diffdrence between the expectation of the test results(371) and a true value

Note| 1 to entry: Bias is the total systematic error gs“contrasted to random error. There can be [one or more
systgmatic error components contributing to the bias. A larger systematic difference from the accepted reference
valug is reflected by a larger bias value.

Note|2 to entry: The bias of a measuring.inStrument is normally estimated by averaging the error [of indication
overfan appropriate number of repeated measurements. The error of indication is the “indication ofla measuring
instrjument minus a true value of corresponding input quantity”.

Note|3 to entry: In practice, the dccepted reference value is substituted for the true value.

[SOURCE: ISO 3534-2:2006) 3.3.2]

39

bias| of the measurement method

diffdrence betweén the expectation of test results (3.1) obtained from all laboratories using the same
method on identical test or measurement items and an accepted reference value (3.2)

Note|1 tarentry: In practice, the bias of the measurement method is measured by the displacement of the average
of repults from a large number of different laboratories all using the same method. The bias of a measurement
met Ud cdll b\— d;flc\fl \—llt Clt d;lcf\—l Lllt l’C VCl’o (@).

3.10

laboratory bias

difference between the expectation of the test results (3.1) obtained from a particular laboratory and
an accepted reference value (3.2) under the conditions of a particular experiment

Note

3.11

1 to entry: It is assessed based on the performance of a particular laboratory.

laboratory component of bias B
difference between the laboratory bias (3.10) and the bias of the measurement method (3.9)

Note 1 to entry: The laboratory component of bias is specific to a given laboratory and the conditions of
measurement within the laboratory, and also it can be different at different levels of the measurement method.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=f2e88bd1f4aa781ddbef0b47edf0383b

ISO 5725-1:2023(E)

Note 2 to entry: The laboratory component of bias is relative to the overall average result, not the true or accepted
reference value.

Note 3 to entry: Laboratory component of bias can be named effect of laboratory.

Note 4 to entry: The relationship between the laboratory bias, 4, the bias of the measurement method, 6, and the
laboratory component of the bias B is detailed in ISO 5725-4.

3.12
precision

closeness of agreement between independent test results (3.1) obtained under stipulated conditions

Note 1 to ent
or the specif

Note 2 to enptry: The measure of precision is usually expressed in terms of imprecision and computed

standard dey

Note 3 to ent
and reprodu

[SOURCE: I§

3.13
repeatabil
precision u

Note 1 to en
results.

[SOURCE: I§

3.14

repeatabil
observation
identical te
the same eg

Note 1 to enfry: Repeatability conditions.include:

a) The san
b) The sam
c) The san
d) The san
e) Repetiti

ry: Precision depends only on the distribution of random errors and does not relate to the true
ed value.

riation of the test results. Less precision is reflected by a larger standard deviations

ry: Quantitative measures of precision depend critically on the stipulated conditions. Repeata
ribility conditions are particular sets of extreme conditions.

0 3534-2:2006, 3.3.4]

ty
nder repeatability conditions (3.14)

'ry: Repeatability can be expressed quantitatively in terms of the dispersion characteristics d

0 3534-2:2006, 3.3.5]

ty conditions

conditions where independent teSt results (3.1) are obtained with the same metho
5t or measurement items in the §ame test or measuring facility by the same operator y
uipment within short intervals of time

e measurement proceduyé or test procedure;

e operator;

e measuring‘ertest equipment used under the same conditions;
e location

on over a short period of time.

ralue

as a

hility

f the

d on
sing

[SOURCE: 1SO7353%4=272006, 373761

3.15

repeatability standard deviation
standard deviation of test results (3.1) obtained under repeatability conditions (3.14)

Note 1 to entry: It is a measure of dispersion of the distribution of test results under repeatability conditions.

Note 2 to entry: Similarly "repeatability variance” and “repeatability coefficient of variation” can be defined and
used as measures of the dispersion of test results under repeatability conditions.

Note 3 to entry: Coefficient of variation should be used with caution. Variance or standard deviation is preferred.

[SOURCE: ISO 3534-2:2006, 3.3.7, modified — Note 3 to entry added.]
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3.16

repeatability critical difference

value less than or equal to which the absolute difference between two final values, each of them
representing a series of test results (3.1) obtained under repeatability (3.13), is expected to be with a
specified probability

Note 1 to entry: Examples of final results are the mean and the median of the series of results; the series itself can
consist of only one result.

[SOURCE: ISO 3534-2:2006, 3.3.8]

3.17,
rep¢atability limit
r
repeptability critical difference (3.16) for a specified probability of 95 %

[SOYRCE: ISO 3534-2:2006, 3.3.9]

3.18
reproducibility
predision under reproducibility conditions (3.19)

Note|1 to entry: Reproducibility can be expressed quantitatively in terms of the dispersion charactdristics of the
resujts.

Note|2 to entry: Results are usually understood to be corrected results.
[SOURCE: ISO 3534-2:2006, 3.3.10]

3.19
reproducibility conditions
obsdrvation conditions where independent test results (3.1) are obtained with the same|method on
identical test or measurement items in different test or measurement facilities with different operators
using different equipment

[SOYRCE: 1SO 3534-2:2006, 3.3.11]

3.20
reproducibility standard deviation
standard deviation of test results (3.1) obtained under reproducibility conditions (3.19)

Note| 1 to entry: It is“@) measure of the dispersion of the distribution of test results under reproducibility
condjitions.

Note|2 to entryTSimilarly a "reproducibility variance” and "reproducibility coefficient of variation” cdn be defined
and fised assmedsures of the dispersion of test results under reproducibility conditions.

[SOUREE: ISO 3534-2:2006, 3.3.12]

3.21

reproducibility critical difference

value less than or equal to which the absolute difference between two final values, each of them
representing a series of test results (3.1) obtained under reproducibility conditions (3.19), is expected to
be with a specified probability

Note 1 to entry: Instances of final results are the mean and the median of the series of test results, the series
itself can consist of only one test result.

[SOURCE: ISO 3534-2:2006, 3.3.13]
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3.22

reproducibility limit

R

reproducibility critical difference (3.21) for a specified probability of 95 %

[SOURCE: ISO 3534-2:2006, 3.3.14]

3.23

intermediate precision
precision under intermediate precision conditions

02024 2.200N¢ 2
\CArviviv e ey Ty ~Avavav e

Qo

[SOURCE: I§

3.24

intermedis
conditions Y
items in the

Note 1 to enffry: There are four elements to the operating condition: time, calibration, operator and equipmg

Note 2 to ent
facility;

Note 3 to ent
be different

Note 4 to enflry: The above conditions can change independently.

[SOURCE: I

3.25
intermedis
standard de

[SOURCE: I

3.26
intermedid
value less f{

representing a series of test resuits (3.1) obtained under intermediate precisions conditions (3.24

expected tg
[SOURCE: I

3.27
intermedid
intermediat

)

151
o]

te precision conditions

same test or measurement facility, under some different operating condition

Fy: Atesthouse is an example of a test facility. A metrology laboratory is arrexample of a measure

ry: In addition to the four elements of the operating condition listed above, some more element§
s batch, preparation and others.

0 3534-2:2006, 3.3.16, modified —Notes 3 and4‘to entry added.]

te precision standard deviation
viation of test results (3.1) obtained unider intermediate precision conditions (3.24)

0 3534-2:2006, 3.3.17]

te precision critical difference
han or equal to which the absolute difference between two final values, each of t

be with a specifiedprobability
0 3534-2:2006, 8.3.18]

te precision limit
e precision critical difference (3.26) for a specified probability of 95 %

vhere test results (3.1) are obtained with the same method, on identical test or measurefnent

nt;

ment

may

hem
), is

[SOURCE: I

0:3534.-2:2006, 3.3 10]

4 General principles and practices of accuracy experiments

4.1 Accuracy experiment

4.1.1 The accuracy (trueness and precision) measures should be determined from a series of test
results reported by the participating laboratories, organized under a panel of experts established

specifically

for that purpose.

Such an interlaboratory experiment is called an “accuracy experiment”. The accuracy experiment may
also be called a “precision” or “trueness experiment” according to its limited purpose. If the purpose
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is to determine trueness, then a precision experiment shall either have been completed previously or
shall occur simultaneously.

The estimates of accuracy derived from such an experiment should always be quoted as being valid

only

for tests carried out according to the standard measurement method.

4.1.2 An accuracy experiment can often be considered to be a practical test of the adequacy of the
standard measurement method. One of the main purposes of standardization is to eliminate differences
between users (laboratories) as far as possible, and the data provided by an accuracy experiment will
reveal how effectively this purpose has been achieved. Pronounced differences in the within-laboratory
variances (see Clause 7) or between the laboratory means may indicate the inadequacy of t

he standard

mea

4.2

4.2
beer
mea
be c
and

4.2.
resp

NOT

4.3

4.3.
sent
diffe

N |

surement method.
Standard measurement method

In order that the measurements are made in the same way, the measurement metho

hs that there has to be a written document that lays down in full detail how the measur
hrried out, preferably including a description as to how the measurement item should
prepared.

D

onsible for the establishment of the measurement method under study.

[
»

The standard measurement method is discussed@nore fully in 6.2.
Requirements concerning test items

| In an accuracy experiment, samples:of a specific test item or samples of a specific
from a central point to a number of-laboratories in different places, different countrie
rent continents. The definition of\repeatability conditions (3.14) stating that the me

in these laboratories shall be performed on identical test items refers to the moment

mea

a)
b)

In oy

NOT

4.4

surements are actually carried out. To achieve this, two different conditions have to be
Lhe samples have to be idéntical when dispatched to the laboratories but at one or diffe

they have to remaiidentical during transport and during the different time interva
blapse before the‘measurements are actually performed.

ganizing aecliracy experiments, both conditions shall be carefully observed.

L
[
M

The'Selection of test items is discussed more in details in 6.4.

d shall have

standardized. All measurements shall be carried out according to that standard method. This

ement shall
be obtained

The existence of a documented measurement method implies the existence of an organization

product are
5, O even in
nsurements
when these
satisfied:

rent levels;

Is that may

Conditions for evaluation of repeatability (short intervals of time)

4.4.1 According to the definition of repeatability conditions (3.14), measurements for the
determination of repeatability have to be made under constant operating conditions; i.e. during the
time covered by the measurements, factors such as, by example, those listed should be constant:

a)
b)
‘)
d)
e)

the operator (experience, dexterity, ..

the time elapsed between measurements;

)

J

the equipment or test bench used;
the calibration of the equipment;

the environment (temperature, humidity, air pollution, vibration, etc.);

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=f2e88bd1f4aa781ddbef0b47edf0383b

ISO 5725-1:2023(E)

f)

g) preparation of test item;

the batch of reagent;

h) other influential factors.

These influent factors should be constant. In particular, the equipment should not be recalibrated or
readjusted between the measurements unless this is an essential part of every single measurement.
In practice, tests under repeatability conditions should be conducted in as short a time as possible in
order to minimize changes in those factors, such as environmental, which cannot always be guaranteed
constant.

4.4.2 There is also a second consideration which may affect the interval elapsing bgety
measurements, and that is that the test results are assumed to be independent. If it is feared
previous rgsults may influence subsequent test results (and so reduce the estimate ofjrepeatak
variance), if may be necessary to provide separate test items coded in such a way thataw operator
not know which are supposedly identical. Instructions would be given as to the orderin which t
test items afre to be measured, and presumably that order will be randomized so that'all the “ident
test items pre not measured together. This might mean that the time intefval between repe
measurements may appear to defeat the object of a short interval of time unless the measurement
of such a nafure that the whole series of measurements could all be completéd within a short intery,

veen
that
ility
will
hose
ical”
ated
b are
al of

time. Comn

4.5 Cond

The “truene
for the proj
to have an 3
testitems o
by referenc
measureme
the results

4.6 Participating laboratories

46,1 Ab
repeatabilit
procedure,
which will
repeatabilit
deviation fi
procedure i

on sense must prevail.

itions for evaluation of trueness

ss” of a measurement method is of interest whentit is possible to conceive of a true y
erty being measured. Although the true value cannot be known exactly, it may be pos
ccepted reference value for the property being‘measured; for example, if suitable refer
' measurement standards are available, or ifithe accepted reference value can be establi

nt method can be investigated by comparing the accepted reference value with the ley
biven by the measurement method.Trueness is normally expressed in terms of bias.

hsic assumption underlying this document is that, for a standard measurement met
y will be, at least-approximately, the same for all laboratories applying the stan
5o that it is permissible to establish one common average repeatability standard devig
be applicable tonany laboratory. However, by carrying out a series of measurements u
y conditions/any laboratory can arrive at an estimate of its own repeatability stan

s dealtith in ISO 5725-6.

4.6.2 Val

alue
sible
ence
shed

e to another measurement method or bypreparation of a known sample. The trueness of the

el of

hod,
dard
ition
nder

dard

br the measurement method and check it against the common standard value. Such a

hich

ésof the quantities defined in 3.10 to 3.26 apply theoretically to all laboratories w

are likely to perform the measurement method. In practice, they are determined from a sample of this
population of laboratories. Further details of the selection of this sample are given in 6.3. Provided
the instructions given there regarding the number of laboratories to be included and the number
of measurements that they carry out are followed, then the resulting estimates of trueness and
precision should suffice. If, however, at some future date it should become evident that the laboratories
participating were not, or are no longer, truly representative of all those using the standard
measurement method, then the measurement should be repeated.

4.7 Influential factors (observation conditions)

4.71 The factors which contribute to the variability of the observed values obtained within a
laboratory are listed in 4.4.1. They may be given as time; operator and equipment when observations
at different times include the effects due to the change of environmental conditions, the calibration
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of equipment between observations and other factors. Under repeatability conditions, observations
are carried out with all these factors constant, and under reproducibility conditions observations
are carried out at different laboratories; i.e. not only with all the other factors varying but also with
additional effects due to the difference between laboratories in management and maintenance of the
laboratory, stability checking of the observations, etc.

4.7.2 Under intermediate precision conditions, observations are carried out in the same laboratory,
but one or more of the influential factors are allowed to vary. In establishing the precision of a
measurement method, it is very important to define the appropriate observation conditions, i.e. which
influential factors should be constant or not.

4]

NOTE The size (magnitude) of the variability arising from a factor will depend on the measufement method.

5 Btatistical model

5.1 | Basic model
In tHis standard the model is not a physical or chemical equation, but by.a-statistical model.

For ¢stimating the accuracy (trueness and precision) of a measurentent method, it is usefulfto consider
the statistical model according to which every test result. So the€ basic model given by Formula (1) is
used:

y=m+B+e D
where, for the particular test item tested,

m is the general mean (expectation);

B is the laboratory component of hias under repeatability conditions;

TO

is the random error occurring/in every measurement under repeatability conditions.

NOTE1  Methods described indSO 5725-2 to evaluate precision parameters (variance of B and fariance of e)
are Hased on this basic statistiealmodel. Alternative models are described in ISO 5725-3 and ISO 57R5-4.

NOTE 2  The general mean, m, includes the bias of the measurement method. The relationship is|described in
ISO §725-4.

5.1.1 General‘urean, m

5.1.1.1 For‘the particular test item, the general mean m is the level of a particular test item. Test
items of different purities of a chemical, or different test items (e.g. different types of stee|), will have
diffdrent levels. In many technical situations the level of the test item is exclusively determined by
the measurement method, and the notion of an independent true value does not apply. However, in
some situations the concept of a true value p of the test property may hold good, such as the accepted
reference concentration of a solution that is being titrated. The level m is not necessarily equal to the
true value or accepted reference value p.

5.1.1.2 When examining the difference between results obtained by the same measurement
method, the bias of the measurement method will have no influence and can be ignored. However,
when comparing test results with a value specified in a contract or a standard where the contract or
specification refers to the true value (¢) and not to the “mean of the test item ”(m), or when comparing
results produced using different measurement methods, the bias of the measurement method will have
to be taken into account. If a true value exists and a satisfactory reference test item is available, the bias
of the measurement method should be determined as shown in ISO 5725-4.
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5.1.2 Laboratory component of bias: term B

5.1.2.1 This term is considered to be constant during series of tests performed under repeatability
conditions, but differs in value for tests carried out under other conditions (intermediate precision
conditions/reproducibility conditions).

Using the basic model, it is considered that the repeatability conditions are the conditions for a given
laboratory.

When other sources of variation are identified (e.g. assembly/disassembly of test items) they could be
taken into account in the repeatability conditions. For example, with a more complicated model with a

laboratory
and given s

Coming ba
laboratory

The varian
must be est

The proced
were devel
normal but
symmetric.

NOTE W
to determin
experiment,
regarding d
laboratories
bias must be|

effect and an operator effect, these conditions apply for a given laboratory, a given opel
burces of variation.

'k to the basic model, as there are several laboratories then a general distributig
fomponents of bias must be considered.

re of the between-laboratory variance is the unknown variance of that* distribution
imated.

ires to evaluate precision parameters (variance of B and variance of e), given in ISO 57
bped assuming that the distribution of laboratory components of bias is approxim
in practice they work for most distributions that areyunimodal and approxim

(hen test results are always compared between the sametwo laboratories, it is necessary for
b their relative bias, either from their individual bia§’values as determined during an accy

fferences between two unspecified laboratoriéss or when making comparisons between
that have not determined their own bias, theh'@’general distribution of laboratory componeri
considered. This was the reasoning behind the'concept of reproducibility.

5.1.2.2 The variance of B is called the “between-laboratory” variance and is expressed as show

Formula (2]

var(B)

where 0'%

generally a
laboratory {

:O'f

includes at least/the “between-operator” and “between-equipment” variabilities

| variabilities daeyto the change of an influential factor in a given laboratory or from
o another.

In the basic precisionf experiment described in ISO 5725-2, these components are not separ

Methods ar

e givensin 1SO 5725-3 for measuring the variance component of B.

ator

n of

that

25-2
htely
htely

them
racy

pr by carrying out a private trial between themselves,However, in order to make general statenpents

two
ts of

m in

(2)

and
one

ted.

5.1.2.3 In|general, B can be considered as the sum of both random and systematic components. No
attempt is made to give here an exhaustive list of the factors that contribute to B, but they include
different climatic conditions, variations of equipment within the manufacturer's tolerances, and even
differences in the techniques in which operators are trained in different places.

5.1.3 Errorterme

5.1.3.1 This term represents a random error occurring in every test result and the procedures
given throughout this document were developed assuming that the distribution of this error variable
was approximately normal, but in practice they work for most distributions provided that they are
unimodal.
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5.1.3.2 Within a single laboratory, its variance under repeatability conditions is called the within-
laboratory variance and is expressed as shown by Formula (3):

(3)

var(e)zaﬁ/

When the ANOVA model is used to estimate the repeatability standard deviation, that residual standard
deviation takes into account all variabilities except those linked to the factors included in the model of

analysis of variance.

5.1.3.3 It may he expected that rryzy will have different values in different laharataries due to
diffdrences, such as in the sKills of the operators, but in this document it is assumed that for a properly
standardized or defined measurement method, such differences between laboratories'shoflld be small
and [that it is justifiable to establish a common value of “within laboratory” yvariance| for all the
labofatories using the measurement method.

This| common value, called the repeatability variance, O'rz, is estimated as{the arithmetic mean of the
“within laboratory” variance, as given by Formula (4):

52 =var(e)=04 “4)
This|arithmetic mean is taken over all those laboratories taking part in the accuracy experiment which
remains after outliers have been excluded (see ISO 5725:2),

NOTE Methods are given in ISO 5725-2 for estimatingthé precision.
5.2 | Relationship between the basic modeél and the precision

5.2.
vari
vari

| When the basic model in 5.1 is adopted, the repeatability variance is measured dif
hince of the error term e, but the reproducibility variance depends on the sum of the r
ince and the between-laboratory variance mentioned in 5.1.2.2.

ectly as the
bpeatability

5.2.2 Two quantities are required as measures of precision, the repeatability standarg deviation,
givenh by Formula (5):

5, = var (e) (5)
and the reproducibility standard deviation, given by Formula (6):

5p =\0F +07 (6)

5.3

Bias of the measurement method

The bias of the measurement method § =m—pu is estimated by 6 = m—u where m is an estimate of
the general mean m and u is the true value (if known) or the accepted reference value.

NOTE Methods to evaluate the bias are given in ISO 5725-4.

5.4 Alternative models

Extensions to the basic model are used when appropriate and are described in the relevant parts of
ISO 5725.
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6 Experimental design of an accuracy experiment
6.1 Planning of an accuracy experiment

6.1.1 The actual planning of an experiment to estimate the precision and/or trueness of a
measurement method should be the task of a panel of experts familiar with the measurement method
and its application. At least one member of the panel should have experience in the statistical design
and analysis of experiments.

a) Isthe nmeasurement method completely defined or developed?

b) How many laboratories should be recruited to cooperate in the experiment?

c¢) How shpuld the laboratories be recruited, and what requirements should theyéatisfy?
d) What if the range of levels encountered in practice?

e) How many levels should be used in the experiment?

f) What afe suitable test items to represent these levels and how should they be prepared?

g) What number of replicates should be specified?

j) Are any special precautions needed to ensurethat identical test items are measured in the Jame

As stated in 4.2, the measurement method under investigation shall be one that has been standardjzed.
Such a method has to be robust, i.e(sniall variations in the procedure should not produce unexpectedly
large changgs in the results. If thisymight happen, there shall be adequate precautions or warnings| It is
also desirable that in the procéss of developing a standard measurement method every effort has pbeen

Similar expgrimental procedures may be used to measure the trueness and precision of both established
measuremgnt metha@ds'and recently standardized measurement methods. In the latter case, the results
obtained should_be*regarded as preliminary estimates, because the trueness and precision dould

3 z 3 . ntial
operations concerning the environment of the procedure, the reagents and apparatus, preliminary
checking of equipment, and the preparation of the test item should be included in the measurement
method, possibly by references to other written procedures that are available to the operators. The
manner of calculating and expressing the test result should be precisely specified, including the number
of significant figures to be reported.

6.3 Selection of laboratories for the accuracy experiment

From a statistical point of view, those laboratories participating in any experiment to estimate accuracy
should have been chosen at random from all the laboratories using the same measurement method.

Volunteers might not represent a realistic cross-section, and they should represent all those using the
standard measurement method. However, other practical considerations, such as a requirement that
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the participating laboratories be distributed over different continents or climatic regions, may affect
the pattern of representation.

The participating laboratories should not consist exclusively of those that have gained special experience
during the process of standardizing the method. Neither should they consist of specialized “reference”
laboratories in order to demonstrate the accuracy to which the method can perform in expert hands.

A guide for deciding on how many laboratories and replications are required for an estimate of precision
is given in ISO 5725-2 and ISO 5725-3; and correspondingly "on estimating bias in ISO 5725-4.”

If the laboratories participating were not, or are no longer, sufficiently representative of all those using
the easurermentmet ddafinad +1 hao aynar

129N d oant A rannata
ICAOUT CITICIIU IIICLIIUU UCTITIICY, LTI LIIC \/Ay\/l

Iment orannociirara it ch a1 d
TITICIIVU U TIICdAdOoUITr CITIVIIU O1IUuUIUuU UC 1 bypu\,u\ "

6.4 | Selection of test items to be used for an accuracy experiment

6.4.]
shoy
A sy
met
acc

ent method
normal use.
pasurement
| by further

| The testitems to be used in an experiment to determine the accuracy of.@measuren
1d represent fully those to which the measurement method is expected t0\b€ applied in
aller number might be appropriate in the first investigation of a recently developed m
od when it is suspected that modifications to the method may be-hecessary, followec
racy experiments.

6.4.2 When the measurements have to be performed on discyete test items that are nof altered by

mea
labo
labo
loss

they

pury

6.4.
whe
whe

6.4.4
(suc
sam
mea

suring, they could, in principle at least, be carried out uSing the same set of test items
ratories. This, however, would necessitate circulating:the same set of test items ar
Fatories often situated far apart, in different countries or continents, with a consider]
or damage during transport. If different test itents are to be used in different labor
shall be selected in such a way as to ensure that'they can be presumed to be identical
oses.

B When selecting the test items to répresent one or the different levels, it should be
[her test items should be specially homogenized before preparing the samples for
Lher the effect of the heterogeneity of the test items should be included in the accuracy

l  When measurements have to be performed on solid test items that cannot be h
h as metals, rubber or(textile fabrics) and when the measurements cannot be repe
e test item, inhomogeneity in the test item will form an essential component of the pre
surement and the ideaof identical test item no longer holds good. Precision experiment;
ed out, but the valites of precision may only be valid for the particular test item used an

dem
orb
ISO

ed as such. A<mgre universal use of the precision as determined will be acceptable onl}
nstrated that the values do not differ significantly between test items produced at diff
different producers. This would require a more elaborate experiment than has been cg
725 (all'parts).

in different
ound many
able risk of
ories, then
or practical

considered
lispatch, or
values.

bmogenized
hted on the
rision of the
can still be
d should be
v if it can be
erent times
nsidered in

ity in the test

results arising from differences between the test items on which the measurements are performed
shall either be negligible compared to the variability of the measurement method itself, or else shall
form an inherent part of the variability of the measurement method, and thus be truly a component of
precision.

6.4.6 When the test items under measurement might change with time, the overall time-scale of the
experiment should be chosen to take this into account. It might be appropriate in some cases to specify
the times at which the test items are to be measured.

6.4.7 In all above, reference is made to measuring in different laboratories, with the implication of
transportation of the test items to the laboratory, but some test items are not transportable, such as an
oil storage tank. In such case, measuring by different laboratories means that different operators are
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sent with their equipment to the test site. In other cases, the quantity being measured may be transitory
or variable, such as water flow in a river, when care shall be taken that the different measurements are
made under, as near as possible, the same conditions. The guiding principle must always be that the
objective is to determine the ability to repeat the same measurement.

6.4.8 The establishment of precision values for a measurement method presupposes that the precision
either is independent of the test item being tested, or depends on the test item in a predictable manner.
With some measurement methods it is possible to quote the precision only in relation to one or more
definable classes of test items. Such data will be only a rough guide to the precision in other applications.
More often it is found that the precision is closely related to the level of the test, and determination of
the precisiq ship ore,

lavzal
TEVETT

nthoan sl dnc dlbhn actablichonnnt ~F o - nlab s atazanm oty o Thayr
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reproducibility standard deviations under the conditions defined in 3.14 and 3.19, then the basic m

of 5.1 shall
deviations,
intermediat
shall be use

7.1.2 Wh
with a stat
varies with
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7.1.3 Wh
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general me
similar exp

7.1.4 The

hing precision values for a standard measurement method, it is recommended that-thg
1 the precision experiment should be clearly specified along with the range of test\ten
nlues can be expected to apply.

the assessment of trueness, at least one of the test items used shouldihave an acce
hlue. If it is likely that trueness varies with level, test items with accepted reference v4
led at several levels.

tion of accuracy data
cation values of trueness and precision

bn the aim of a precision experiment is to obtain estimates of the repeatability

be used. ISO 5725-2 then provides an appropriate method of estimating these stan
or an alternative may be found in ISO §725-3. When the aim is to obtain estimate
e measures of precision, then the alternative model and the methods given in ISO 57
d.

bnever the bias of the measurenient method has been determined, it should be publi
ement regarding the reference against which that bias was determined. Where the
the level of the test, publication should be in the form of a table giving the level, the bi
, and the reference usedsin that determination.

bn an interlaboratery experiment has been performed for estimating trueness or preci
pating laboratory should be informed of its laboratory component of bias relative tdg
in as determined from the experiment. This information could be of value in the futy
briments@re performed, but should not be used for calibration purposes or any correct

test
s to

pted
lues

and
odel
dard
bs of
25-3

shed
bias
NS as

sion,

the
re if
ons.

method shd

repeatability and reproducibility standard deviations for any standard measure
1I"be determined as laid down in ISQ 5725-2, ISO 5725-3 and ISO 5725-5, and shou;E

ent
be

published as part of the standard measurement method under a section entitled precision. This section
may also show the repeatability and reproducibility limits (r and R). When precision does not vary
with level, single average figures can be given in each case. Where precision varies with the level of
the test, the publication should be in the form of a table, such as Table 1, and may also be expressed as
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