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NATIONAL FOREWORD

Kéesolev Eesti standard EVS-ISO 5725-3:2002 “M&6t-
mismeetodite ja tulemuste mAddtetdpsus (tdeline
vaartus '%psus). Osa 3: Standardse modtemeetodi
kordustaps vahemdodtmised” sisaldab rahvus-
vahelise nd}dardl ISO 5725-3:1994  “Accuracy
(trueness a cision) of measurement methods and
results - Part termediate measures of the precision

of a standard m rement method” identset inglis-
keelset teksti.

:2002 on kinnitatud Eesti
2 kéaskkirjaga ja joustub
EVS Teatajas.

Standard EVS-ISO
Standardikeskuse 03.

Standard on kéattesaadav Eesti @gdlkeskusest

This Estonian Standard EVS-ISO 5725-3:2002
consists of the identical English text of the
International Standard [SO 5725-3:1994 “Accuracy

(trueness and precision) of measurement methods
and results - Part 3: Intermediate measures of the
precision of a standard measurement method”.

This standard is ratified with the order of Estonian
Centre for Standardisation dated 03.05.2002 and is
endorsed with the notification published in the official
bulletin of the Estonian national standardisation
organisation.

The standard is available from Estonian Centre for
Standardisation.
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Kasitlusala
1.1 Kéesolev ISO 5725 osa tapsustab n@/ahe
mdotmist, mis tulenevad vaatlustingimust g

kalibreerimine, operaator ja varustus) muud
laboris.  Neid vahemd6tmisi saab |&bi yﬁ\
eksperimendi korras erilaboris v6i laboritevaheli
katse raames.

Samuti, see ISO 5725 osa.

a) arutab kordustdpsuse vahem@otmiste maaratlusi;

b) annab juhised kordustdpsuse vahemddtmiste
analiusimiseks ja rakendamiseks praktilistes situat-
sioonides;

c) ei anna vigade madra kordustapsuse vahemoot-
miste tulemuste arvutamisel;

d) ei tegele mdodtemeetodi enda téesuse kindlaks-
madramisega, aga arutab seoseid tbéesuse ja
mdotmistingimuste vahel.

1.2 Kéesolev ISO 5725 osa tegeleb ainult moodte-
meetoditega, mis annavad modtmisi pideval skaalal
ning annavad katse tulemuseks Uhe vaartuse, kuigi
see voib olla mitmete vaatluste pdhjal tehtud arvutuse
tulemus.

1.3 Keskmise tdpsuse modtmise sisu kindlaks-
maaramise korral mdddetakse modtemeetodi voimet
korrata testi tulemusi etteantud tingimustel.

Scope

1.1 This part of ISO 5725 specifies four inter-
mediate measures due to changes in observation
conditions (time, calibration, operator and equipment)
within a laboratory. These intermediate measures can
e established by an experiment within a specific
ﬂoratory or by an interlaboratory experiment.

*
F

ermore, this part of ISO 5725.

sses the implications of the definitions of
te precision measures;

b) prese guidance on the interpretation and
applicati the estimates of intermediate precision
measure tical situations;

c) does not e any measure of the errors in

estimating inter € precision measures;

d) does not co itself with determining the
trueness of the mea ent method itself, but does
discuss the connec between trueness and
measurement conditionst

1.2 This part of IS0 57 ncerned exclusively
with measurement metho hich yield measure-
ments on a continuous scale aéve a single value
as the test result, although thi value may be
the outcome of a calculation f set of obser-

vations.
1.3  The essence of the determin f these
intermediate precision measures is that th asure

the ability of the measurement method to re test
results under the defined conditions.
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1.4 Kéesolevas IS0 5725 osas vélja todtatud | 1.4  The statistical methods developed in this part
statistilised meetodid tuginevad eeldusel, et Uhen- | of ISO 5725 rely on the premise that one can pool
dades info "samalaadsete" mdotetingimuste korral, | information from “similar” measurement conditions to
tagatakse kordustapsuse vahemddtmiste tapsemad | obtain more accurate information on the intermediate
tulem)a Antud eeldus on kaalukas seni kuni ndue | precision measures. This premise is a powerful one
"samal e" tdhendab tdepoolest "samalaadset". | as long as what is claimed as “similar’ is indeed
Antud e sest on vaga raske kinni pidada kui | “similar”. But it is very difficult for this premise to hold
kordust'apJ vahemddtmisi  hinnatakse laborite- | when intermediate precision measures are estimated
vaheliste gute alusel. Néiteks, kontrollida "aja” ja | from an interlaboratory study. For example, controlling
"kéitaja” moju gteisies laborites, viisil, et erinevate | the effect of “time” or of “operator” across laboratories
laborite infor oni Uhendamisel oleksid need | in such a way that they are “similar”, so that pooling
"samalaadsed” Qrusaadavad, on vaga raske. | information from different laboratories makes sense, is
Seega, kasuta laboritevaheliste  uuringute | very difficult. Thus, using results from interlaboratory
keskmise tapsuse mise tulemusi, nduab ette- | studies on intermediate precision measures requires
vaatlikkust. Laborat uuringute valtel, mis | caution. Within laboratory studies also rely on this
samuti tuginevad sellel sel, kuid sellisel uuringul | premise, but in such studies it is more likely to be
on see tdéendoliselt realis , on tegelik kontrolli ja | realistic, because the control and knowledge of the
teadmiste mojutegur ro analidtiku tagada. | actual effect of a factor is then more within reach of
the analyst.

1.5 On olemas muid tehnol id peale nende, | 1.5  There exist other techniques besides the ones
mida kirjeldatakse ké&esolevas IS0 5725 osas, et | described in this part of ISO 5725 to estimate and to
hinnata ja teha kindlaks vahe usmoodtmisel | verify intermediate precision measures within a

laboris, naiteks, kontrolltabeliga IS0 5725-6). | laboratory, for example, control charts
Kéesolev IS0 5725 osa ei ndua, et kirjeld Uksnes | (see IS0 5725-6). This part of ISO 5725 does not claim
l[Ahenemisviisi mddtemeetodite tapsuse amiseks | to describe the only approach to the estimation of
konkreetses laboris. O intermediate precision measures within a specific

mudelitele nagu pesastatud kujundus. M experiments such as nested designs. Some basic

pohilised andmed on esitatud lisades B ja C. Teis ?ﬂormation is given in annexes B and C. Other
selle valdkonna viited on esitatud lisas E. d rences in this area are given in annex E.

laboratory
MARKUS 1 Kaesolev 1S0 5725 osa viitab Ra@ NOTE 1 This part of ISO 5725 refers to designs of

é
<
®
Ve
O

ICS 03.120.30 Statistiliste meetodite rakendamine @

Standardite reprodutseerimis- ja levitamis6igus kuulub Eesti Standardikeskusele :

millisel teel on keelatud ilma Eesti Standardikeskuse poolt antud kirjaliku loata.
Kui Teil on kiisimusi standardite autorikaitse kohta, palun votke Gihendust Eesti Standardikeskusega:
Aru 10 Tallinn 10317 Eesti; www.evs.ee; Telefon: 605 5050; E-post: info@evs.ee

Right to reproduce and distribute belongs to the Estonian Centre for Standardisation

Andmete paljundamine, taastekitamine, kopeerimine, salvestamine elektroonilisse slisteemi voi edastamine@?'k millises vormis voi

No part of this publication may be reproduced or utilized in any form or by any means, electronic or mechanical, including pfio ying,
without permission in writing from Estonian Centre for Standardisation.

If you have any questions about standards copyright, please contact Estonian Centre for Standardisation:
Aru str 10 Tallinn 10317 Estonia; www.evs.ee; Phone: 605 5050; E-mail: info@evs.ee




[Blank page]



EVS-ISO 5725-3:2002

Contents

-t

SCOPE N ittt ettt ettt bttt 1
*

Normativ@ences ..................................................................... 2

Definitions et e et et et e e e et e e e e e e e e e e e e e e r e e e e e ————————— 2

General requirem@ ................................................................. 2
Important factors % ............................................................... 2

6 Statistical model ... 6 ......................................................... 3
6.1 Basic model 3

6.2 General mean, m ... 0/( ............................................ 3

6.3 TErMB oo, /’ ........................................ 4

g &~ W N

6.4 Terms By, B(;), By, etc. ... 0 ....................................... 4

6.5 Errorterm,e . @ ................................ 5

7 Choice of measurement conditions ... @ ...................... 5

8 Within-laboratory study and analysis of intermedi@recision
MNEASUMNES ceeeieveeeeeeeeeeerereeererresressnsnsnnssnsnnnnnnnsssnsnsnnnefonsionesareerennnns 6

8.1 Simplest approach  ....c.ccooeiieiiiieeeeee s /® .......... 6

8.2 An alternative method é, 6

8.3 Effect of the measurement conditions on the final quoted
=110 | OO PUPPRUPRRR . é
9 Interlaboratory study and analysis of intermediate precision O
MMEASUMNES ciiieieieeeiiieeeeiiieeereereeeereeetsraeestraeersereeasstasasssasnnaaasaesesaneas 7

9.1 Underlying assumptions  .....cccciiiiiiiiiieeeee e 7
9.2 Simplest approach .. 7 s/
9.3 Nested eXperimMentsS  ..oooociiiiiiieeee e 7 ®O’

9.4 Fully-nested experiment  ...oooooiiiiiieeee e 8 5

9.5 Staggered-nested experiment ... 9 z

9.6 Allocation of factors in a nested experimental design  ........... 9 @
© IS0 1994

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced

or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm, without permission in writing from the publisher.

International Organization for Standardization
Case Postale 56 ® CH-1211 Genéve 20 ¢ Switzerland

Printed in Switzerland



EVS-I1SO 5725-3:2002

9.7 Comparison of the nested design with the procedure given in

ISO B725-2 e 9

9.8 Comparison of fully-nested and staggered-nested experimental
ABSIONS e 9

Annexes

A Symbols and abbreviations used in ISO 5726 ...l 10
B  Analysis of variance for fully-nested experiments  ................ 12
B.1 Three-factor fully-nested experiment  ............cccooiiiiiiiin, 12
B.2 Four-factor fully-nested experiment ..o, 13
C Analysis of variance for staggered-nested experiments o 15
O C.1 Three-factor staggered-nested experiment  ............c....c....... 15
/ +C.2 Four-factor staggered-nested experiment = ......cccoceveeereennn.. 16
{S\:B Five-factor staggered-nested experiment ..., 17
@ Six-factor staggered-nested experiment  ........cooiiiiiiiineennn. 18

D mples of the statistical analysis of intermediate precision
IMENTS oot 19

D.1 E@ 1 — Obtaining the [time + operator]-different
inter iate precision standard deviation, s, o) within a specific

laboratg@ a particular level of the test ... ..ccccceevieine.. 19
D.2 Example btaining the time-different intermediate precision
standard d ion by interlaboratory experiment  .............. 20

E Bibliography @ .................................................................... 25



EVS-ISO 5725-3:2002

3.

®
o

Foreword O

ISO (the International Org
federation of national stand
of preparing International Stan

jon for Standardization) is a worldwide
dies (ISO member bodies). The work
is normally carried out through ISO
technical committees. Each m body interested in a subject for
which a technical committee has n established has the right to be
represented on that committee. Int nal organizations, governmental
and non-governmental, in liaison with Iso take part in the work. ISO
collaborates closely with the Internati r;%#ectrotechnical Commission
(IEC) on all matters of electrotechnical st

circulated to the member bodies for voting. Pu jon as an International
Standard requires approval by at least 75 % of th€ member bodies casting
a vote.

International Standard ISO 5725-3 was prepared by ¥#chnical Committee
ISO/TC 69, Applications of statistical methods, Sulic ittee SC 6,
Measurement methods and results. ‘

gsﬁization.
Draft International Standards adopted by the tEchnical committees are

.
ISO 5725 consists of the following parts, under the general‘(@Acouraoy
(trueness and precision) of measurement methods and results.

— Part 1: General principles and definitions é

— Part 2: Basic method for the determination of repeatabi/@
reproducibility of a standard measurement method

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

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

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

— Part 6: Use in practice of accuracy values

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

Annexes A, B and C form an integral part of this part of ISO 5725. Annexes
D and E are for information only.

S
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Introduction

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

*

{SQ.Z General consideration of these quantities is given in ISO 5725-1 and
S

0 is not repeated here. It is stressed that 1ISO 5725-1 should be read in
c@nction with all other parts of ISO 5725 because the underlying defi-
n s and general principles are given there.

0.3 I\{K ifferent factors (apart from variations between supposedly
identical )mens) may contribute to the variability of results from a
measureme hod, including:

a) the operato@
b) the equipmen%j;
¢) the calibration of @&ipment;

d) the environment (tempe@re, humidity, air pollution, etc.);

e) the batch of a reagent; ® .

and/or with different equipment will us greater than the variability
between measurements carried out wi short interval of time by a
single operator using the same equipment. ,

0.4 Two conditions of precision, termed repeatabilj d reproducibility
conditions, have been found necessary and, for ha ygractical cases,

f) the time elapsed between me%?ents.
The variability between measuremen %Lmed by different operators
t a

useful for describing the variability of a measurement ndethod. Under re-
peatability conditions, factors a) to f) in 0.3 are considered stants and
do not contribute to the variability, while under reproducibillty’ conditions
they vary and do contribute to the variability of the test results. Thus re-
peatability and reproducibility conditions are the two extremes of pre-
cision, the first describing the minimum and the second the maximum
variability in results. Intermediate conditions between these two extreme
conditions of precision are also conceivable, when one or more of factors
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a) to f) are allowed to vary, and are used in certain specified circum-
stances.

Precision is %al!y expressed in terms of standard deviations.

A ] ————

0.5 This pa SO 5725 focuses on intermediate precision measures
of a measurenmethod. Such measures are called intermediate as
their magnitude etween the two extreme measures of the precision
of a measurement r@yi: repeatability and reproducibility standard de-
viations.

f intermediate precision measures, consider
laboratory connected with a production
three-shift working system where
measurements are made by nt operators on different equipment.
Operators and equipment are th me of the factors that contribute to
the variability in the test resuits. factors need to be taken into ac-
count when assessing the precision measurement method.

To illustrate the need for
the operation of a prese
plant involving, for examt

HIVOIVIELTY,;

0.6 The intermediate precision meas Y defined in this part of
ISO 5725 are primarily useful when their estifnation is part of a procedure
that aims at developing, standardizing, or controlling a measurement
method within a laboratory. These measures &Iso be estimated in a
specially designed interlaboratory study, but theif interpretation and appli-
cation then requires caution for reasons explainedﬁi and 9.1.

0.7 The four factors most likely to influence t cision of a
measurement method are the following. é.

a) Time: whether the time interval between successive megasdrements
is short or long. é

b) Calibration: whether the same equipment is or is not recalibfated
between successive groups of measurements.

c) Operator: whether the same or different operators carry out the su§o

cessive measurements.

d) Equipment: whether the same or different equipment (or the same
or different batches of reagents) is used in the measurements.

0.8 It is, therefore, advantageous to introduce the following M-factor-
different intermediate precision conditions (M =1, 2, 3 or 4) to take ac-
count of changes in measurement conditions (time, calibration, operator
and equipment) within a laboratory.

a) M =1: only one of the four factors is different;
b) M = 2: two of the four factors are different;
c) M = 3: three of the four factors are different;

d) M = 4: all four factors are different.

Different intermediate precision conditions lead to different intermediate
precision standard deviations denoted by Si()r where the specific con-
ditions are listed within the parentheses. For example, 5oy is the inter-

Vi

S
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mediate precision standard deviation with different times (T) and
operators (O).

0.9 For measurements under intermediate precision conditions, one or
more of the factors listed in 0.7 is or are different. Under repeatability
conditions, those factors are assumed to be constant.

The standard deviation of test results obtained under repeatability con-
ditions is generally less than that obtained under the conditions for inter-
mediate precision conditions. Generally in chemical analysis, the standard
deviation under intermediate precision conditions may be two or three
times as large as that under repeatability conditions. It should not, of
course, exceed the reproducibility standard deviation.

As an example, in the determination of copper in copper ore, a
collaborative experiment among 35 laboratories revealed that the standard
deviation under one-factor-different intermediate precision conditions (op-
erator and equipment the same but time different) was 1,5 times larger
than that under repeatability conditions, both for the electrolytic gravimetry
Aand Na,S,0; titration methods.

®
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Accura(p;(trueness and precision) of measurement

methods’and results —

Q
Part 3: Q

Intermediate

measurement megpd
/0
¢

>
<,

1 Scope

ate precision measures due to changes in observation
conditions (time, calibration, operator and equipment)
within a laboratory. These intermediate measures can
be established by an experiment within a specific
laboratory or by an interlaboratory experiment.

Furthermore, this part of ISO 5725

a) discusses the implications of the definitions of in-
termediate precision measures;

b) presents guidance on the interpretation and appli-
cation of the estimates of intermediate precision
measures in practical situations;

c) does not provide any measure of the errors in
estimating intermediate precision measures;

d) does not concern itself with determining the
trueness of the measurement method itself, but
does discuss the connections between trueness
and measurement conditions.

1.2 This part of ISO 5725 is concerned exclusively
with measurement methods which yield measure-
ments on a continuous scale and give a single value
as the test result, although the single value may be

sures of the precision of a standard

the outcome of a calculation from a set of obser-

@ vations.
*

1.1 This part of ISO 5725 specifies four intermeél-/

1.3 The essence of the determination of these in-

termediate precision measures is that they measure

e ability of the measurement method to repeat test
ults under the defined conditions.

e statistical methods developed in this part
of | 725 rely on the premise that one can pool
informa@ from “similar” measurement conditions
to obtai re accurate information on the inter-
mediate %on measures. This premise is a
powerful o ong as what is claimed as “similar”
is indeed ”s&r" But it is very difficult for this
premise to hol n intermediate precision meas-
ures are estimate an interlaboratory study. For
example, controlling ffect of “time” or of “oper-
ator” across laboratofies ip#such a way that they are
“similar”, so that pooli formation from different

precision measures requir ution.  Within-
laboratory studies also rely o premise, but in
such studies it is more likely to b tic, because
the control and knowledge of the agtllalyeffect of a
factor is then more within reach of t nalyst.

laboratories makes sense, | difficult. Thus, using
results from interlaborat s&on intermediate
thi

1.5 There exist other techniques besides the ones
described in this part of ISO 5725 to estimate and to
verify intermediate precision measures within a lab-
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oratory, for le, control charts (see ISO 5725-6).
This part of ISO 5725 does not claim to describe the
only approach to the estimation of intermediate pre-

cision measure$, within a specific laboratory.

avamn
CAGITIm

NOTE 1 Thi of 1SO 5725 refers to designs of ex-
periments such Sted designs. Some basic information
is given in annexé%}nd C. Other references in this area

are given in annex

2 Normative re ces

The following standards @tain provisions which,
through reference in this t@onstitute provisions
of this part of iSO 5725. At thé’l

editions indicated were valid. All ards are subject
to revision, and parties to agree based on this
part of ISO 5725 are encouraged ;estigate the

P RN F YR
O1 publicauoll, e

possibility of applying the most rece ions of the

) o
standards indicated below. Members ofgdEC ag.d ISO

maintain registers of currently valid lM ational
Standards. &

ISO 3534-1:1993, Statistics — Vocabulary an@h-
bols — Part 1: Probability and general statiStical
terms.

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 measurement methods and results — Part 2: Basic
method for the determination of repeatability and
reproducibility of a standard measurement method.

ISO Guide 33:1989, Uses of certified reference ma-
terials.

ISO Guide 35:1989, Certification of reference ma-
terials — General and statistical principles.

b/‘

@equipment) in the measurement conditions within a

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

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

4 General requirement

In order that the measurements are made in the same
way, the measurement method shall have been
standardized. Ali measurements forming part of an
experiment within a specific laboratory or of an inter-
laboratory experiment shall be carried out according
to that standard.

5 Important factors

5.1 Four factors (time, calibration, operator and

boratory are considered to make the main contri-
jons to the variability of measurements (see

).

2

52 rements made at the same time” in-
clude t @ducted in as short a time as feasible
i

in order to ize changes in conditions, such as
environmentaéﬁditions, which cannot always be
guaranteed co “Measurements made at differ-
ent times”, that %e carried out at long intervals
of time, may inclu ects due to changes in en-
vironmental conditiow/(

Table 1 — Four important factors and their states ()/
>

Measurement conditions within a laboratory
Factor
State 1 (same) State 2 (different) ‘L

Time Measurements made at the same Measurements made at different

time times
Calibration No calibration between measure- Calibration carried out between

ments measurements 0
Operator Same operator Different operators
Equipment Same equipment without recali- Different equipment

bration






