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Foreword

ISO (the Intefnational Organization for Standardization) is a worldwide
federation of phational standards bodies (ISO member bodies). The work
of preparing Ihternational Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for
which a technpical committee has been established has the right to be
represented op that committee. International organizations, governmental
and non-governmental, in liaison with ISO, also take part in the work. ISO
collaborates glosely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

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

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

ISO 5725 congists of the following parts, under the general title Accuracy
(trueness and|precision) of measurement methods and-results:

— Part 1: General principles and definitions

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

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

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

— Part 5: Alternativevmethods for the determination of the precision
of a stanjdard ‘tmeasurement method

— Part 6:

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

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

ISO 5725-4:1994(E)

0.1 ISO 5725 uses two terms “trueness” and “pfecisiq
the accuracy of a measurement method. “Truengss” refe
ness of agreement between the arithmetic mean/6f a large
results and the true or accepted reference valug. “Precisio
closeness of agreement between test resuits.

0.2 General consideration of these. guantities is given in

so has not been repeated in thispart of ISO 5725. ISO 57
read in conjunction with all other parts of ISO 5725, incl
because it gives the underlying definitions and general prir

0.3 The “trueness”‘of’a measurement method is of intq
possibie to concejyé’of a true vaiue for the property being
though, for some“measurement methods, the true value c3
exactly, it may-be possible to have an accepted referenc
property beitg measured; for example, if suitable refereng
available(or if the accepted reference value can be estab
encesto another measurement method or by preparatig
sample. The trueness of the measurement method can

by comparing the accepted reference value with the leve
given by the measurement method. Trueness is normall
terms of bias. Bias can arise, for example, in chemical
measurement method fails to extract all of an element, or
of one element interferes with the determination of anoth

0.4 Two measures of trueness may be of interest and G
ered in this part of ISO 5725.

a) Bias of the measurement method: where there is a po
measurement method may give rise to a bias, which

ever and whenever the measurement is done, then it

n” to describe
rs to the close-
number of test
N" refers to the

SO 5725-1 and
25-1 should be
Liding this part,
ciples.

rest when it is
measured. Ai-
nnot be known
e value for the
e materials are
ished by refer-
n of a known
be investigated
| of the results
v expressed in
analysis if the
if the presence
Br.

oth are consid-
Esibility that the

persists wher-
s of interest to

investigate the “bias of the measurement method”

(as defined in

ISO 5725-1). This requires an experiment involving ma
very much as described in ISO 5725-2.

Laboratory bias: measurements within a single labora
the “laboratory bias” (as defined in ISO 5725-1). If it
undertake an experiment to estimate laboratory bias,

b)

ny laboratories,

tory can reveal
is proposed to
then it should

be realized that the estimate will be valid only at the time of the ex-
periment. Further regular testing is required to show that the labora-

tory bias does not vary; the method described in ISO
used for this.

5725-6 may be
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Accuracy (trueness and precision) of measurement

methods and results —

Part 4:

Basic methods for the determination of the trueness of a

standard measurement method

1 Scppe

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

1.2 It|is concerned exclusively with measurement
methods which yield measurements on a“¢ontinuous
scale ahd give a single value as the\test result, al-
though |the single value may be(the outcome of a
calculatjon from a set of observations.

1.3 In order that the mgasurements are made in the
same \vay, it is indportant that the measurement
method has been._standardized. All measurements are
to be carried outaccording to that standard method.

1.4 Blas-wvalues give guantitative estimates of the

ring te_a reference measurement metHod or by prep-
aration of a known sample.

Reference materials could be either
a) certified reference materials;

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

c) materials whose properties have bden established
by measurements using an aIternItive measure-
ment method whose bias is known to be negligi-
ble.

1.6 This part of I1SO 5725 considefs only those
cases where it is sufficient to estimafe bias on one
level at a time. It is not applicable if {he bias in the
measurement of one property is affected by the level
of a second property (i.e. it does not [consider inter-
ferences). Comparison of the truepess of two

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

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

measurement methods is considered in ISO 5725-6.

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

2 Normative references

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

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

© ISO

The laboratory bias, 4, is given by
A=6+B ...(3

so the model may be written

y=p+A+e @)

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

4.2 Reference material requirements

L£ £ e

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

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

3 Definitions

For the purpodes of this part ISO 5725, the definitions
given in ISO 3634-1 and in ISO 5725-1 apply.

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

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

4.1 The statistical model

In the basic |model described~in~subclause 5.1 of
ISO 5725-1:1994, the generaly\mean m may be re-
placed by

m=pu+ 9 ..M

where

L TOTOUTOTIVO IIIQtUriQ:O anrce UQUd, thU IUL;(U; ements
given in 4.2.1 and 4.2.2 shall be satisfied-, Rgference
materials shall be homogeneous.

4.2.1 Choice of reference materials

4.21.1 The reference material shall have| known
properties at the level appropriate to the [evel at
which the standard measurement method is iptended
to be applied, e.g. coneentration. In some casgs it will
be important to {nclude, in the assessment exper-
iment, a series. 0f reference materials, each corre-
sponding to. a‘different level of the property] as the
bias of theystandard measurement method jmay be
different, at different levels. The reference material
should *have a matrix as close as possiblel to the
matrix of the material to be subjected to the gtandard
nheasurement method, e.g. carbon in coal of carbon
in steel.

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

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

a) The properties are stable: no precautipns are
necessary.

b) The certified value of the property may be influ-
enced by storage conditions: the container should

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

0 is the bias of the measurement method.

The model becomes

y=u+d+B+e ... (2

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

be stored, both before and after its opening, in the
way described on the certificate.

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

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

Where sub-division of the unit of the reference ma-
terial occurs prior to distribution, it shall be performed
with care to avoid the introduction of any additional

Intarnatinnal Ctandarde An eamnle
error. Re!e‘v’ant InLGIIICII.iUI al widalivuaivuo Vi QUITINIT

division should be consulted. The units should be
selected on a random basis for distribution. If the
measurement process is non-destructive, it is poss-
ible to give all the laboratories in the interlaboratory
experiment _the same unit of reference material, but

ISO 5725-4:1994(E)

number of laboratories to be used is discussed in
subclause 6.3 of ISO 5725-1:1994. A guide to decid-
ing how many is given below.

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

this will extend the time-frame of the experiment.

4.3 Experimental design considerations
when |estimating the bias of a measurement
methqd

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

of the ¢xperiment.

4.3.2 [The layout of the experiment is almost the
same gs that for a precision experiment, as descfibed
in subdause 4.1 of ISO 5725-2:1994. The différences
are

a) thefe is an additional requirement*to use an ac-
cefted reference value, and

b) thel number of particigating laboratories and the
nurnber of test resdlts' shall also satisfy the re-
quifements givensin4.5.

4.4 (ross-references to ISO 5725-1 and
ISO 5725-2

~
o1
~

0, is the predetermined magnityde of bias that
the experimenter wishes to detect from the
results of-the experiment;

og s/ the reproducibility standafd deviation of
the measurement method.

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

A=1,96 .(6)
where
y = oglo, ()

Values of A are given in table 1.

Ideally, the choice of the combination|of the number
of laboratories and the number of replidate test results
per laboratory should satisfy the rdquirement de-
scribed by equation (5), with the §,, Yalue predeter-
mined by the experimenter. Howevdr, for practical

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

45 Required number of laboratories

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

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

y=1 y=2 y="5
P n=2 n=3 n=4 n=2 n=23 n=4 n=2 n=3 n=4
5 0,62 0,51 0,44 0,82 0,80 0,79 0,87 0,86 0,86
10 0,44 0,36 0,31 0,58 0,57 0,56 0,61 0,61 0,61
15 0,36 0,29 0,25 0,47 0,46 0,46 0,50 0,50 0,50
20 0,31 0,25 0,22 0,41 0,40 0,40 0,43 0,43 0,43
25 0,28 0,23 0,20 0,37 0,36 0,35 0,39 0,39 0,39
30 0,25 0,21 0,18 0,33 0,33 0,32 0,35 0,35 0,35
35 0,23 0,19 0,17 0,31 0,30 0,30 0,33 0,33 0,33
40 0,22 ;18 045 6;29 0,28 0,28 ;3% 0,31 D,31

4.6 Statistipcal evaluation

The test resy
ISO 5725-2. I
tected, all ned
gate the reas
including re-ap
reference valu

4.7
statistical e\

4.7.1 Check

The precision
pressed in ter

Its shall be treated as described in

particular, if outlying values are de-
essary steps shall be taken to investi-
ons why they have been obtained,
praisal of the suitability of the accepted

=1
e .

Interprétation of the results of the

aluation

pf precision

of the measurement method is ex-
ms of s, (estimate of the repeatability.

standard devidtion) and s, (estimate of the reproduc-

ibility standard

deviation). Equations (8) to (10)~as-

sume an equ'ﬁl number (n) of test results\in’ each

laboratory. If t

given in ISO 5
Sg.
4.7.1.1 The g

for p participat

is is not true, the respective)equations
f25-2 should be used to ¢alculate s, and

stimate s,2 of the) Tepeatability variance
ng laboratorie$Tis calculated as

2

differences exist between the within-laboratry vari-
ances. Mandel's & and k plots,~as desciibed in
ISO 5725-2, should also be drawn for a mofe thor-
ough investigation of potential-outliers.

If the repeatability standard deviation of the dtandard
measurement method.has not been previously deter-
mined in accordapce with ISO 5725-2, s, will be con-
sidered to be{the best estimate of it.|If the
repeatability, standard deviation of the standard test
method, g,~has been determined in accordance with
ISO 5725-2, s,2 can be assessed by compufing the
ratio

C =sa?

(1Y

The test statistic C is compared with the critigal value

Corit = 1%1 - a) V)

where xf, - »(v) is the (1 — a)-quantile of the 7 dis-
tribution with v [ =p(n—1)] degrees of fleedom.
Unless otherwise stated, « is assumed to be {,05.

2

re

a) IfC< Cyie s? is not significantly larger thap ¢
b) If C>Cyp: s,2 is significantly larger than af

In the former case, the repeatability standafd devi-
he bias

iscrep-

p
s,2 = —2,—2 s; ...(8 ation, o,, will be used for the assessment of
=1 of the measurement method. In the latter case, it is-
- necessary to investigate the causes of the
2o 1 O _y)z ©) ancy and possibly to repeat the experiment prior to
Yoon=1 ~ ! ! T proceeding further.
1 n
Y= D Vi ... (10
k=1

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

Cochran's test, as described in 1SO 5725-2, shall be
applied to the variances s,-2 to verify that no significant

4.7.1.2 The estimate, s,%, of the reproducibility vari-
ance for the p participating laboratories, is calculated
as

P
2= p11 > G-+ (1 —%)sf ...(12)
1

i=
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with

... (13)

<

p
33
i=1

If the reproducibility standard deviation of the stan-
dard measurement method has not previously been
determined in accordance with ISO 5725-2, s will be
considered the best estimate of it. If the reproducibil-
ity standard deviation, o, and the repeatability stan-
dard deviation, o, of the standard measurement

ISO 5725-4:1994(E)

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

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

_‘/aﬁ—(T — 1/n)o?

ing the| ratio

o= ...(16
methofl have been determined in accordance with oy )4 (16)

ISO 57p5-2, sz can be assessed indirectly by comput-

in the case of known precisionvalues/ or
2 2
- (1-1

c'|= 51; ( /H)Srz .. (14) o s,% — (1 - 1/n)s,2 17
or— (1 =1/n)o; 85 = P .7

The tegt statistic C’ is compared with the critical value
’ 2
c rit = X(1 - a)(v)/v

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

a) If €< Cuy sk— (1—1/n)s? is not significantly

larger than o% — (1 — 1/n)o?2.

b) If ¢’ >C'i: 52— (1 — 1/n)s? is significantly larger
than o — (1 — 1/n)d>.

In the |former case, the repeatability standard devi-
ation, ¢,, and the reproducibility standard deviation,
og. Will be used for the assessment.of the trueness
of the|measurement method. In_the latter case, a
carefullexamination of the working conditions of each
laboratpry shall be carried put-before the assessment
of the |bias of the standard-measurement method is
undertagken. It may appeaf that some laboratories did
not us¢ the required“equipment or did not work ac-
cordingd to the specified conditions. In chemical anal-
ysis, problemss¥may arise from, for example,
insuffigient eontrol of temperature, moisture, pres-
ence of contaminants, etc. As a result the experiment

in the case of unknewn precision valugs.

An approximate 95 % confidence intefval for the bias

of the measurement method can be cpmputed as
3<XAo, <6 <+ Aoy ...(18)

where A is as given in equation (6). If o, is unknown,

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

If this confidence interval covers the jvalue zero, the
bias of the measurement method is |insignificant at
the significance level a =5 %; otherwise it is signif-
icant.

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

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

may havetobeTepeatedtoyietdthe expected precr
sion values.

4.7.2 Estimation of the bias of the standard
measurement method

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

6=% —u ... (15)

<

A
where é may be positive or negative.

5.1 Carrying out the experiment

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

When attempting to measure the bias of a laboratory,
it may not be worth putting a great deal of effort into
such an experiment: the effort could perhaps be bet-
ter expended by making checks at intervals as de-
scribed in ISQB725-6 If the repeatahility of the

© ISO

5.5 Statistical analysis

5.5.1 Check of the within-laboratory standard
deviation

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

n

measurement |method is poor, then it will not be W=7 2 % - 21
practical to achieve a high degree of certainty in the k=1
estimate of th¢ bias of the laboratory.
1 - — 2
Sy = Ve — YW ... (22)
5.2 Cross-references to ISO 5725-1 and W \/ n—1 ,c:]( e~ )

ISO 5725-2

When reading I1SO 5725-1 and ISO 5725-2 in this
context, “truehess” should be inserted in place of
“precision” ol “repeatability and reproducibility” as
appropriate. In[ISO 5725-2, the number of laboratories
will be p = 1, and it may be convenient for one person
to combine | the roles of “executive” and
“supervisor”.

5.3 Numbef of test results

The uncertainty in the estimate of the laboratory bias
depends on the repeatability of the measuremernt
method and o the number of test results obtained:

In order for the results of an experiment to be able to
detect with a high probability (see annex-C)a prede-

termined mag
sults, n, shall g

4

AWUr < —1

where

A is the
bias t|

from

m

meas

Aw

5.4 Choice

If a reference

hitude of bias, the numiperof test re-
atisfy the following eguation:

A
é“—4 ...(19
predetermined magnitude of laboratory

hat the experimenter wishes to detect

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

If the repeatability standard deviation, ¢,, of the stan-
dard measurement method is known, the gstimate
sw can be.assessed by the following procedure.

Compute the ratio

C” = (sylo,)? .. (23)

and compare the value C”’ with the critical vallie

" 2
C" it = X1 - a)(v)/v

where X% - () is the (1 — «)-quantile of the 2 dis-
tribution with v [ = n — 1] degrees of freedom) Unless
otherwise stated, o is assumed to be 0,05.

a) If C”"< € sy is not significantly larger than o,.

b) If C" > C" sw is significantly larger than g,.
In the former case, the repeatability standafd devi-
ation of the measurement method, o,, will be lised for
the assessment of the laboratory bias.

the“results of the experiment;

» Is the repeatability standard deviation of the

urement method and
_ 1,96

Jr

of reference materials

... (20)

material is used, the requirements de-

scribed in 4.2.1 also apply here.

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

5.5.2 Estimation of the laboratory bias
The estimate, Z of the laboratory bias 4 is given by

A=Yy — ... (24)
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The variation of the estimate of the laboratory bias is
due to the variation in the results of the measurement
process and is expressed by its standard deviation
computed as

oy =0,/y/n

in the case of a known repeatability standard devi-
ation, or

53 =Swly/ 1

...(25)

...(26)

b)

c)

)

ISO 5725-4:1994(E)

a full account of the laboratories

that have been

rejected as outlying laboratories, together with the

reasons for their rejection;

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

a table of the final results of appropriate means

and precision measures;

a statement on whether the bias

f the standard

in the [case of an unknown repeatability standard de-
viation

The 9% % confidence interval of the laboratory bias
can bg computed as

Al Apo, <4 < A+Ays, Y

where| Ay, is as given in equation (20). If g, is un-
knowr, its estimate s, has to be used instead.

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

o =5 Y%; otherwise it is significant.
The |aboratory bias is further considered in
ISO 5725-6.

6 The report to, and the decisions to-be
taken by, the panel

6.1 Report by the statistical expert

Having completed the statistical apalysis, the statisti-
cal expert shall write a report, to’be submitted to the
panel.|In this report the following information shall be
given:

a) a full account-of the observations received from
the operatdrs) ‘and/or supervisors concerning the
standard ‘measurement method;

measurement method with resgect to the ac-

cepted reference used is significa

ht; if so, the es-

timated magnitude of the bias for|each level shall

be reported.

6.2 Decisions by<the panel

The panel should-then discuss the stgtistical expert's
report and tdke" decisions concernin
questions:

a)

b)

c)

d)

7

Refer to clause 7 of ISO 5725-1:1994.

Afe the discordant test results, if

fects. in the description of the

method?

What action should be taken wit
jected outlying laboratories?

Do the results of outlying laborat
comments received from the

j the following

any, due to de-
measurement

\ respect to re-

bries and/or the
operators and

supervisors indicate a need to inprove the stan-

dard measurement method? If s
improvements required?

b, what are the

Do the results of the accuracy eXperiment justify

the acceptability of the measure
adoption as a standard? What acti
concerning its publication?

Utilization of trueness dat|

ent method for
n is to be taken
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B(1)' B(Z)' etc.

C, C’, c”

I’ 1
Ccritr Ccrit' C" i

CD,
CRp
d

Fp(vh v2)

Annex A
(normative)

Symbols and abbreviations used in ISO 5725

© ISO

y test

varning

nediate

labora-

e inter-

in the

sistency test statistic

eighted

Intercept in the relationship k Mandel's within-laboratory consistenc
statistic
sS=a-+bm
LCL Lower control limit (either action limif-of
Factor used to calculate the uncer- limit) ( ! '
tainty of an estimate
. . . General mean of the test property; level
Slope in the relationship " Property
s=a+bm M Number of factors considered in interr
precision conditions
Component in a test result repre- i .
senting the deviation of a laboratory N Number of iterations
from the gfn?rg! a\;erage (laboratory n Number of_test results obtained in one
component ot bias tory at onenlevel (i.e. per cell)
SOTDOQ?I dOf Bt relfresen.tlngtall P Number of laboratories participating in tH
actors that do not change In inter- laberatory experiment
mediate precision conditions
. P Probabilit
Components of B representing fac- ¥
tors that vary in intermediate preci- ¢ Number of levels of the test property
sion conditions interlaboratory experiment
Intercept in the relationship r Repeatability limit
lgs=c+dligm R Reproducibility limit
Test statistics RM Reference material
«« Critical values for statistical tests ] o
s Estimate of a standard deviation
Critical difference for probability P
N _. 5 Predicted standard deviation
Critical range for probability P
. . . T  Total or sum of some expression
Slope.in’the relationship P
lgs=c+dlgm t Number of test objects or groups
Component in a 1est result repre- UCLUpper control limit (efther action limit or warning
senting the random error occurring limit)
in every test result
- W Weighting factor used in calculating a w
Critical range factor regression
§ i g g .
p-quantile of the F-distribution with w Range of a set of test results
v, and v, degrees of freedom
Grubbs' test statistic x Datum used for Grubbs' test
Mandel's between-laboratory con- y Test result
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>

>

2
Xp

Arithmetic mean of test results

ISO 5725-4:1994(E)

Symbols used as subscripts

bf freedom

of increasing magnitude

Grand mean of test results C Calibration-different
- E i -di
Significance level Equipment-different
- i Identifier for a particular laboratory
Type Il error probability
, : () Identifier for intermediate measures of
Ratio of the reproducibility standard deviation to precision; in brackets, identification of
the repeatability standard deviation (og/o,) the type of intermediate situation
lraberatery-bias i Identifier for a rticular  level
' (ISO 5725-2).
fstimate of 4 Identifier for a group’ of tests or for a
factor (ISO 5725-3)
jas of the measurement method o ) )
k Identifier fefva particularl test result in a
stimate of & laboratory\i 'at levei j
etectable difference between two laboratory - Betebn-laboratory (interlaboratory)
jases or the biases of two measurement m [dentifier for detectable bias
ethods
1 M Between-test-sample
rue value or accepted reference value of a test
property Q Operator-different
INumber of degrees of freedom P Probability
)etectabile'ratlo between the repeatability stan? , Repeatability
glard deviations of method B and method A
1 _ R Reproducibility
rue value of a standard deviation
Component in a test result representing the T Time-different
ariation due to time since last\calibration e )
W Within-laboratory (intralaporatory)
Detectable ratio betweef the square roots of
{he between-laboratory - mean squares of 1,2, 3. For test results, numbefing in the order
nethod B and methiod A of obtaining them
(v) p-quantile of the -distribution with v degrees (1), (2), ()... For test results, numbefing in the order
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Annex B
(informative)

Example of an accuracy experiment

B.1 Description of the experiment

An accuracy

xperiment on the determination of

manganese corjtent in iron ores by an atomic absorp-

tion method

as conducted by ISO/TC 102, Iron

ores, using five| test materials with the accepted ref-

erence values
disclosed to t
ceived two ran
for each level
each bottle. TH
was to confirni

case where th

1) given in table B.1 (which were not
e laboratories). Each laboratory re-
Homly selected bottles of test sample
band performed duplicate analyses on
e purpose of the two-bottle system
the absence of the between-bottle

absence of between-bottle variation

variation. The a{alysis was performed such that in the

is confirmed, t
sidered as rep
Analysis of thd
bottle variation

e four analytical results can be con-
icates under repeatability conditions.

results showed that the between-
was indeed insignificant; the sample

was considered to be homogeneous. Thus results

from each labo
under repeatab
are listed in tab
ances for each
table B.3.

atory can be considered as replicates
lity conditions. The analytical results
e B.2. The laboratory means and Vvari-
of the five test materials are_listed in

B.2 Precisipn assessment

To assess the f
data were ana

recision-of the analytical method, the
vsed by the procedure described in

ISO 5725-2. The

test results for each level are shown

The h and k values are shown in figures B.6tand B.7.
The h values (figure B.6) show clearly that-labpratory
10 gets very low results; two of them'tlévels| 2 and
3) were identified as outliers. It was thérefore decided
to discard the results from laboratory 10 completely;
it should be the object of special”attention, ahd the
matter should be resolved—In-addition, the data at
level 1 of laboratory 7,cidentified as an outlier by
Grubbs' test, were¢ discarded. The k |values
(figure B.7) show that{laboratories 10, 17 and 19 tend
to get somewhat{larger within-laboratory variation
than the others” There again, appropriate |action
should be taken by investigating these laborgtories,
or, if necessary, by tightening the protocol pf the
measurermient method. For the analysis, it wias de-
cided to discard the outliers identified by Coghran's
test i.e. the data at levels 3 and 5 of laboratory [I9 and
at*level 5 of laboratory 17.

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

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

in figures B.1 to B'b.

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

10

B.3 Trueness assessment

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

L
Ly
3
3
(1]
-
1)
-]
L
<
@,
w

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

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

Level i 2 3 4 5
Accepted reference value p (% Mn) 0,010 0 0,093 0 0,401 0 0,777 0 2,530 0
Table B.2 — Manganese content in iron ores: Analytical results as percentage Mn
Lab Bottle Level
No No. 2 3 4
1 1 0,011 8 0,0121 10,0880 0,087 5 | 0,408 0,407 | 0791 0,791 p,584 2,560
2 0,012 1 0,0121 10,086 5 0,086 7 | 0,407 0,408(110,794 0,801 p,535 2,545
2 1 0,013 1 0,011 5 | 0,089 4 0,086 1 | 0,411 0,405/ 0,760 0,766 | 2,543 2,591
2 0,011 5 0,011 5 | 0,088 7 0,086 7 | 0,406 0,399 | 0,766 0,783 | 2,516 2,567
3 1 0,011 8 0,011 2 | 0,086 4 0,084 9 | 0,410 0,403 | 0,752 0,767 | 2,526 2,463
2 0,011 0 0,0104 | 0,086 7 0,089 6 | 0,408 0,400 | 0,755 0,753 | 2,515 2,493
4 1 0,010 7 0,012 1 | 0,088 1 0,089 2 |.0,402 0,402 | 0,780 0,750 | 2,560 2,520
2 0,011 4 0,012 1 | 0,086 1 0,087 4¢}. 0,404 0,402 | 0,777 0,750 | 2,600 2,520
5 i 0,0120 0,0128 | 0,090 4 0,090@,| 0,404 0,400 | 0,775 0,775 | 2,470 2,510
2 0,011 2 0,0128 | 0,086 2 0,087 0 | 0,404 0,396 | 0,770 0,780 | 2,500 2,480
6 1 0,011 1 0,011 0 | 0,089 2 0,089 3 | 0,402 0,398 | 0,786 0,782 | 2,631 2,514
2 0,011 0 0,011 10,0900 0,086 4 | 0,408 0,404 | 0,780 0,772 | 2,524 2,494
7 1 0,008 8 0,009 5 | 0,0893 0,089 5 | 0,390 0,390 | 0,754 0,762 | 2,510 2,521
2 0,007 0 0,008 6 | 0:085°9 0,088 6 | 0,395 0,395 | 0,758 0,756 | B,500 2,513
8 1 0,011 5 0,011 2-\0,082 3 0,082 3 | 0,390 0,396 | 0,761 0,765 | R,501 2,499
2 0,011 3 0,011 34 0,082 8 0,082 9 | 0,400 0,389 | 0,770 0,766 | R,507 2,490
9 1 0,012 3 0,012 0 | 0,086 2 0,086 6 | 0,414 0,414 | 0,765 0,765 | R,523 2,520
2 0,011 7 0,011 8 | 0,086 5 0,087 6 | 0,411 0,414 | 0,765 0,765 | R,521 2,508
10 1 0,009 5 0,008 6 | 0,078 0 0,072 0 | 0,390 0,370 | 0,746 0,730 | R,530 2,580
2 0,009.2 0,008 4 | 0,078 0 0,073 0 | 0,392 0,374 | 0,750 0,738 | R,510 2,610
11 1 0;012'5 0,0125 | 0,090 0 0,089 0 | 0,405 0,395 | 0,790 0,780 | R,520 2,520
2 00130 0,0125 ] 0,089 0 0,089 5 | 0,400 0,405 | 0,785 0,790 | p,530 2,520
12 1 0,0125 0,0130 | 0,0885 0,089 0 | 0,405 0,395 | 0,790 0,780 | R,b35 2,525
2 0,0115 0,0130 | 0,089 0 0,087 5 | 0,405 0,390 | 0,775 0,790 | R,550 2,495
13 1 0,012 5 0,011 6 | 0,084 2 0,083 2 | 0,399 0,399 | 0,784 0,777 | R.b23 2,523
2 0,012 1 0,011 6 | 0,083 2 0,082 8 | 0,398 0,399 | 0,782 0,777 | R,527 2,537
14 1 0,011 6 0,0120 | 0,089 8 0,0890 | 0,418 0,416 | 0,797 0,800 | pR,602 2,602
2 0,009 8 0,0TT6 [ 0,0900 0,090 2 [ 0,475 U,4T5 | 0,801 0,790 | 2,692 2,602
15 1 0,010 8 0,011 2 | 0,087 1 0,086 0 | 0,399 0,400 | 0,775 0,774 | 2,488 2,495
2 0,011 2 0,011 1] 0,088 3 0,086 1 | 0,397 0,401 | 0,783 0,773 | 2,503 2,485
16 1 0,0109 0,0108 | 0,084 6 0,085 8 | 0,392 0,400 | 0,779 0,769 | 2,528 2,516
2 0,011 1 0,011 0 | 0,084 9 0,085 5 | 0,396 0,397 | 0,751 0,753 | 2,528 2,525
17 1 0,0100 0,011 0| 0,084 9 0,088 0 | 0,409 0,410 | 0,766 0,794 | 2,571 2,380
2 0,0100 0,0100 | 0,083 0 0,089 0 | 0,392 0,402 | 0,755 0,775 | 2,429 2,488
18 1 0,011 7 0,0102 | 0,088 0 0,088 1 | 0,405 0,404 | 0,771 0,773 | 2,520 2,511
2 0,0125 0,0103 | 0,086 8 0,088 2 | 0,402 0,403 | 0,778 0,763 | 2,514 2,503
19 1 0,009 9 0,0128 | 0,094 5 0,090 5 | 0,398 0,375 | 0,770 0,767 | 2,483 2,351
2 0,011 8 0,0128 | 0,092 4 0,088 4 | 0,418 0,382 | 0,799 0,760 | 2,485 2,382

1
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Table B.3 — Manganese content in iron ores: Laboratory means and laboratory variances

Lab. Level
No. 1 2 3 4 5
Laboratory mean
1 0,012 03 0,087 18 0,407 50 0,794 25 2,556.04
2 0,011 90 0,087 73 0,405 25 0,768 75 265424
3 0,011 10 0,086 90 0,405 25 0,756 75 2,499 24
4 0,011 58 0,087 70 0,402 50 0,764 25 2,550 0(
5 0,012 20 0,088 50 0,401 00 0,775 00 2,490 0(
6 0,011 05 0,088 73 0,403 00 0,780 00 2,515 74
7 0,008 48 0,088 33 0,392 50 0,757 50 2,511 0(
8 0,011 33 0,082 58 0,393 75 0,765 50 2,499 25
9 0,011 95 0,086 73 0,413 25 0,765'00 2,518 0(
10 0,008 93 0,075 25 0,381 50 074100 2,557 5(
11 0,012 63 0,089 38 0,401 25 0,786 25 2,522 5(
12 0,012 50 0,088 50 0,398 75 0,783 75 2,526 2°
13 0,011 95 0,083 35 0,398 75 0,780 00 2,527 5(
14 0,011 25 0,089 75 0,416 00 0,797 00 2,599 5(
15 0,011 08 0,086 88 0,399 25 0,776 25 2,492 7°
16 0,010 95 0,085 20 0,396 25 0,763 00 2,524 2¢
17 0,010 25 0,086 23 0,403 25 0,772 50 2,467 01
18 0,011 18 0,087 78 0,403-50 0,771 25 2,512 0
19 0,011 83 0,091 45 0,393'25 0,774 00 2,425 21
Laboratory variance
1 025 0x 1077 0,489 2 x 107° 0,3333x10°°¢ 0,2225x10™* 0,454 0 x 103
2 0,640 0 x 107° 0,248 2 x 107° 0,242 5x 1074 0,9825x10"* 0,103 4 x 10?2
3 08333 x107° 0,386 0 x 107 ° 0,209 2 x 10°* 0,482 5x 10™* 0,772 2 x 103
4 0492 x 107° 0,168 7 x 101° 0,700 0 x 107° 0,272 2 x 1073 0,146 7 x 102
5 05586 7 x 107° 0,492 0.5 707° 0,146 7 x 10~ * 0,166 7 x 10~ * 0,3333x 103
6 0B333x 1078 0,252'9.% 1078 01733 x 107* 0,346 7 x 10™* 0,258 9 x 1073
7 o111 6x107° 02763 x 107° 0,8333x107° 0,116 7 x 10™* 0,753 3 x 1o~*
8 o158 3x 107’ 0102 5 x 107 0,2692x10™* 0,136 7 x 10°* 0,495 8 x 1o~ *
9 0700 0 x 1077 0,369 2 x 107° 0,2250x 107° 0 0,460 0 x 1o~*
10 062 5x 107° 0,102 5x 1074 0,123 7 x 1073 0,786 7 x 10~ * 0,209 2 x 102
11 0625 0 x 1077 0,2292 x 107° 0,2292 x10°* 0,2292 x 10~* 0,250 0 x 104
12 0J600 0 x 10~¢ 0,500 0 x 107° 0,562 5x 10™* 0,562 5 x 10™* 0,539 6 x 10732
13 0190 0 x<10™® 0,356 7 x 107° 0,250 0 x 107° 0,126 7 x 10~ * 0,436 7 x 10~*
14 0J0700%107° 0,276 7 x 1078 0,200 0 x 107° 0,246 7 x 1074 0.250 0 x 10~ *
15 0B5E8.3x 107 0,114 9 x 107° 0,291 7 x107° 0,209 2 x 10™* 0,6425><10'2
16 e 710 8-300-0-10- 01092510 04787 10— 8322 50~
17 0,250 0 x 107 ° 0,766 9 x 107 ° 0,6892x107* 0,2723x 1073 0,6757 x 1072
18 0,124 9x107° 0,429 2 x 1078 0,166 7 x 107 ° 0,3892x10™* 0,500 0 x 10~ *
19 0,186 9 x 107 ° 0,6803x 107° 0,364 9 x 1073 0,2953 x 1073 0,476 3 x 1072

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

4:1994(E)

Level Lab. Calculated statistic? Critical value
List of outliers (« = 0,01)
! o G2 = 0,295 G2(19) = 0,339 8
2 10 G1=3,305 G1(19) = 2,968
3 19 C=0,474 C(4,19) = 0,276
10 C =0305 C(4.18) = 0,288
4 — — —
5 17 C =0,358 C(4,19)% 0,276
19 C=07393 C(4,18) = 0,288
List gf stragglers (« = 0,05)
1 J— — J—
2 —_ — —
3 J— —_— J—
4 — — —
5 10 C = 0,284 C(4,17) = 4,250

G1

G2

1) = Cochran's test

Grubbs' test for one outlying observation

Grubbs' test for two outlying observations

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

jlity standard

Level

1 2 3 4 5
n 4 4 4 4 4
p V7 18 17 18 16
s, 0,000 65 0,001 43 0,004 07 0,008 95 0,018 15
Sk 0,000 84 0,002 48 0,007 06 0,013 85 0,032 46
y 1,29 1,73 1,73 1,54 1,79
A 0,352 8 0,399 9 04117 0,383 0 0,428 7
Asg 0,000 296 0,000 991 0,002 906 0,005 301 0,013 916
y 0,646 0.0874 84024 0773-9 2,524 9
U 0,0100 0,093 0 0,401 0 0,777 0 2,530 0
5 0,001 6 — 0,005 6 0,001 4 — 0,003 1 — 0,005 1
5 — Asg 0,001 3 — 0,006 6 —0,0015 — 0,008 4 -0,0190
5+ Asg 0,001 9 — 0,004 6 0,004 3 0,002 2 0,008 8
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NOTE — Boxed points signify that the test results were identified as outliers
by Grubbs' test for two outlying observations (G2).
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NOTE — Boxed points signify that the test results were identified as outliers
by Cochran's test (C).
Figure B3 — Manganese content in iron ores: Test results at level 3 |
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Figure B.4 — Manganese content in iron ores: Test results at level 4
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Figure B.5 — Manganese content in iron ores: Test results at level 5
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Figure B.6 — Manganese content in iroin. ores: / values grouped by laboratori
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Figure B.7 — Manganese content in iron ores: k values grouped by laboratories
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