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Foreword

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

The precedures—tsed—to—develop-thisdocumentand-those—intendedFor—tts—{furtheratatenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria Yiepded for the
different types of ISO documents should be noted. This document was drafted in accordance with the

editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént‘may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such-patent righty. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation on the meaning of ISO specific termis and expressions related to| conformity
assegsment, as well as information about ISO’s adherénee to the WTO principles in the Technical
Barrjers to Trade (TBT) see the following URL: Forewdrd - Supplementary information

The |committee responsible for this document.lis ISO/TC 69, Applications of statistiqal methods,
Subcpmmittee SC 6, Measurement methods and results.

This|second edition of ISO 13528 cancels ‘and replaces the first edition (ISO 13528:200p), of which
it constitutes a technical revision. Thiscsecond edition provides changes to bring the dofument into
harmony with ISO/IEC 17043:2010, which replaced ISO Guide 43-1:1997. It follows a revisdd structure,
to dgscribe better the process of the design, analysis, and reporting of proficiency testing schemes. It
also pliminates some procedures-that are no longer considered to be appropriate, and adds or revises
some other sections to be censistent with ISO/IEC 17043 and to provide clarity and correct minor
errofs. New sections have-been added for qualitative data and additional robust statistical methods.

This|corrected version'of1SO 13528:2015 incorporates the following corrections:

— 71.5.2.2, equation/(5):"Uchqr” has been replaced with “ucpgr

— 9.8.2, NOTE:reference to “E.3” has been replaced with a reference to “E.4”;

«,_n,

— B.2.3, Table B.1, first row, first column: “gm” has been replaced with “g”;

— B.2.3,paragraph below Table B.1: in the first formula,”F2,,” has been replaced with “Fy,” and subscript
for “-1” has been removed; in the second formula, subscript for “-1” has been removed;

— B.2.3b), NOTE: the equation for F1 is now divided by “(g-1)";

— B.3, equations (B.7), (B.14) and (B.16): the terms 5)2( and s, have been replaced with s% and s;in

addition, in equation (B.16) the square root symbol has been moved outside the “max ( 0, ....)"
bracket;
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B.3, equation (B.8): “ sf ” has been replaced with “w

2n.
t

C.3.1, NOTE 2, first line: “the” has been removed before “identical”;

C.3.1, paragraph after equation (C.10), second line: the words “the modified data in” have been

deleted.
C.3.1,1a

st note: “NOTE” has been replaced with “NOTE 3”, and Reference to “E.3 and E.4” has been

replaced with a Reference to “E.1 and E.3”;

The following minor editorial corrections have been implemented for consistency throughout the

document:

Vi

8.3.1, th
8.6.1, fiy

B.4.1.2,
items” (|

Annexe
present|

ird bullet, last line: the first occurrence of “approved” (after “more”) has been deleted;
st line: “,0p¢, “ has been replaced with “(op¢ ) (for presentation consistency);

second bullet, second line: the word “samples” has been replaced with ‘pnoficiency testing
for terminological consistency)

5 D and E, titles: the first letters in all words after the first one‘issnow in lower case¢ (for
ation consistency).
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0 Introduction

0.1 The purposes of proficiency testing

Proficiency testing involves the use of interlaboratory comparisons to determine the performance
of participants (which may be laboratories, inspection bodies, or individuals) for specific tests or
measurements, and to monitor their continuing performance. There are a number of typical purposes of
proficiency testing, as described in the Introduction to ISO/IEC 17043:2010. These include the evaluation
of laboratory performance, the identification of problems in laboratories, establishing effectiveness and
comparablllty of test or measurement methods the prov151on of addltlonal confldence to laboratory
custen 3 reerta e : d participating—taboratories. The
statistical de51gn and analytlcal techmques applled must be approprlate for the stated puppose(s).

0.2 Rationale for scoring in proficiency testing schemes

A variety of scoring strategies is available and in use for proficiency testing~Although fhe detailed
calcylations differ, most proficiency testing schemes compare the partigipant’s deviatjon from an
assigned value with a numerical criterion which is used to decide whether or not the deviation
represents cause for concern. The strategies used for value assignment-and for choosing a criterion
for dssessment of the participant deviations are therefore criticalk In particular, it is ijnportant to
consjder whether the assigned value and criterion for assessing deviations should be independent of
participant results, or should be derived from the results subntitted. In this Standard, both strategies
are grovided for. However, attention is drawn to the discussién that will be found in sections 7 and 8 of
the advantages and disadvantages of choosing assigned values or criteria for assessing deyiations that
are not derived from the participant results. It will be seenthat in general, choosing assignefl values and
assegsment criteria independently of participant results-offers advantages. This is particularly the case
for the criterion used to assess deviations from theassigned value - such as the standard deviation for
proficiency assessment or an allowance for measurement error - for which a consistent chojice based on
suitability for a particular end use of the measurement results, is especially useful.

0.3 ISO 13528 and ISO/IEC 17043

ISO 13528 provides support for the implementation of ISO/IEC 17043 particularly, on the r¢quirements
for the statistical design, validatien of proficiency test items, review of results, and reportipg summary
statiftics. Annex B of ISO/IEC-17043:2010 briefly describes the general statistical meth¢ds that are
used|in proficiency testing schemes. This International Standard is intended to be complementary to
ISO/1EC 17043, providing-detailed guidance that is lacking in that document on particuldr statistical
metHods for proficiency‘testing.

The fefinition of proficiency testing in ISO/IEC 17043 is repeated in ISO 13528, with th¢ Notes that
describe differenttypes of proficiency testing and the range of designs that can be used. This Standard
cannot specifically cover all purposes, designs, matrices and measurands. The techniques presented in
ipncy testing
scheme will
iques will be
bodies, and

regulatory authorities.

ISO 13528 incorporates published guidance for the proficiency testing of chemical analytical
laboratories [32] but additionally includes a wider range of procedures to permit use with valid
measurement methods and qualitative identifications. This revision of ISO 13528:2005 contains most
of the statistical methods and guidance from the first edition, extended as necessary by the previously
referenced documents and the extended scope of ISO/IEC 17043. ISO/IEC 17043 includes proficiency
testing for individuals and inspection bodies, and Annex B, which includes considerations for qualitative
results.

This Standard includes statistical techniques that are consistent with other International Standards,
particularly those of TC69 SC6, notably the ISO 5725 series of standards on Accuracy: trueness and
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precision. The techniques are also intended to reflect other international standards, where appropriate,
and are intended to be consistent with ISO/IEC Guide 98-3 (GUM) and ISO/IEC Guide 99 (VIM).

0.4 Statistical expertise

ISO/IEC 17043:2010 requires that in order to be competent, a proficiency testing provider shall have
access to statistical expertise and shall authorize specific personnel to conduct statistical analysis.
Neither ISO/IEC 17043 nor this International Standard can specify further what that necessary expertise
is. For some applications an advanced degree in statistics is useful, but usually the needs for expertise
can be met by individuals with technical expertise in other areas, who are familiar with basic statistical
concepts and erience or trai data

from profici
is very impQ@
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exercises w
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Statistical methods for use in proficiency testing by
interlaboratory comparison

1 Scope

This International Standard provides detailed descriptions of statistical methods for proficiency

testi]
thos¢
data

The |
by la

This
mea

NOTH
opini
valug
inspe

b schemes. This Standard provides recommendations on the interpretation of profici
by participants in such schemes and by accreditation bodies.

procedures in this Standard can be applied to demonstrate that the measurement resu
boratories, inspection bodies, and individuals meet specified criteria forcacceptable p¢

Standard is applicable to proficiency testing where the results reported are either
urements or qualitative observations on test items.

The procedures in this Standard may also be applicable to the dssessment of expert opin
bns or judgments are reported in a form which may be compared-gbjectively with an independ|
or a consensus statistic. For example, when classifying proficiency test items into known
ction - or in determining by inspection whether proficiency test items arise, or do not arise, fJ

original source - and the classification results are compared:objectively, the provisions of this S

relatq

to nominal (qualitative) properties may apply.

ained from
ency testing

Its obtained
rformance.

quantitative

on where the
ent reference
Categories by
om the same
tandard that

ent and are
For undated
es.

brms used in

't 1: General

(I associated

2 Normative references

The following documents, in whole or in part, are normatively referenced in this docum
indigpensable for its application. For dated references, only the edition cited applies. I
referfences, the latest edition of the referenced document (including any amendments) appl
[SO Guide 30, Reference materials % Selected terms and definitions

ISO 3534-1, Statistics — Vogabulary and symbols — Part 1: General statistical terms and t
probability

[SO 3534-2, Statistics=>Vocabulary and symbols — Part 2: Applied statistics

ISO $725-1, Accutacy (trueness and precision) of measurement methods and results — Par
prindiples and definitions

[SO/|EC 17043, Conformity assessment — General requirements for proficiency testing
ISO/1ECQGuide 99, International vocabulary of metrology — Basic and general concepts an
terms (VIM)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3534-1, ISO 3534-2,1S0 5725-1,
ISO/IEC 17043, ISO/IEC Guide 99, ISO Guide 30, and the following apply. In the case of differences
between these references on the use of terms, definitions in ISO 3534 parts 1-2 apply. Mathematical
symbols are listed in Annex A.

31

interlaboratory comparison
organization, performance and evaluation of measurements or tests on the same or similar items by
two or more laboratories in accordance with predetermined conditions

© ISO

2015 - All rights reserved
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3.2
proficiency

:2015(E)

testing

evaluation of participant performance against pre-established criteria by means of interlaboratory
comparisons

Note 1 to entry: For the purposes of this International Standard, the term “proficiency testing” is taken in its

widest sense

and includes, but is not limited to:

test item;

the prof

sequentf
measurg

simultar
within a

single od
continud

samplin

scheme includes evaluation of the execution of sampling; and

data intq

to providle an interpretation (or other outcome).

3.3
assigned v4
value attrib

3.4
standard d
measure of

Note 1 to en
population of

Note 2 to entl
Note 3 to ent

[SOURCE: IS

3.5

ciency testitem;

ment and returned to the proficiency testing provider at intervals;

eous scheme — where proficiency test items are distributed for concurrent testing,ot measurg
defined time period;

casion exercise — where proficiency test items are provided on a single pccasion;
us scheme — where proficiency test items are provided at regular intérvals;

b — where samples are taken for subsequent analysis and thepuirpose of the proficiency tg

rpretation — where sets of data or other information are furnished and the information is proc

lue
ited to a particular property of a proficiency test item

pviation for proficiency assessment
lispersion used in the evaluation-of results of proficiency testing

fry: This can be interpretedas the population standard deviation of results from a hypoth
laboratories performing €xactly in accordance with requirements.

y: The standard deviatien for proficiency assessment applies only to ratio and interval scale re|

Fy: Not all profiefency testing schemes evaluate performance based on the dispersion of result

0/IEC 17043:2010, modified — In the definition “, based on the available information|’
been deletedl. Note 1to'the entry has been added, and Notes 2 and 3 have been slightly edited.]

measuremsy

bnterror

measured quantity value minus a reference quantity value

[SOURCE: IS
3.6

0O/IEC Guide 99:2007, modified — Notes have been deleted.]

maximum permissible error
extreme value of measurement error, with respect to a known reference quantity value, permitted by
specifications or regulations for a given measurement, measuring instrument, or measuring system

[SOURCE: IS

O/IEC Guide 99:2007, modified — Notes have been deleted.]

5.

quantitative scheme — where the objective is to quantify one or more measurands for each proficiency

qualitative scheme — where the objective is to identify or describe one or more qualitative characteristics of

al scheme — where one or more proficiency test items are distributed sequentially fot testing or

ment

sting

bssed

ptical

sults.

has
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3.7

zscore

standardized measure of performance, calculated using the participant result, assigned value and the
standard deviation for proficiency assessment

Note 1 to entry: A common variation on the z score, sometimes denoted z’ (commonly pronounced z-prime),
is formed by combining the uncertainty of the assigned value with the standard deviation for proficiency
assessment before calculating the z score.

3.8

zeta score
standardized measure of pprf‘nrmnnr‘p’ calculated using the participant result qccignpd value and the

combined standard uncertainties for the result and the assigned value

3.9
proportion of allowed limit score
stanglardized measure of performance, calculated using the participant result;-assigned value and the
critefion for measurement error in a proficiency test

Note|l to entry: For single results, performance can be expressed as the deyiation from the assigned value (D
or D %).

3.10
actign signal
indidation of a need for action arising from a proficiency test result

EXANPLE A z score in excess of 2 is conventionally taken'as an indication of a need to investigate possible
caus€s; a z score in excess of 3 is conventionally taken as araction signal indicating a need for corrgctive action.

3.11
consensus value
valug¢ derived from a collection of results in.dn interlaboratory comparison

Note [l to entry: The phrase ‘consensus valie’'is typically used to describe estimates of location and dispersion
derived from participant results in a profigiency test round, but may also be used to refer to values|derived from
resulfs of a specified subset of such results or, for example, from a number of expert laboratories.

3.12
outlier
memper of a set of values'which is inconsistent with other members of that set

Note|1l to entry: An~outlier can arise by chance from the expected population, originate frop a different
population, or be the result of an incorrect recording or other blunder.

Note |2 to entry: Many schemes use the term outlier to designate a result that generates an action gignal. This is
not the interided use of the term. While outliers will usually generate action signals, it is possible tp have action
signalls from results that are not outliers.

[SOUDf‘D. ICAC7290 1.10Q4 s difind Thao Natactatha anterahagabhaanm o441
NUL IOV J7 o0 1.1 7777, I11TUUITICU IIICIVULLO LU LIIv LUIIll )’ IITAvVGCeC UCUIl auu\,u.]
participant

laboratory, organization, or individual that receives proficiency test items and submits results for
review by the proficiency testing provider

3.14

proficiency test item

sample, product, artefact, reference material, piece of equipment, measurement standard, data set or
other information used to assess participant performance in proficiency testing

Note 1 to entry: In most instances, proficiency test items meet the ISO Guide 30 definition of “reference
material” (3.17).

© IS0 2015 - All rights reserved 3
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3.15

proficiency testing provider

organization which takes responsibility for all tasks in the development and operation of a proficiency
testing scheme

3.16

proficiency testing scheme

proficiency testing designed and operated in one or more rounds for a specified area of testing,
measurement, calibration or inspection

Note 1 to entry: A proficiency testing scheme might cover a particular type of test, calibration, inspection or a

number Of te -+n’ calibrationc o -n‘-pnnhnn‘- on prCF-mnnCy testitems-

3.17
reference material
RM
material, sufficiently homogeneous and stable with respect to one or more specified properties, which
has been established to be fit for its intended use in a measurement process

Note 1 to ently: RM is a generic term.
Note 2 to entfy: Properties can be quantitative or qualitative, e.g. identity of substarces or species.

Note 3 to entry: Uses may include the calibration of a measuring system, asseSsment of a measurement procgdure,
assigning values to other materials, and quality control.

[SOURCE: ISO Guide 30:2015, modified —Note 4 has been deleted:]

3.18
certified reference material
CRM
reference mjaterial (RM) characterized by a metrelogically valid procedure for one or more spegified
properties, pccompanied by an RM certificate that provides the value of the specified property, its
associated yncertainty, and a statement of metrological traceability

Note 1 to entjry: The concept of value includes a nominal property or a qualitative attributes such as identjty or
sequence. Ungertainties for such attributesinay be expressed as probabilities or levels of confidence.

[SOURCE: ISO Guide 30:2015, modified —Notes 2, 3 and 4 have been deleted.]
4 General principles

4.1 General requisements for statistical methods

4.1.1 The|statistical methods used shall be fit for purpose and statistically valid. Any statiptical
assumption$ on which the methods or design are based shall be stated in the design or in a wiitten
description of the proficiency testing scheme, and these assumptions shall be demonstrated to be
reasonable.

NOTE A statistically valid method has a sound theoretical basis, has known performance under the expected
conditions of use and relies on assumptions or conditions which can be shown to apply to the data sufficiently
well for the purpose at hand.

4.1.2 The statistical design and data analysis techniques shall be consistent with the stated objectives
for the proficiency testing scheme.

4.1.3 The proficiency testing provider shall provide participants with a description of the calculation
methods used, an explanation of the general interpretation of results, and a statement of any limitations

4 © IS0 2015 - All rights reserved
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relating to interpretation. This shall be available either in each report for each round of the proficiency
testing scheme or in a separate summary of procedures that is available to participants.

4.1.4 The proficiency testing provider shall ensure that all software is adequately validated.
4.2 Basic model

4.2.1 For quantitative results in proficiency testing schemes where a single result is reported for a
given proficiency test item, the basic model is given in equation (1).

I =H+teg (@8]
wherre
x; = proficiency test result from participant i
i =true value for the measurand
;i  =measurement error for participant i, distributed according to a relevant model

NOTE1 Common models for € include: the normal distribution ;&~N(0, 62) with mean 0 and vqriance either
consffant or different for each laboratory; or more commonly, afi/‘outlier-contaminated normal| distribution
consisting of a mixture of a normal distribution with a widen distribution representing the population of
errorjeous results.

NOTE 2  The basis of performance evaluation with z'sgores and oy is that in an “idealized” population of
competent laboratories, the interlaboratory standard deviation would be o) or less.

NOTHE 3  This model differs from the basic modelin ISO 5725, in that it does not include the laboratory bias
term|B;. This is because the laboratory bias and-residual error terms cannot be distinguished when only one
obseifvation is reported. Where a participant’sresults from several rounds or test items are considefed, however,
it may become useful to include a separatéterm for laboratory bias.

4.2.7 For ordinal or qualitative results, other models may be appropriate, or there ¢ould be no
statigtical model.

4.3 | General approaches for the evaluation of performance

4.3.1 There arethree different general approaches for evaluating performance in a proficiency testing
scheme. These approaches are used to meet different purposes for the proficiency testing scheme. The
apprpaches arelisted below:

a) performance evaluated by comparison with externally derived criteria;

b)

c) performance evaluated by comparison with claimed measurement uncertainty.

4.3.2 The general approaches can be applied differently for determining the assigned value and for
determining the criteria for performance evaluation; for example when the assigned value is the robust
mean of participant results and the performance evaluation is derived from o, or 8g, where 6 is a
predefined allowance for measurement error and op¢ = 8¢ /3; similarly, in some situations the assigned
value can be a reference value, but oy can be a robust standard deviation of participant results. In approach
c) using measurement uncertainty, the assigned value is typically an appropriate reference value.
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5 Guidelines for the statistical design of proficiency testing schemes

5.1 Introduction to the statistical design of proficiency testing schemes

Proficiency testing is concerned with the assessment of participant performance and as such does
not specifically address bias or precision (although these can be assessed with specific designs). The
performance of the participants is assessed through the statistical evaluation of their results following
the measurements or interpretations they make on the proficiency test items. Performance is often
expressed in the form of performance scores which allow consistent interpretation across a range
of measurands and can allow results for different measurands to be compared on an equal basis.
Performance-s jpant

result and
uncertainty
proficiency
of consisten|

The followi}
and on the
performanc
schemes) ar

5.2 Basis

5.2.1 Accq

objectives of

including or
of results”. |
error could

Design cons

EXAMPLE 1
reference val
obtaining an

EXAMPLE 2
group in the

an 3551gned value with an allowable dev1at10n or with an estimate of the measure

of the difference. Examination of the performance scores over multiple rounds
esting scheme can provide information on whether individual laboratories show evid
systematic effects ("bias”) or poor long term precision.

g Sections 5-10 give guidance on the design of quantitative proficiency'testing sch
statistical treatment of results, including the calculation and interpretation of va
e scores. Considerations for qualitative proficiency testing schemes (including or
P given in Section 11.

of a statistical design

rding to ISO/IEC 17043, 4.4.4.1, the statistical désign “shall be developed to mee
the proficiency testing scheme, based on the natute of the data (quantitative or qualit
dinal and categorical), statistical assumptions, the-nature of errors, and the expected nu
herefore proficiency testing schemes with different objectives and with different sourd
nave different designs.

iderations for common objectives are/listed below. Other objectives are possible.

For a proficiency testing schem€ t0 compare a participant’s result against a pre-detern
lie and within limits that are specified before the round begins, the design will require a meth
externally defined reference value, a method of setting limits, and a scoring method;

For a proficiency testing scheme to compare a participant’s result with combined results f:
came round, and limitsthat are specified before the round begins, the design will need to con]

ment
of a
ence

bmes
rious
dinal

t the
ative
mber
es of

nined

d for

fom a
sider

how the assigned value will be determined from the combined results as well as methods for setting limitjs and
scoring;

EXAMPLE 3 | For a profi€iency testing scheme to compare a participant’s result with combined results from a
group in the fame roundy)and limits determined by the variability of participant results, the design will nqed to
consider the falculatien,of an assigned value and an appropriate measure of dispersion as well as the method of
scoring;

EXAMPLE 4 | “For a proficiency testing scheme to compare a participant’s result with the assigned value, using

the participa

nt's own measurement uncertainty, the design will need to consider how the assigned value a

uncertainty are to be obtained and how participant measurement uncertainties are to be used in scoring.

EXAMPLE 5

nd its

For a proficiency testing scheme with an objective to compare the performance of different

measurement methods, the design will need to consider the relevant summary statistics and procedures to
calculate them.

5.2.2 There are various types of data used in proficiency testing, including quantitative, nominal
(categorical), and ordinal. Among the quantitative variables, some results might be on an interval
scale; or a relative, or ratio scale. For some measurements on a quantitative scale, only a discrete and
discontinuous set of values can be realized (for example, sequential dilutions); however, in many cases
these results can be treated by techniques that are applicable to continuous quantitative variables.
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NOTE 1 For quantitative values, an interval scale is a scale on which intervals (differences) are meaningful
but ratios are not, such as the Celsius temperature scale. A ratio scale is a scale on which intervals and ratios are
both meaningful, such as the Kelvin temperature scale, or most common units for length.

NOTE 2 For qualitative values, a categorical scale has distinct values for which ordering is not meaningful,
such as the names of bacterial species. Values on an ordinal scale have a meaningful ordering but differences are
not meaningful; for example a scale such as ‘large, medium, small’ can be ordered but the differences between
values are undefined other than in terms of the number of intervening values.

5.2.3 Proficiency testing schemes may be used for other purposes in addition to the above, as discussed
in section 0.1 and in ISO/IEC 17043. The design shall be appropriate for all the stated purposes for the
partj

1o
thrat

nraficieanceuztacting ccochanan
pProteeRty—tesStag-Sentie-

5.3 | Considerations for the statistical distribution of results

5.3.1 ISO/IEC 17043:2010, 4.4.4.2, requires that statistical analysis techniques-are consisent with the

statig
that
least
assuj
‘cont]
the §
distr

tical assumptions for the data. Most common analysis techniques for iproficiency tes
a set of results from competent participants will be approximatelyynormally distri
unimodal and reasonably symmetric (after transformation if neeessary). A commo
mption is that the distribution of results from competently determined measurements
aminated’) with results from a population of erroneous values,which may generate outl
coring interpretation relies on the assumption of normality, but only for the underlyi
bution for competent participants.

5.3.1.1 It is usually not necessary to verify that results are normally distributed, but it
to vdrify approximate symmetry, at least visually. Ifs\Symmetry cannot be verified then thg
testing provider should use techniques that are robust to asymmetry (see Annex C).

5.3.1
(allo
meth
meth
This

.2 When the distribution expected forthe proficiency testing scheme is not sufficientl
wving for contamination by outliers),/the proficiency testing provider should select d
ods that take due account of the asymmetry expected and that are resistant to outliers
ods that also take due account of.the expected distribution for results from competent
may include

1

ransformation to provide :approximate symmetry;

ethods of estimation-that are resistant to asymmetry;

ethods of estimation that incorporate appropriate distributional assumptions (fi
aximum likelihood fitting with suitable distribution assumptions and, if necesg
ejection).

EXANMPLE 1
techrfiques,' are often distributed according to the logarithmic normal distribution, and so
trangforimation may be appropriate as the first step in analysis.

q

ting assume
buted, or at
h additional
is mixed (or
ers. Usually,
ng assumed

s important
proficiency

[y symmetric
ata analysis
and scoring
barticipants.

or example,
ary, outlier

Results based on dilution, such as for quantitative microbiological counts or for immunoassay

logarithmic

EXAMPLE 2

Counts of small numbers of particles may be distributed according to a Poisson distribution, and

therefore the criteria for performance evaluation may be determined using a table of Poisson probabilities, based

on the average count for the group of participants.

5.3.1.3 In some areas of calibration, participant results may follow statistical distributi

ons that are

described in the measurement procedure (for example, exponential, or a wave form); these defined
distributions should be considered in any evaluation protocol.

5.3.2 According to ISO/IEC 17043:2010, 4.4.4.2, the proficiency testing provider shall state the basis for
any statistical assumptions and demonstrate that the assumptions are reasonable. This demonstration
may be based on, for example, the observed data, results from previous rounds of the proficiency testing
scheme, or the technical literature.
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NOTE The demonstration of the reasonableness of a distribution assumption is less rigorous than the
demonstration of the validity of that assumption.

5.4 Considerations for small numbers of participants

5.4.1 The statistical design for a proficiency testing scheme shall consider the minimum number of
participants that are needed to meet the objectives of the design, and state alternative approaches that
will be used if the minimum number is not achieved (ISO/IEC 17043:2010, 4.4.4.3 b)). Statistical methods
that are appropriate for large numbers of participants may not be appropriate with limited numbers of
participants. Concerns are that statlstlcs determined from small numbers of part1c1pant results may not
be sufficien : syoup.

NOTE The IUPAC/CITAC Technical Report: Selection and use of proficiency testing schemes for a limitednymber
of participants [24] provides useful guidance for proficiency testing schemes where there are few particigants.
In brief, the JUPAC/CITAC report recommends that the assigned value should be based on reliable indepephdent
measurements; for example by use of a certified reference material, independent assignment, by a calibijation
or national metrology institute, or by gravimetric preparation. The report further states_that the stapdard
deviation for|proficiency assessment may not be based on the observed dispersion among participant results for
a single rounf of a proficiency testing scheme.

5.4.2 Theminimum number of participants needed for the various statisti¢al methods will depenpd on
a variety of gituations:

— the statistical methods used, for example the particular stobust method or outlier removal
strategy chosen;

— the experience of the participants with the particular proficiency testing scheme;

— the experience of the proficiency testing provider with the matrix, measurand, methods, and group
of partigipants;

— whethef the intent is to determine the assighed value or the standard deviation (or both).

Further guidlance on techniques for handling-a small number of participants is provided in Annex D.1.
5.5 Guidelines for choosing the reporting format

5.5.1 It is|a requirement of ISQ/IEC 17043:2010, 4.6.1.2, that proficiency testing providers instruct
participants|to carry out measiirements and report results on proficiency test items in the same wpy as
for the majojrity of routinely performed measurements, except in special circumstances.

This requirement canXin some situations, make it difficult to obtain an accurate assessmept of
participantg’ precisioni and trueness, or competence with a measurement procedure. The proficlency
testing proyider 'should adopt a consistent reporting format for the proficiency testing schem¢ but
should, whefrepossible, use units familiar to the ma]orlty of participants and choose a reportlng format
that minimi
units when participants are known to report routlnely in units other than those required by the scheme.

NOTE1 For some proficiency testing schemes, an objective is to evaluate a participant’s ability to follow a
standard method, which could include the use of a particular unit of measurement or number of significant digits.

NOTE 2  Transcription errors in collation of results by the proficiency testing provider can be substantially
reduced or eliminated by the use of electronic reporting systems that permit participants to enter their own data
directly.

5.5.2 If a proficiency testing scheme requires replicate measurements on proficiency test items, the
participant should be required to report all replicate values. This can occur, for example, if an objective is
to evaluate a participant’s precision on known replicate proficiency test items, or when a measurement
procedure requires separate reporting of multiple observations. In these situations the proficiency
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testing provider may also need to ask for the participant’s mean value (or other estimate of location) and
uncertainty to assist data analysis by the proficiency testing provider.

5.5.3 Where conventional reporting practice is to report results as ‘less than’ or ‘greater than’ a limit
(such as a calibration level or a quantitation limit) and where numerical results are required for scoring,
the proficiency testing provider shall determine how the results will be processed.

5.5.3.1 The proficiency testing provider should either adopt validated data treatment and scoring
procedures that accommodate censored data (see Annex E.1), or require participants to report the

measured value of the result either in place of, or in addition to, the conventional reported value.

NOTE1  An option of scoring procedure could be to not score such data.
NOTE 2  Requiring participants to report numerical values outside the range normally réported |(for example,
below the participant’s quantitation limit) will permit use of statistical methods that réquire nunjerical values

but n

5.5.3
num
circ

of cH
proc
evaly

resu:IE

s should be evaluated using statistical methods which allow,unbiased estimation in the presence

ay result in scores that do not reflect the participant’s routine service to customérs,

.2  When consensus statistics are used, it may not be possible tg evaluate perfory
pber of censored values is large enough that a robust method .js~affected by the c
stances where the number of censored results is sufficient té.affect a robust meth
nsored datal2ll, or the results should not be evaluated.<When in doubt about the

ations with each of the alternative statistical procedures considered potentially appl

circumstances, and investigate the importance of any difference(s).

5.5.3
profi
valug

NOTH
consg

.3 Where censored results such as ‘less than'statements are expected or have been o
ciency testing scheme design should includeprovisions for scoring and/or other action
s reported by participants, and participants should be notified of these provisions.

Annex E.1 has an example of some analysis approaches for censored data. This example
nsus statistics with three differentapproaches; with the censored values removed, with the va

but the ‘<’ sign removed, and with the results replaced with half of the limit value.

5.5.4
profi

5.5.4
negli

NOTH
andt

5.5.4

Usually, the number-of significant digits to report will be determined by the d
ciency testing scheme.

.1  When specifying numbers of significant digits to be reported, the rounding errc
igible compared to the expected variation between participants.

In somie situations, correct reporting is part of the determination of competence of th
he numberof significant digits and decimal places can vary.

.2°) Where the number of digits reported under routine measurement conditions has an

nance if the
ensoring. In
pd, then the

bffect of the

edure chosen, the proficiency testing provider should cal¢dlate summary statistics and performance

cable in the

bserved, the
on censored

shows robust
lues retained

bsign of the

r should be

e participant,

appreciable

adverse effect on data treatment by the proficiency testing provider (for example, where measurement
procedures require reporting to a small number of significant digits), the proficiency testing provider
may specify the number of digits to be reported.

EXAMPLE A measurement procedure might specify reporting to 0,1 g, leading to a large proportion (>50
%) of identical results and in turn compromising the calculation of robust means and standard deviations. The
proficiency testing provider could then require participants to report to two or three decimal places to obtain
sufficiently reliable estimates of location and variation.

5.5.4.3 If it is allowed that different participants will report results using different numbers of
significant digits, the proficiency testing provider should take this into consideration when generating
any consensus statistics (such as the assigned value and standard deviation for proficiency assessment).
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6 Guidelines for the initial review of proficiency testing items and results
6.1 Homogeneity and stability of proficiency test items

6.1.1 The proficiency testing provider shall ensure that batches of proficiency test items are sufficiently
homogeneous and stable for the purposes of the proficiency testing scheme. The provider shall assess
homogeneity and stability using criteria that ensure that inhomogeneity and instability of proficiency
test items do not adversely affect the evaluation of performance. The assessment of homogeneity and
stability should use one or more of the following approaches:

a) experinemntatstudiesasdescribed T ATEX BT attermative experimenta mrethodsthat provide

equivalent or greater assurance of homogeneity and stability;

b) hce with the behaviour of closely similar proficiency test items in previous rounds qf the

ncy testing scheme, verified as necessary for the current round;

experie
proficie

ence
ction

lent of participant data in the current round of the proficiency testing scheme for evig
stency with previous rounds, for evidence of change with reporting time or produ
I any unexpected dispersion attributable to inhomogeneity or instability.

C) assessn|
of consi

order, o

NOTE 1
and technica
example as a

These approaches can be adopted on a case-by-case basis, using appropriate statistical technliques
justification. The approach will often change during the lifetime-ofa proficiency testing schenje, for
fcumulated experience reduces the initial requirement for experimental study.
NOTE 2

Re¢lying on experience (as in b above) is only reasonable sodeng as:

1. The prodess for producing batches of the proficiency test item () does not change in any way that may i

homogeneity;

npact

The matprials used in production of the proficiency testitem(s) do not change in any way that may impact

homogeneity;

There is pot a “failure” in homogeneity identifiedvia either homogeneity testing or participant responseg; and,

d use
ocess

The homn
of the m
remains

ogeneity requirements for the material are reviewed regularly, taking account of the intende
hterial at the time of the review)to ensure that the homogeneity achieved by the production pr
fit for purpose.

EXAMPLE If previous rounds of-aproficiency testing scheme used proficiency testitems that were tested and

demonstrate
then if an int
previous rou

6.1.2 For
participants
procedures
testing sche

1 to be sufficiently homegeneous and stable, and with the same participants as in previous ro
brlaboratory standard’deviation in the current round is not greater than the standard deviat
hds, there is evidence of sufficient homogeneity and stability in the current round.

calibration® proficiency testing schemes where the same artefact is used by mu

the proficiency testing provider shall assure stability throughout the round, or
fo identify and account for instability through the progression of a round of the profic
mesThis should include consideration of tendencies for particular proficiency test item

unds,
onin

tiple
have
ency
5 and

measurands, SUch as drift. Where appropriate, the assurance of stability snould consider the etfects of
multiple shipments of the same artefact.

6.1.3 All measurands (or properties) should normally be checked for homogeneity and stability.
However, where the behaviour of a subset of properties can be shown to provide a good indication of
stability and/or homogeneity for all properties reported on in a round, the assessment described in
section 6.1.1 may be limited to that subset of properties. The measurands that are checked should be
sensitive to sources of inhomogeneity or instability in the processing of the proficiency test item. Some
important cases are:

a) when the measurement is a proportion, a characteristic that is a small proportion can be more
difficult to homogenize and so be more sensitive in a homogeneity check;
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b) ifa proficiency test item is heated during processing, then choose a measurand that is sensitive to
uneven heating;

c) ifameasured property can be affected by settling, precipitation, or other time-dependent effects
during the preparation of proficiency test items, then this property should be checked across
filling order.

EXAMPLE In a proficiency testing scheme for the toxic metal content of soils, measured metal content

is primarily affected by moisture content. A check for consistent moisture content may then be considered
sufficient to ensure adequate stability of toxic metals.

NOTE
recomnmended in Annex B.

6.2 | Considerations for different measurement methods

6.2.

should normally be the same for all participants. However, when participants are allowed to

own
be a
prov
assig

EXAN

a) mq
same

b) op
meth
speci

6.2.2
the d
metH

6.3

6.3.1
blun
to idg
parti

appr;

NOTH
profi

An example of homogeneity and stability checks is provided in Annex E.2, using statistical methods

When all participants are expected to report a value for the same measurand, the as

easurement method, it is possible that a single assigned value for each analyte or prop
propriate for all participants. This can occur, for example, when“different measurem
de results that are not comparable. In this case, the proficiency testing provider may us
ned value for each measurement method.

1PLES

dical testing where different approved measurement methods are known to respond diffe
test material and use different reference ranges for didghosis;

erationally defined measurands, such as leachable toxic metals in soils, for which differ]
pds are available and are not expected to be dir€ectly compared, but where the proficiency te
fies the measurand without reference to a specific test method.

The need for different assigned_values for subsets of participants should be cc

ods) and should also be considered when reviewing data for each round.
Blunder removal

ISO/IEC 17043:2010, B.2.5 and the [UPAC Harmonized Protocol recommend remoy
lers from a dataset at an early stage in an analysis, prior to use of any robust procedur
pntify statistieal outliers. Generally, these results would be treated separately (such as cd
cipant). lt~can be possible to correct some blunders, but this should only be done acc
bved pelicy and procedure.

Obvious blunders, such as reporting results in incorrect units or switching results fi

signed value
choose their
erty will not
ent methods
e a different

rently to the

ent standard
sting scheme

nsidered in

esign of the proficiency testing(scheme (for example, to make provision for reporting of specific

ring obvious
e or any test
ntacting the
brding to an

om different

[iency test items _occurin most rounds nfprnfiripnrv testing and these results only impair the

performance

of subsequent statistical methods.

6.3.2

If there is any doubt about whether a result is a blunder, it should be retained in the

subjected to subsequent treatment, as described in sections 6.4 to 6.6.

6.4

Visual review of data

data set and

6.4.1 As a first step in any data analysis the provider should arrange for visual review of the data,
conducted by a person who has adequate technical and statistical expertise. This check is to confirm the
expected distribution of results, and to identify anomalies, or unanticipated sources of variability. For
example, a bimodal distribution might be evidence of a mixed population of results caused by different
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methods, contaminated samples or poorly worded instructions. In this situation, the concern should be
resolved before proceeding with analysis or evaluation.

NOTE1 A histogram is a useful and widely available review procedure, to look for a distribution that is
unimodal and symmetric, and to identify unusual outliers (section 10.2). However the intervals used for
combining results in a histogram are sensitive to numbers of results and cut points, and so can be difficult
to create. A kernel density plot is often more useful for identifying possible bimodalities or lack of symmetry
(section 10.3).

NOTE 2

diagram. Some graphical methods for data review are illustrated in Annexes E.3 and E.4.

Other review techniques can be useful, such as a cumulative distribution plot or a stem-and-leaf

6.4.2 Whg
procedure t
the assigneq
proficiency {

6.5 Robu

6.5.1 Rob

of results, blit without requiring the identification of specific values as outliers and excluding them

subsequent
range of the
the mean ar
that delete 1

NOTE St
usually lead {
unbiased est

6.5.2 The
as simple e
provide alte
where the e

for estimating standard deviation are particularly useful for situations where a large proportion (>2

of results c
described in
over 20 % (§

NOTE
the mean and
robust estim|
much of the 1

6.5.3 The

The median, intersquartile range and scaled median absolute deviation have larger variance

n it is not feasible to conduct visual review of all data sets of interest, there shall
b warn of unexpected variability in a dataset; for example by reviewing the uncertair
| value compared to the evaluation criteria, or by comparison with previous rounds d
esting scheme.

st statistical methods

st statistical methods can be used to describe the central part of a*normally distributg

analyses. Many robust techniques used are based (in the first step) on the median an
central 50 % of results - these are measures of the centér’and spread of the data, simi
d standard deviation. In general, robust methods should be used in preference to met
esults labelled as outliers.

o under-estimates of dispersion for near-normal;data; robust statistics are usually adjusted t
mates of dispersion.

median, scaled median absolute deviation (MADe), and normalized IQR (nIQR) are all
stimators. Algorithm A transforms-the original data by a process called winsorisati
rnative estimators of mean and standard deviation for near-normal data and is most u
kpected proportion of outliers.is below 20 %. The Q, and Q methods (described in Ann

in be discrepant, or where data cannot be reliably reviewed by experts. Other met

ee Annex D).

standard deviation when applied to approximately normally distributed data. More sophisti
ators pravide better performance for approximately normally distributed data while retq
esistanceto outlying results that is offered by the median and interquartile range.

choice of statistical methods is the responsibility of the proficiency testing provider

be a
ty of
f the

d set
from
d the
ar to
hods

rategies that apply classical statistics such as thevstandard deviation after removing outliers

give

bwed
n to
seful
ex C)
0 %)
hods

Annex C also providé good performance when the expected proportion of extreme valies is

than
cated
ining

The

robust mean and standard deviation can be used for various purposes, of which the evaluation of
performance is just one. Robust means and standard deviations may also be used as summary statistics
for different groups of participants or for specific methods.

NOTE Details for robust procedures are provided in Annex C. Annexes E.3 and E.4 have comprehensive
examples illustrating the use of a variety of robust statistical techniques presented in Annex C.

6.6 Outlier techniques for individual results

6.6.1 Outlier tests may be used either to support visual review for anomalies or, coupled with outlier
rejection, to provide a degree of resistance to extreme values when calculating summary statistics. Where
outlier detection techniques are used, the assumptions underlying the test should be demonstrated to
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apply sufficiently for the purpose of the proficiency testing scheme; in particular, many outlier tests
assume underlying normality.

NOTE IS0 16269-4 [10] and ISO 5725-2 [1] provide several outlier identification procedures that are applicable
to inter-laboratory data.

6.6.2 Outlier rejection strategies, which are based on rejection of outliers detected by an outlier test
at a high level of confidence, followed by application of simple statistics such as the mean and standard
deviation, are permitted where robust methods are not applicable (see 6.5.1). Where outlier rejection

strategies are used, the proficiency testing provider shall

a)
b)

c)$

NOT

inter
rejec

6.6.3
the p
in th

NOT
in IS
pote
with
side

(or 2]

q

H

B

1

q

glocument the tests and level oI confidence required IOr rejection;

et limits for the proportion of data rejected by successive outlier tests, if used;

emonstrate that the resulting estimates of location and (if appropriate}yséale hay
erformance (including efficiency and bias) for the purposes of the proficieficy testing

ISO 5725-2 provides recommendations for the level of confidence appropriate for outlig
aboratory studies for the determination of precision of test methods. In patticular, ISO 5725-2
ion only at the 99 % level unless there is other strong reason to rejecta particular result.

Where outlier rejection is part of a data handling procedarg, and a result is removed
articipant’s performance should still be evaluated according to the criteria used for all
e proficiency testing scheme.

1  Outliers among reported values are often identifigd by employing the Grubbs test for out
tial outliers. Therefore this procedure should be-applied when the performance of participantd
expectations from previous rounds and there\are a small number of outliers (one or two ouf

f the mean). Conventional tables for the Grubbs procedure assume a single application for a pd
in a defined location, not unlimited sequential application. If the Grubbs’ tables are applied

e sufficient
scheme.

r rejection in
recommends

hs an outlier,
participants

iers, as given

5725-2. Evaluation in this procedure is applied using the standard deviation of all participants including

is consistent
liers on each
ssible outlier
sequentially,

the Type I error probabilities for the tests may not apply.

NOTH
a prd
ISO 5

n a round of
described in

2 When replicate results are. returned or identical proficiency test items are included
ficiency testing scheme, it is.common to use Cochran’s test for repeatability outliers, also
725-2.

NOTH
and §
stand

robust mean
es the robust

3 Outliers can alsgbe-identified by robust or nonparametric techniques; for example if a
tandard deviation afe-calculated, values deviating from the robust mean by more than 3 tim|
ard deviation mightbe identified as outliers.

7 Determination of the assigned value and its standard uncertainty

7.1 | Choice of method of determining the assigned value

7.1.1  Five ways of determining the assigned value x,; are described in sections 7.3 to 7.7. The choice
between these methods is the responsibility of the proficiency testing provider.

NOTE Sections 7.3-7.6 are closely similar to approaches used to determine the property values of certified
reference materials described in ISO Guide 35[13].

7.1.2 Alternative methods for determining the assigned value and its uncertainty may be used provided
that they have a sound statistical basis and that the method used is described in the documented plan for
the proficiency testing scheme, and fully described to participants. Regardless of the method used to
determine the assigned value, it is always appropriate to check the validity of the assigned value for that
round of a proficiency testing scheme. This is discussed in section 7.8.

7.1.3 Approaches for determining qualitative assigned values are discussed in section 11.3.
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7.1.4 The method of determining the assigned value and its associated uncertainty shall be stated in
each report to participants or clearly described in a scheme protocol available to all participants.

7.2 Determining the uncertainty of the assigned value

7.2.1 The Guide to the expression of uncertainty in measurement (1ISO/IEC Guide 98-3[14]) gives guidance
on the evaluation of measurement uncertainties. ISO Guide 35 provides guidance on the uncertainty
of the assigned value for certified property values, which can be applied for many proficiency testing
scheme designs.

7.2.2 A general model for the assigned value and its uncertainty is described in equations (2) and| (3):

The model fpr the assigned value can be expressed as follows:

Xpt = Xchgr + Ohom + Otrans + Ostab (2)
where
Xpt denotes the assigned value;

Xchar  denotes the property value obtained from the characterization (determination of as-
sKigned value);

0hom {enotes an error term due to the difference between‘proficiency test items;
Otrans enotes an error term due to instability under transport conditions;

Ostap  denotes an error term due to instability during the period of proficiency testing.

The associated model for the uncertainty of the assigned value can be expressed as follows:

char trans stab

u(xpt) = \/u2 + u,zwm +ud +ul (3)
where

u(xpe) | denotes the standard uncertainty of the assigned value;
Uchar | denotes the standard uncertainty due to characterization;
Unom | denotesthestandard uncertainty due to differences between proficiency test items;

Utrans | denefes the standard uncertainty due to instability caused by transport of proficien¢y
test items;

Ustqp  denotes the standard uncertainty due to instability during the period of proficiency testing.

NOTE1 Covariance between sources of uncertainty, or negligible sources, may lead to a different model for
specific applications. Any of the components of uncertainty can be zero or negligible, in some situations.

NOTE2  When oy, is calculated as the standard deviation of participant results, the uncertainty components
due to inhomogeneity, transport, and instability are in large part reflected in the variability of participant
results. In this case the uncertainty of characterization, as described in sections 7.3-7.7, is sufficient.

NOTE 3  The proficiency testing provider is normally expected to ensure that changes related to instability or

incurred in transport are negligible compared to the standard deviation for proficiency assessment; that is, to
ensure that 6¢rqns and dstqp are negligible. Where this requirement is met, ustqp and usrqns may be set to zero.
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7.2.3 There can be bias in the assigned value that is not accounted for in the above expression. This
shall, where possible, be considered in the design for the proficiency testing scheme. If there is an
adjustment for bias in the assigned value, the uncertainty of this adjustment shall be included in the
evaluation of the uncertainty of the assigned value.

7.3 Formulation

7.3.1 The proficiency test item can be prepared by mixing materials with different known levels of a
property in specified proportions, or by adding a specified proportion of a substance to a base material.

7.3.1.1 The assigned value xp; is derived by calculation from the masses of properties used. This

appr
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he constituents are mixed together homogeneously (where thi§is required);

ercury compounds, so that the concentration of an aqueous solution of a mercury co
altered by its container);

here is no adverse interaction between the constituents and the matrix;

hat are routinely tested. For example, pure‘materials added to a natural matrix often ¢
eadily than the same substance occurring naturally in the material. If there is a c

.3 When formulation givés:proficiency test items in which the addition is more log
in routinely tested samples; or in a different form, it may be preferable to use another
hre the proficiency test items.

\cterization of certified reference materials described by ISO Guide 35, where a singl
mines an assigned value using a primary measurement method. Other uses of a primarj
ble laboratory can be used to determine the assigned value for proficiency testing (see g

When the assigned value is calculated from the formulation of the proficiency te

vay, and it is
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.4 Determinatien’ of the assigned value by formulation is one case of a general approach for

e laboratory
y method by
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st item, the
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ard uncertainty for the characterization (”Lhar) is estimated hy combination of uncert

hinties using

an appropriate model. For example, in proficiency testing for chemical measurements the uncertainties
will usually be those associated with gravimetric and volumetric measurements and the purity of any
materials used in formulation. The standard uncertainty of the assigned value (u(xp¢)) is then calculated

according to equation (3).
7.4 Certified reference material

7.4.1 When a proficiency test item is a certified reference material (CRM), its certified property value
XcrM is used as the assigned value xp.

Limitations of this approach are that:

— it can be expensive to provide every participant with a unit of a certified reference material;
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— CRMs are often processed quite heavily to ensure long-term stability, which may compromise the
commutability of the proficiency test items.

— aCRMmaybeknown to the participants making itimportantto conceal the identity of the proficiency
testitem.

7.4.2 When a certified reference material is used as the proficiency test item, the standard uncertainty
of the assigned value is derived from the information on the uncertainty of the property value provided
on the certificate. The certificate information should include the components in equation (3), and have
an intended use appropriate for the purpose of the proficiency testing scheme.

7.5 Results from one laboratory

7.5.1 Anassigned value can be determined by a single laboratory using a reference methed, such gs, for
example, a primary method. The reference method used should be completely described and undersfood,
and with a cpmplete uncertainty statement and documented metrological traceability®that is approgriate
for the proficiency testing scheme. The reference method should be commutable for all measurement
methods us¢d by participants.

7.5.1.1 The assigned value should be the average from a designed study using more than one
proficiency fest item or measurement conditions, and a sufficient number‘of replicate measurements.

7.5.1.2 The uncertainty of characterization is the appropriate estimate of uncertainty for the refefence
method and|the designed study conditions.

7.5.2 The(assigned value xp of the proficiency test iteni‘can be derived by a single laboratory fising
a suitable measurement method, from a calibration against the reference values of a closely matched
certified reference material. This approach assumes-that the CRM is commutable for all measurement
methods us¢d by participants.

7.5.2.1 This determination requires a series-of tests to be carried out, in one laboratory, on proficjency
test items annd the CRM, using the same mieasurement method, and under repeatability conditions. When

XcrMm is the assigned value for the(CRM

Xpt s the assigned value for-the proficiency test item

d; is the difference between the average results for the proficiency test item and the CRM on the ith
samples
d is the average of'the differences d;
then,
X e = Xiep +d 4)
NOTE Xcrm and d are independent except in the rare situation that the expert laboratory also produced
the CRM.

7.5.2.2 The standard uncertainty of characterization is derived from the uncertainty of the
measurement used for value assignment. This approach allows the assigned value to be established in
a manner that is metrologically traceable to the certified value of the CRM, with a standard uncertainty
that can be calculated from equation (5).
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_ |2 2
Uchar = VUcrM + Ug

(5)

The example in Annex E.5 illustrates how the required uncertainty may be calculated in the simple case
when the assigned value of a proficiency test item is established by direct comparison with a single CRM.

7.5.3 When a reference value is assigned prior to the commencement of a round of a sequential
proficiency testing scheme, and then the reference value is subsequently checked using the same
measuring system, the difference between the values shall be less than two times the uncertainty of that
difference (that is, the results shall be metrologically compatible). In such cases the proficiency testing

prov
unceftainty. If the results are not metrologically compatible, the proficiency testing prox
invedtigate the reason for the difference, and take appropriate steps, including use of alférnat
to degtermine the assigned value and its uncertainty or abandonment of the round.

7.6

7.6.1
laboratories, as described in ISO Guide 35 for use of interlaboratory comparisons to ch
Proficiency test items are prepared first and made ready for’distribution to the participants. Some
of th{se proficiency test items are then selected at random and)analysed by a group of e
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a pr
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prot
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Consensus value from expert laboratories

Assigned values can be determined using an interlaboratory“comparison study

tocol that specifies the numbers of proficiency test itemis and replicates and any ot
itions. Each expert laboratory is required to provide a.standard uncertainty with their 1

Where the expert laboratories report a single'result and are not required by the 1
col to provide sufficient uncertainty information with results, or where evidence from

should normally be obtained by the methods of section 7.7, applied to the set of expef

appropriate
rider should
ive methods

with expert
aracterize a

Kperts using
her relevant
esults.
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the reported
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results. Where the expert laboratories.yeport more than one result each (for example, including

replifates), the proficiency testing schemie provider shall establish an alternative method of
the dssigned value and associated ufqicertainty that is statistically valid (see 4.1.1) and al

determining
ows for the

possibility of outliers or other departures from the expected distribution of results.
7.6.3 Where the expert laboratories report uncertainties with the results, the estimation of a value
by h suggested,

incl
over
estimates[16]. The-proficiency testing provider shall accordingly establish a procedure for estj

a)

b)
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1;I)dnsensus of results i§ a‘complex problem and a wide variety of approaches has bee

ing, for example; weighted averages, un-weighted averages, procedures that make a
dispersion and.pfocedures that allow for possible outlying or erroneous results and

ghould include checks for validity of reported uncertainty estimates, for example
yhethérreported uncertainties account fully for the observed dispersion of results;

ghoyld use a weighting procedure appropriate for the scale and reliability of tl

lowance for
uncertainty
mation that:

by checking

he reported

ncertainties, which may include equat weighting if the reported uncertainties are eith
of poor or unknown reliability (see 7.6.2);

er similar or

should allow for the possibility that reported uncertainties might not account fully for the observed
dispersion (‘over dispersion’), for example by including an additional term to allow for over
dispersion;

should allow for the possibility of unexpected outlying values for the reported result or the
uncertainty;

should have a sound theoretical basis;

shall have demonstrated performance (for example on test data or in simulations) sufficient for the
purposes of the proficiency testing scheme.
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7.7 Consensus value from participant results

7.7.1 With this approach, the assigned value x,; for the proficiency test item used in a round of
a proficiency testing scheme is the location estimate (e.g., robust mean, median, or arithmetic mean)
formed from the results reported by participants in the round, calculated using an appropriate procedure
in accordance with the design, as described in Annex C. Techniques described in sections 6.2-6.6 should
be used to confirm that sufficient agreement exists, before combining results.

7.7.1.1 In some situations, the proficiency testing provider may wish to use a subset of participants
determined to be reliable, by some pre-defined criteria, such as accreditation status or on the basis of

prior perforpranceThetechmiques of thissectiomapply to those situatiorrs, inctuding considerations for

group size.

7.7.1.2 Other calculation methods may be used in place of those in Annex C, provided thatthey hpve a

sound statisfical basis and the report states the method that is used.

7.7.1.3 THe advantages of this approach are that:

a) no addifional measurements are required to obtain the assigned value;

b) the approach may be particularly useful with a standardized, operationally defined measurarnd, as
there is|often no more reliable method to obtain equivalent resudps:

7.7.1.4 The limitations of this approach are that:

a) there mjay be insufficient agreement among the participants;

b) the congensus value may include unknown bias dueto the general use of faulty methodology and
this biag will not be reflected in the standard umcertainty of the assigned value;

c) the congensus value could be biased due to the effect of bias in methods that are used to determine
the assigned value.

d) Itmay bfe difficult to determine the metrological traceability of the consensus value. While the result
is always traceable to the results of the individual laboratories, a clear statement of traceability
beyond|that can only be made-when the proficiency testing provider has complete informpation
about the calibration standards used and control of other relevant method conditions by all af the
particigants contributing'to-the consensus value.

7.7.2 The|standard uncertainty of the assigned value will depend on the procedure used. If a|fully

general approach iscneeded, the proficiency testing provider should consider the use of resampling

techniques (“bootstrapping”) to estimate a standard error for the assigned value. References [17,18] give
details of bojotstrapping techniques.

NOTE A

1 H 1 ol 4 1 H H i dad s A A D
I'CAQIIIPIT uouls d UDUULSLIdp tTLHIIqUT IS PprUvVIUCTU I AIICTA Li.U.

7.7.3 When the assigned value is derived as a robust average calculated using procedures in Annex C.2,
C.3, or C.5, the standard uncertainty of the assigned value x,: may be estimated as:

ulx, ) =

s*

Jp

1,25 %

(6)

where s*is the robust standard deviation of the results. (Here a “result” for a participant is the average
of all their measurements on the proficiency test item.)

NOTE 1

In this model, where the assigned value and robust standard deviation are determined from

participant results, the uncertainty of the assigned value can be assumed to include the effects of uncertainty

due to inhom

18

ogeneity, transport, and instability.
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NOTE 2  The factor 1,25 is based on the standard deviation of the median, or the efficiency of the median
as an estimate of the mean, in a large set of results drawn from a normal distribution. It is appreciated that
the efficiency of more sophisticated robust methods can be much greater than that of the median, justifying
a correction factor smaller than 1,25. However, this factor has been recommended because proficiency testing
results typically are not strictly normally distributed, and contain unknown proportions of results from different
distributions (‘contaminated results’). The factor of 1,25 is considered to be a conservative (high) estimate, to
account for possible contamination. Proficiency testing providers may be able to justify using a smaller factor, or
a different equation, depending on experience and the robust procedure used.

NOTE 3 An example of using an assigned value from participant results is provided in Annex E.3.

7.8 f‘nmpnricnn of the nccignnd value with an indnpnndnnf reference value

7.8.1 When the methods described in 7.7 are used to establish the assigned value-(Xp¢), ind where a
reliable independent estimate (denoted xr¢f) is available, for example from knowledge of prgparation or
from|a reference value, the consensus value x,; should be compared with xyf.

Wheh the methods described in 7.3 to 7.6 are used to establish the assigned value, the robugt average x*
deriyed from the results of the round should be compared with the assighed value after eagh round of a
proficiency testing scheme.

The difference is calculated as xgiff = (Xref - Xpt) (or (x* - Xp¢))<and the standard uncertpinty of the
difference is estimated as:

diff = \/“2 (e )+ (e (7)

where

o~

u(xrer) is the uncertainty of the reference value for comparison; and
u(xpe) is the uncertainty of the assigned value.

NOTH An example of a comparison of-a reference value with a consensus value is included in Afnex E.7.

7.8.2 If the difference is mofe than twice its standard uncertainty, the reason should be Jnvestigated.
Possible reasons are:

— Dias in the referenceZmeasurement method;
— 3 common bias\n the results of the participants;

— failure to@ppreciate the limitations of the measurement method when using the formulation method
escribedin 7.3;

— Dias,in the results of the “experts” when using the approaches in sections 7.5 or 7.6; ancli

— the comparison value and assigned value are not traceable to the same metrological reference.

7.8.3 Depending on the reason for the difference, the proficiency testing provider should decide
whether to evaluate results or not, and (for continuous proficiency testing schemes), whether to amend
the design for subsequent proficiency testing schemes. Where the difference is sufficiently large to affect
performance assessment or to suggest important bias in the measurement methods used by participants,
the difference should be noted in the report for the round. In such cases, the difference should be
considered in the design of future proficiency testing schemes.
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8 Determination of criteria for evaluation of performance
8.1 Approaches for determining evaluation criteria

8.1.1 The basic approach for all purposes is to compare a result on a proficiency test item (x;) with an
assigned value (xp¢). For evaluation, the difference is compared to an allowance for measurement error.
This comparison is commonly made through a standardized performance statistic (e.g. z, z’, {, Ey), as
discussed in sections 9.4-9.7. This can also be done by comparing the difference with a defined criterion
(D or D% compared to 6g) as discussed in 9.3. An alternative approach to evaluation is to compare the
difference with a participant’s claim for the uncertainty of their result combined with the uncertainty of
the assigned value (£, and {J.

8.1.2 If a fegulatory requirement or a fitness for purpose goal is given as a standard deviation it may
be used dir€ctly as op. If the requirement or goal is for a maximum permissible measurement error that
criterion mdy be divided by the action limit to obtain op¢. A prescribed maximum perntissible errorf may
be used direjctly as 6 for use with D or D%. The advantages of this approach for continwous schemes are:

a) performance scores have a consistent interpretation in terms of fitness fonpurpose from one rpund
to the npxt;

b) performance scores are not subject to the variation expected whef estimating dispersion [from
reported results.

EXAMPLE If a regulatory criterion is specified as a maximum permissible error and 3,0 is an action linit for
evaluation wjth a z score, then the specified criterion is divided by 3,0 to determine op.

8.1.3 Whgn the criterion for evaluation of performance is based on consensus statistics from the
current roupd or previous rounds of the proficiency testing scheme, then a robust estimate of the
standard deyiation of participant results is the preferred statistic. When this approach is used it is ugually
most convenient to use a performance score such as the z score and to set the standard deviation for
proficiency assessment (op¢) to the calculated estimate of the standard deviation.

8.2 By pdrception of experts

8.2.1 Themaximum permissible error or the standard deviation for proficiency assessment may he set
at a value thpt corresponds to thelevel of performance that a regulatory authority, accreditation bogly, or
the technicall experts of the proficiency testing provider believe is reasonable for participants.

8.2.2 A specified maximum permissible error can be transformed into a standard deviatiop for
proficiency assessmefit by dividing the limit by the number of multiples of the oy that are used to define
an action signal (orunacceptable result). Similarly, a specified o, can be transformed into &.

8.3 By expéerience from previous rounds of a proficiency testing scheme

8.3.1 The standard deviation for proficiency assessment (op¢), and the maximum permissible
error (0g), can be determined by experience with previous rounds of proficiency testing for the same
measurand with comparable property values, and where participants use compatible measurement
procedures. This is a useful approach when there is no agreement among experts about fitness for
purpose. The advantages of this approach are as follows:

— evaluations will be based on reasonable performance expectations;

— the evaluation criteria will not vary from round to round of the proficiency testing scheme because
of random variation or changes in the participant population;

— the evaluation criteria will not vary between different proficiency testing providers, when there are
two or more proficiency testing providers approved for an area of testing or calibration.
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8.3.2 The review of previous rounds of a proficiency testing scheme should include consideration
of performance that is achievable by competent participants, and not affected by new participants
or random variation due to, for example, smaller group sizes or other factors unique to a particular
round. Determinations can be made subjectively by examination of previous rounds for consistency, or
objectively with averages or with a regression model that adjusts for the value of the measurand. The
regression equation might be a straight line, or could be curved[31l. Standard deviations and relative
standard deviations should be considered, with selection based on which is more consistent across the
appropriate range of measurand levels. Appropriate maximum permissible error can also be obtained in
this manner.

8.3. When the criterion for evaluation of pprfnrmnnr‘p is hased on consensus statistics from previous
rounfs of a proficiency testing scheme, robust estimates of the standard deviation shoulddbd used.

NOTE1  Algorithm S (Annex C.4) provides a robust pooled standard deviation that is’ applicgble when all
previpus rounds of a proficiency testing scheme under consideration have the same expeéted standprd deviation
or (ifjrelative deviations are used for the assessment) the same relative standard deviation.

NOTHE 2  An example of deriving a value from experience of previous rounds of a proficiency testfng scheme is
provided in Annex E.8.

8.4 | By use of a general model

8.4.1 The value of the standard deviation for proficiency_assessment can be derived frogm a general
modg¢l for the reproducibility of the measurement method, This method has the advantage gf objectivity
and ¢onsistency across measurands, as well as being empirically based. Depending on the model used,
this dpproach could be considered a special case of a fitness for purpose criterion.

8.4.71 Any expected standard deviation chosen®y a general model must be reasonable. [f very large
or very small proportions of participants are-assigned action or warning signals, the proficiency testing
provider should ensure that this is consistent'with the purpose of the proficiency testing scheme.

8.4.3 A specific estimation taking the specificities of the measurement problem into congideration is
genefally preferable to a generic approach. Consequently, before using a general model, the possibility of
using the approaches describedin 8.2, 8.3 and 8.5 should be explored.

EXANPLE Horwitz curye,

One fommon generalmodel for chemical applications was described by Horwitz[22] and modified by
Thorpsonl31]l. This“approach gives a general model for the reproducibility of analytical methods that
may pe used to derive the following expression for the reproducibility standard deviation:

0,22c  when c<12x1077
¢ 10,02¢%8*  when 1,2x1077 < ¢ <0,138 (8)
o ettt e Rl

where c is the mass fraction of the chemical species to be determined where 0 < c < 1.

NOTE1 The Horwitz model is empirical, based on observations from collaborative trials of many parameters
over an extended time period. The or values are the expected upper limits of interlaboratory variability when
the collaborative trial had no significant problems. The or values therefore might not be appropriate criteria for
determining competence in a proficiency testing scheme.

NOTE 2  An example of deriving a value from the modified Horwitz model is provided in Annex E.O.
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8.5 Using the repeatability and reproducibility standard deviations from a previous

collaborat

ive study of precision of a measurement method

8.5.1 When the measurement method to be used in the proficiency testing scheme is standardized, and
information on the repeatability (o) and reproducibility (og) of the method is available, the standard
deviation for proficiency assessment (o,¢) may be calculated using this information, as follows:

O pt :\/Gé—af(l—l/m>

where m is
proficiency

NOTE

8.5.2 Whe
value of the
These relati
deviations a|

8.5.3 Fort
to the requi

NOTE

8.6 From

(9)

f the

the number of renlicate measurements each narticinant is ta nerform in a9 round
r r r r

festing scheme.

This equation is derived from a basic random effects model from ISO 5725-2.

n the repeatability and reproducibility standard deviations are dependent)on the ave
test results, functional relations should be derived by the methods described in ISO 57
bns should then be used to calculate values of the repeatability and réproducibility star
ppropriate for the assigned value that is to be used in the proficiencytesting scheme.

he techniques above to be valid, the collaborative study mustirave been conducted acco
ements of ISO 5725-2 or an equivalent procedure.

An example is presented in Annex E.10.

data obtained in the same round of a proficiency testing scheme

8.6.1 With this approach, the standard deviation for: proficiency assessment (op¢) is calculated

the results (
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the standar(
in Annex C, s
not appropr
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8.6.2 The
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8.6.2.1 THh
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measuremel

EXAMPLE

f participants in the same round of the\proficiency testing scheme. When this approa
ually most convenient to use a performance score such as the z score. A robust estimg

hould normally be used to calculate o, In general, evaluation with D or D% and using 4

jate in these situations, however P4 can still be used as a standardized score, for compa
urands (section 9.3.6).

use of participant-results can lead to criteria for performance evaluation that are

DOSe.

e proficiency testing provider should place a limit on the lowest value of o, that will be
hat the robust standard deviation is very small. This limit should be chosen so that
Wt efror is fit for the most challenging intended use, the performance score will be z<3,0

brage
P5-2.
dard

rding

from
ch is
te of

| deviation of the results reported by all the participants, calculated using a technique listed

[ are
rison

b not

The proficiencytesting provider should ensure that the o, used for performance evaluaions

used,
when

In a proriciency testing scheme IOr Iabric, one measurand 1s number oI tThreads per centimete

r. The

robust standard deviation can be small in some rounds (<1 thread per cm.), and errors less than 4 threads/cm are
considered to be insignificant. The proficiency testing provider determines that the robust standard deviation is
used as oy, unless it is less than 1,3 threads/cm, in which case oy =1,3 is used.

8.6.2.2 The proficiency testing provider should place a limit on the largest op¢ that will be used, or on
the measurement results that can be evaluated as “acceptable” (no signal), in the case that the robust
standard deviation is very large. This limit should be chosen so that results that are not fit for purpose
will receive an action signal.

8.6.2.3 In some cases the proficiency testing provider may place upper or lower limits on the interval
of results that can be evaluated as ‘acceptable’ (no warning or action signal), when symmetric intervals
include results that would not be fit for purpose.
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EXAMPLE For a regulatory proficiency testing scheme for non-potable water, regulations specify that
results must be within 30, of the robust mean of participant results. However, because in some cases the range
of acceptable results could include 0 pg/L, any result less than 10 % of a formulated value shall generate an
action signal (or ‘unacceptable’). A proficiency testing item is formulated with 4,0 ug/L of a regulated substance.
The robust participant mean is 3,2 ug/L and op¢ is 1,1 pg/L. Therefore it is possible for a participant to submit a
result of 0,0 ug/L and be within 3oy, but any result less than 0,4 ug/L will be evaluated as “unacceptable”.

8.6.3 The main advantages of this approach are simplicity and conventional acceptance due to

succ

essful use in many situations. This may be the only feasible approach.

8.6.4 There are several disadvantages with this approach:

a)

b)

d)

NOTH

8.7

8.7.1

testi

interlaboratory agreement, to track ‘changes in performance and ensure the reasonableness
procedures.

8.7.
esti

avail
sequ

devi

secti

8.7.3
thatt

.

he value of op¢ may vary substantially from round to round of a proficiency ftesf
making it difficult for a participant to use values of the z score to look for trends-that
everal rounds.

tandard deviations can be unreliable when the number of participantsrin-the profici
cheme is small or when results from different methods are combined:\For example,
tandard deviation for normally distributed data can vary by about+30 % from its tru
ne round of a proficiency testing scheme to the next.

Using dispersion measures derived from the data can lead to@an approximately constan
f apparently acceptable scores. Generally poor performance will not be detected by i

he scores, and generally good performance will result in‘good participants receiving g

.

[here is no useful interpretation in terms of suitabijlity for any end use of the results.

Monitoring interlaboratory agreement

As a check on the performance.@f the participants, and to assess the benefit of the
g scheme to the participants, the proficiency testing provider should apply a procedur

The results obtained- in each round of a proficiency testing scheme should be used
ates of the reproduoibility standard deviations of the measurement method (and ref
hble), using thergbust methods described in Annex C. These estimates should be plottg
entially or ag-a\time-series, together with values of the repeatability and reproducibil
tions obtaiped in precision experiments from ISO 5725-2 (if available), and/or oy, if t
bns 8.2 t0.8.4 are used.

g

These graphs should then be examined by the proficiency testing provider. If the §

ing scheme,
persist over

ency testing
if p=20, the
e value from

L proportion
hspection of
00T scores.

Examples of using participant data are provided'in the comprehensive example in Anney E.3

proficiency
e to monitor
of statistical

to calculate
eatability, if
d on graphs

ity standard

echniques in

fraphs show

actor of two

or more from the values expected from prior data or experience, then the proficiency testing provider
should investigate why agreement in this round was worse than before. Similarly, a trend towards better
or worse precision values should trigger an investigation for the most likely causes.

9

9.1

Calculation of performance statistics

General considerations for determining performance

9.1.1 Statistics used for determining performance shall be consistent with the objective(s) for the

proficiency testing scheme.
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NOTE Performance statistics are most useful if the statistics and their derivation are understood by
participants and other interested parties.

9.1.2 Performance scores should be easily reviewed across measurand levels and different rounds of a
proficiency testing scheme.

9.1.3 Participant results should be reviewed and determined to be consistent with the assumptions used
in the design of the proficiency testing scheme, to allow for meaningful performance statistics. For example,
that there is no evidence of deterioration of the proficiency test item, or of a mixture of populations of
participants, or of severe violations of any statistical assumptions about the nature of the data.

9.1.4 In gpneral, it is not appropriate to use evaluation methods that intentionally classify ‘@ [fixed
proportion ¢f results as generating an action signal.

9.2 Limiting the uncertainty of the assigned value

9.2.1 If the standard uncertainty u(xp) of the assigned value is large in(cCpmparison with the
performanc¢ evaluation criterion, then there is a risk that some participantsZwill receive action] and
warning signals because of inaccuracy in the determination of the assighed value, not becaupe of
any cause of the participant. For this reason, the standard uncertainty{of the assigned value shall be
determined fand shall be reported to participants (see ISO/IEC 17043;2010, 4.4.5 and 4.8.2).

If the following criterion is met, then the uncertainty of the assigned value may be considered fo be
negligible ahd need not be included in the interpretation of the results of the round of proficjency
testing.

u(xpt) <P,30pe or u(xpe) <0,16g (10)

NOTE 0,Bopt is equivalent to 0,16 when |z| > 3,0 generates an action signal.

9.2.2 If thiis criterion is not met, then the proficiency testing provider should consider the following,
ensuring any action taken remains consistent with the agreed performance assessment policy for the
proficiency testing scheme.

a) Select ajmethod for determiningthe assigned value such that its uncertainty meets the criterion in
equatiop (10).

b) Use the| uncertainty af“the assigned value in the interpretation of the results of the proficjency
testing scheme (seesections 9.5 on the z’score, or 9.6 on { scores, or 9.7 on Ej, scores).

c) If the apsigned value is derived from participant results, and the large uncertainty arises [from
differerices, between identifiable sub-populations of participants, report separate values| and
uncertalinties for each sub-population (for example, participants using different measurement
methodk)

NOTE The IUPAC Harmonized Protocol [32] describes a specific procedure for detecting bimodality,
based on an inspection of a kernel density plot with a specified bandwidth.

d) Inform the participants that the uncertainty of the assigned value is not negligible, and evaluations
could be affected.

If none of a) - d) apply, then the participants shall be informed that no reliable assigned value can be
determined and that no performance scores can be provided.

NOTE The techniques presented in this section are demonstrated in Annexes E.3 and E.4.
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9.3 Estimates of deviation (measurement error)

9.3.1 Let x; represent the result (or the average of the replicates) reported by a participant i for the
measurement of a property of the proficiency test item in one round of a proficiency testing scheme.
Then a simple measure of performance of the participant can be calculated as the difference between the
result x; and the assigned value xp;:

D, =x;,—x (11

pt

D; can be interpreted as the measurement error for that result, to the extent to which the assigned
valug¢ can be considered a conventional or reference quantity value.

The

calcy

9.3.

with
an al
(or*

9.3.

purp
z scorres. For example, if z > 3 creates an action signal then &g = 30y, or equivalently oyt = 6
expressions of 6g are conventional in proficiency testing for medical applications and in performance

spec

9.3.

have

are

intui
incot

9.3.

of m
profi
of th

NOTH

that

9.3.

Iifference Dimay be expressed in the same units as the assigned value or as a percentag|
lated as:

. % = 100(Xi —xpt)/xpt%

4 The difference D or D% is usually compared with a criterion $pbased on fitness foj
experience from previous rounds of a proficiency testing scheme; the criterion is note
owance for measurement error. If -6 < D < 6g then the perfoerthance is considered to be

no signal’). (The same criterion applies for D%, dependingonthe expression of 6g.)

3 g is closely related to oy as used for z scores (see& 9.4), when oy is determined b

ose or expectations from previous rounds. The relation is determined by the evaluation

fications for measurement methods and products.

4 Theadvantage of D as a performance statisticand 6g as a performance criterion is that
an intuitive understanding of theése statistics since they are tied directly to measureme
ommon as criteria to determine fitness for purpose. The advantage of D% is that undg
Live, it is standardized for measurand level, and it is related to common causes of error (|

rect calibration or bias in'dilution).

g

3 Disadvantages dre that it is not conventional for proficiency testing in many counti
basurement; andhat D is not standardized, to allow simple scanning of reports for acti
ciency testing;schemes with multiple analytes or where fitness for purpose criteria can

b measurangd.

Usexof D and D% generally assumes symmetry of the distribution of participant resultj

the acceptable range is -0 < D < 6F.

e difference,

(12)

" purpose or
i here as g,
‘acceptable’

y fitness for
criterion for
- /3. Various

participants
nt error and
rstanding is
for example,

ies or fields
bn signals in
vary by level

in the sense

For purposes of comparison across measurand levels, where fitness for purpose

criteria can

vary; or for combination across rounds or across measurands, D and D% can be transformed into a
standardized performance score that shows the differences relative to the performance criteria for the
measurands. To do this, calculate the “Percentage of Allowed Deviation” (P4) for every result as follows:

Pai= (D;i / 6g) X100 % (13)

Therefore P4 = 100 % or P4 < -100 % indicates an action signal (or ‘unacceptable performance’).

NOTE1 P4 scores can be compared across levels and different rounds of a proficiency testing scheme, or
tracked in charts. These performance scores are similar in use and interpretation to z scores that have a common
evaluation criterion such as z < -3 or z = 3 for action signals.
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usually a higher frequency of proficiency testing and a large number of analytes.

NOTE 3

results relative to the assigned value.

9.4 zscores

9.4.1 The

z score for a proficiency test result x; is calculated as:

=X

Variations of this statistic are commonly used, particularly in medical applications, where there is

It may be appropriate to use the absolute value of P4 to reflect consistently acceptable (or unacceptable)

where

|4

Gpt

is thie assigned value, and

opt is the standard deviation for proficiency assessment.

9.4.2 The

A resulf]

A result

A result

Participantd
case they in

NOTE1 Inf

conventional interpretation of z scores is as follows (see ISO/IE€17043:2010, B.4.1.1):
that gives |z| < 2,0 is considered to be acceptable.

that gives 2,0 < |z| < 3,0 is considered to give a warnigg signal.

that gives |z| 2 3,0 is considered to be unacceptable (or action signal).

should be advised to check their measurement procedures following warning signa
Hicate an emerging or recurrent problem.

some applications, proficiency testing providers use 2,0 as an action signal for z scores.

NOTE2 T
widely used

NOTE3 T
carried out ¢
by a normal
with a mean
be expected t
-2,0<z<2,0.

e choice of criterion oy should normally be made so as to permit the above interpretation, wh
r proficiency assessment and is also closely similar to familiar control chart limits.

e justification for the use ofithe limits of 2,0 and 3,0 for z scores is as follows. Measurements th
brrectly are assumed to generate results that can be described (after transformation if neceg
Histribution with meah X, and standard deviation o;. z scores will then be normally distri
bf zero and a standard.deviation of 1,0. Under these circumstances only about 0,3 % of scores |
o fall outside the.range -3,0 < z < 3,0 and only about 5 % would be expected to fall outside the
Because the probability of z falling outside 3,0 is so low, it is unlikely that action signals will

by chance when no real problem exists, so it is likely that there is an identifiable cause for an anomaly wh

action signal

NOTE 4
competentla

is given.

The assumption on which this interpretation is based applies only to a hypothesized distribut

(14)

\ls in

ichis

ht are
sary)
buted
vould
range
bccur
en an

on of

needs to be n

boratories and not on any assumption about the distribution of the observed results. No assuﬂption

NOTE S5  Ifthe true interlaboratory variability is smaller than o, then the probabilities of misclassification are
reduced.
NOTE 6  When the standard deviation for proficiency assessment is fixed by either of the methods described

in 8.2 or 8.4, it may differ substantially from the (robust) standard deviation of results, and the proportions of
results falling outside +2,0 and +3,0 may differ considerably from 5 % and 0,3 % respectively.

9.4.3 The proficiency testing provider shall determine appropriate rounding for reported z scores,
based on the number of significant digits for the result, and for the assigned value and the standard
deviation for proficiency testing. The rules for rounding shall be included in the information available to
participants.

NOTE It is rarely useful to have more than two digits after the decimal for z scores.
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9.4.4 When the standard deviation of participant results is used as o, and proficiency testing schemes
involve very large numbers of participants, the proficiency testing provider may wish to check the
normality of the distribution, using actual results or z scores. At the other extreme, when there is only
a small number of participants, there may be no action signal given. In this case, graphical methods
that combine performance scores over several rounds may provide more useful indications of the
performance of the participants than the results of individual rounds.

9.5 z’scores

9.5.1 When there is concern about the uncertalnty of an ass1gned Value u(xpt) for example when

' g ' minator of the
perfq rmance score. This statlstlc is called a 7' score and is calculated as follows (with ‘ngtation as in
sectipn 9.4):

) : _ i pt (15)
2
o, +u (xpt)
NOTH When x,¢ and/or oy are calculated from participant results,the-performance score is cofrelated with

indivjdual participant results, because individual results have an impact on both a robust mean fnd standard
devigtion. The correlation for an individual participant depends on(the' weighting given to that partficipant in the
comblined statistic. For this reason, performance scores including.the uncertainty of the assigned yalue without
inclugling an allowance for correlation represent under-estimates’of the scores that would result if the covariance
were|included. For example, when u(xp¢)=0,30p¢ then therelds an underestimate of about 10 % of the z" score.
Ther¢fore equation (15) can be used when xp¢ and/or op¢ are determined from participant results.

9.5.2 D and D% scores can also be modified to'€onsider the uncertainty of the assigned vdlue with the
folloying formula to expand &g to 8¢

§r = (07 +U*(x,) (16)
whette U(xp¢) is the expanded yncertainty of the assigned value xj¢ calculated with coveragg factor k=2.

9.5.3 Z' scores can be ifiterpreted in the same way as z scores (see 9.4) and using the §ame critical
valugs of 2,0 and 3,0, depending on the design for the proficiency testing scheme. Similarly, D and D%
scor¢s would then be:compared with 8¢’ (see 9.3).

9.5.4 Compaxison of the formulae for the z score and the z’score in 9.4 and 9.5 shows that the z’ scores
for a|round.of'd proficiency testing scheme will always be smaller than the corresponding z scores by a
constantfactor of

2 2
O pt +u (Xpt)
When the guideline for limiting the uncertainty of the assigned value in 9.2.1 is met, this factor will fall
in the range:

(o3
0,96 < Bt < 1,00

2 2
\/Upt +u (xpt)

Thus, in this case, the z’ scores will be nearly identical to the z scores, and it may be concluded that the
uncertainty of the assigned value is negligible for the evaluation of performance.
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When the guideline in 9.2.1 for the uncertainty of the assigned value is not met, the difference in
magnitude of the z’ scores and z scores may be such that some z scores exceed the critical values of
2,0 or 3,0 and so give “warning signals” or “action signals”, whereas the corresponding z’ scores do not
exceed these critical values and so do not give signals.

In general, for situations when the assigned value and/or o is not determined from participant results,
7z’ may be preferred because when the criterion in 9.2.1 is met the difference between z and z’ will be
negligible.

9.6 Zetascores (()

9.6.1 Zeta
participant’s

scores can be useful when an objective for the proficiency testing scheme is to eyatu
ability to have results be close to the assigned value within their claimed uncertainty.

ate a

With notati¢n as in 9.4, the { scores are calculated as:
X, —X
i pt
§i = > > (17)
2 (%) + 02 (x,)

where

u(x;) iqthe participant’s own estimate of the standard uncertaity of its result x;, and

u(xps) i the standard uncertainty of the assigned value xp;.
NOTE1  When the assigned value xp is calculated as the consensus value from participant results, th¢n xp¢
is correlated|with individual participant results. The correlation for an individual participant depends on the
weighting given to that participant in the assigned value, andto a lesser extent, in the uncertainty of the assjgned

value. For th
an allowancs
included. Th
methods are
scores. Equat

NOTEZ2 {3
expanded un|
methods or b
rigorous asse

9.6.2 Using ¢ scores allews direct assessment whether laboratories are able to deliver correct re

i.e. results th
the same cr
factor used
a large devi
combinatior

NOTE

fs reason, performance scores including the uncertainty of the assigned value without incl
for correlation represent under-estimatées-of the scores that would result if the covariance
e under-estimation is not serious if thetuncertainty of the assigned value is small; when r

ion (17) can therefore be used with-eonsensus statistics without adjustment for correlation.

cores differ from Ej, scores (section 9.7) by using standard uncertainties u(x;) and u(xp¢), rathei
certainties U(x;) and U(xyz).;¢’scores above 2 or below -2 may be caused by systematically b
[y a poor estimation of the measurement uncertainty by the participant. { scores therefore proy
ssment of the complete-result submitted by the participant.

lat agree with.x,: within their measurement uncertainties.  scores may be interpreted
tical valdes'of 2,0 and 3,0 as for z scores, or with multiples from the participant’s covg
when estimating expanded uncertainty. However, an adverse { score may indicate e

ation of x; from xp,;, an under-estimate of uncertainty on the part of the participant,
ofboth.

iding
were
bbust

used it is least serious for the outerniost participants most likely to receive adverse performance

than
iased
ride a

sults,
hsing
brage
ither

ora

It may be useful for the proficiency testing provider to give additional information about the validity

of reported uncertainties. Useful guidelines for such assessment are suggested in section 9.8.

9.6.3 ( scores can be used in conjunction with z scores, as an aid for improving the performance of
participants, as follows. If a participant obtains z scores that repeatedly exceed the critical value of 3,0,
they may find it of value to examine their test procedure step by step and derive an uncertainty evaluation
for that procedure. The uncertainty evaluation will identify the steps in the procedure where the largest
uncertainties arise, so that the participant can see where to expend effort to achieve an improvement. If
the participant’s { scores also repeatedly exceed the critical value of 3,0, it implies that the participant’s
uncertainty evaluation does not include all significant sources of uncertainty (i.e., they are missing
something important). Conversely, if a participant repeatedly obtains z scores = 3 but { scores < 2, this
demonstrates that the participant may have assessed the uncertainty of their results accurately but that
their results do not meet the performance expected for the proficiency testing scheme. This may be the
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case, for example, for a participant who uses a screening method in measurement procedures where
the other participants apply quantitative methods. No action is needed if the participant deems that the
uncertainty of its results is sufficient.

NOTE When a ¢ score is used alone, it can be interpreted only as a test of whether the participant’s
uncertainty is consistent with the particular observed deviation and cannot be interpreted as an indication of
the fitness for purpose of a particular participant’s results. Determination of fitness for purpose could be done
separately (for example, by the participant or by an accrediting body) by examining the deviation (x-xp¢) or the
combined standard uncertainties in comparison with a target uncertainty.

9.7 E,scores

9.7.1 E, scores can be useful when an objective for the proficiency testing schemeis“tp evaluate a
participant’s ability to have results close to the assigned value within their claimed expanded|uncertainty.
This [statistic is conventional for proficiency testing in calibration, but it can be used for other types of
proficiency testing.

This [performance statistic is calculated as:

—X,
(18)
2
\/U )+U ( o)

where

Xt is the assigned value determined in a reference laboratory

Ulxpe) is the expanded uncertainty of the assigned value x,;

Ulx;) isthe expanded uncertainty of a participant’s result x;
NOTH Direct combination of expanded- uncertainties is not consistent with the requirement of

ISO/IEC Guide 98-3 and is not equivalentte the calculation of a combined expanded uncertainty urjless both the
coverjage factors and the effective degrees/of freedom are identical for U(x;) and U(xp¢).

9.7.2 E, scores should be_interpreted with caution, because they are ratios of two s¢parate (but
related) performance measures. The numerator is the deviation of the result from the asdigned value,
and has an interpretation 'discussed in section 9.3. The denominator is a combined expanded uncertainty
that should not be larger'than the deviation in the numerator, if the participant has detefmined U(x;)
corrg¢ctly and if thesproficiency testing provider has determined U(xp¢) correctly. Therefore,[scores of Ep
= 1,0[or E, < -1,0<€6uld indicate a need to review the uncertainty estimates, or to correct a njeasurement
issug; similarly ¥1,0 < E, < 1,0 should be taken as an indicator of successful performance only if the
unceftaintiesare valid and the deviation (x;-xp¢) is smaller than needed by the participant’s qustomers.

NOTH While the interpretation of E), scores can be difficult, that does not prevent their use. :F‘lcorporating
information on uncertainty into the interpretation of results of proficiency testing results can play a major role
in improving the participants’ understanding of measurement uncertainty and its evaluation.

9.8 Evaluation of participant uncertainties in testing

9.8.1 With increasing application of ISO/IEC 17025 there is better understanding of measurement
uncertainty. The use of laboratory evaluations of uncertainty in performance evaluation has been
common in proficiency testing schemes in different areas of calibration, such as with the E; scores, but
it has not been common in proficiency testing for testing laboratories. The { scores described in section
9.6, and Ej, scores in section 9.7, are options for evaluation of results against the claimed uncertainty.
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9.8.2 Some proficiency testing providers have recognized the usefulness of asking laboratories to
report the uncertainty of results in proficiency testing. This can be useful even when the uncertainties
are not used in scoring. There are several purposes for gathering such information:

a) accreditation bodies can assure that participants are reporting uncertainties that are consistent
with their scope of accreditation;

b) participants can review their reported uncertainty along with those of other participants, to
assess consistency (or not) and thereby gain an opportunity to identify whether their evaluation of
uncertainty is not counting all relevant components, or is over-counting some components;

c) proficiepcytesting can be used to con the
uncertalinty is reported with the result.

NOTE An example of the analysis of data when uncertainties are reported is in Annex E.4.

9.8.3 Whgre x); is determined using procedures in sections 7.3-7.6 and u(xp¢) mgets the critprion

in 9.2.1 then it is unlikely that a participant result will have smaller standard uneertainty than| this,

so u(xpe) co
from partici

screening limits for um;p.

pant results (section 7.7), then the proficiency testing provider shauld determine pra

1ld be used as a lower limit for screening, called up;y. If the assignéd)value is determined

ctical

NOTE If|u(xp¢) includes variability due to inhomogeneity or instabilify) the participant’s u(x;) coufld be
smaller than [umin.
9.8.4 It is|also unlikely that any participant’s reported standard uncertainty is larger than 1,5 fimes

the robust s
screening re

NOTE
for a consen;
distribution.

985 Ifu
testing prov|
can be valid
interested p
can be large

9.8.6 Prof
based on, fo

— specifie
the 95th

The factor 1,5 is the upper limit of the variability in standard deviations that can be exp

ported uncertainties, called upgx.

us standard deviation with 10 or more résults, based on the square root of percentiles of
Any proficiency testing provider adopting-this procedure may wish to use a different multiplig

hin OT Umgayx, Or other criteria, are” used to identify aberrant uncertainties, the profic
ider should explain this to participants, and make it clear that a reported uncertainty,
even if it is lower than wjj,) or larger than u,,qy; and when this occurs participants an
arties should check the‘result or the uncertainty estimate. Similarly, a reported uncert]
- than umin and smallerthan u,gyx, and still not be valid. These are informative indicators

- example:

d quantiles for the reported uncertainties (for example below the 5th percentile and 3
percentile of the reported standard or expanded uncertainties);

fandard deviation of participants (1,55%), so this:éould be used as a practical upper limiit for

ected
the F

ol

ency
(Xi),
1 any
ainty
only.

iciency testing providers may also draw attention to unusually high or low uncertainties

bove

limits bas

— arequired measurement uncertainty.

NOTE

Since uncertainties are unlikely to be normally distributed, transformation is likely to be necessary

when using limits that rely on approximate or underlying normality; for example box plot whisker limits based on
the interquartile range have a probabilistic interpretation only when the distribution is approximately normal.

9.9 Combined performance scores

9.9.1

[t is common, within a single round of a proficiency testing scheme, for results to be obtained

for more than one proficiency test item or for more than one measurand. In this situation, the results for
each proficiency test item and for each measurand should be interpreted as described in 9.3 to 9.7; i.e.,
the results for each proficiency test item and each measurand should be evaluated separately.

30
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9.9.2 There are applications when two or more proficiency test items with specially designed levels are
included in a proficiency testing scheme to measure other aspects of performance, such as to investigate
repeatability, systematic error, or linearity. For example, two similar proficiency test items may be used
in a proficiency testing scheme with the intention of treating them with a Youden plot, as described
in 10.5. In such instances, the proficiency testing provider should provide participants with complete
descriptions of the statistical design and procedures that are used.

9.9.3 The graphical methods described in Section 10 should be used when results are obtained for
more than one proficiency test item or for several measurands, provided they are closely related
and/or obtained by the same method. These procedures combine performance scores in ways that do not
conceal high values of individual scores,_and they may reveal additional information on the performance
of pqrticipants - such as correlation between results for different measurands - that is net|apparent in
tablgs of the individual scores.

9.9.4
of th

In proficiency testing schemes that involve a large number of measurands,|a-count o
e numbers of action and warning signals can be used to evaluate performance.

I proportion

9.9.5
beca

rith caution,
e combined

Combined performance scores or award or penalty scores sheuld be used only v
1se it can be difficult to describe the statistical assumptions underlying the scores. Whi

perfgrmance scores for results on different proficiency test items{on the same measurand can have
expefted distributions and can be useful for detecting persistent-bias, averaged or summed scores across
diffefent measurands on the same or different proficiency test{jteéms can conceal bias in resuflts for single

meagurands. The method of calculation, the interpretation; and the limitations of any dqombined or

penalty scores used shall therefore be made clear to participants.

10 Graphical methods for describing perfformance scores

10.1 Application of graphical methods

The
of a |

perfq
be di

broficiency testing provider shouldinormally use the performance scores obtained in each round
proficiency testing scheme to prepare graphs such as those described in 10.2 and 10.3. The use of
rmance scores, such as Py, z,.7°, {, or E, scores in these graphs has the advantage that they can

shou
fall i
to re
able

rawn using standardized(@xes, thereby simplifying their presentation and interpreta
Id be made available to(the participants, enabling each participant to see where their
h relation to those obtained by the other participants. Letter codes or number codes
present the participants so that each participant is able to identify their own res
to determine whi¢h participant obtained any other result. The graphs may also be

tion. Graphs
own results
can be used
ults but not
used by the

ffectiveness
| to evaluate

proficiency testing.provider and any accrediting body, to enable them to judge the overall e
of the proficienéy-testing scheme and to see if there is a need for reviewing the criteria used
perfgrmance.

10.2 Histograms of results or performance scores

10.2.1 The histogram is a common statistical tool, and is useful at two different points in the analysis
of proficiency testing results. The graph is useful in the preliminary analysis stage, to check whether the
statistical assumptions are reasonable, or if there is an anomaly - such as a bimodal distribution, a large
proportion of outliers, or unusual skewness that was not anticipated.

Histograms can also be useful in reports for the proficiency testing scheme, to describe the performance
scores, or to compare results on, for example, different methods or different proficiency test items.
Histograms are particularly useful in individual reports for small or moderate-sized proficiency testing
schemes (fewer than 100 participants) to allow participants to assess how their performance compares
with other participants, for example, by highlighting a block within a vertical bar to represent a
participant’s result or, in small proficiency testing schemes (fewer than 50 participants), using
individualized plot characters for each participant.
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10.2.2 Histograms can be prepared using actual participant results or performance scores. Participant
results have the advantage of being directly related to the submitted data and can be assessed without
further calculation or transformation from the performance score to the measurement error. Histograms
based on performance scores have the advantage of relating directly to performance evaluations, and can
easily be compared across measurands and rounds of a proficiency testing scheme.

The range and bin size used for a histogram must be determined for each set of data, based on the
variability and the number of results. It is often possible to do this based on experience with proficiency
testing, but in most situations the groupings will need to be adjusted after the first view. If performance
scores are used in the histogram, it is useful to have a scale based on the standard deviation for

proficiency assessment and cut points for warning and action signals.

10.2.3 The
without cre
results.

NOTE 1
(for constant
show many §
The appeara
starting posi

NOTE 2
10.3 Kern

10.3.1 A ke
the general
data point i
standard de
the resulting
smooth cury

10.3.2 The
X consisting
may be perfi

i)

Choose

a) For
X1, .

b) To
per

scale and plot intervals should be chosen so that bimodality can be detected (if it is prég
hting false warnings due to the resolution of measurement results or small Mutnbe

The appearance of histograms is sensitive to the bin width chosen and to the locationof bin bound

bin width this is largely dependent on the starting point). If the bin width is too small, the pld
mall modes; too large and appreciable modes near the main body may not-be sufficiently dig
ice of narrow modes and the relative heights of adjacent bars my change“appreciably on cha
fion or bin width, especially where the data set is small and/or showssome clustering.

An example of a histogram plot is provided in Annex E.3.

el density plots

rnel density plot, often abbreviated to ‘density“plot, provides a smooth curve descr
shape of the distribution of a data set. The idea underlying the kernel estimate is that
5 replaced by a specified distribution (typically normal), centred on the point and W
viation ok ; ok is usually called the ‘bandwidth’ These distributions are added togethe
y distribution, scaled to have a unit area, gives a ‘density estimate’ which can be plotted
e.

following steps may be followed to prepare a kernel density plot. It is assumed that a da
of p values x1, x2, .., Xp are'to be included in the plot. These are usually participant result
brmance scores derived from the results.

hn appropriate bandwidth oy . Two options are particularly useful:

general inspection, set ok = 0,9 s*/p0.2 where s* is a robust standard deviation of the v
. Xp calculaged using procedures in Annex C.2 or C.3.

bxamine~“the data set for gross modes that are important compared to the criterio
formance assessment, set ok = 0,750, if using z or { scores, or o = 0,256 if using D or

ent),
rs of

aries
t will
tinct.

nging

ibing
each
ith a
- and
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n for
D%.
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interquartile range (nIQR). Other bandwidth selection rules that provide similar results include that of
Scottl29], which replaces the multiplier of 0,9 with 1,06. Reference [29] describes a near-optimal, but much
more complex, method of bandwidth selection. In practice, the differences for visual inspection are slight
and the choice depends on software availability.

NOTE 2  Option b) above follows IUPAC guidancel32].

ii)

iii)

Set a plotting range gmin to gmax S0 that gmin < min( xy, ... Xp ) - 30k and gmax =2 max( x1, ... xp ) + 30k .

Choose a number of points ny for the plotted curve. ng = 200 is usually sufficient unless there are
extreme outliers within the range of the plot.

iv) Calculate plotting locations g1 to gnk from
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qi:qmin+(i_1) nk—l

Calculate ny densities hq to hyk from

2.

where ¢(.) denotes the standard normal density.

X. —
j
O

h ==

; Q fori=1toi=ng
p

j=1

(19)

(20)

vi) Plot h; against g;.
NOTH
done
but n

1 It may be useful to add the locations of the individual data points to the plot. This is md
by plotting the locations below the plotted density curve as short vertical markers (sometimes ¢
ay also be done by plotting the data points at the appropriate points along the cal¢ulated densif

NOTH
sheet
base(
algor

2 Density plots are best done by software. The above stepwise calculation can be dons
for modest data set sizes. Proprietary and freely available statistical software often includes
| on similar default bandwidth choices. Advanced software implementations of density plots
jthm or faster calculations based on convolution methods.
NOTH

3  Examples of kernel density plots are given in Annexes E.35 E\4, and E.6.

10.3
drawf
from

3 The shape of the curve is taken as an indicationcefithe distribution from which th
n. Distinct modes appear as separate peaks. Outlying values appear as separate peaks wy¢
the main body of the data.

NOTH
many

1
small modes; too large and appreciable modés*near the main body may not be sufficiently dis

NOTH
sets
devi

2 Like histograms, density plots até-best used with moderate to large data sets becau
en or fewer) may by chance includenild outliers or apparent modes, particularly when a roh
tion is used as the basis for the bandwidth.

10.4 Bar-plots of standardized performance scores

10.4
charf

for e
parti

1 Bar-plots are a suitable method of presenting the performance scores for a numb
\cteristics in onegraph. They will reveal if there is any common feature in the scores for g
kample if a pafticipant achieves several high z scores indicating generally poor perfoi
cipant may lave positive bias.

10.4{2 To.prepare a bar-plot, collect the standardized performance scores into a bar-plot

st commonly
alled a ‘rug’),
y curve.

in a spread-
density plots
may use this

e data were
b1l separated

A density plot is sensitive to the bandwidth’ok chosen. If the bandwidth is too small, the plot will show

rinct.

e small data
ust standard

br of similar
participant,
mance, that

as shown in

Figui
scor

e E<10, in which scores for each participant are grouped together. Other standardized
sysuch as D% or P4 can be plotted for the same purpose.

Terformance

10.4.3 When replicate determinations are made in a round of a proficiency testing scheme, the results
may be used to calculate a graph of precision measures; for example, k statistics as described in ISO 5725-
2, or a related measure scaled against the robust average standard deviation such as that defined in
Algorithm S (Annex C.4).

NOTE An example of a bar plot with z scores is provided in Annex E.11.

10.5 Youden Plot

10.5.1 When two similar proficiency test items have been tested in a round of a proficiency testing
scheme, the Youden Plot provides a very informative graphical method of studying the results. It can be
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useful for demonstrating correlation (or independence) of results on different proficiency test items, and
for guiding investigations into reasons for action signals.

10.5.2 The graph is constructed by plotting the participant results, or the z scores, obtained on one of
the proficiency test items against the participant results or z scores obtained on the other proficiency
test item. Vertical and horizontal lines are typically drawn to create four quadrants of values, to assist
interpretation. The lines are drawn at the assigned values or at the medians for the two distributions of
results, or drawn at 0 if z scores are plotted.

NOTE For appropriate interpretation of Youden plots it is important that the two proficiency test items have
similar (or identical) levels of the measurand; this is so that the nature of any systematic measurement error
is the same ;EA that area of the measuring interval. Youden plots can be useful for widely different leyels of a
measurand ifp the presence of consistent systematic error, but they can be deceptive if a calibration error'|s not
consistently positive or negative across the range of measurand levels.

10.5.3 Whdn a Youden Plot is constructed, interpretation is as follows:

a) Inspect|the plot for points that are well-separated from the rest of the data.If a participant is not
following the test method correctly, so that its results are subject to systematic error, a point will
be given far out in the lower left or upper right quadrants. Points far from the others in the ypper
left and|lower right quadrants represent participants whose repeatabiliby is larger than most ¢ther
particigants, whose measurement methods show different sensitivity to the proficiency test|item
composition or, sometimes, participants who have accidentally igteérchanged proficiency test items.

two praficiency test items (for example, if they lie appreximately along a sloped line). If there
is evidence of a relationship, then it shows that there‘is-evidence of participant bias that affects
differert proficiency test items in a similar way. If thekte is no apparent visual relationship beteen
results [e.g., points are distributed approximately €venly in a circular region, usually with hjgher
density[towards the centre) than the measurement errors for the two proficiency test itemp are
largely Independent. This can be checked with arank correlation statistic, if the visual examinption
is not canclusive.

b) Inspect|the plot to see if there is evidence of a general relationship between the results fol{' the

c) Inspect|the plot for close groups of participants, either along the diagonals or elsewhere. {Clear

groups are likely to indicate differences between different methods.
NOTE1 In|studies where all participants use the same measurement method, or plots of results are ffrom a
single measurement method, if restlts lie along a line, this may be evidence that the measurement method has
not been adequately specified. Invéstigation of the test method may then allow the reproducibility of the me¢thod
to be generally improved.

NOTE 2  Anexample ofa¥Youden plot is provided in Annex E.12.

10.6 Plots|of repeatability standard deviations

10.6.1 Wheénreplicatemeasurementsaremade by-the participantsinaround-ef aproficieney-telsting
scheme, the results can be used to produce a plot to identify any participants whose average and standard
deviation are unusual.

10.6.2 The graph is constructed by plotting the within-participant standard deviation s; for each
participant against the corresponding average x; for the participant. Alternatively the range of replicate
results can be used instead of the standard deviation. Let

x* = the robust average of x7, x, ..., Xp, as calculated by Algorithm A

w* = the robust pooled average of sy, s, ..., Sp, as calculated by Algorithm S
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and assume that the data are normally distributed. Under the null hypothesis that there is no difference
between participants in the population values of either the participant means or the within-participant

standard deviations, the statistic

2

X
N/CRal ki g

W*

2
Si
W*

1) m[

(21)

has approximately the y? distribution with 2 degrees of freedom. Hence a critical region with a

significance level of approximately 1 % may be drawn on the graph by plotting
L ) 2 al
1 X—X
§=w'explt—n—— 1224099— \/;— (22)
2(m-1) "™ w
on tHe standard deviation axis against x on the average axis for
2
Xo.
X =x* — w220y (23)
m
NOTH This procedure is based on the Circle Technique introduced\by van Nuland[36]. The method described
used p simple Normal approximation for the distribution of the standard deviation that could give a dritical region

contg
the s
Furth

10.6
therd
smal
diffid

NOTH

10.7

10.7
or w
mate

ining negative standard deviations. The method given heré.uses an approximation for the d
fandard deviation that avoids this problem, but the critical region is no longer a circle as inj
er, robust values are used for the central point in place@f simple averages as in the original m

3 The plot can indicate participants with bias that is unusually large, given their rep
are a large number of replicates, this technique can also identify participants with ¢
repeatability. However, because there.are usually a small number of replicates, interpt
ult.

An example of a plot of repeatability standard deviations is provided in Annex E.13.
Split samples

1 Splitsamples are-used when it is necessary to carry out a detailed comparison of two
nen proficiency testing is not available and some external verification is needed. Sampl
rials are obtairied; representing a wide range of the property of interest, each sample

two parts, and ea¢h-laboratory obtains some number (at least two) of replicate determinatio

each

On o
refern

sample.

ccasion, more than two participants may be involved, in which case one should be
ence; and the others should be compared with it using the techniques described here.

stribution of
the original.
bthod.

eatability. If
xceptionally
etations are

barticipants,
es of several
is split into
hs on part of

treated as a

NOTE 1

This type of study is common, but often named differently, such as “paired sample”

or “bilateral

comparisons”.

NOTE 2  This split sample design should not be confused with the ‘split level’ design used in ISO 5725, which
involves two test items with slightly different levels supplied to all participants.

10.7.2 The data from a split-sample design can be used to produce graphs that display the variation
between replicate measurements for the two participants and the differences between their average
results for each proficiency test item. Bivariate plots using the full range of concentrations can have a scale
that makes it difficult to identify important differences between participants, so plots of the differences
or percentage differences between results from the two participants can be more useful. Further analysis
will be dependent on deductions made from these graphs.
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10.8 Graphical methods for combining performance scores over several rounds of a
proficiency testing scheme

10.8.1 When standardized performance scores are to be combined over several rounds of a proficiency
testing scheme, the proficiency testing provider may consider preparing graphs, as described in 10.8.2
or 10.8.3. The use of these graphs, in which the performance scores for several rounds of a proficiency
testing scheme are combined, can allow trends, and other features of the results, to be identified that are

not apparen

NOTE
a participant
be displayed
in one round
with frequen|
performance

10.8.2 The
values of z s

10.8.2.1 To
are plotted
proficiency
scores for d
characterist|
proficiency {
scores can b
each time p

t when performance scores for each round are examined separately.

are combined over several rounds of a proficiency testing scheme, the performance scores s

With the use of “running scores” or “cumulative scores”, in which the performance scores obtained by

hould

graphically. The participant may have a fault that shows up with the proficiency test item
but not in the others; a running score could hide this fault. However, in some circumstance
[ rounds) ‘smoothing’ of occasional outlying scores may be helpful in demonstrating the wndet
more clearly.

Shewhart control chart is an effective method of identifying problems that cause large e]
cores. See 1SO 7870-2[6] for advice on plotting Shewhart charts and rutes for action limi

prepare this chart, standardized scores, such as z scores or 24 scores, for a partic

festing scheme. When several characteristics are measured in each round, the perfornj
ifferent characteristics may be plotted on the same graph, but the points for the diff;
cs should be plotted using different plotting symbols and/or different colours. When se|
est items are included in the same round of the proficiency testing scheme the perform
e plotted together with multiple points at each tithe period. Lines joining the mean scoj
int may also be added to the plot.

10.8.2.2 Conventional rules for interpreting the Shewhart control chart are that an out-of-control s

is given whe
a) asingle
b) two out

c)

six con§

10.8.2.3 W
possible cay

NOTE Tl
differences (
Shewhart co

plots of standard

n
point falls outside the action liniits (* 3,0 for z scores, or 100 % for Py);
of three successive points eutside either warning limit (+ 2,0 for z scores or 70 % for A

ecutive results either pasitive or negative.

hen a Shewhart centrol chart gives an out-of-control signal, the participant should invest
ses.

le standard\deviation for proficiency assessment op¢ is not usually the standard deviation
i — Xpt), SO\the probability levels that are usually associated with the action and warning limif
trol chart may not apply.

used
5 (e.g.
lying

ratic

[s.

pant

hs individual points, with action and warning limits set conSistent with the design for the

ance
brent
veral
ance
es at

ignal

igate

f the
sofa

ther,

if the

participant bias changes with level. When more than one proficiency test item is included in the same
round the performance scores can all be plotted independently.

NOTE 1

round of proficiency testing, to distinguish the point(s) from previous rounds.

NOTE 2

with only a change in the vertical scale.

36

It can be useful to have a different plotting symbol or different color for the results from the current

An example of such a plot is provided in Annex E.14, using P4 scores. This plot could as easily use z,
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11 Design and analysis of qualitative proficiency testing schemes (including
nominal and ordinal properties)

11.1 Types of qualitative data

A large amount of proficiency testing occurs for properties that are measured or identified on
qualitative scales. This includes the following:

Such
perfq

The following paragraphs accordingly provide.guidance on design, value assignment and g
evalyation for qualitative proficiency testingiSchemes.

NOTH
scale

11.2

11.2
for agsessment of participant reports, it will normally be necessary to assemble a panel of a
qualified experts andte’provide time for debate in order to achieve consensus on appropriate
Whe

Proficiency testing schemes that require reporting on a categorical scale (sometimes called

‘nominal’), where the property value has no magnitude (such as a type of substance or

organism);

roficiency testing schemes for presence or absence of a property, whether determined.h
riteria or by the magnitude of a signal from a measurement procedure. This can-be ¢
pecial case of a categorical or ordinal scale, with only two values (also called) ‘dich
inary);

Proficiency testing schemes requiring results reported on an ordinal scale; which car
dccording to magnitude but for which no arithmetic relationships exist among different
example, ‘high, medium and low’ form an ordinal scale.

rmance evaluation (scoring) stages because
gssigned values are very often based on expert opinion; and

gtatistical treatment designed for continuous-valued and count data is not applicable t
data. For example, it is not meaningful to takexmeans and standard deviations of g
fesults even when they can be placed in a ranking order.

Guidance for ordinal data does«hot apply to measurement results that are based on 4
with discontinuous indications (suchyas dilutions or titres), see section 5.2.2.

Statistical design

1 For proficiency testing schemes in which expert opinion is essential either for value ag

e there is a Heed to rely on individual experts for scoring or value assignment the profic

y subjective
pgarded as a
btomous’, or

be ordered
results. For

proficiency testing schemes require special consideration forthe design, value assignment and

b qualitative
rdinal scale

erformance

quantitative

signment or
bpropriately
assignment.
ency testing

der shouldyadditionally provide for assessment and control of the consistency of opinion among
"'ent experts.

prov
diffe

EXANPLE In a clinical proficiency testing scheme that relies on microscopy for diagnosis, expert opinion
is us¢dto assess microscope slides provided to participants and provide an appropriate clinical [diagnosis for
proficiency test items. The proficiency testing provider may choose to circulate proficiency test items ‘blind’
to different members of the expert panel to assure consistency of diagnosis, or carry out periodic exercises to
evaluate agreement among the panel.

11.2.2 For proficiency testing schemes that report simple, single-valued categorical or ordinal results,
the proficiency testing provider should consider

— providing two or more proficiency test items per round; or

— requesting the results of a number of replicated observations on each proficiency test item, with the
number of replicates specified in advance.

Either of these strategies permits counts of results for each participant that can be used either in

reviewing data or in scoring. Provision of two or more proficiency test items may provide additional
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information on the nature of errors and also allow more sophisticated scoring of proficiency testing
performance.

EXAMPLE1 In a proficiency testing scheme intended to report the presence or absence of a contaminant,
provision of proficiency test items containing a range of levels of the contaminant allows the proficiency testing
provider to examine the number of successful detections at each level as a function of the level of contaminant
present. This may be used, for example, to provide information to participants on the detection capability of
their chosen test method, or to obtain an average probability of detection which may in turn permit performance
scores to be allocated to participants on the basis of estimated probabilities of particular patterns of response.

EXAMPLE 2  Proficiency testing in forensic comparisons often requires matching proficiency test items as
to whether they came from the same source or different sources (for example, fingerprints DNA, bullet shell
casings, foot
might includ
are from “same source”, “different source”, or “indeterminate” for every pair. This allows objective\scores of
number (or %) correct or incorrect, or number (%) correct matches, or correct rejections. Performarice criiteria
can then be determined on fitness for use, or on degree of difficulty of the challenge.

11.2.3 Honjogeneity should be demonstrated with review of an appropriate sample-of proficiency test
items, all of which should demonstrate the expected property value. For some gqualitative properties, for
example presence or absence, it may be possible to verify homogeneity with quantitative measurements;
for example|a microbiological count or a spectrum absorbance above a threshold. In these situatipns a
conventiond|l test of homogeneity may be appropriate, or a demonstratien of all results being aboye or
below a cut-off value.

11.3 Assigned values for qualitative proficiency testing schemes

11.3.1 Values may be assigned to proficiency test items:

a) by expertjudgement;

b) by use df reference materials as proficiency tést items;

c) from krnjowledge of the origin or preparation of the proficiency test item(s);
d) usingthHe mode or median of participant results (the median is appropriate only for ordinal values).

Any other value assignment method-that can be shown to provide reliable results may also be used. The
following pgragraphs consider each of the above strategies.

NOTE It|is not usually appropriate to provide quantitative information regarding the uncertainty ¢f the
assigned valiie in qualitative\proficiency testing schemes. Each of the paragraphs 11.3.2 to 11.3.5 nonetheless
requires the provision ofthasic information relating to confidence in the assigned value so that participant§ may
judge whethdgr a poor. rfesult might reasonably be attributable to an error in value assignment.

11.3.2 Values.assigned by expert opinion should normally be based on a consensus of a panel of suitably
qualified exlerts. Any significant disagreement among the panel should be recorded in the report fjr the
round. If the panel cannot reach a consensus for a particular proficiency test item, the proficiency testing
provider may consider an alternative method of value assignment from those listed in section 11.3.1.
If that is not appropriate the proficiency test item should not be used for performance assessment of

participants.

NOTE In some cases it is possible for a single expert to determine the assigned value.

11.3.3 Where a reference material is provided to participants as a proficiency test item, the associated
reference value, or certified value, should normally be used as the assigned value for the round. Any
summary information provided with the reference material that relates to confidence in the assigned
value should be available to participants following the round.

NOTE The limitations of this approach are listed in section 7.4.1.
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11.3.4 Where the proficiency test items are prepared from a known source, the assigned value may
be determined based on the origin of the material. The proficiency testing provider should retain
records of the origin, transport and handling of the material(s) used. Due care must be taken to prevent
contamination that might result in incorrect results from participants. Evidence of origin and/or detail of
preparation should be available to participants after the round either on request or as part of the report
for the proficiency testing round.

EXAMPLE Proficiency test items of wine circulated for an authenticity proficiency testing scheme may be
procured directly from a suitable producer in the designated region of origin, or via a commercial supplier able

to provide assurance of authenticity.

11.3
cont;

4. T Conlirmatory tests or measurements are recommended where possIble, espe
imination may compromise use as a proficiency test item. For example, a proficien

tially where

y test item

identified as an exemplar of a single microbial, plant or animal species should normtally he tested for
response to tests for other relevant species. Such tests should be as sensitive as possible tg ensure that
contaminating species are either absent or that the level of contamination is quantified.

11.3}4.2 The proficiency testing provider should provide information on any contaminatior] detected or
douBts about origin that may compromise use of the proficiency test itef:

NOTH Further detail on characterisation of such proficiency test.items is beyond the qcope of this
Interpational Standard.

11.3
categ
scale
state
neve
prop
valug

11.3
assig
for u

11.4

11.4
on th
evaly

participant reports may be passed to experts for appraisal and may be given an overall mark.

extre
valug

5 The mode (the most common observation) may be used as the assigned value for
orical or ordinal scale, while the median may be used'as the assigned value for results g
. Where these statistics are used, the report for-the proficiency testing round shou
ment of the proportion of the results used in value assignment that matched the assigng
 appropriate to calculate means or standard@eviations for proficiency testing results fqg
erties, including ordinal values. This is because there is no arithmetic relationship betwy
s on each scale.

6 When assigned values are hased on measurements (for example, presence or a
ned value can usually be determined definitively; i.e., with low uncertainty. Statistical
hcertainty may be appropriate*for levels of measurand in “indeterminate” or “equivocal

1 Evaluation pfiparticipant performance in a qualitative proficiency testing scheme dey
e nature of the'report required. In some proficiency testing schemes, where a significa
ation is required of participants and the conclusions require careful consideration a

me, patticipants may be judged solely on whether their result coincides exactly with
fer‘the relevant proficiency test item. The following paragraphs accordingly provide

perf

results on a
n an ordinal

Id include a

d value. Itis
r qualitative
ben different

bsence), the
calculations
" levels.

Performance evaluation and scoring for qualitative proficiency testing schemes

ends in part

IE amount of

d wording,
At the other
he assigned
cguidance on

rmyance assessment and crnring fora range of circumstances

11.4.2 Expert appraisal of participant reports requires one or more individual experts to review each
participant report for each proficiency test item and allocate a performance mark or score. In such a

profi

ciency testing scheme, the proficiency testing provider should ensure that:

should not include any information that could reasonably identify the participant;

objective as reasonably possible;
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the particular participantis not known to the expert. In particular, the report passed to the expert(s)

review, marking and performance assessment follow a set of previously agreed criteria that are as

the provisions of paragraph 11.3.2 with respect to consistency among experts are met;

39


https://standardsiso.com/api/?name=7b97818b559373aa1776bf3d6287b2a9

ISO 13528:2015(E)

— where possible, provision is made for participant appeal against a particular expert opinion and/or
for secondary review of opinions close to any important performance threshold.

11.4.3 Two systems may be used for scoring a single reported qualitative result based on an assigned
value:

i) Eachresultis marked as acceptable (or scored as a success) if it exactly matches the assigned value
and is marked as unacceptable, or given an adverse performance score, otherwise.

EXAMPLE In a scheme for determining the presence or absence of a contaminant, correct results are
scored as 1 and incorrect results as 0.

ii) Resultsjthat exactly match the assigned value are marked as acceptable and given a corresponding
score; results that do not exactly match the assigned value are given a score that depenids on the
nature ¢f the mismatch. Such scoring designs should assign lower scores to better performange, to
be cons]stent with other types of performance scores (for example, z score, P4 score; &’and Ep),.

EXAMPHE1 In a clinical pathology proficiency testing scheme, a proficiency testing provider agsigns
a score ¢f ‘0’ for an exactly correct identification of a microbiological species, ‘1’ peint for a result that is
incorrect but would not change clinical treatment (for example identificationcas-a different but rglated
microbiglogical species requiring similar treatment), and 3 points for an identifieation that is incorredt and
would lepd to incorrect treatment of a patient. This scoring scheme will usually)tequire expert judgem¢nt on
the natufe of the mismatch, perhaps obtained prior to scoring.

EXAMPIE 2 In a proficiency testing scheme for which six possible ¥esponses ranked on an ordinal|scale
are possjible, a result matching the assigned value is given a score*of 0 and the score is increased by|2 for
each difference in rank until the score increases to a maximum of 6 (so a result adjacent to the assjgned
value wquld attract a score of 2).

Individual performance scores for each proficiency test item should be provided to participants.
Where replicate observations are performed a summary of performance scores for each result may be
provided.

11.4.4 Whedre multiple replicates are reperted for each proficiency test item or where multiple
proficiency test items are provided to each participant, the proficiency testing provider may calqulate
and use combined performance scoresor score summaries in performance assessment. Combined
performance scores or summaries may be calculated as, for example:

— the simple sum of performarice scores across all proficiency test items;

— the count of each level ofperformance allocated;

— the proportion of corfect results;

— adistar|ce metric-based on the differences between results and assigned values.

EXAMPLE A'wery general distance metric sometimes used statistics for qualitative data is the Gower
coefficient[2ql."This can combine quantitative and qualitative variables based on a combination of scor¢s for
similarity. For categorical or binary data the index allocates a score of 1 for exactly matching categories and 0
otherwise; for ordinal scales it allocates a score equal to 1 minus the difference in rank divided by the number
of ranks available, and for interval or ratio scale data it allocates a score equal to 1 minus the absolute difference
divided by the observed range of all values. These scores, which are all necessarily from 0 to 1, are summed and
the sum divided by the number of variables used. A weighted variant may also be used.

Combined performance scores may be associated with a summary performance assessment. For
example, particular (usually high) proportion of correct scores may be deemed ‘acceptable’ performance,
if that is consistent with the objectives of the proficiency testing scheme.

11.4.5 Graphical methods may be used to provide performance information to participants or to provide
summary information in a report for a round.

NOTE An example of the analysis of ordinal data is provided in Annex E.15.
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Annex A
(normative)

Symbols

d Difference between a measurement value for a proficiency test item and an assigned value for a CRM
d Average-difference-betweenrmeastrementvattesandtheassignedvatuefora€RM
D Participant difference from the assigned value (x-xp¢)

D% Participant difference from the assigned value expressed as a percentage of xp;

OF Maximum permissible error criterion for differences

Shom Error due to the difference between proficiency test items

Ostabl Error due to instability during the period of proficiency testing

SOtrank Error due to instability under transport conditions

Ep “Error, normalized” score that includes uncertainties for the parficipant result and the asfigned value
g Number of proficiency test items tested in a homogeneity cheeck

m Number of repeat measurements made per proficiency. test item

p Number of participants taking part in a round of a proficiency testing scheme

Py Proportion of allowed error (D/SE), can be expres$ed as a percentage

Sr Estimate of repeatability standard deviation

SR Estimate of reproducibility standard deviation

Ss Estimate of between-sample standard.deviation

s* Robust estimate of the participant§tandard deviation

o Standard deviation of sample averages

Sw Within-sample or withinslaboratory standard deviation

Ok Bandwidth standard-deviation used for kernel density plots

ol Between-laboratery (or participant) standard deviation

Opt Standard deviation for proficiency assessment

or Repeatabilitystandard deviation

OR Reprodugibility standard deviation

Uhom Staridard uncertainty due to the difference between proficiency test items

Ustah) Standard uncertainty due to instability during the period of proficiency testing

Utranfs Standard uncertainty due to instability under transport conditions

u(x,-)I Standard uncertainty of a result from participant

u(xpt) Standard uncertainty of the assigned value

u(xref) |Standard uncertainty of a reference value

U(x;) Expanded uncertainty of reported result from participant i

U(xpe) Expanded uncertainty of the assigned value

U(xref) |Expanded uncertainty of a reference value

we Between-test-portion range

w* Robust estimate of participant repeatability

X Measurement result (generic)

Xchar Property value obtained from the determination of the assigned value
XCRM Assigned value for a property in a Certified Reference Material
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X Measurement result from participant i
Xpt Assigned value
Xref Reference value for a stated purpose
x* Robust estimate of the participant mean
X Arithmetic average of a set of results
z Score used for proficiency assessment
z’ Modified z score that includes the uncertainty of the assigned value
4 Zeta score — modified z score that includes uncertainties for the participant result and the as-
signed value
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Annex B
(normative)

Homogeneity and stability of proficiency test items

B.1 General procedure for a homogeneity check

B.1.1
folloy the procedure given below:

Chodgse a property (or properties) or measurand(s) to assess with the homogeneity check.

Chodse a laboratory to carry out the homogeneity check and a measurement method
metHod should have a sufficiently small repeatability standard deviation' (s;) so that anj
inho
stan
Harmonized Protocol (or 1/6 of &g). It is recognized that this is-nét always possible, so in t
proficiency testing provider should use more replicates.

Preppre and package the proficiency test items for a routid>of the proficiency testing scher
that
for the homogeneity check.

Seledt a number g of the proficiency test items$.in their final packaged form using a suitz
seledtion process, where g = 10. The number of proficiency test items included in the homog
may
test items prepared by the same procedures.

Preppre m 2
profi

To conduct an assessment for homogeneity for a bulk preparation of proficiency

mogeneity can be detected. The ratio of the repeatability standard\deviation for the m

there are sufficient proficiency test items for the participants in the proficiency testing

be reduced if suitable data are available-from previous homogeneity checks on similaj

iency test item to minimize between-test-portion differences.

y test items,

to use. The
 significant
ethod to the

lard deviation for proficiency assessment should be less than(0,5, as recommended in the [UPAC

hat case the

he, ensuring
scheme and

\ble random
eneity check
proficiency

2 test portions from each proficiency test item using techniques appropyiate to the

Taking the g x m test portionsjin a random order, obtain a measurement result on each, completing the

who

Calc
deviation ss, as shewn in B.3.

B.1.2
then

series of measurements under repeatability conditions.

late the general-average x, within-sample standard deviation sy, and between-samj

Whentit is not possible to conduct replicate measurements, for example with dest

le standard

uctive tests,

the standard deviation of the results can be used as ss. In this situation it is important to have a
methodwith a sufficiently low repeatability standard deviation s;.

B.2 Assessment criteria for a homogeneity check

B.2.1 The following three checks should be used to assure that the homogeneity test data are valid for
analysis:

a)

b)

Examine the results for each test portion in order of measurement to look for a trend (or drift)
in analysis; if there is an apparent trend, take appropriate corrective action regarding the

measurement method, or use caution in the interpretation of the results.

Examine the results for proficiency test item averages by production order; if thereisas

erious trend

that causes the proficiency test item to exceed the criterion at B.2.2 or otherwise prevents use of
the proficiency test item, then (i) either assign individual values to each proficiency test item; or (ii)
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discard a subset of proficiency test items significantly affected and retest the remainder for sufficient
homogeneity; or (iii) if the trend affects all proficiency test items, follow the provisions at B.2.4.

Compare the difference between replicates (or range, if more than 2 replicates) and, if necessary,
test for a statistically significant difference between replicates, using Cochran’s test (ISO 5725-2).
If the difference between replicates is large for any pair, review a technical explanation for the
difference and if appropriate, remove the outlying group from the analysis or, if m>2 and the high

variance is caused by a single outlier, remove the outlying point.

NOTE If m>2 and a single observation is removed, subsequent calculation of s,, and ss will need to take the
resulting imbalance into account.

B.2.2 Compare the between-sample standard deviation sg with the standard deviation for prefi¢iency
assessment pp. The proficiency test items may be considered to be adequately homogeneous,if:
ss<0,3 gpt (B.1)

NOTE1 Tle justification for the factor of 0,3 is that when this criterion is met the between-sample stamdard

deviation con
is unlikely to

be affected.

tributes less than 10 % of the variance for evaluation of performance, so theperformance evalyation

NOTE 2  Equivalently, s; can be compared to 6 :
ss< 0,16 (B.2)
B.2.3 It mpy be useful to expand the criterion to allow for.the actual sampling error and repeatapility

in the homo
a) Calculat

b) Calculaf

beneity check. In these cases, take the following\steps:
e 02gllow = (0;30pt)2

e ¢ = F1024110w + F252,, where

Sw is the within-sample standard deviation as calculated in section B.3 and
Frand Fz| are from standard statistiealtables, reproduced in Table B.1, for the number of proficiency test
items selected and with(each item tested in duplicatel32].
[able B.1 — Factors'F1 and F2 for use in testing for sufficient homogeneity
g 20 19 18 17 16 15 14 13 12 11 10 9 8
F1 1,59 1,60 1,62 1,64 1,67 1,69 1,72 1,75 1,79 1,83 1,88 1,94 2,01 2,10
F2 0,57 0,59 0,62 0,64 0,68 0,71 0,75 0,80 0,86 0,93 1,01 1,11 1,25 143
Where m>2; F>in B.2.3 b) and Table B.1 shall be replaced with Fp, = (Fg - 1, g(m-1), 0,95 = 1)/m Where
Fg - 1, du1), 0,95 — 1 is the value exceeded with probability 0,05 by a random variable with an
F'dlstrl utiuu \'A% lthy 1 cludg (lll 1) dcsl CCS Uf fl CCdUlll.
NOTE The two constants in Table B.1 are derived from standard statistical tables as follows:
F1 = x2095(g - 1)/(g-1) where x2095(4 - 1) is the value exceeded with probability 0,05 by a chi-
squared random variable with g - 1 degrees of freedom, and
F2 = (Fo95 (g- 1;9)-1)/2 where Fp95(4-1;9) is the value exceeded with probability 0,05 by a random
variable with an F-distribution with g - 1 and g degrees of freedom.
¢) If s; > Vc then there is evidence that the batch of proficiency test items is not sufficiently
homogeneous
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B.2.4 When op is not known in advance, for example when op¢ is the robust standard deviation
of participant results, the proficiency testing provider should choose other criteria for determining
sufficient homogeneity. Such procedures could include:

a)

b)
‘)

d)

B.2.

check for statistically significant differences between proficiency test items using, for example, the

Analysis of Variance F test at =0,05;

use information from previous rounds of the proficiency testing scheme to estimate o,

tr

use data from a precision experiment (such as a reproducibility standard deviation as described in

1SO 5725-2);

¢heck the criterion after the consensus op¢ has been calculated.

conslder adopting one of the following actions.

a)

b)

Include the between-sample standard deviation in the standardy deviation for
gssessment, by calculating o’¢ as in equation (B.3). Note this heeds to be descri
participants.

r 2 2
rpt = ,[Gpt +SS

Include ss in the uncertainty of the assigned value and.use z’ or 6g’ to assess performan

o

telaxed, with caution.

gccept the risk of distributing proficiency test items that are not sufficiently homogeneous, and

§ If the criteria for sufficient homogeneity are not met, the proficiencyrteésting provider shall

proficiency
bed fully to

(B-3)

ce (see 9.5);

When o is the robust standard deviation of participant results, then the inhomogendity between
proficiency test items is included in o, and sg:the criterion for acceptability of homogeneity can be

If nofe of a) to c) apply, discard the proficiency test item and repeat the preparation after cqrrecting the
cause of inhomogeneity.

B.3

The
be ¢

Formulae for homogeneity check

pstimate of within-sample standard deviation sy, and between-sample standard devi
dlculated using analysis of variance as shown below. The method shown is for a chosen

prof]jciency test items, measured in replicate m times.

The ¢lata from a homogeneity check are represented by x¢
where
t | répresents the proficiency testitem (t = 1,2........ ,9)

htion sg may
number g of

k represents the test portion (k = 1,2....., m)
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Define the proficiency test item average and variance as:

— 1 m
Xt - ; Zkzl Xk
2 1 m _\2
S, —;Zkzl(xk —xt) (B.4)
and the estimate of between-test-portion variance as:
w2— 1S (- x,) (B.5)
(m — 1) k=1
Calculate the general average:
X=—x % (B.6)
g
the estimate¢ of the variance of sample averages:
s2 = —1—29 (% —i)z (B.7)
et
and the within-sample variance:
s2 = 125; w? (B.8)
wo t=1t -
g
Estimate th¢ combined variance of sg and sy,
2 1 g — =\2 1 2 2 2
O mer D DLt Bt ‘E]SW R (5
Finally, estijnate the between-sample’variance as
2_ 2 2 _ 1 9 (- =2 1,
S¢ = Sl —Sw = (g—l) t:1(xt x) mSW (B-10)
NOTE In[the case that s¢2 < 0, then it is appropriate to use ss=0.

46
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For a common design when m is 2, the following formulae can be used.

Define the sample averages as:
%, = (xeq +2.5)/2 (B.11)

and the between-test-portion ranges as:

:!x — x| (B.12)

T Tt 527

Calcylate the general average:

Fo1 X, (B.13)
g t=1

Estirhate the standard deviation of sample averages:

% = \/Zfl(it_)?)z/(g ~1) (B.14)

and the within-sample standard deviation:

W= \/Zlewf /(29) (B.15)

wheie the summations in formulae B.13, B.14, and B.15 are over samples (t=1, 2, ..., g).

o

o

Finally, estimate the between-sample standatrd deviation as:

s = \/max(o, s% —sﬁ//Z) (B.16)

7Y

NOTH 1 The estimate of between-sample variance sg2 often becomes negative when s is relatfively smaller
than ky. This can be expected.when proficiency test items are highly homogeneous. In this case ss =|0.

NOTE 2  Instead of usihgranges, one could use between test portion standard deviations such as

t:Wt/\/E

o

NOTHE 3 Anexample is provided in Annex E.2

B.4 ~Procedures for checking stability

B.4.1 General considerations for checking stability

These clauses give guidance for meeting the stability requirements of section 6.1. The provisions of
section 6.1.3 with regard to the properties to be studied apply to any experimental check on stability
over the duration of the proficiency testing round and on stability during transport.

B.4.1.1 Where there is reasonable assurance from previous experimental studies, experience, or
prior knowledge that instability is unlikely, experimental stability checks may be limited to a check for
significant change over the course of the proficiency testing round, carried out during and after the
round itself. In other circumstances, studies of transport effects and stability for the typical duration
of a proficiency testing round may take the form of planned studies prior to circulation of proficiency
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test items, either for each round or during early planning and feasibility studies to establish consistent
transport and storage conditions. Proficiency testing providers may also check for evidence of instability

by checking

B.4.1.2 Th

reported results for a trend with date of measurement.

e following considerations apply to stability checks:

— All properties that are used in the proficiency testing scheme should be checked or otherwise
verified for stability. This can be accomplished with previous experience and technical justification
based on knowledge of the matrix (or artefact) and measurand.

is large
suspect]

NOTE IS
in the measu

B.4.2 Pro

B.4.2.1 A
proficiency {
testitems te
check may i}
test items r¢

solely intendled to check for transport effects, the comparison is between proficiency test items thg

shipped wit

NOTE1 Pi
testing round

NOTE 2

B.4.2.2 If
assessment
effects of trg

B.4.23 A
testing roun

a)
b)
‘)

Selecta
Selecta

Measur
particip

This model applies equally to proficiency testing schemes in testing and in calibration.

more proficlency testing items or more replicates should be used 1f the repeatabil
(for example, if sy, or s> 0,50, ).

D Guide 35 provides strategies for minimizing the effect on stability studies of long-term var
rfement process, such as isochronus studies or the use of stable reference materials.

cedure for checking stability during the course of a proficiency-testing rou

convenient model for testing stability in proficiency testing is.to test a small samp
est items at the conclusion of a proficiency testing round and compare these with profic
sted prior to the round, to assure that no change occurred through the time of the round
iclude a check for any effect of transport conditions by additionally exposing the profic
btained for the study duration to conditions representing transport conditions. For st

h proficiency test items that are retained under controlled conditions.

oficiency testing providers may use the results-of homogeneity testing prior to the profig
instead of selecting and measuring a separate set of proficiency test items.

a proficiency testing provider\includes shipped proficiency test items in the sta
in B.4.2.1, then the effects of transport are included in the assessment of stability. I
nsport are checked separately, then the procedure described in section B.6 should be u

procedure for a basic stability check using measurements before and after a profic
d is as follows:

number 2g ofithe proficiency test items at random, whereg = 2 .

single laboratory using a single measurement method with good intermediate precisi

ants: Replicated measurements should be made in a fully randomised order.

More than 2 proficiency test items should be tested if the variability between proficiency test items

ty is

ation

nd

le of
ency
. The
ency
dies
t are

iency

bility

f the
bed.

ency

p1.

e g proficiency test items before the planned date of distribution of proficiency test itefns to

d)

f)

Reserve the remaining g proficiency test items under conditions similar to the expected storage
conditions at participants’ premises.

As soon as reasonably possible after the closing date for return of participant results, measure the
remaining g proficiency test items, using the same laboratory, measurement method and number
of replicates as at a) above, with all replicates in a randomised order.

Calculate the averages y,; and y, ofthe results for the two groups (before and after) respectively.

B.4.2.4 The following variations to the procedure in B.4.2.3 may be used:
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a) The first group of g proficiency test items may be omitted if other measurements on the set of
proficiency test items are available from the same laboratory and test method. For example, data
from a prior homogeneity check may be used.

b) Conditions likely to accelerate change may be used to provide greater assurance of stability.

c) The second set of proficiency test items may additionally be subjected to conditions expected in
shipping, in order to include a test of the effect of shipping.

d) Any other design and conditions that, together with the stability check criterion chosen, provides
equal or greater assurance of stability may be used.

B.5 | Assessment criterion for a stability check

B.5.1 Compare the general average of the measurements obtained in the cheek®prior to|distribution
with|the general average of the results obtained in the stability check. The proficiency test ifems may be
consldered to be adequately stable if:

V1 — Yyl <0, 30 ,, or<0,16¢ (B.17)

B.5.2 If it is likely that the intermediate precision of the measurement method (or the uncertainty of
meagurement of the item) contributed to the inability to meét the criterion, then one of the following
optidns should be taken:

a) I:e an isochronous stability study (see ISO Guide35);
b) increase the uncertainty of the assigned value to account for possible instability;

c) ¢xpand the criterion for acceptance by@dding the uncertainty of the difference to gy; using the
following formula:

7, —7,| <030, +2\/u2(y1)+u2(y2) (B.18)

NOTH The factor of 2 in equation (B.18) is a coverage factor for the expanded uncertainty of the difference,
providing approximately 95-% confidence, and the combined uncertainty calculation has intentionally assumed

that [y, and y, are independent.

B.5.3 If the criterion in equations (B.17) or (B.18) is not met, the following option§ should be
consldered:

— (quantify the effect of instability and take it into account in the evaluation (for example with z’
gcores); or

— examine the proficiency test item preparation and storage procedures to see 1f improvements are
possible; or

— do not evaluate participant performance.
B.5.4 The criterion at B.5.1 or B.5.2 may be replaced by an appropriate statistical test for a difference

between the two sets of data provided that the test takes due account of replication and provides
assurance of identifying stability at least equal to that provided by equation (B.18).

NOTE A t-test for significant difference at the 95% level of confidence, using the means for each proficiency
test item, will usually provide similar or better assurance of detecting instability to equation (B.18) provided
that the number of units tested is 3 or more.
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B.6 Stability in transport conditions

B.6.1 The proficiency testing provider should check the effects of transport on proficiency testing
items at least in the early stages of the proficiency testing scheme. Such a check should, where possible,
compare proficiency test items retained at the proficiency testing provider’s premises with proficiency
test items subjected to shipping and return. Studies based on exposure to reasonably foreseeable
conditions of transport, for example, may also be used.

B.6.2 Any known effects of transportation should be considered when evaluating performance.
Any significant increase in uncertainty due to transport should be included in the uncertainty of the
assigned value:

B.6.3 Whdre the transport stability check involves the comparison of results for two)groups of
proficiency test items, one group being exposed to transport conditions and one group.that is not, the
criterion forsufficient stability in transport is the same as in section B.5.1 or B.5.2.

NOTE1 If|the assigned value and standard deviation for proficiency assessment.are determined |from
participant results (e.g., by robust methods), then the average and the standard~deviation for profidiency
assessment Will reflect any bias and increased variability (respectively) caused by transport conditions.

NOTE 2  Anp example of a stability check is shown in Annex E.2
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Annex C
(normative)

Robust analysis

C.1 Robust analysis: Introduction

Inter

incl

a val
new,
proc
conv

It is
robu
thos¢
resis

This
diffe
brea
(sim]
moreg

NOTH
- thrd

NOTH
strict
to av]

iety of reasons; for example, from less experienced participants, from less precise
measurement methods, or from participants who did not understand *the instruct

entional statistical techniques, including the mean and standard deviation, unreliable.

5t to outliers. Many such techniques have been proposed in‘the statistical literature,

tance to asymmetric outlier distributions.

Fent capabilities regarding robustness to contathinated populations (for example, ef

kdown point), and differing simplicity of applieation. They are presented here in order

blest first, most complex last), which is approximately inversely related to efficiency
complex estimators tend to have been developed in order to improve efficiency.

1  Annex D provides further information on efficiency, breakdown point and sensitivity to
e important indicators of the performarice of various robust estimators.

2 Robustness is a propertynof-the estimation algorithm, not of the estimates it produce]
ly correct to call the averages,and standard deviations calculated by such an algorithm “robu
oid the use of excessively cumbersome terminology, the terms “robust average” and “rob

devigtion” should be understeod in this International Standard to mean estimates of the populati

the p

C.2

dev

C.2

The

N

ppulation standard deviation calculated using a robust algorithm.

Simple outlier-resistant estimators for the population mean and sta
ation

| The median

laboratory comparisons present unique challenges for data analysis. While mostints
comlftie\risons provide unimodal and approximately symmetric data, most proficieney-testi
e a proportion of results that are unexpectedly distant from the majority)These d

recommended (see 6.5.1) that proficiency testing providers use statistical techniq;

Annex describes several techniques that have been applied in proficiency testin

brlaboratory
ng data sets
an arise for
or perhaps
ons or who

bssed the proficiency test items incorrectly. Such outlying results can-be*highly variablle and make

les that are
hnd many of

e have been used successfully for proficiency testing. Mest.robust techniques additignally confer

g and have
ficiency and
bf simplicity
because the

minor modes

5, so it is not
st”. However,
ust standard
n mean or of

ndard
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distributions. To determine the median, denoted med(x):

i)

ii)

Denote the p items of data, sorted into increasing order, by:
X{1p X{2} -+ X{p}

calculate
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p odd

*(o+1)/2)
o/} T 1en/)

2

p even

C.2.2 Scaled median absolute deviation MADe

€1

The scaled median absolute deviation MADe(x) provides an estimate of the population standard
deviation for normally distributed data and is highly resistant to outliers. To calculate MADe(x):

i) Calculatetheabsolute differences d:{fori=1to p) from

d, = ‘xi — med (x)‘ (C.2)
ii) Calculate MADe(x) from

MADe(x) = 1,483 med(d) (C.3)
If 50 % or more of the participant results are the same, then MADe(x) will be zero, and it mgy be

necessary t
the proced

C.2.3 Nor

A robust es
proved to Y
between th
results. Thi
calculated 3|

nlQR(x)
where
Qix) d

Q3(x) d

If the 75th a
procedure S
should be uj

U(E‘

use the nIQR in section C.2.3, an arithmetic standard deviation (after outlier remova
e described in section C.5.2.

malized interquartile range nIQR

1), or

timator of the standard deviation similar to MAPDe(x) and slightly simpler to obtain has

e useful in many proficiency testing schemes, and can be obtained from the differ
p 75th percentile (or 3rd quartile) and 25thgpercentile (or 1st quartile) of the partic
5 statistic is commonly called the ‘normalized InterQuartile Range’ (or nIQR), and
s in formula (C.4):

= 0,7413(Q3(x) - Q1(x))

bnotes the 25th percentile of x; (i=1,2,...,p)
bnotes the 75th pereentile of x; (i=1,2,...,p)

nd 25th percentiles are the same, the nIQR will be zero (as will MADe(x)) and an altern
uch as ap-arithmetic standard deviation (after outlier removal) or the procedure at
ed to calculate the robust standard deviation.

NOTE1 T
(see Annex

e-nIQR only requires sorting the data once compared to MADe but has breakdown point of

ence
pant
it is

(C.4)

ative
C.5.2

25 %

while MADe has breakdown point of 50 %. MADe can therefore tolerate an appreciably h

proportion of outliers than nIQR.

NOTE 2
affect scores

NOTE 3
may produce

NOTE 4

52

if these estimates are used in scoring participant results.

slightly different nIQR.

An example using simple robust estimators is included in Annex E.3.

igher

Both nIQR and the MADe estimators show appreciable negative bias at p<30 which may adversely

Different statistical packages may use different algorithms for calculating quartiles, and therefore
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C.3 Robust analysis: Algorithm A

C.3.1 Algorithm A with iterated scale

This algorithm yields robust estimates of the mean and standard deviation of the data to which it is
applied.

Denote the p items of data, sorted into increasing order, by:

X{1} X{2}, -+ X{p}

Dendte the robust average and robust standard deviation of these data by x* and s*
Calcylate initial values for x* and s* as:

X*=medianofx; (i=1,2,..,p) (C.5)

* = 1,483 median of

U

x, —x*
i

with (i=1,2, .., p) (C.6)

NOTE1  Algorithms A and S given in this annex are reproduced fromSO 5725-5, with a slight addition to
Algotlithm A to specify a stopping criterion: no change in the 3rd gignificant figures of the robyst mean and
standard deviation.

NOTE 2 In some cases more than half of the results x; willkkbe identical (for example, thread cdunt in fabric,
or elgctrolytes in serum). In these cases the initial value of’s* will be zero and the robust proceflure will not
perform correctly. In the case that the initial s* = 0, it is aceéptable to substitute the sample standdrd deviation,
after|checking for any gross outliers that could make the sample standard deviation unreasonably large. This
substfitution is made only for the initial s* and after;th@at the iterative algorithm can proceed as des¢ribed.

Upddte the values of x* and s* as follows. Calculate:

§d=1,5s* (C.7)

Fordachx;(i=1, 2, ..., p), calculate:

x*—&  when .~ x. <x*-6
¥y =4{x"+6 when x,>x"+6 (C.8)

X; otherwise

Calcuilate the newivalues of x* and s* from:

* p *
X' Z 2 /P (C9)

o — 1,134\/21’,’1(2(;* _ X*)z / (p _ 1) (C.10)

where the summation is over i.

The robust estimates x* and s* may be derived by an iterative calculation, i.e. by updating the values
of x* and s* several times using equations C.7 to C.10, until the process converges. Convergence may
be assumed when there is no change from one iteration to the next in the third significant figures of
the robust mean and robust standard deviation (x* and s*). Alternative convergence criteria can be
determined according to the design and reporting requirements for proficiency test results.

NOTE3  Examples of use of Algorithm A with iterated scale are provided in Annex E.1 and E.3.
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C.3.2 Variants of Algorithm A

Algorithm A with iterated scale in section C.3.1 has modest breakdown (approximately 25 % for large
data setsl[25]) and the starting point for s* suggested in C.3.1 for data sets where MADe(x) is zero can
seriously degrade outlier resistance when there are severe outliers in the data set. The following
variations should be considered where the proportion of outliers is expected to be over 20 % in any
data set or where the initial value for s* is adversely affected by extreme outliers:

i)

described in C.5.1 or the arithmetic standard deviation (after outlier removal).

Where {
not upd|
with thg

ii)

NOTE \'
with a higher

C.4 Robu

This algorit
submit m r¢
proficiency
applied.

Denote the p standard deviations or ranges, sorted into incre@asing order, by:

ate s* during iteration. Where the robust standard deviation is used in scoring,repld
e Q estimator described in C.5 and do not update s* during iteration.

riant ii) improves the breakdown point of Algorithm A to 50 % [25], allowing thejalgorithm to
proportion of outliers.

st analysis: Algorithm S

hm is applied to standard deviations (or ranges), which aré calculated when partici
plicate results for a measurand in a proficiency test itein, or in a study with m ide
Fest items. It yields a robust pooled value of the standard‘deviations or ranges to whicl

Replace MADe with med (‘xi — )?D when MADe=0, or use an alternative estimator such as that

he robust standard deviation is not used in scoring, use MADe (amended as i) above) and do

ce s*

cope

ants
tical
h it is

W1y W{Z - W{p}
Denote the jobust pooled value by w* and the degrees of freedom associated with each w; by v. (When
w;is arangd, v = 1. When w; is the standard deviation of m test results, v = m - 1.) Obtain the valuef of &
and n requiged by the algorithm from Table C.1:
Calculate an initial value for w* as:

w* =medianofw; (i=1,2,..p) (C.11)
NOTE Ifmore than half of&he w; are zero then the initial w* will be zero and the robust procedure will not
perform correctly. When thé.initial w* is zero, substitute the arithmetic pooled average standard deviatign (or

average rang
the initial w*

e) after elimindting any extreme outliers that can influence the average. This substitution is on
after which'the procedure should continue as described.

54
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Update the value of w* as follows. Calculate:

Y=nxw* (C.12)

For eachw; (i=1, 2, ..., p), calculate:

Wi = {wi othelrwise (C.13)

Calculate the new value of w* from:

- _ 5\/Zf1(w;f)2 /D (C.14)

The fobust estimate w* is calculated by an iterative calculation by updating,the value of w* several
times, until the process converges. Convergence may be assumed when there-is no change from one
iteration to the next in the third significant figure of the robust estimate.

—

NOTH Algorithm S provides an estimate of the population standard deviation when supplied with standard
devijtions from a single normal distribution (and hence provides an estimate of the repeatability standard
devigtion when the assumptions of ISO 5725-2 apply).

Table C.1 — Factors required for robust analysis: Algorithm S

Degrees of freedom Limit facter Adjustment factor
v U] 3
1 1,645 1,097
2 1,517 1,054
3 1,444 1,039
4 1,395 1,032
5 1,359 1,027
6 1,332 1,024
7 1,310 1,021
8 1,292 1,019
9 1,277 1,018
10 1,264 1,017
NOTE The values of £ and 1y are derived in Annex B of ISO 5725-5:1998.

C.5 | Computationally intensive robust estimators: Q method and Hampel]
estimator

C.5.1 Rationale for computationally intensive estimators

The robust estimators of the population mean and standard deviation described in sections C.2 and
C.3 are useful when computational resources are limited, or when it is necessary to provide concise
explanations of the statistical procedures. These procedures have proven to be useful in a wide variety
of situations, including for proficiency testing schemes in new areas of testing or calibration and in
economies where proficiency testing has not previously been available. However, these techniques
can become unreliable when more than 20 % of results are outliers, or where there are bimodal (or
multimodal) distributions, and some may become unacceptably variable for smaller numbers of
participants. Further, none can handle replicated data from participants. ISO/IEC 17043 requires
that these situations will be anticipated by design or will be detected by competent review prior to
performance evaluation, but there are occasions when this may not be possible.
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In addition, some of the robust techniques described in sections C.2 and C.3 are lacking in terms of
statistical efficiency - if the number of participants is less than 50, and the robust mean and/or standard
deviation are used for scoring there is a considerable risk for misclassifying participants due to the use

of ineffective statistical methods.

Robust techniques that combine good efficiency (that is, comparatively low variability) with tolerance
for a high proportion of outliers tend to be more complex and require more computational resources,
but the techniques are referenced in available literature and International Standards. Some of these
additionally provide useful performance gains when the underlying distribution of data is skewed or

when some results are quoted as below a detection or reporting limit.

The followi Tgparagt athD desertbe—some hlsh Cfﬁ\,icuu_y, hlsh breakdownr—methods—for—estim tlng
standard deviation and location (mean) that are useful for data with larger proportions of outliéb$ and
that show Iqwer variability than simpler estimators. One of the estimators described can also be lused
to estimate p reproducibility standard deviation when participants report multiple observations.
C.5.2 Detprmination of a robust standard deviation using Q and Q,, metheds
C.5.2.1 Q| [34] is a high-breakdown, high-efficiency estimator of the population standard deviption
which is unhiased for normally distributed data (that is, under the assumption that there are no outlfers).
Qn uses a single reported result (including a mean or median of replicatés) for each participantf The
calculation felies on the use of pairwise differences within the data set.and therefore it is not dependent
on an estinpate of the mean or median of the data. The implementation described here includes
corrections fo ensure that the estimate is unbiased for all practical data set sizes.
To calculate|Qp, for a data set (x1, X2, ... xp) with p reported results:
i) Calculate the p(p-1)/2 absolute differences

di]. = ‘xl —xj‘ fori=12..p—1and j=i+1Lis2..p (€C.15)
ii) Denote the ordered differences djj by

dpy, dgzy|-- dip(p-1)/2} (€.16)
iii) Calculate

h(h+1
=t £.17)
2
that s, k is the number of distinct pairs chosen from h objects, where:
B p /2 p even B

"=\pED )2 podd (18
iv) Calculate Q; as

Q, = 2,2219d{k}bp (C.19)

where b) is selected from Table C.2 for a particular number p of data points or, for p > 12, is

calculated from

1

h =
p
rp—i—l

where

(C.20)
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oo 2212072y oag
71 ’ 1 ’ 1 ’ 77 (C.21)
—13,6756 + —|1,965 + —|6,987 — —] p even
p p p p
NOTE1 The factor of 2,2219 is a correction factor to give an unbiased estimate of standard deviation for large

p. The correction factors by for small p are in table C.2 and the calculation for rp for p > 12 are as provided in
reference [34] from extensive simulation and subsequent regression analysis.

NOTH
sets,
sets |
perfo

2 The simple algorithm described above requires considerable computing resources{fo
for example p > 1000. A fast and memory-efficient implementation capable of handling.mud
as been published with full computer code [34] for use with larger data sets; reference([84] cit
rmance for p over 8000 at the time of publication.

Table C.2 — Correction factor b, for 2 <p <12

r larger data
h larger data
bd acceptable

14

2 3 4 5 6 7 8 9 10 11

12

bp

09937 10,9937 |0,5132 |0,8440 |0,6122 |0,8588 |0,6699 |0,8734 |0,7201 (0,889

1 10,7574

C.5.2
of pr|
outlyf
data
can f]

The

mean or median of replicates) and for replicates. The direct use of replicates in the calculati

the €

The
depe
itis

Dend

pficiency testing results reported by different laboratories: The Q method is not only rg
ing results, but also against a situation where manyxtest results are equal, e.g. due to
on a discontinuous scale or due to rounding distortions. In such a situation other Q-1
hil because many pairwise differences are zero.

) method can be used for proficiency testing’both with single results per participant

fficiency of the method.

.2 The Q method produces a high-breakdown, high-efficiency estimate of the standajrd deviation

bust against
quantitative
ke methods

(including a
On improves

calculation relies on the use of-pairwise differences within the data set and is therefore not

ndent on an estimate of the meanor median of the data. The method is known as Q/H
1sed together with the finite.Step algorithm for the Hampel estimator described in C.5/

te the reported measurement results, grouped by laboratory, by:

V11> "'7y1n1 » Yors ""y2n2 ""7yp17“'aypnp

Calcyllate the eumulative distribution function of all absolute between-laboratory differenc

\__w__J
Lab 1 Lab 2 Lab p

Yik _yjm‘éx}

ampel when
3.3.

(C.22)

2 1 .
g (X) B m zl§i<j§p E Z:=1 Z:lnjzl l{

where I{

© ISO

1 ifly, —y. [<x o .
L —y. | < x} = ‘ ik Jm‘ - denotes the indicator function.
ik yﬂ"‘ - lO otherwise
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Denote the discontinuity points of H1(x) by:

Xll Y Xr;

where x1 <x2 < ...<Xn

Calculate for all positive discontinuity points xy, ..., Xy
6, (x,) - 0.5 (Hy (x;)+Hy(x,_y)) if  i>2 €.23)
1\ 0,5-Hy (x,) if i=1x; >0
and let
G1(0)=0

Calculate tH
discontinuit]

Calculate th

*

le function Gi(x) for all x out of the interval [0, x;] by linear interpolation bet]
y points 0 < x1 <Xxp<..<Xpn

e robust standard deviation s* of test results of different laboratories

G, (0,25+0,75-H, (0))

N

A

o1 (0,625 +0,375- H, (0))

iween

£.24)

where H;(0)|is calculated as in equation (C.22) and is equal to zero unless there are exact ties in theldata
set, and whére @-1(q) is the gth quantile of the standard normal distribution.

NOTE1  This algorithm does not depend on a mean value; it can‘be used together with either a value[from
combined pafticipant results or a specified reference value.

NOTE 2  Other variants of the Q method provide robustiestimates of both repeatability and reproducibility
standard devjiation [25,34],

NOTE3  The theoretical basis for the @ method, including asymptotic performance and finite sqgmple
breakdown, gre described in references [26] and-{34].

NOTE 4  If|the underlying data of the participants represent single measurement results obtained with one

specific mea
deviation as {

NOTE 5
use in profici
of the disper
means or m
laboratories,
greater than

n equation (C.21).

The reproducibility standard deviation is not necessarily the most appropriate standard deviati

ency testing because.it is usually an estimate of the dispersion of single results and not an est
sion of means @rymedians of replicated results from each participant. However the dispers

if the ratio.of reproducibility standard deviation divided by the repeatability standard devia]
2. If this xatio is below 2, for scoring in proficiency testing it may be considered to replad

reproducibiliry Standard deviation sp by the corrected value /s, —

m—1 2

2 Sy where m denotes numh

m

surement method, the robust'standard deviation is an estimate of the reproducibility stamdard

n for
mate
on of

bdians of replieated results is only slightly below the dispersion of single results of different

ion is
e the

er of

replicates and s,Z the repeatability variance as calculated in [35], or to use not the replicates but the mean of
replicates per participant for the Q method.

NOTE 6

Note 5 applies only if the scoring is conducted on the basis of means or medians of replicated results.

If the replicates are blind replicate proficiency test items, scores should be given for each replicate. In this case
the reproducibility standard deviation is the most appropriate standard deviation.

NOTE 7

An example to which the Q method has been applied is shown in Annex E.3.

C.5.3 Determination of a robust mean using the Hampel estimator

C.5.3.1 The Hampel estimate is a highly robust and efficient estimate of the overall mean of results
reported by different laboratories. As there is no explicit formula for obtaining the Hampel estimate, in
this paragraph two algorithms are provided. The first one can be more easily implemented but may lead
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to deviating results in different implementations. The second one provides unique results depending
only on the underlying standard deviation.

C.5.3.2 The following calculation provides an iterative reweighting scheme for obtaining the Hampel
estimate of location.

i) Denote the data as xz, x2 ..xp
ii) Setx*to med(x) (section C.2.1)

iii) Set s* to a suitable robust estimate of standard deviation, for example MADe, Q, or s* from the Q
yrethod:

iv) Ior each data point x;, calculate g; from

x,. —x*
4 =i
1 S,>]<

v) (Calculate weights w; from

0 q‘>4,5
4,5 — 3<|q <45
= | 1,57>q/q 1,5<‘C\IL\§3,0
1 MSLS

—
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late x* from

vii) Repeat
one ite]

standar

This implen
in the best s
the data set
possibility o
is to choose
of the data s

NOTE1 This implementation of Hampel's estimator has approximately 96 % efficiency for nor
distributed data.
NOTE 2  An example using this implementation is given in Annéx-E.3
NOTE 3 Hampel’s estimator may be tuned for greater effi¢iency or greater resistance to outliers by cha
the weight function. The general form of the weighting function is
0 ‘q‘ >
. — a(c—-q /[q(c—b)] b<lq <c
! a/q a<lq <b
1 g <a

where a, b a
efficiency is
reducing the

C.5.3.3 Th
reweighting

Calculate th

Steps iv) to vi) until x* converges. Convergence may be assumed when the change in x*

d error in x* Other, more precise, convergence criteria may be used.

plution because a poor choice of initial location x* and /or s* may excltide important pa

fa poor solution or provide unambiguous rules for choice of location. The most commor
the solution nearest the median. Reviewing the results to ensure that no large propo
et is outside the range |q|>4.5 can also assist in confirming a viable solution.

hd c are tuning parameters. For the implementation here, a = 1,5, b = 3,0 and ¢ = 4,5. Gy
bbtained by increasing.the range; improved resistance to outliers or minor modes is obtain
range.

e following finite step algorithm yields the Hampel estimate of location without itej
[25],

e aritbmetic means for each laboratory, now labelled y1, y2, ...yp .

ientation of the Hampel estimator is not guaranteed to have a unique solation or to n

The proficiency testing provider should accordingly implement measures to check fq

from

ation to the next is less than0,01s */\/;, corresponding to approximately(1:-% of the

esult
rts of
r the

rule
rtion

mally

hging

eater
ed by

ative
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Calculate the robust mean, x*, by solving the equation

*
=X
o |iTX | (C.25)
i=1 *
s
where
0 qg<—4,5
—45—q —45<q<-3
~1.5 —3<g<-15
Y (q)=1q ~1,5<q<1,5 (C.26)
1,5 1,5<q<3
45—q 3<q<45
0 q>45
and 4" is the robust standard deviation according to the Q method.
The e¢xact solution may be obtained in a finite number of steps, whi¢h means not iteratively, using the
property that i in the argument of x* is partially linear, bearing in mind that the interpolation nodes on
the l¢ft side of equation (C.25) (interpreted here as a function of x*) are as follows:

Cachlate all interpolation nodes

or the first value y1:

*

1=V, —45s%d, =y, —3-5",dy =y, —15%",d, =y, +15-s",d. =y, +3-5",d

— flor the second value y3:

q

q

Sort

Then

and (

s =Y, =455, dg=y,-3-s", dy3=y,-15-5",d =y, +15s%,d;; =y, +3-s",d

and so on for all values y3, «5yp.

these data d, d2,d3,...,d6.p in ascending order,.d{l},d{z},d{3},...,d{6.p}

calculate for each)m = 1,...,(6 -p— 1)
y,’ —d m
p
pm - ZiZl'{/ S*{ }
heck whether

L =V, +45 5"

2:y2+4,5-s*

(i) pm=0.If so, dim) is a solution of equation (C.25).

(if) pm+1 = 0.1f so, dm+1y is a solution of equation (C.25).

(iii) p,, - Ppyyq <0.1fso,  x :d{m} —

Let S

© ISO

Pm
Pmi1 ~ Pm
Ums1) =
denote the set of all of these solutions of equation (C.25).

is a solution of equation (C.25).
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The solution x* € S nearest the median is used as location parameter x*, i.e.

x* _med(yl,yz,...,yp)‘ = min{‘x—med(yl,y27...,yp)‘;x € S}

Several solutions may exist. If there are two solutions nearest the median, or if there is no solution at
all, the median itself is used as location parameter x*.

NOTE 1
distributed d

ata.

This implementation of Hampel’s estimator has approximately 96 % efficiency for normally

NOTE2 If
the reproduc
outliers.

C.5.4 The

The method
standard dd
C.5.3.3fort

When parti
calculation

repeatabilit
laboratoried

NOTE A

C.6 Othe

The method|
and none is
discretion

efficiency, 1
requiremen

1S estimation method 1S Used, laboratory results differing [rom the mean by more than 4,5
bility standard deviation no longer have any effect on the calculation result, i.e. they are tréaf

Q/Hampel method

known as Q/Hampel uses the Q method described in C.5.3.2 for the calculation of the r
viation s* together with the finite step algorithm for the Hampel. estimator describ
he calculation of the location parameter x*.

Cipants report multiple observations, the Q method described in C.5.3.2 is used fo
of the robust reproducibility standard deviation sp. Ferthe calculation of the r

is applied.

web application for the Q/Hampel method is availablef3Z].

I robust techniques

s described in this Annex do not constitute a comprehensive collection of valid approa
guaranteed to be optimal for all:situations. Other robust estimators may be used

reakdown point and any other appropriate properties, that they fulfil the parti
s of the proficiency testing.scheme.

imes
ed as

bust
ed in

I the
bust

y standard deviation s a second algorithm using thé<{pairwise differences within the

ches,

t the
f the proficiency testing provider, subject to demonstration, by reference to k10W1’1

rular
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Annex D
(informative)

Additional guidance on statistical procedures

Procedures for small numbers of participants

D.1.

Manjy
num

frequently when participants are grouped and scored by method, as is comnonly done in

testi

Whe
metn]
refen
as ex
evali
can |
bilat
calib,

Whe
need|
proc
cons

The
evaly

D.1.

Alth
not @
poss
stan

Diffe
Grub

ration.

I General considerations

; proficiency testing schemes have few participants, or have comparisof~groups
bers of participants, even if there are a large number of participants in the seheme. Thig

hg for medical laboratories, for example.

e the number of participants is small, the assigned value should-ideally be determ
ologically valid procedure, independent of the participants, Such as by formulatio
ence laboratory. Performance evaluation criteria should als¢ be based on external ¢
pert judgement or criteria based on fitness for purposesInthese ideal situations, per
lated using the pre-determined assigned value and pérformance criterion, so profici
pe conducted with just one participant. This type of\interlaboratory comparison car
bral comparison, or measurement audit, and can b&wvery useful in many situations, fo

Fe these ideal conditions cannot be met, eitliér the assigned value or the dispersion, ¢
to be derived from participant results. If.the number of participants is too small for tH

der whether a minimum number of(participants should be set for performance evalua

following paragraphs present-guidance for situations of small numbers, when the {
lation criteria are determined using participant results.

D

Procedures for identifying outliers

ften recommended for very small data sets (see below for exceptions). Outlier testing
ble for very<small data sets. Outlier rejection followed by, for example, calculation of

bs-test for a single outlier and for two simultaneous outliers in the same direction.

lard devjation may therefore be preferable in the case of very small schemes or groups.

with small
can happen
proficiency

ned using a
h or from a
riteria, such
formance is
ency testing
be called a
example, in

r both, may
e particular

bdures used the performance evaluation may become unreliable; it is therefore inportant to

tion.

erformance

ugh robust statisties are strongly recommended for outlier-contaminated populatians, they are

however, is
the mean or

rent oiltlier tests are applicable to different data set sizes. ISO 5725-2 provides tables for the

Grubbs and

othe

" tests require the number of possible outliers to he specified in advance and can fail

when there

are multiple outliers, making them most useful for p>10 (depending on the likely proportion of outliers).

NOTE 1

Care should be taken when estimating dispersion after outlier rejection as dispersion esti

mates will be

biased low. The bias is not usually serious if rejection is carried out only at the 99 % level of confidence or above.

NOTE 2

D.1.3 Procedures for estimates of location

Most univariate robust estimators for location and dispersion perform acceptably for p= 12.

D.1.3.1 Assigned values derived from small sets of participant data should, where possible, meet the
criterion for uncertainty of the assigned value given at 9.2.1. For a situation using a simple mean as the
assigned value and a standard deviation of results as the standard deviation for proficiency assessment,
this criterion cannot be met for a normal distribution with p<12, after any removal of outliers. For use
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of the median as the assigned value (taking the efficiency as 0.64), the criterion cannot be met for p<18.
Other robust estimators, such as Algorithm A (C.3), have intermediate efficiency and may meet the
criterion for p>12 if the provisions of 7.7.3 NOTE 2 are taken into account.

D.1.3.2 There are data set size limitations on the applicability of some estimators of location. Few
computationally intensive robust estimators for the mean are recommended for small data sets; a typical
lower limit is p=15, though providers may be able to demonstrate acceptable performance for specific
assumptions on smaller data sets. The median is applicable down to p=2 (when it is equal to the mean)
but at 3<p<5 the median offers few advantages over the mean unless there is an unusually high risk of
poor results.

D.1.4 Progedures for estimates of dispersion

D.1.4.1 Us
for small da
estimates of
25 % either

e of performance criteria based on the dispersion of participant results is not rec6mme

the standard deviation for normally distributed data are expected to vary*by approxim
side of its true value (based on a 95 % confidence level). No other estimator improves o}

nded

Fa sets owing to the very high variability of any dispersion estimates. For example, for p=30,

ately
1 this

for normally distributed data.

D.142 W
statistics or

scheme can
available eff]

here dispersion estimators are required for other purposes‘(for example as sum
an estimate of dispersion for robust location estimators),or"where the proficiency te
tolerate high variability in dispersion estimates, dispersion estimates with the hi
ciency should be selected when handling smaller data sets.

mary
sting
thest

NOTE 1

®

‘H[ghest available’ is understood to take account of availability of suitable software and expertig
T

NOTE 2
either the MA

e Qn estimate of standard deviation described ifisection C.5 is considerably more efficient than

De or nIQR from Annex C.1.

NOTE 3  Specific recommendations have been made for robust estimates of dispersion in very small data sets
[24] as follow$:
p=2: use||x1-x2|/V2;
p=3, locd
deviatio
for exam

tions and scale unknown: usesMADe to protect against excessively high estimates of the stajpdard
h or the mean absolute deviation to protect against unduly small estimates of the standard deviation,
ple when rounding may.give two identical values;

nded
ation

p=4: Aspecific M-estimate ofstandard deviation based on alogarithmic weighting function wasrecommg
by refer¢nce [27]; a near equivalentis Algorithm A with no iteration of location, using the median as aloq
estimatq.

NOTE 4 Tq obtain afh estimate of standard deviation from the absolute distance to the median, use

1 p
/98)x p i=1

[x; — med(x) (D.1)

D.2 Efficiency and breakdown points for robust procedures

D.2.1 Different statistical estimators (e.g., robust techniques) can be compared on three
key characteristics:

Breakdown point — the proportion of values in the data set that can be replaced by arbitrarily large
values without the estimate also becoming arbitrarily large.

Efficiency — the ratio of the estimator variance divided by the variance of a minimum variance
estimator for the distribution in question.
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Resistance to minor modes — the ability of an estimator to resist the bias caused by a minority group of
discrepant results (typically less than 20 % of the data set).

These characteristics depend heavily on the underlying distribution of results for a population of
competent participants, and the nature of results that are from incompetent participants (or from
participants that did not follow instructions or the measurement method). The contaminating data can
appear as outliers, results with larger variance, or results with a different mean (e.g., bimodal).

Breakdown points and efficiencies for the different estimators will be different for different situations,
and a thorough review is beyond the scope of this document. However simple comparisons can be made
under the assumption of a normal distribution for results from competent laboratories, with a mean

aﬂ i d ot pa | A A | Tt 1
equarTto Xpr arra stanaatraaeviatiotrequartoopt

D.2.2 Breakdown point

The preakdown point is the proportion of values in the data set that can be) eutliers without the
estimate being adversely affected. The breakdown point is a measure of resistance to outlying values;
high breakdown point is associated with resistance to a high proportion of outliers. Breakflown points
and resistance to minor modes for the estimators in Annex C are presefited in Table D.1.|It should be
noted that procedures required in sections 6.3 and 6.4 should preventidata analysis of datasets with
largd proportions of outliers. However there are situations where vistial review is not practical.

Table D.1 — Breakdown points for estimates of the meanand standard deviation (proportion of
outliers that can lead to failure.of the estimator)

Statistical estimator Population parameter Breakdown Point Resistance{to Minor
estimated Modes
Sample mean Mean 0% Poar
Sample standard deviation |Standard deviation 0% Pogr
Sample median Mean 50 % Goqd
nlQR Standard deviation 25% Moderate
MADle Standard deviation 50 % Moderatg - Good
Algofithm A Mean qi Standard devi- 25 % Modefate
ation
Moderate
Qnand Q/ Mean and Standard devi- 50 % (Very Good|for minor
Hampel ation modes more dlistant than
6 sT)
NOTH The definition of breakdown point used here is the proportion of a large normally distriuted data set

that ¢an be mewed to +infinity without the estimate also moving to infinity. For example, if just under 50 % of a
data get is replaced by +infinity, the median will remain within the remaining finite data.

In symmary, the sample mean and standard deviation can break down with only a single|outlier. The
robust methods using the median, MADe, and Q/Hampel methods can tolerate a very large proportion
of outliers. Algorithm A with iterated standard deviation and nIQR have a breakdown point of 25 %.
In any situation with a large proportion of outliers (>20 %), any conventional or robust procedure
can produce unreasonable estimates of location and dispersion, and caution should be used in
interpretation of such values.

D.2.3 Relative efficiency

All estimates have sampling variance - that is, the estimates can vary from round to round of a
proficiency testing scheme, even if all participants are competent and there are no outliers or subgroups
of participants with different means or variances. Robust estimators modify submitted results that are
exceptionally far from the middle of the distribution, based on theoretical assumptions, and so these
estimators have larger variance than the minimum variance estimators, in the case that the dataset is
in fact normally distributed.
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The sample mean and standard deviation are the minimum variance estimators of the population mean
and standard deviation, and so they have efficiency of 100 %. Estimators with lower efficiency have
higher variance - that is, they could vary more from round to round, even if there are no outliers or
different subgroups of participants. Table D.2 provides relative efficiencies for the estimators presented

in Annex C.

Table D.2 — Relative efficiency of robust estimators for the population mean and standard
deviation, for normally distributed datasets with n=50 or 500 participants:

Statistical Estimator Mean, n=50 Mean, n=500 SD, n=50 SD, n=500
Sample mean and o o 5 o
Standard de¢viation e e e AL
Median and nIQR 66 % 65 % 38% 37 %
Median and MADe 66 % 65 % 37 % 37%
Algorithm A 97 % 97 % 74 % 73 %
and
Qnand @/ 96 % 96 % 73 % 81 %
Hampel

These resualLs demonstrate that there is no statistical method that is perfect for all situations
and standard deviation are optimal with a normal distribution but break down in

sample me

The
case

of outliers. pimple robust methods such as median, MADe or nIQR perform comparatively poorly for
normally distributed data but can be effective when outliers are present or the data set is small.

D.3 Use of proficiency testing data for evaluatingthe reproducibility and
repeatability of a measurement method

D.3.1 The(Introduction to ISO/IEC 17043 states that the evaluation of the performance character

istics

of a method|is generally not a purpose of proficiency testing. However, it is possible to use the resullts of

proficiency festing schemes to verify, and perhaps establish the repeatability and reproducibility

measuremeft method [15] when the proficieficy testing scheme meets the following conditions:

a) the proficiency testing items are sufficiently homogeneous and stable;

b) particigants are capable of consistent satisfactory performance,

c) the competence of participants (or a subset of participants) has been demonstrated prior t
proficiency testing round,/and their competence is not placed in doubt by the results in the roynd.

D.3.2 In order to provide sufficient data for evaluation of repeatability and reproducibility of §
method from a proficiency testing scheme, the following design conditions shall be used:

a) asuffic
with a lmea

commltted to follow the measurement method Wlthout modlflcatlon

ent humber of participants to satlsfy a collaborative study have demonstrated compef

of a

b the

test

ence

have

b) where repeatability is to be assessed, each proficiency testing round used for the repeatability
assessment should include at least two proficiency test items or a requirement for replicate

observations;

c¢) where practicable, participants should be provided with separately identified blind replicates
rather than being requested to perform replicate measurements on the same proficiency test item;

d) proficiency test items used in one or several rounds of the proficiency testing scheme cover the
range of levels and types of routine samples for which the measurement method is intended;

e) data analysis procedures used for assessing repeatability and reproducibility should be consistent

with ISO 5725 or the collaborative study protocol in use.
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Annex E
(informative)

[llustrative examples

These examples are intended to illustrate the procedures specified in this Standard, so the reader
can determine that their calculations are correct. Specific examples should not be considered to be

recoil

E.1

Tabld
as ‘L
show
data
the g
arei
resu
alter

mmendations for use in particular proficiency testing schemes.

Effect of censored values (section 5.5.3.3)

ess Than’ some amount. The robust mean (x*) and standard deviation (s*) from Algg
n for 3 different calculations, where the ‘<’ signs are discarded and'data analysed as

the results with ‘<’ values are ignored; and where 0,5 times the result is inserted as af
uantitative result. In each scenario the results that would haveybeen outside the accef
hdicated with ‘#’. This assumes that the evaluation would bé/unacceptable’ (action sig

E.1 shows 23 results for a round of a proficiency testing scheme, of which-5 results afre indicated

rithm A are
quantitative
estimate of
ptance limit
nal) for any

t where the quantitative part is outside the x* + 3s*. The proficiency testing provider could have
native rules for evaluating results with ‘<’ or >’ signs.
Table E.1 — Sample dataset with truncatéd (<) results, and three options for
accommodating results
Participant Result ‘<’ ighored ‘< ‘deleted 0,5 x ‘<’ value
A <10 10 -- 5
B <10 10 -- 5
C 12 12 12 12
D 19 19 19 19
E <20 20 -- 10
F 20 20 20 20
G 23 23 23 23
H 23 23 23 23
J 25 25 25 25
K 25 25 25 25
L 26 26 26 26
M 28 28 28 28
N 28 28 28 28
P <30 30 -- 15
Q 28 28 28 28
R 29 29 29 29
S 30 30 30 30
T 30 30 30 30
U 31 31 31 31
\Y 32 32 32 32
w 32 32 32 32
Y 45 45 45 # 45
Z <50 50 # -- 25
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Table E.1 (continued)

Participant Result ‘<’ignored |‘< ‘deleted 0,5 x ‘<’ value
Summary
Number of
Results 23 23 18 23
x* 26,01 26,81 23,95
s* 7,23 5,29 8,60

The choice of how to handle the “less than” samples has a 51gn1f1cant effect on the robust mean and

standard dew
determine

E.2 Hompgeneity and Stability test - Arsenic (As) in chocolate (sectio16.1)

Proficiency
use as refer

Homogeneit
proficiency
from each Y
Table E.2 bd
The fitness-

Ta

Overall aver
SD of averag
Swt

Sgt

Opt:

Check value:

S

n approprlate method.

Lest items are prepared for use in an international proficiency test, and then for subseq
bnice materials. 1000 vials are manufactured.

ed to

juent

y check: 10 proficiency test items are selected using a stratified random selectigpn of
fest items from different portions of the manufacture process. Z test portions are extr3
ottle and tested in a random order, under repeatability cenditions. The data are giv|
tlow. The procedure in Annex B.3 is followed, resulting’in‘the summary statistics li
for purpose o for As in chocolate is 15 %, so the estimate of sample variability is chg
against 0,3 times the op.

icted
en in
sted.
cked

ble E.2 — Homogeneity data for proficiency test items of arsenic in chocolate
Bottle ID Replicate\l Replicate 2

3 0,185 0,194

111 0,187 0,189

201 0,182 0,186

330 0,188 0,196

405 0,191 0,181

481 0,188 0,180

599 0,187 0,196

704 0,177 0,186

766 0,179 0,187

858 0,188 0,196
Beas 018715
es: 0,00398
0,00556
0,00060

=0,18715x 0,15 = 0,02807
0,30p:=0,00842
is less than the check value, so homogeneity is sufficient.

Stability check: 2 proficiency test items are randomly selected and stored at an elevated temperature (60
oC) for the duration of the round of the proficiency testing scheme (6 weeks). The proficiency test items
were tested in duplicate (Table E.3), and the four results are checked against the homogeneity values.
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Table E.3 — Stability data for proficiency test items for arsenic in chocolate

Stability sample Replicate 1 | Replicate 2
164 0,191 0,198
732 0,190 0,196
all average: =0,19375

rence from Homogeneity mean: 0,19375-0,18715 = 0,00660

Cheg

Diffe

E.3

A pr
raw
the 1

mean and standard deviation do not change at their third significant figures. The data a

rank]
and ]

Tabld
robu
meth
beloy
(2u(

1 1
K VdIUC.

rence is less than the check value, so stability is sufficient.

Comprehensive Example of Atrazine in Drinking Water

pficiency testing scheme for a herbicide (Atrazine) in drinking water has 34 partid
lata as submitted in Table E.4, ordered by value for clarity. The Table’shows calculatg
obust mean and standard deviation following Algorithm A, follewing 6 iterations unt

ed data plot in Figure E.1 and in corresponding histogranrdnd kernel density plot in
igure E.3, respectively.

.5 shows the estimates of location (average) and stahdard deviation using various ¢
5t techniques. The uncertainty of the estimate of logation is also shown. The statistics fi
od are derived from the procedures in references [17,18] and the R software packag
v]. Figure E.4 shows the different estimates.oflocation and the estimate of expanded
pt)) as the error bar.

Table E.4 — Calculation of the robust average and standard deviation for Atra
drinking water

ipants. This
d values for
I the robust
re shown as

Figures E.2

lassical and
br bootstrap
e [see R3.1.1
uncertainty

zine in

© ISO

1st 2nd 3rd 4th 5th 6th

Xj iteration iteration iteration iteration iteration iteration
x*-48 0,204163 0,199732 0,198466 0,198037 0,197865 0,197790
x*+ 6 0,319837 0,315969 0,315871 0,316065 0,316185 0,316243
1 0,0400 0,2042 0,1997 0,1985 0,1980 0,1979 0,1978
2 @,0550 0,2042 0,1997 0,1985 0,1980 0,1979 0,1978
3 0,1780 0,2042 0,1997 0,1985 0,1980 0,1979 0,1978
4 0,2020 0,2042 0,2020 0,2020 0,2020 0,2020 0,2020
5 0,2060 0,2060 0,2060 0,2060 0,2060 0,2060 0,2060
6 0,2270 0,2270 0,2270 0,2270 0,2270 0,2270 0,2270
7 ;2280 0;2280 ;2280 ;2280 ;2280 ;2280 0,2280
8 0,2300 0,2300 0,2300 0,2300 0,2300 0,2300 0,2300
0,2300 0,2300 0,2300 0,2300 0,2300 0,2300 0,2300
10 0,2350 0,2350 0,2350 0,2350 0,2350 0,2350 0,2350
11 0,2360 0,2360 0,2360 0,2360 0,2360 0,2360 0,2360
12 0,2370 0,2370 0,2370 0,2370 0,2370 0,2370 0,2370
13 0,2430 0,2430 0,2430 0,2430 0,2430 0,2430 0,2430
14 0,2440 0,2440 0,2440 0,2440 0,2440 0,2440 0,2440
15 0,2450 0,2450 0,2450 0,2450 0,2450 0,2450 0,2450
16 0,2555 0,2555 0,2555 0,2555 0,2555 0,2555 0,2555
17 0,2600 0,2600 0,2600 0,2600 0,2600 0,2600 0,2600

2015 - All rights reserved

69


https://standardsiso.com/api/?name=7b97818b559373aa1776bf3d6287b2a9

ISO 13528:2015(E)

Table E.4 (continued)
1st 2nd 3rd 4th 5th 6th
Xi iteration iteration iteration iteration iteration iteration
x*-8 0,204163 0,199732 0,198466 0,198037 0,197865 0,197790
x*+ 8 0,319837 0,315969 0,315871 0,316065 0,316185 0,316243
18 0,2640 0,2640 0,2640 0,2640 0,2640 0,2640 0,2640
19 0,2670 0,2670 0,2670 0,2670 0,2670 0,2670 0,2670
20 0,2700 0,2700 0,2700 0,2700 0,2700 0,2700 0,2700
21 0,2730 0,2730 0,2730 0,2730 0,2730 0,2730 0,2730
0,2740 0,2740 0,2740 0,2740 0,2740 0,2740 0]2740
2 0,2740 0,2740 0,2740 0,2740 0,2740 0,2740 02740
24 0,2780 0,2780 0,2780 0,2780 0,2780 0,2780 0J2780
25 0,2811 0,2811 0,2811 0,2811 0,2811 0,281 0J2811
26 0,2870 0,2870 0,2870 0,2870 0,2870 0,2870 0J2870
27 0,2870 0,2870 0,2870 0,2870 0,2870 0,2870 02870
2 0,2880 0,2880 0,2880 0,2880 0,2880 0,2880 0,2880
29 0,2890 0,2890 0,2890 0,2890 0,2890 0,2890 0/2890
3 0,2950 0,2950 0,2950 0,2950 052950 0,2950 0J2950
31 0,2960 0,2960 0,2960 0,2960 0,2960 0,2960 0J2960
32 0,3110 0,3110 0,3110 0,3110 0,3110 0,3110 03110
3 0,3310 0,3198 0,3160 0,3159 0,3161 0,3162 0J3162
34 0,4246 0,3198 0,3160 0,3159 0,3161 0,3162 0]3162
average 0,2512 0,2579 0,2572 0;2571 0,2570 0,2570 0J2570
SIp 0,0672 0,0342 0,0345 0,0347 0,0348 0,0348 0,{0348
3 0,0578 0,0581 0,0587 0,0590 0,0592 0]J0592
New xf 0,2620 0,2579 0,2572 0,2571 0,2570 0,2570 0,570
New sf 0,0386 0,0387 0,0391 0,0393 0,0394 0,0395 0,0395
0!5IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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Figure E.1 — - Ranked participant results for Atrazine (data from Table E.4)
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