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Foreword

ISO (the Intefnational Organization for Standardization) is a worldwide
federation of hational standards bodies (ISO member bodies). The work
of preparing Ipternational Standards is normally carried out through I1SO
technical committees. Each member body interested in a subject for
which a techmical committee has been established has the right to be
represented oh that committee. International organizations, governmental

and non-gove

collaborates ¢
(IEC) on all m4

Draft Internat
circulated to t
Standard requ
a vote.

International S

nmental, in liaison with ISO, also take part in the work. ISO
osely with the International Electrotechnical Commission
tters of electrotechnical standardization.

onal Standards adopted by the technical committees are
he member bodies for voting. Publication as an International
res approval by at least 75 % of the member bodies casting

tandard ISO 5725-1 was prepared by Technical Committee

ISO/TC 69, Applications of statistical methods, Subcommittee SC 6,
Measurement methods and results.
ISO 5725 consists of the following parts, under the genéral title Accuracy

(trueness and|
— Part 1:

— Part 2: |
producif

— Part 3:
measurd

— Part 4:
Sstandard

— Part 5:
of a sta

— Part 6:

precision) of measurement methods and results:
Feneral principles and definitions

Basic method for the determiination of repeatability and re-
ility of a standard measurement method

htermediate measures’ of the precision of a standard
ment method

Basic methods_for the determination of the trueness of a
measurement method

\Iternative methods for the determination of the precision
ndard measurement method

Use in practice of accuracy values

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

Annexes A and B form an integral part of this part of ISO 5725. Annex C
is for information only.
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0.1 ISO 5725 uses two terms “trueness” and "precisio
the accuracy of a measurement method. “Trueness” refer
ness of agreement between the arithmetic meanof a large

results and the true or accepted reference valug. “Precision

closeness of agreement between test results.

0.2 The need to consider “precision” arises because te

on presumably identical materjals-in presumably identical
do not, in general, yield identical results. This is attributed
random errors inherent in évery measurement procedure; t
influence the outcome<of a measurement cannot all

controlled. In the practical interpretation of measurement
ability has to be taken’into account. For instance, the differ
a test result and, some specified value may be within thg
avoidable random errors, in which case a real deviation
specified value has not been established. Similarly, compari
from twe'bBatches of material will not indicate a fundame
ference-if the difference between them can be attributed f{
variation in the measurement procedure.

0.3 Many different factors (apart from variations betwe
identical specimens) may contribute to the variability of
measurement method, including:

a) the operator;

b) the equipment used;

c) the calibration of the equipment;

d) the environment (temperature, humidity, air pollution, €

" to describe
5 to the close-
humber of test
" refers to the

sts performed
circumstances
to unavoidable
he factors that
be completely
data, this vari-
ence between

scope of un-

from such a
ng test results
ntal quality dif-
o the inherent

en supposedly
results from a

tc.);

e) the time elapsed between measurements.

The variability between measurements performed by different operators
and/or with different equipment will usually be greater than the variability
between measurements carried out within a short interval of time by a

single operator using the same equipment.

0.4 The general term for variability between repeated measurements is

precision. Two conditions of precision, termed repeatability

and reproduc-

ibility conditions, have been found necessary and, for many practical
cases, useful for describing the variability of a measurement method. Un-
der repeatability conditions, factors a) to e) listed above are considered
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constants and do not contribute to the variability, while under reproduc-
ibility conditions they vary and do contribute to the variability of the test
results. Thus repeatability and reproducibility are the two extremes of
precision, the first describing the minimum and the second the maximum
variability in results. Other intermediate conditions between these two
extreme conditions of precision are also conceivable, when one or more
of factors a) to e) are allowed to vary, and are used in certain specified
circumstances. Precision is normally expressed in terms of standard devi-
ations.

Aaac aciirars
T3S

P . . .
of-a-Freasurerrent method-is—of-interest-when-itis

0.5 The "tru

Tt

hceive of a true value for the property being measured. Al-
e measurement methods, the true value cannot be known

possible to co
though, for so

exactly, it ma

property being
available, or if
ttiter measurement method or by preparation of a known

ence to ano
sample. The
by comparing
given by the

terms of bias
measurement
of one elemer

0.6 The ger

trueness and

be possible to have an accepted reference value for the
measured; for example, if suitable reference materials are
the accepted reference value can be established by refer-

ueness of the measurement method can be investigated
the accepted reference value with the level of the results
measurement method. Trueness is normally expressed in
Bias can arise, for example, in chemical analysis if the
method fails to extract all of an element, or if the presence
t interferes with the determination of another.

eral term accuracy is used in ISO 5725 to refer tp, both
brecision.

The term accyracy was at one time used to cover only the ong component
now named tiueness, but it became clear that to many persons it should
imply the totgl 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 philosophicaltobjections among members
of some profgssions (such as medical and legal practitioners), the positive
aspect has belen emphasized by the invehtion of the term trueness.

vi
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Accuracy (trueness and precision) of measurement
methods-and-results

Part
Gen

1

1.1

a)

b)

c)

d)

e)

f)

1:

Scope

Thhe purpose of ISO 5725 is as follows:

to qutline the general principles to be understood
when assessing accuracy (trueness and precision)
of measurement methods and results, and-in ap-
plications, and to establish practical(estimations
of | the various measures by’ experiment
(1ISQ 5725-1);

to grovide a basic method-for’estimating the two
extleme measures of the-precision of measure-
ment methods by experiment (ISO 5725-2);

to provide a precedure for obtaining intermediate
measures of precision, giving the circumstances
in which_tRey apply and methods for estimating
them (ISO 5725-3);

oral principles and definitions

1.2 ~This part of ISO 5725 is concerned exclusively
with-measurement methods which \ield measure-

ments on a continuous scale and give
as the test result, although this single

a single value
value may be

the outcome of a calculation from a set of observa-

tions.

It defines values which describe, i
terms, the ability of a measurement n
a correct result (trueness) or to replicats
(precision). Thus there is an implicatig
the same thing is being measured,
same way, and that the measurement
der control.

This part of ISO 5725 may be applied
range of materials, including liquids,
solid objects, manufactured or natur
provided that due consideration is
heterogeneity of the material.

h quantitative
hethod to give
a given result
n that exactly
n exactly the
process is un-

fo a very wide
powders and
ally occurring,
given to any

to provide basic methods for the determination
of the trueness of a measurement method
(ISO 5725-4);

to provide some alternatives to the basic meth-
ods, given in ISO 5725-2 and ISO 5725-4, for de-
termining the precision and trueness of
measurement methods for use under certain cir-
cumstances (ISO 5725-5);

to present some practical applications of these
measures of trueness and precision (ISO 5725-6).

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 5725. At the time of publication, the

editions indicated were valid. All standa
to revision, and parties to agreements
part of ISO 5725 are encouraged to i
possibility of applying the most recent

rds are subject
based on this
nvestigate the
editions of the

standards indicated below. Members of IEC and ISO
maintain registers of currently valid International

Standards.
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ISO 3534-1:1993, Statistics — Vocabulary and sym-
bols — Part 1: Probability and general statistical
terms.

ISO 5725-2:1994, Accuracy (trueness and precision)
of measurement methods and results — Part 2: Basic
method for the determination of repeatability and re-
producibility of a standard measurement method.

ISO 5725-3:1994, Accuracy (trueness and precision)
of measurement methods and results — Part 3:

© |ISO

3.5 accepted reference value: A value that serves
as an agreed-upon reference for comparison, and
which is derived as:

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

b) an assigned or certified value, based on exper-
imental work of some national or international or-
ganization;

Intermediate measures of the precision of a standard
measuremeny method.

ISO 5725-4:1994, Accuracy (trueness and precision)
of measuremént methods and results — Part 4: Basic
methods for the determination of the trueness of a
standard measurement method.

3 Definitipns

For the purppses of ISO 5725, the following defi-
nitions apply.

Some definitipns are taken from ISO 3534-1.

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

3.1 observed value: The value of a characteristic
obtained as the result of a single observation.

[ISO 3534-1]

3.2 test regult: The value of a/characteristic ob-
tained by carrying out a specifiedtest method.

NOTE 1  The| test method should specify that one or a
number of indiyidual observations be made, and their aver-
age or another|appropriate~fanction (such as the median or
the standard ddviation):be reported as the test resulit. It may
also require sfandard>corrections to be applied, such as

c) a consensus or certified value, based on [collabor-
ative experimental work under the auspices of a
scientific or engineering group;

d) when a), b) and c) are not_available, thx expec-
tation of the (measurable)guantity, i.e. the mean
of a specified populationvof measurements.

[ISO 3534-1]
3.6 accuracy:The closeness of agreement between
a test result and“the accepted reference valug.
NOTE 2 Fhe term accuracy, when applied to a det of test

results,Ginvolves a combination of random components and
a common systematic error or bias component.

[1SO 3534-1]

3.7 trueness: The closeness of agreement between
the average value obtained from a large serigls of test
results and an accepted reference value.

NOTES

3 The measure of trueness is usually expressed in terms
of bias.

4 Trueness has been referred to as “accuraqy of the
mean”. This usage is not recommended.

[ISO 3534-1]

correction of ¢as volumes to standard temperature and 3.8 bias: The difference between the exbectation
ressure. Thusla telst :ewmmmm_rmm_m_é' :
P of the UItS and an accepted reierence value.

several observed values. In the simple case, the test result
is the observed value itself.

[ISO 3534-1]

3.3 level of the test in a precision experiment:
The general average of the test results from all lab-
oratories for one particular material or specimen
tested.

3.4 cell in a precision experiment: The test results
at a single level obtained by one laboratory.

NOTE 5 Bias is the total systematic error as contrasted
to random error. There may be one or more systematic error
components contributing to the bias. A larger systematic
difference from the accepted reference value is reflected
by a larger bias value.

[ISO 3534-1]

3.9 laboratory bias: The difference between the
expectation of the test results from a particular lab-
oratory and an accepted reference value.
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3.10 bias of the measurement method: The dif-
ference between the expectation of test results ob-
tained from all laboratories using that method and an
accepted reference value.

NOTE6 One example of this in operation would be
where a method purporting to measure the sulfur content
of a compound consistently fails to extract all the sulfur,
giving a negative bias to the measurement method. The
bias of the measurement method is measured by the dis-
placement of the average of results from a large number
of different lahoratories all using the same method. The bias

ISO 5725-1:1994(E)

by the same operator using the same equipment
within short intervals of time.

[1SO 3534-1]

3.15 repeatability standard deviation: The stan-
dard deviation of test results obtained under repeat-
ability conditions.

NOTES

of a mdasurement method may be different at different
levels. :

3.11 laboratory component of bias: The difference
betwedgn the laboratory bias and the bias of the
measurfement method.

NOTES

7 The [aboratory component of bias is specific to a given
laboratofy and the conditions of measurement within the
laboratofy, and also it may be different at different levels of
the test

8 The |laboratory component of bias is relative to the
overall gverage result, not the true or reference value.

3.12 precision: The closeness of agreement be-
tween [ndependent test results obtained under stipy-
lated conditions.

NOTES

9 Prec]sion depends only on the distribution of random
errors apd does not relate to the true value or the specified
value.

10 Thg measure of precision,is.usually expressed in terms
of imprgcision and computed.as’a standard deviation of the
test reslilts. Less precision-is reflected by a larger standard
deviatiof.

11 “Independent test results” means results obtained in

a manngr not influenced by any previous result on the same

or similpr test/object. Quantitative measures of precision
depend|critically on the stipulated conditions. Repeatability
and repl bty it e ie e extren
conditions.

[ISO 3534-1]

3.13 repeatability: Precision under repeatability
conditions.

[ISO 3534-1]

3.14 repeatability conditions: Conditions where
independent test results are obtained with the same
method on identical test items in the same laboratory

12 It is a measure of dispersion of theidistribution of test
results under repeatability conditions,

13 Similarly “repeatability variance”™ and repeatability co-
efficient of variation” could be.defined and used as meas-
ures of the dispersion of,tést results under repeatability
conditions.

[ISO 3534-1]

3.16 repeatability limit: The value| less than or
equal to,'which the absolute difference between two
test results obtained under repeatabjlity conditions
may_be expected to be with a probabiljty of 95 %.

NOTE 14  The symbol used is r.

[1SO 3534-1]

3.17 reproducibility: Precision under reproducibility
conditions.

[ISO 3534-1]

3.18 reproducibility conditions: Conditions where
test results are obtained with the same method on
identical test items in different laboratories with dif-
ferent operators using different equipnpent.

[1SO 3534-1]

3.19 reproducibility standard deviation: The stan-

gard—aeviation ol te ESU obtaimed under repro-

ducibility conditions.
NOTES

15 It is a measure of the dispersion of the distribution of
test results under reproducibility conditions.

16 Similarly “reproducibility variance” and “reproducibility
coefficient of variation” could be defined and used as
measures of the dispersion of test results under reproduc-
ibility conditions.

[1SO 3534-1]
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3.20 reproducibility limit: The value less than or
equal to which the absolute difference between two
test results obtained under reproducibility conditions
may be expected to be with a probability of 95 %.

NOTE 17 The symbol used is R.

[1SO 3534-1]

3.21 outlier: A member of a set of values which is

© ISO

4 Practical implications of the definitions
for accuracy experiments

4.1 Standard measurement method

4.1.1 In order that the measurements are made in
the same way, the measurement method shall have
been standardized. All measurements shall be carried
out according to that standard method. This means
that there has to be a written document that lays

inconsistent wlith the other members of that set.

NOTE 18 1SQ 5725-2 specifies the statistical tests and
the significancd level to be used to identify outliers in
trueness and precision experiments.

3.22 collabofrative assessment experiment: An
interlaboratory| experiment in which the performance
of each laborgtory is assessed using the same stan-
dard measurement method on identical material.

NOTES

19 The definitions given in 3.16 and 3.20 apply to results
that vary on a cpntinuous scale. If the test result is discrete
or rounded off, the repeatability limit and the reproducibility
limit as defined jpbove are each the minimum value equal to
or below which [the absolute difference between two single
test results is expected to lie with a probability of not less
than 95 %.

20 The definitipns given in 3.8 t0 3.11, 3.15, 3.16, 3.19 and
3.20 refer to thoretical values which in realitysremain un-
known. The vallies for reproducibility and repeatability stan-
nd bias actually determined-by experiment
ISO 5725-2 and ISO.5725-4) are, in stat-

primarily design 3 v
difference between results couId be ascnbed to random
uncertainties inherent in the measurement method or not.
Differences larger than the repeatability limit r or the repro-
ducibility limit R are suspect.

21 The symbols r and R are already in general use for
other purposes; in 1SO 3534-1 r is recommended for the
correlation coefficient and R (or W) for the range of a single
series of observations. However, there should be no con-
fusion if the full wordings repeatability limit r and reproduc-
ibility limit R are used whenever there is a possibility of
misunderstanding, particularly when they are quoted in
standards.

dowrmrm—fott—detaithow—the—measurement—shall be
carried out, preferably including a description as to
how the measurement specimen shoul@’be qbtained
and prepared.

4.1.2 The existence of a documented measyrement
method implies the existencé of an organizgtion re-
sponsible for the estahlishment of the measyrement
method under study.

NOTE 22 The sstandard measurement method is dis-
cussed more fylly'in 6.2.

4.2 ;Accuracy experiment

42.1 The accuracy (trueness and precision) meas-
ures should be determined from a series of [test re-
sults reported by the participating laboratories,
organized under a panel of experts established spe-
cifically for that purpose.

Such an interlaboratory experiment is called|an “ac-
curacy experiment”. The accuracy experimgnt may
also be called a “precision” or "“truenesg exper-
iment” according to its limited purpose. If the purpose
is to determine trueness, then a precision exgeriment
shall either have been completed previously|or shall
occur simultaneously.

The estimates of accuracy derived from such an ex-
periment should always be quoted as being vhlid only
for tests carried out according to the gtandard

4.2.2 An accuracy experiment can often be consid-
ered 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 re-
veal how effectively this purpose has been achieved.
Pronounced differences in the within-laboratory vari-
ances (see clause 7) or between the laboratory
means may indicate that the standard measurement
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method is not yet sufficiently detailed and can poss-
ibly be improved. If so, this should be reported to the
standardizing body with a request for further investi-
gation.

4.3 Identic_:al test items

4.3.1 In an accuracy experiment, samples of a spe-
cific material or specimens of a specific product are
sent from a central point to a number of laboratories
in different places, different countries, or even in dif-

ISO 5725-1:1994(E)

measured, and presumably that order will be ran-
domized so that all the "identical” items are not
measured together. This might mean that the time
interval between repeated measurements may appear
to defeat the object of a short interval of time unless
the measurements are of such a nature that the
whole series of measurements could all be completed
within a short interval of time. Common sense must
prevail.

4.5 Participating laboratories

ferent dontinents. The definition of repeatability con-
ditions {3.14) stating that the measurements in these
laboratdries shall be performed on identical test items
refers tp the moment when these measurements are
actually| carried out. To achieve this, two different
conditigns have to be satisfied:

a) thelsamples have to be identical when dispatched
to the laboratories;

b) they have to remain identical during transport and
during the different time intervals that may elapse
befpre the measurements are actually performed.

In orgafizing accuracy experiments, both conditions
shall bg carefully observed.

NOTE 28 The selection of material is discussed more

fully in §.4.

4.4 Short intervals of time

4.41 MAccording to the definition .of | repeatability
conditigns (3.14), measurements_for* the determi-
nation pf repeatability have to bé-made under con-
stant ¢perating conditions; ~i.e” during the time
covered by the measurements; factors such as those
listed ih 0.3 should be~censtant. In particular, the
equipment should nof bé recalibrated between the
measufements unléss™ this is an essential part of
every gingle measurement. In practice, tests under
repeatdpility conditions should be conducted in as
short altimé &s possible in order to minimize changes
in thosg¢ factors, such as environmental, which cannot

45.1 A basic assumption underlyingl; this part of
ISO 5725 is that, for a standard |measurement
method, repeatability will beNat least ppproximately,
the same for all laboratofies applyind the standard
procedure, so that it is’\pefmissible to] establish one
common average _repeatability stanglard deviation
which will be applieable to any laborajory. However,
any laboratory “ean, by carrying out a series of

measurements)'under repeatability co
at an estimate of its own repeatability
ation for\the measurement method
against ‘the common standard value
cedure is dealt with in 1ISO 5725-6.

4.5.2 The quantities defined in 3.8 to
apply to all laboratories which are likely

nditions, arrive
standard devi-
and check it
Such a pro-

3.20 in theory
to perform the

measurement method. In practice, tTey are deter-

mined from a sample of this popula
tories. Further details of the selection

are given in 6.3. Provided the instructid

regarding the number of laboratories

and the number of measurements that

are followed, then the resulting estima
and precision should suffice. If, howey,
ture date it should become evident t
tories participating were not, or are 1
representative of all those using
measurement method, then the mea

ion of labora-
of this sample
ns given there
to be included
they carry out
es of trueness
er, at some fu-
hat the labora-
o longer, truly
the standard
surement shall

be repeated.

4.6 Observation conditions

always beé guaranteed constant.

4.42 There is also a second consideration which
may affect the interval elapsing between measure-
ments, and that is that the test results are assumed
to be independent. If it is feared that previous results
may influence subsequent test results (and so reduce
the estimate of repeatability variance), it may be
necessary to provide separate specimens coded in
such a way that an operator will not know which are
supposedly identical. Instructions would be given as
to the order in which those specimens are to be

4.6.T The factors which contribute to the variability
of the observed values obtained within a laboratory
are listed in 0.3. They may be given as time, operator
and equipment when observations at different times
include the effects due to the change of environ-
mental conditions and the recalibration of equipment
between observations. Under repeatability conditions,
observations are carried out with all these factors
constant, and under reproducibility conditions obser-
vations 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 lab-
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oratories in management and maintenance of the
laboratory, stability checking of the observations, etc.

4.6.2 It may be useful on occasion to consider
intermediate precision conditions, in which observa-
tions are carried out in the same laboratory but one
or more of the factors time, operator or equipment are
allowed to vary. In establishing the precision of a
measurement method, it is very important to define
the appropriate observation conditions, i.e. whether
the above three factors should be constant or not.

© ISO

when comparing test results with a value specified in
a contract or a standard where the contract or speci-
fication refers to the true value (u) and not to the
“level of the test” (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 satis-
factory reference material is available, the bias of the
measurement method should be determined as
shown in ISO 5725-4.

Furthermore, fhe size of the variability arising from a
factor will degend on the measurement method. For
example, in chiemical analysis, the factors “operator”
and “time"” mpy dominate; likewise with microanaly-
sis the factorg “equipment” and “environment”, and
with physical testing “equipment” and “calibration”
may dominate|

5 Statisti¢gal model

5.1 Basic npodel

For estimating the accuracy (trueness and precision)
of a measurement method, it is useful to assume that
every test res{ilt, y, is the sum of three components:

y=m+ B[+ e ... (D
where, for the| particular material tested,
m is the general mean (expectation);

is the Jaboratory component of bias under re-
peatalility conditions;

e is th¢ random error oceurring in every
measyrement under repedtability conditions.

5.1.1 General mean, m

5.1.1.1 The general mean m is the level of the test;
specimens of |different purities of a chemical, or dif-
ferent materials 1e.g. different types of steel), will
correspond to|different levels. In many technical situ-
ations the level of the test is exclusively defined by
the measurement method, and the notion of an inde-
pendent true value does not apply. However, in some
situations the concept of a true value u of the test
property may hold good, such as the true concen-
tration of a solution that is being titrated. The level m
is not necessarily equal to the true value p.

5.1.1.2 When examining the difference between
test results obtained by the same measurement
method, the bias of the measurement method will
have no influence and can be ignored. However,

5.1.2 Term B

5.1.2.1 This term is considered to, be constant dur-
ing any series of tests performéd-under repgatability
conditions, but to differ in value for tests cafried out
under other conditions. When test results arg always
compared between thelsame two laboratories, it is
necessary for them to determine their relative bias,
either from their jndividual bias values as determined
during an accuragy experiment, or by carrying out a
private trial between themselves. However, |n order
to make, general statements regarding differences
between two unspecified laboratories, or when mak-
ing camparisons between two laboratories that have
not\détermined their own bias, then a generpl distri-
bution of laboratory components of bias rhust be
considered. This was the reasoning behind the con-
cept of reproducibility. The procedures diven in
ISO 5725-2 were developed assuming that the distri-
bution of laboratory components of bias is [approxi-
mately normal, but in practice they work fpr most
distributions provided that they are unimodal.

5.1.2.2 The variance of B is called the bptween-
laboratory variance and is expressed as:

var (B) = o? (2

where af includes the between-operator and
between-equipment variabilities.

size of some of the random components of B.

5.1.2.3 In general, B can be considered as the sum
of both random and systematic components. No at-
tempt 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 dif-
ferent places.
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5.1.3.1 This term represents a random error occur-
ring in every test result and the procedures given
throughout this part of ISO 5725 were developed as-
suming that the distribution of this error variabie was
approximately normal, but in practice they work for
most distributions provided that they are unimodal.

5.1.3.2 Within a single laboratory, its variance under

ISO 5725-1:1994(E)

5.3 Alternative models

Extensions to the basic model are used when appro-
priate and are described in the reievant parts of
ISO 5725.

6 Experimental design considerations
when estimating accuracy

T PN P AnllaA

A
8
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variancq and is expressed as: . .
P 6.1 Planning of an accuracy experiment
var|(e) = a\zN ...(3

5.1.3.3 | it may be expected that a\ZN will have differ-
ent valyes in different laboratories due to differences
such as|in the skills of the operators, but in this part
of ISO p725 it is assumed that for a properly stan-
dardized measurement method such differences be-
tween laboratories should be small and that it is
justifiable to establish a common value of within-
laboratdry variance for all the laboratories using the
measurgment method. This common value, which is
estimatpd by the arithmetic mean of the within-
laboratdry variances, is called the repeatability vari-
ance anld is designated by:

o2 L var (e) = oiy H514)

This arithmetic mean is taken over all those labora-
tories tpking part in the accuracy experiment which
remain pfter outliers have been excluded.

5.2 lationship between the basic model
and thie precision

5.2.1 hen the~basic model in 5.1 is adopted, the
repeatapility variance is measured directly as the vari-
ance of the error term e, but the reproducibility vari-
ance dgpends on the sum of the repeatability variance

6.1.1 The actual planning‘of an expefiment to esti-
mate the precision andjor trueness pf a standard
measurement methed ‘should be the tpsk of a panel
of experts familiacwith the measuremenht method and
its application.< At least one member| of the panel
should have éxperience in the statisti¢al design and
analysis of\experiments.

6.1.2" The following questions should [be considered
when planning the experiment.

a) Is a satisfactory standard available for the
measurement method?

b) How many laboratories should be recruited to co-
operate in the experiment?

c¢) How should the laboratories be |recruited, and
what requirements should they sat|sfy?

d) What is the range of levels encouptered in prac-
tice?

e) How many levels should be used in the exper-
iment?

f) What are suitable materials to rgpresent these
levels and how should they be prepared?

and the between-laboratory variance mentioned in
5.1.2.2.

5.2.2 Two quantities are required as measures of
precision, the repeatability standard deviation

o, =4/ var (e) ...(5)

and the reproducibility standard deviation

UR=\/05+03 ...(6)

g) What number of replicates should be specified?

h) What time-frame should be specified for the
completion of all the measurements?

i) Is the basic model of 5.1 appropriate, or should a
modified one be considered?

) Are any special precautions needed to ensure that
identical materials are measured in the same state
in all laboratories?

These questions are considered in 6.2 to 6.4.
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6.2 Standard measurement method

As stated in 4.1, the measurement method under in-
vestigation shall be one that has been standardized.
Such a method has to be robust, i.e. small variations
in the procedure should not produce unexpectedly
large changes in the results. If this might happen,
there shall be adequate precautions or warnings. It is
also desirable that in the process of developing a
standard measurement method every effort has been
made to remove or reduce bias.

© ISO

the number of test results required from each labora-
tory at each level of the test are interdependent. A
guide to deciding how many there should be is given
in 6.3.2 t0 6.3.4.

6.3.2 Number of laboratories required for an
estimate of precision

6.3.2.1 The various quantities represented by the
symbol ¢ in equations (2) to (6) of clause 5 are true
standard deviations whose values are not known, an

Similar experjmental procedures may be used to
measure the [trueness and precision of both estab-
lished measurement methods and recently standard-
ized measurefnent methods. In the latter case, the
results obtained should be regarded as preliminary
estimates, befause the trueness and precision could
change as labpratories gain experience.

The document setting out the measurement method
shall be unambiguous and complete. All essential
operations cagncerning the environment of the pro-
cedure, the [reagents and apparatus, preliminary
checking of gquipment, and the preparation of the
test specimefp should be included in the measure-
ment 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 prgcisely specified, including the number
of significant figures to be reported.

6.3 Selection of laboratories for the accuracy
experiment

6.3.1 Choice of laboratories

From a statigtical point of view,-those laboratories

participating i

should have {

oratories usin
might not re

ever, other
quirement th

distributed ov

N any experiment-to estimate accuracy
een chosen at.-random from all the lab-
b the measurement method. Volunteers
bresent ‘awrealistic cross-section. How-
ractiéal-*considerations, such as a re-
at_the participating laboratories be

erdifferent continents or climatic re-

Object of @ precision experment being 10 gstimate
them. When an estimate (s) of a true standgrd devi-
ation (o) is to be made, conclusions can-be drawn as
to the range about ¢ within which the estimatg (s) can
be expected to lie. This is a well-understood statistical
problem which is solved by thg use of the chi{squared
distribution and the number ofyresults from which the
estimate of s was based, One formula frequertly used
is:

P[-A<2ZT< +A]=P . (D

Often A is.quioted in percentage terms, engbling a
statement.'to' be made that the estimated $tandard
deviations” (s) can be expected to be within |A either
sidex0f*the true standard deviation (o) with @ certain
probability P.

6.3.2.2 For a single level of the test, the ungertainty
in the repeatability standard deviation will depend on
the number of laboratories (p) and the numbgr of test
results within each laboratory (n). For the re¢produc-
ibility standard deviation, the procedure is mgre com-
plicated as this is determined from two $gtandard
deviations [see equation (6)]. An extra fadtor y is
needed, representing the ratio of the reprogucibility
standard deviation to the repeatability standard devi-
ation, that is:

y = oglo, ...(8)
6.3.2.3 Assuming a probability level P of 9b %, ap-

proximate equations for the values of A hajve been
prepared and are given below. The equations are in-

gions, may affect the pattern of representation.

The participating laboratories should not consist ex-
clusively 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.

The number of laboratories to be recruited to partici-
pate in a cooperative interlaboratory experiment and

terded—forthepurposes of ptanming how many lab-
oratories to recruit and deciding how many test
results are to be required from each laboratory at each
level of the test. These equations do not give confi-
dence limits and so they should not be used during

the analysis stage to calculate confidence limits. The
equations are as follows.

For repeatability

1
A=A=19 | —-——
2p(n—1) ©


https://standardsiso.com/api/?name=cb7e371cabe451b634c5917c113b9a32

© ISO

For reproducibility

p1+n(? =) P+ (-1 -1)

A=A, =196
R 2y4n2(p— Np

...(10)

NOTE 24 A sample variance which has v degrees of
freedom and expectation a? may be assumed to have, ap-
proximately, a normal distribution with- variance 25 v.
Equations (9) and (10) were derived by making this as-
sumption i i T Trats
o, and og| The adequacy of the approximation was checked
by an exgct calculation.

6.3.2.4 | The value of y is not known, but often pre-
liminary| estimates are available of the within-
laboratoly standard deviations and the
between-laboratory standard deviations obtained dur-
ing the |process of standardizing the measurement
method| Exact values of the uncertainty percentages
for repgatability and reproducibility standard devi-
ations with different numbers of laboratories (p) and
differenf numbers of results per laboratory (n) are
given in| table 1 and are also plotted in chart form in
annex B.

6.3.3 1umber of laboratories required for the

estimate of bias
6.3.3.1 | The bias of the measurement method;’d,
may be |estimated from:

o=ly — AN
where

y |s the grand mean of all-the test results ob-

ISO 5725-1:1994(E)

The uncertainty of this estimate can be expressed by

the equation:
P[6—Acg<6<d+Adg] =0,95 ...(12)

which shows that the estimate will be within Aoy of

the true measurement method bias with a probability
of 0,95. In terms of the factor y [see equation (8)]:

A=196 ... (13)

Values of A are given in table 2.

6.3.3.2 The laboratory bias,~4, at the tjme of the ex-
periment may be estimated from:

A=y—u .(14)

where

y 4ds‘the arithmetic mean of all the results ob-
tained by the laboratory at a particular level of
the experiment;

u is the accepted reference value

The uncertainty of this estimate can be|expressed by
the equation:

P[A—Apo, <A< A+Aps]=09  ...(15)

which shows that the estimate will be within Ayo, of
the true laboratory bias with a probability of 0,95. Here
the within-laboratory uncertainty is:

_ 1,96

tained by all the laboratories at a particular Aw \/‘ ... (16)
evel of the expefriment; n
u [is the accepted reference value. Values of Ay, are given in table 3.
Table 1 — Values showing the uncertainty of estimates of the repeatability and reproducibjlity standard
deviations
No. of 4 Ar
laboratories r 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|n=2|n=3|n=4
5 0,62 0,44 0,36 0,46 0,37 0,32 0,61 0,58 0,57 0,68 0,67 0,67
10 0,44 0,31 0,25 0,32 0,26 0,22 0,41 0,39 0,38 0,45 0,45 0,45
15 0,36 0,25 0,21 0,26 0,21 0,18 0,33 0,31 0,30 0,36 0,36 0,36
20 0,31 0,22 0,18 0,22 0,18 0,16 0,28 0,27 0,26 0,31 0,31 0,31
25 0,28 0,20 0,16 0,20 0,16 0,14 0,25 0,24 0,23 0,28 0,28 0,27
30 0,25 0,18 0,15 0,18 0,15 0,13 0,23 0,22 0,21 0,25 0,25 0,25
35 0,23 0,17 0,14 0,17 0,14 0,12 0,21 0,20 0,19 0,23 0,23 0,23
40 0,22 0,16 0,13 0,16 0,13 0,11 0,20 0,19 0,18 0,22 0,22 0,22
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6.4 Selection of materials to be used for an
accuracy experiment

6.4.1 The materials to be used in an experiment to
determine the accuracy of a measurement method
should represent fully those to which the measure-

nvnat\fnrl hcx :\nnlnarl armal 1iea
ment llIUth\Jd 1S expecied toc be appiiea in normai use.

As a general rule, five different materials will usually
provide a sufficiently wide range of levels to allow the

Table 3 —|Values of 4, the uncertainty of an
estimate of the within-laboratory bias

Value of A
No. of
laboratories y=0 y=1
p all n n=2 n=23 n=4
5 0,88 0,76 0,72 0,69
10 0,62 0,54 0,51 0,49
15 0,51 0,44 0,41 040 |  G¥¥EeE
20 0,44 0,38 0,36 0,35
25 0,39 0,34 0,32 0,31
30 0,36 0,31 0,29 0,28
35 0,33 0,29 0,27 0,26
40 0,31 0.27 0.25 0.25 iments.

No. of teqt results Value of 4,
Ei 0.88
1 0,62
1% 0,51
20 0,44
25 0,39
30 0,36
35 0,33
40 0,31

6.3.4 Implicptions in the choice of laboratories

The choice of the number of laboratories will be a
compromise Ibetweéen' availability of resources and a
desire to redyce.the uncertainty of the estimates to

plelel |rwmmmv_ﬂ' smaller

WUT ToGSHITU QTG .

number might be appropriate in the first invegtigation
of a recently developed measurement, methgd when
it is suspected that modifications to.the method may
be necessary, followed by further accuracy exper-

~ ha na
6.42 \When the iCaSur i

oe pe
formed on discrete Objects that are not al%ered by

measuring, they ¢ould, in principle at least, b¢ carried
out using the same set of objects in differenft labora-
tories. This, Wowever, would ‘necessitate cifculating
the same_.set of objects around many laboratpries of-
ten situated far apart, in different countries pr conti-
nents| “with a considerable risk of loss or |[damage
during transport. If different items are to be|used in
different laboratories, then they shall be selpcted in
such a way as to ensure that they can be presumed
to be identical for practical purposes.

6.4.3 In selecting the material to represent| the dif-
ferent levels, it should be considered whether the
material should be specially homogenized before pre-
paring the samples for dispatch, or whether the effect
of the heterogeneity of the material shouldl be in-
cluded in the accuracy values.

6.4.4 \When measurements have to be pdrformed
on solid materials that cannot be homogeniz¢d (such
as metals, rubber or textile fabrics) and when the
measurements cannot be repeated on the sgme test

a satisfactory—evel—From—figures—B-4+—and—B-2—in
annex B it can be seen that estimates of the repeat-
ability and reproducibility standard deviations could
differ substantially from their true values if only a
small number (p = 5) of laboratories take part in a
precision experiment, and that increasing the number
of the laboratories by 2 or 3 vyields only small re-
ductions in the uncertainties of the estimates when
p is greater than 20. It is common to choose a value
of p between 8 and 156. When ¢__is larger than g, (i.e.
y is larger than 2), as is often the case, little is to be
gained by obtaining more than n = 2 test results per
laboratory per level.

10

p;cbc, ;uhuulugcl |c;ty trtie-testmateriat-witt form an
essential component of the precision of the
measurement and the idea of identical material no
longer holds good. Precision experiments can still be
carried out, but the values of precision may only be
valid for the particular material used and should be
quoted as such. A more universal use of the precision
as determined will be acceptable only if it can be
demonstrated that the values do not differ signif-
icantly between materials produced at different times
or by different producers. This would require a more
elaborate experiment than has been considered in
ISO 5725.
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6.45 In general, where destructive testing is in-
volved, the contribution to the variability in the test
results arising from differences between the speci-
mens 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.

ith time, the overall tnme-scale of the ex-
It should be chosen to take this into account.
It might|be appropriate in some cases to specify the
times afl which the samples are to be measured.

6.4.7 |h all the above, reference is made to measur-
ing in different laboratories, with the implication of
transpoftation of the test specimens to the laboratory,
but some test specimens are not transportable, such
as an oll storage tank. In such cases, measuring by
different laboratories means that different operators
are senf with their equipment to the test site. In other
cases, the quantity being measured may be transitory
or variabble, 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 guigling principle must always be that the objec:
tive is fo determine the ability to repeat the same
measurgément.

6.4.8 The establishment of precision values for a
measurement method presupposes.that the precision
either ig independent of the material being tested, or
depend$ on the material in a-predictable manner. With
some measurement methods it is possible to quote
the pregision only in relation to one or more definable
classes|of test material: Such data will be only a rough
guide t¢ the precision in other applications. More of-
ten it id foundsthat the precision is closely related to
the level of the test, and determination of the pre-
cision thém includes the establishment of a relation-

ISO 5725-1:1994(E)

7 Utilization of accuracy data

7.1 Publication of trueness and precision

values

7.1. 1 When the aim of a precnsnon experiment is to

in 3.14 and 3.18, then the basic madel
used. ISO 5725-2 then provides a
method of estimating these standard

bility and reproducibil-
ity standard deviations under the conditions defined

bf 5.1 shall be
appropriate
deviations, or

an alternative may be found'in ISO 572%-5. When the
aim is to obtain estimates of intermed|ate measures
of precision, then the’ alternative mpdel and the
methods given indSO 5725-3 shall be used.

7.1.2 \Whenever the bias of the

measurement

method‘has been determined, it should be published
with)a statement regarding the refefence against

which that bias was determined. W

here the bias

varies with the level of the test, publiczitj'on should be

in the form of a table giving the level,
termined, and the reference used in
nation.

e bias as de-
that determi-

7.1.3 When an interlaboratory experiment has been
performed for estimating trueness or grecision, each
participating laboratory should be informed of its lab-

oratory component of bias relative t
mean as determined from the experim
mation could be of value in the future

b the general
ent. This infor-
if similar ex-

periments are performed, but should npt be used for
calibration purposes.

7.1.4 The repeatability and reproducibility standard
deviations for any standard measurgment method

ship between precision and level. Therefore, when
publishing precision values for a standard measure-
ment method, it is recommended that the material
used in the precision experiment should be clearly
specified along with the range of materials to which
the values can be expected to apply.

6.4.9 For the assessment of trueness, at least one
of the materials used- should have an accepted refer-
ence value. If it is likely that trueness varies with level,
materials with accepted reference values will be
needed at several levels.

shall be determined as laid down in parts 2 to 4 of
ISO 5725, and should be published as part of the
standard measurement method under a section en-
titled precision. This section may also show the re-
peatability and reproducibility limits (r and R). When
precision does not vary with level, single average fig-
ures can be given in each case. Where precision
varies with the level of the test, publication should be
in the form of a table, such as table 4, and may also
be expressed as a mathematical relationship. Inter-
mediate measures of precision should be presented
in a similar form.

1
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Table 4 — Example of method of reporting

standard deviations

Range or level

Repeatability Reproducibility
standard standard
deviation deviation

S, SR

© SO

A description of the materials used in the accuracy
experiment should be added, especially when the
trueness or precision depend on the materials.

7.2 Practical applications of trueness and
precision values

Practicai appiications of trueness and precision vaiues
are covered in detail in ISO 5725-6. Some examples
are as follows.

From ...... to ..
From ... to ..
From ... to

ibility conditio

s (3.14 and 3.18) shall be given in the

7.15 The d]:initions of repeatability and reproduc-

precision cla
precision are
which of the
have been aiig
reproducibility]
should be ad
tween two te
Suggested w

The differgnc

identical t
same app
interval w
average n
normal an

Test resul
two labors
producibili
once in 2(
ation of th

Ensure that {
either by g
measurement
lowed to obtg

7.1.6

se. When intermediate measures of
given, care should be taken to state
factors (time, operators, equipment)
wed to vary. When the repeatability and

limits are givens some statement
Hed linking them to the difference be-
5t results and the 95 % probability level.
brdings are as follows.

o hetw
e be

VYO T

pst material by one operator using the
hratus within the shortest feasible time
Il exceed the repeatability limit (r) on
bt more than once in 20 cases in the
i correct operation of the method.

een two test results found on

TSt 1 TSur

s on identical test material reported-by
tories will differ by more than‘the re-
y limit (R) on average notmore than

cases in the normal and ‘correct oper-
e method.

he definition of ,a\test result is clear,
Lioting the clause numbers of the
method stabdard that have to be fol-
in the test.result or by other means.

In gen

periment sholild-be added at the end of this precision
section. Suggtsted-waﬁiﬁg-ﬁ?fwmvs.—T—zi—&mmrhg-mmmﬁmmmm

bral, a/brief mention of the accuracy ex-

The accuracy data were determined from an ex-
periment organized and analysed in accordance
with I1SO 5725- (part) in (year) involving (p) lab-
oratories and (q) levels. Data from ( ) laboratories

contained

outliers. The outliers were not included

in the calculation of the repeatability standard de-
viation and the reproducibility standard deviation.
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7.2.1 Checking the acceptability of test' re¢sults

A product specification could, require 1epeated
measurements to be obtained “udnder repéatability
conditions. A repeatabiiity standard deviation| may be
used in these circumstanges ‘to check the acfeptabil-
ity of the test results and-to“decide what actiop should
be taken if they are. not acceptable. When both a
supplier and a purchaser measure the same |material
and their resultsdiffer, repeatability and repro@lucibility
standard deviations may be used to decide i{ the dif-
ference is of a size that is to be expected Wwith the
measurement method.

7.2:2 Stability of test results within a labpratory

By carrying out regular measurements on r¢ference
materials, a laboratory can check the stabilIy of its
results and produce evidence to demonstrate its
competence, with respect to both the bias|and the
repeatability of its testing.

7.2.3 Assessing the performance of a labpratory

Laboratory accreditation schemes are becoming in-
creasingly widespread. Knowledge of the frueness
and precision of a measurement method allpws the
bias and repeatability of a candidate laboratgry to be
assessed, either using reference material§ or an
interlaboratory experiment.

methods

Two measurement methods may be available for
measuring the same property, one being simpler and
less expensive than the other but less generally ap-
plicable. Trueness and precision values may be used
to justify the use of the less expensive method for
some restricted range of materials.
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Annex A

(normative)

ISO 5725-1:1994(E)

Symbols and abbreviations used in ISO 5725

intermediate

in one labora-

foperty in the

mit or warning

ng a weighted

a Intercept in the relationship k Mandel's within-laboratory consistency test
s—a-+ bm statistic
LCL Lower control limit (either action limit or warning
A Factor used to calculate the uncer- limit)
tainty of an estimate
. . . General mean of thetest property; level
b Slope in the relationship " © € property
s=a-+ bm Numbfer of faqors considered ir
precision conditions
B Component in a test result repre- ) )
senting the deviation of a laboratory N Number of-iterations
from the gfn?rg! a\;erage (laboratory n Nuraber of test results obtained
component ot bias tory at one level (i.e. per cell)
By fComponﬁnt dOf Bt reﬁresethngtall p Number of laboratories participating in the inter-
actors that do not change in inter- laboratory experiment
mediate precision conditions
. P Probability
By B etc. Components of B representing fac-
tors that vary in intermediate pre- g  Number of levels of the test p
cision conditions interlaboratory experiment
c Intercept in the relationship r Repeatability limit
lgs=c+dligm R Reproducibility limit
(OO O Test statistics RM Reference material
Ceritv C'lite C'cri Critical vatues’for statistical tests s Estimate of a standard deviation
CDp Criticahdifference for probability P A Predicted standard deviation
CRp Critical range for probability P T  Total or sum of some expression
d Slope in the relationship t  Number of test objects or groups
lgs=c+dlgm
- HCt—Yppercontrottimittettheractiont
e Component in a test result repre- limit)
senting the random error occurring
in every test result o .
W Weighting factor used in calculati
Critical range factor regression
Fy(vq, v)) p-quantile of the F-distribution with
v, and v, degrees of freedom w Range of a set of test results
G Grubbs' test statistic X Datum used for Grubbs' test
h Mandel's between-laboratory con-
sistency test statistic y Test result

13
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