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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

described in the ISO/IEC Directives, Part 1. In particular the different approval criteria neg

different types of ISO documents should be noted. This document was drafted in ac¢orda

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

Htenance are

ded for the
ce with the

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 sueh-patent right

any

patent rights identified during the development of the document willbe in the Introdu

on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any

frade name used in this document is information given for the-éonvenience of users 4

constitute an endorsement.

For

hn explanation on the meaning of ISO specific termis and expressions related to

assegsment, as well as information about ISO's adherétiee to the WTO principles in th
Barrjers to Trade (TBT) see the following URL: Forewo¥d - Supplementary information

The

committee responsible for this document.iis ISO/TC 69, Applications of statistic

Subcpmmittee SC 6, Measurement methods and results.

This|third edition of ISO 13528 cancels and-replaces the second edition (ISO 13528:2015)
constitutes an minor revision. The changes are as follows:

notes have been added to 10.1, 1.0.423 and 10.5.3 to draw attention to additional graphica
that can assist in meeting the'provisions of 10.1;

Formulae B.4 and B.8 have been corrected to use st2 instead of Wf ;

Formula B.16 has beén corrected so that the term inside the square root is always non-

Table C.2, the ¢orrection factor associated with p = 2 has been corrected to read 0,39

dditional™literature references to the source of values in Table C.2 have been a
ibliography and referenced from Notes 1 and 2 of C.5.2.1;

ont styles (Italic or Roman) have been amended throughout for consistency in formula

s. Details of
ction and/or

nd does not

conformity
e Technical

al methods,

, of which it

| techniques

negative;
94,
ided to the
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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. These include the evaluation
of laboratory performance, the identification of problems in laboratories, establishing effectiveness and
comparability of test or measurement methods, the provision of additional confidence to laboratory
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scoring strategies is available and in use for proficiency testing. Although the det]
differ, most proficiency testing schemes compare the participant’spdéviation frof
lue with a numerical criterion which is used to decide whether~or not the devi
fause for concern. The strategies used for value assignment ander’choosing a crit

ether the assigned value and criterion for assessing deviations should be independe
Fesults, or should be derived from the results submitted. Imthis document, both strat
l for. However, attention is drawn to the discussion thatiwill be found in Clauses 7 anq
bes and disadvantages of choosing assigned values or-griteria for assessing deviationg
ed from the participant results. It will be seen that in\general, choosing assigned value
criteria independently of participant results offersi@dvantages. This is particularly the
Fion used to assess deviations from the assigned‘value - such as the standard deviatid
hssessment or an allowance for measurement,error - for which a consistent choice basg

28 and ISO/IEC 17043

lent provides support for the(implementation of ISO/IEC 17043 particularly, or
[s for the statistical designs validation of proficiency test items, review of results

7043, providing detailed guidance that is lacking in that document on particular statis
proficiency testing.

bn of proficienCy)testing in ISO/IEC 17043 is repeated in this document, with the noteg
ferent types‘efproficiency testing and the range of designs that can be used. This docu
ifically cover all purposes, designs, matrices and measurands. The techniques prese
ment are‘intended to be broadly applicable, especially for newly established profic
mes. \[t is expected that statistical techniques used for a particular proficiency te
efielve as the scheme matures; and the scores, evaluation criteria, and graphical techn
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will be refinedtobetterserve the specific reeds of a target group of participants, accreditatiom bodies,
and regulatory authorities.

This document 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. The revision of this document 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, including ISO/IEC 17043:2010, Annex B, which includes
considerations for qualitative results.

This document 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 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 document 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 have experience or training in the common techniques applicable to the analysis of data from
profieterrey-testing —H-anindividuatisresponsibtefor-statistical-designrand/or-analysis, it is
very|important that this person has experience with interlaboratory comparisons, even if|that person
has dn advanced degree in statistics. Conventional advanced statistical training oftefi’dde§ not include
exer¢ises with interlaboratory comparisons, and the unique causes of measurement efror that occur in
proficiency testing can seem obscure. The guidance in this document cannot proyide all the necessary
expeftise to consider all applications, and cannot replace the experiencergained by wprking with
interlaboratory comparisons.

COTvIicaoa 0

0.5 |Computer software

Computer software that is needed for statistical analysis of proficiency testing data can yary greatly,
ranging from simple spread sheet arithmetic for small proficiency testing schemes using known
reference values to sophisticated statistical software used for statistical methods reliant|on iterative
calcylations or other advanced numerical methods. Most.ef the techniques in this docuent can be
accomplished by conventional spread sheet applications, perhaps with customised rofitines for a
particular proficiency testing scheme or analysis; somé-techniques will require computer ppplications
that pre freely available. In all cases, the users are expected to verify the validity and accufacy of their
calcylations, especially when special routines. llave been entered by the user. However| even when
the techniques in this document are appropriate and correctly implemented by adequate computer
applications, they cannot be applied without'attention from an individual with technical and statistical
expeftise that is sufficient to understand-the nature of the applications and the statistical assumptions,
and fo identify and investigate anomaliesthat can occur in any round of a proficiency testimg scheme.
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Statistical methods for use in proficiency testing by
interlaboratory comparison

1 Scope

This document provides detailed descriptions of statistical methods for proficiency testing providers
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't 1: General
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2 Normative references

The following documents are referred to in-the text in such a way that some or all of t
consfitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition-of.the referenced document (including any amendme
ISO 3534-1, Statistics — Vocabulaxy ‘and symbols — Part 1: General statistical terms and t
probgbility

ISO 3534-2, Statistics — Vioeabulary and symbols — Part 2: Applied statistics

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

ISO/]EC 1704 3;.Conformity assessment — General requirements for proficiency testing

ISO Guide30, Reference materials — Selected terms and definitions

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 3534-1 ISO 3534-2 apply. Mathematical
symbols are listed in Annex A.

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

I

I

©ISO

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

EC Electropedia: available at https://www.electropedia.org/
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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

3.2

proficiency testing
evaluation of participant performance against pre-established criteria by means of interlaboratory
comparisons (3.1)

Note 1 to entry: For the purposes of this document, the term “proficiency testing” is taken in its widest sense and

ic ot liaitad 0.
teert6+

includes, but

item;

qualitati
the prof

sequenti
measurg

simultar
within a

single od
continud

samplin

scheme includes evaluation of the execution of sampling; and

dataintq

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

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

IOt

ve scheme — where the objective is to identify or describe one or more qualitative characterist
ciency test item;
ment and returned to the proficiency testing provider at intervals;

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

casion exercise — where proficiency test items are provided on a single occasion;
us scheme — where proficiency test items are provided atregular intervals;

b — where samples are taken for subsequent analysis and the purpose 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 (3.2)

'ry: This can be interpreted as the population standard deviation of results from a hypoth
laboratories performing exactly in accordance with requirements.

y: Thestandard deviation for proficiency assessment applies only to ratio and interval scale re|

y-~Net all proficiency testing schemes evaluate performance based on the dispersion of result]

y test

ics of

al scheme — where one or more proficiency test items are distributed séquentially for testing or

ment

sting

bssed

ptical

sults.

5.

[SOURCE: ISO/IEC 17043:2010, modified — In the definition “based on the available information” has
been deleted. Note 1 to the entry has been added, and Notes 2 and 3 have been slightly edited.]

3.5

measurement error
measured quantity value minus a reference quantity value

[SOURCE: IS

O/IEC Guide 99:2007, modified — Notes have been deleted.]
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3.6

maximum permissible error

extreme value of measurement error (3.5), with respect to a known reference quantity value, permitted
by specifications or regulations for a given measurement, measuring instrument, or measuring system

[SOURCE: ISO/IEC Guide 99:2007, modified — Notes have been deleted.]

3.7

Z score

standardized measure of performance, calculated using the participant result, assigned value (3.3) and
the standard deviation for proficiency assessment (3.4)

Note [l to entry: A common variation on the z score, sometimes denoted z’ (commonly prongunged z-prime),
is fofmed by combining the uncertainty of the assigned value with the standard deviatien fof proficiency
assessment before calculating the z score.

3.8
zeta|score
stanglardized measure of performance, calculated using the participant result, assigned vajue (3.3) and
the combined standard uncertainties for the result and the assigned value+3.3)

3.9
proportion of allowed limit score
stanglardized measure of performance, calculated using the participant result, assigned vajue (3.3) and
the driterion for measurement error (3.5) in a proficiency test

Note|[l to entry: For single results, performance can be expressed as the deviation from the assigngd 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_c¢onventionally taken as an indication of a need to investigate possible
causgs; a z score of 3 or greater is conventionally taken as an action signal indicating a need for corrgective action.

3.11
consensus value
valu¢ derived from a colleetion of results in an interlaboratory comparison (3.1)

Note [l to entry: The phrase ‘consensus value’ is typically used to describe estimates of location and dispersion
derived from participanttresults in a round of a proficiency testing scheme, but may also be used to refer to values
derived from results.of a specified subset of such results or, for example, from a number of expert Igboratories.

3.12
outlier
mempber‘ofa set of values which is inconsistent with other members of that set

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

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

[SOURCE: ISO 5725-1:1994, modified — The Notes to the entry have been added.]

3.13

participant

laboratory, organization, or individual that receives proficiency test items and submits results for
review by the proficiency testing (3.2) provider

©1S0 2022 - All rights reserved 3
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3.14

proficiency test item

sample, product, artefact, reference material, piece of equipment, measurement standard, data set or
other information used to assess participant (3.13) performance in proficiency testing (3.2)

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

3.15

proficiency testing provider
organization which takes responsibility for all tasks in the development and operation of a proficiency
testing (3.2)scherne

3.16
proficiency testing scheme
proficiency testing (3.2) designed and operated in one or more rounds for a specified ared of tedting,
measuremeht, calibration or inspection

Note 1 to enfry: A proficiency testing scheme might cover a particular type of test, calibration, inspection or a
number of tests, calibrations or inspections on proficiency test items.

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

Note 1 to entfy: RM is a generic term.
Note 2 to entfy: Properties can be quantitative or qualitativege.g. identity of substances or species.

Note 3 to entfy: Uses may include the calibration of a measuiring system, assessment of a measurement procegdure,
assigning valjues to other materials, and quality contxel,

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

3.18
certified reference material
CRM
reference mputerial (RM) (3.17)-characterized by a metrologically valid procedure for one or more
specified prpperties, accompani€d by an RM certificate that provides the value of the specified property,
its associatdd uncertaintyand a statement of metrological traceability

Note 1 to enfry: The concépt of value includes a nominal property or a qualitative attribute such as identfty or
sequence. Unfertainties for such attributes may 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 requirements for statistical methods

4.1.1 The statistical methods used shall be fit for purpose and statistically valid. Any statistical
assumptions on which the methods or design are based shall be stated in the design or in a written
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 © IS0 2022 - All rights reserved
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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
relating to interpretation. This description 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 resultis reported for a
given proficiency test item, the basic model is given in Formula (1).

Yi=u+e; (1)

wherte

~<

; isthe proficiency test result from participant, i;

i is the true value for the measurand;

< .

;  is the measurement error for participant i, distributed according to a relevant madel.

NOTE1 Common models for ¢ include: the normal distribution &; ~ N(0, 62) with mean 0 and vqriance either
constant or different for each laboratory; or more @ommonly, an ‘outlier-contaminated normal| distribution
consisting of a mixture of a normal distributioniwith a wider distribution representing the population of
errorjeous results.

NOTE 2  The basis of performance evaluation with z scores and o, is that in an “idealized” population of
completent laboratories, the standard deviation of the proficiency testing results would be o, or less.

NOTHE 3  This model differs fronikthe basic model in 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
obserfvation is reported. Where.a participant’s results from several rounds or test items within the proficiency
testifg scheme are considered, however, it can be useful to include a separate term for laboratory bjas.

4.2.2 For ordinal or’qualitative results, other models may be appropriate, or there fould be no
statiftical model:

4.3 | Genéral approaches for the evaluation of performance

4.3.1_-There are three different general approaches for evaluating performance in a proficilency testing
scheme. These approaches are used to meet different purposes for the proficiency testing scheme. The
approaches are listed below:

a) performance evaluated by comparison with externally derived criteria;
b) performance evaluated by comparison with other participants;

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 &g, where &g is a
predefined allowance for measurement error and o, = 6g/3; similarly, in some situations the assigned
value can be a reference value, but o, can be a robust standard deviation of participant results. In
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approach c) using measurement uncertainty, the assigned value is typically an appropriate reference
value.

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 measur
expressed i
of measura
Performanc
result and 4
uncertainty
proficiency

bments or interpretations they make on the proficiency test items. Performance is

h the form of performance scores which allow consistent interpretation across$ @'
nds and can allow results for different measurands to be compared on an €gual
e scores are typically derived by comparing the difference between a reported partic
in assigned value with an allowable deviation or with an estimate of thel/measure
of the difference. Examination of the performance scores over multiple rounds
Lesting scheme can provide information on whether individual laboratories show evid

of consiste

i
The followi

and on the
performanc
schemes) ar

5.2 Basis

5.2.1 Accq
objectives o
including o}
number of r
sources of e

Design cons

EXAMPLE 1

reference value and within limits that are specified before the round begins, the design must include a m

for obtaining

EXAMPLE 2
group in the
assigned valy

EXAMPLE 3
group in the {

systematic effects ("bias") or poor long term precision.

g Clauses 5 to 10 give guidance on the design of quantitatiye proficiency testing sch
statistical treatment of results, including the calculation.and interpretation of va
e scores. Considerations for qualitative proficiency teSting schemes (including or
e given in Clause 11.

of a statistical design

rding to ISO/IEC 17043:2010, 4.4.4.1, the statistical design “shall be developed to me¢
f the proficiency testing scheme, based on the nature of the data (quantitative or qualit]
dinal and categorical), statistical assumptions, the nature of errors, and the exp{
esults”. Therefore proficiency testing'schemes with different objectives and with diff
Fror could have different designs.

iderations for common objegtives are listed below. Other objectives are possible.
For a proficiency testing scheme to compare a participant’s result against a pre-detern
an externally definedveference 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
ame round, and-limits that are specified before the round begins, the design must consider ho
e will be determined from the combined results as well as methods for setting limits and scor

Forva-proficiency testing scheme to compare a participant’s result with combined results f;
anferound, and limits determined by the variability of participant results, the design must corj

bften
ange
asis.
pant
ment
of a
ence

bmes
rious
dinal

t the
ative
pcted
brent

hined
bthod

fom a
W the

ng;

fom a
sider

the calculatid

n0f an assigned value and an appropriate measure of dispersion as well as the method of scor

ing;

EXAMPLE 4

EXAMPLE 5

For a proficiency testing scheme to compare a participant’s result with the assigned value,
using the participant’s own measurement uncertainty, the design must consider how the assigned value and its
uncertainty are to be obtained and how participant measurement uncertainties are to be used in scoring.

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

measurement methods, the design must 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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NOTE1 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 0.1 and in ISO/IEC 17043. The design shall be appropriate for all the stated purposes for

articii]o
e eHrat

the

nraficianeuvtacting cochanan
pProeeReEye5STRE-StReme:

5.3 | Considerations for the statistical distribution of results

5.3.1
the 4
assu
at les
assumption is that the distribution of results from competently determined measuremel
(or ‘¢ontaminated’) with results from a population of erroneoug values which may gener
Usudlly, the scoring interpretation relies on the assumption of hormality, but only for the
assumed distribution for competent participants.

ISO/IEC 17043:2010, 4.4.4.2, requires that statistical analysis techniques are con
tatistical assumptions for the data. Most common analysis techniques’ for proficig
me that a set of results from competent participants will be approxingately normally di

5.3.2
to ve
testi

It is usually not necessary to verify that results, are normally distributed, but it i
rify approximate symmetry, at least visually. Iff\Symmetry cannot be verified then thg
hg provider should use techniques that are robust to asymmetry.

5.3.3
(alloy
meth
scori
part

When the distribution expected for.the proficiency testing scheme is not sufficientl]
ving for contamination by outliers),jthé proficiency testing provider should select d|
ods that take due account of thé'asymmetry expected and that are resistant to ¢

cipants. Data analysis methods may include:

1

ransformation to provide :approximate symmetry;

ethods of estimation-that are resistant to asymmetry;

ethods of estitnation that incorporate appropriate distributional assumptions (
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

q

sistent with
ency testing
ttributed, or

ist unimodal and reasonably symmetric (after transformation if necessary). A common additional

ts is mixed
ate outliers.
underlying

s important
proficiency

y symmetric
ata analysis
utliers, and

ng methods that also take due‘adcount of the expected distribution for results fronp competent

for example
ary, outlier

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

logarithmic

trangformation can be appropriate as the first step in analysis.

EXAMPLE 2

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

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

on the average count for the group of participants.

NOTE 1
participant results and the assigned value.

NOTE 2  Annex C gives additional information on treatment of asymmetric outlier distributions
E.6 provides an example of an estimation method that is resistant to asymmetry.”

5.34

Transformation of data can affect the treatment and interpretation of uncertainties associated with

and Example

In some areas of calibration, participant results may follow statistical distributions that are

described in the measurement procedure (for example exponential, or a wave form); these defined

distributions should be considered in any evaluation protocol.
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5.3.5 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.

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 Hpcign for a prnfir‘iﬂnr‘y fpcfing scheme shall consider the minimum number
of participahts that are needed to meet the objectives of the design, and state alternative appfogches
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 statistics determined from small numberns)éf particjpant
results may|not be sufficiently reliable, and a participant could be evaluated against'dn“inappropriate
comparison|group.

of participan}sl24] provides useful guidance for proficiency testing schemes where there are few participants.
In brief, the JUPAC/CITAC report recommends that the assigned value should be'‘based on reliable indepepdent
measurements; for example by use of a certified reference material, independent assignment by a calibijation
or national 1petrology 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.

NOTE T}e IUPAC/CITAC Technical Report: Selection and use of proficiency testing.sehemes for a limited nymber

5.4.2 The[minimum number of participants needed for the various statistical methods will depend
on a variety|of situations:

— the statjstical methods used, for example the particular robust 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 partitipants;

— whether the intent is to detetmine the assigned value or the standard deviation (or both).

Further guiglance on technidques for handling a small number of participants is provided in D.1.
5.5 Guide¢lines for ¢choosing the reporting format

5.5.1 General réquirements for reporting format

5.5.1.1 Itis arequirement of ISO/IEC 17043:2010, 4.6.1.2, that proficiency testing providers instruct
participants to carry out measurements and report results on proficiency test items in the same way as
for the majority of routinely performed measurements, except in special circumstances.

5.5.1.2 This requirement can, in some situations, make it difficult to obtain an accurate assessment
of participants’ precision and trueness, or competence with a measurement procedure. The proficiency
testing provider should adopt a consistent reporting format for the proficiency testing scheme but
should, where possible, use units familiar to the majority of participants and choose a reporting format
that minimises transcription and other errors. This may include automated warning of inappropriate
units when participants are known to report routinely in units other than those required by the
proficiency testing scheme.
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For some proficiency testing schemes, an objective is to evaluate a participant’s ability to follow a

standardized method (for example officially required or internationally standardized), 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 Reporting of replicate measurements

If a proficiency testing scheme requires replicate measurements on proficiency test items, the

parti

cinant should he reauired to renort all renlicate values This can accur for ova
r he § r r

mple, if an

obje(
mea

tive is to evaluate a participant’s precision on known replicate proficiency test itém
urement procedure requires separate reporting of multiple observations. In these’si

proficiency testing provider may also need to ask for the participant’s mean value (or,other

locat]

5.5.3

5.5.3
limit|

ion) and uncertainty to assist data analysis by the proficiency testing provider:
Reporting of ‘less than’ or ‘greater than’ a limit (censored data)

.1 Where conventional reporting practice is to report results as ‘less than’ or ‘grg
(such as a calibration level or a quantitation limit) and wheretnumerical results are

scoring, the proficiency testing provider shall determine how thetesults will be processed

5.5.3
proc
valug

NOTH
parti

NOTH
belov
but c

5.5.3
the 1
circy
the 1
pres

.2 The proficiency testing provider should either adopt validated data treatment
edures that accommodate censored data (see E.1), orrequire participants to report th
b of the result either in place of, or in addition to,;the conventional reported value.

1  An option of scoring procedure could be;to not score such data and/or to report on
Cipant’s reported upper (or lower) limit is consistent with the assigned value.

2 Requiring participants to report numerical values outside the range normally reported
 the participant’s quantitation limit)Wwill permit use of statistical methods that require nunj
hn result in scores that do not refle€t the participant’s routine service to customers.

.3 When consensus statistics are used, it may not be possible to evaluate per
umber of censored val@ies’is large enough that a robust method is affected by the ¢
mstances where thepumber of censored results is sufficient to affect a robust nj
esults should be.évaluated using statistical methods which allow unbiased estim
bnce of censored-datal2ll, or the results should not be evaluated. When in doubt abo

of the procedure~chosen, the proficiency testing provider should calculate summary sf

perfd

rmance evaluations with each of the alternative statistical procedures considered

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

5.5.3

4" “Where censored results such as ‘less than’ statements are expected or have beg

the 1

rnﬁmpnr‘v fpchno scheme dpclcn should include nrmnclnnc for Qr‘nrlno and /nr ath

5, or when a
tuations the
estimate of

ater than’ a
required for

and scoring
e measured

whether the

(for example
erical values

formance if
ensoring. In
ethod, then
htion in the
1t the effect
atistics and
potentially

n observed,
br action on

censored Values reported by part1c1pants and part1c1pants should be notlfled of these provisions.

NOTE

E.1 has an example of some analysis approaches for censored data. This example shows robust

consensus statistics with three different approaches; with the censored values removed, with the values retained
but the ‘<’ sign removed, and with the results replaced with half of the limit value.

5.5.4 Number of significant digits

5.5.4.1 Usually, the number of significant digits to report will be determined by the design of the

profi

ciency testing scheme.

5.5.4.2 When specifying numbers of significant digits to be reported, the rounding error should be

negli

©ISO

gible compared to the expected variation between participants.
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NOTE In some situations, correct reporting is part of the determination of competence of the participant,
and the number of significant digits and decimal places can vary.

5.5.4.3 Where the number of digits reported under routine measurement conditions has an
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 r

5.54.4 If
significant
any conseng

6 Guidel
6.1 Homg

6.1.1 The
sufficiently
shall assess
of proficien
homogeneit

a)

Liolel o 4o £1 s 1 e
FIIAUIT TOUIIIALTS Ul TULCALIUIT dllu vdl IdUIUILL

it is allowed that different participants will report results using different nunibe
igits, the proficiency testing provider should take this into consideration wheh. gener
us statistics (such as the assigned value and standard deviation for proficiendy assessnj

ines for the initial review of proficiency testing items-and results
pgeneity and stability of proficiency test items

proficiency testing provider shall ensure that batchés of proficiency test item;
homogeneous and stable for the purposes of the profi¢iency testing scheme. The pro
homogeneity and stability using criteria that ensure that inhomogeneity and insta
Cy test items do not adversely affect the evalugtion of performance. The assessme
y and stability should use one or more of the fellowing approaches:

rs of
pating
lent).

are
vider
hility
nt of

experinjental studies as described in Annex B or-alternative experimental methods that provide

equivalent or greater assurance of homogeneity-and stability;

b) experience with the behaviour of closely~similar proficiency test items in previous rounds df the
proficiency testing scheme, verified as necessary for the current round;

c) assessnjent of participant data in-the'current round of the proficiency testing scheme for evidence
of consjstency with previous rounds, for evidence of change with reporting time or produftion
order, of any unexpected dispersion attributable to inhomogeneity or instability.

NOTE1 Tlese approaches ¢an\be adopted on a case-by-case basis, using appropriate statistical technliques

and technical justification. Theéyapproach will often change during the lifetime of a proficiency testing schenje, for

example as a

ccumulated experience reduces the initial requirement for experimental study.

NOTE 2  Rglying omexperience (as in b above) is only reasonable so long as:

a) The prodessfor producing batches of the proficiency test item(s) does not change in any way that may ithpact
homogeneity;

b) The materials used in production of the proficiency test item(s) do not change in any way that may impact
homogeneity;

c¢) There is not a "failure" in homogeneity identified via either homogeneity testing or participant responses;
and,

d) The homogeneity requirements for the material are reviewed regularly, taking account of the intended use
of the material at the time of the review, to ensure that the homogeneity achieved by the production process
remains fit for purpose.

EXAMPLE If previous rounds of a proficiency testing scheme used proficiency test items that were tested

and demonstrated to be sufficiently homogeneous and stable, and with the same participants as in previous
rounds, then if the standard deviation of proficiency test results in the current round is not greater than the
standard deviation in previous rounds, there is evidence of sufficient homogeneity and stability in the current
round.
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6.1.2 For calibration proficiency testing schemes where the same artefact is used by multiple
participants, the proficiency testing provider shall assure stability throughout the round, or have
procedures to identify and account for instability through the progression of a round of the proficiency
testing scheme. The procedures should include consideration of tendencies for particular proficiency
test items and measurands, such as drift. Where appropriate, the assurance of stability should consider
the effects 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 homogenelty for all propertles reported on in a round of the proficiency testing
measurands
that pre checked should be sensitive to sources of inhomogeneity or instability in the procgssing of the
proficiency test item. Some important cases are:

a) hen the measurement is a proportion, a characteristic that is a small proportion ¢an be more
difficult to homogenize and so be more sensitive in a homogeneity check;

b) if a proficiency test item is heated during processing, then choose a measurand that is|sensitive to
ineven heating;

c) if a measured property can be affected by settling, precipitatien, or other time-deperjdent effects
during the preparation of proficiency test items, then this property should be checked 3cross filling
prder.

EXANPLE In a proficiency testing scheme for the toxic métal content of soils, measured metal content is
primarily affected by moisture content. A check for consistent moisture content can then be considefed sufficient
to ensure adequate stability of toxic metals.

NOTH An example of homogeneity and stability*checks is provided in E.2, using statistjcal methods
recorthmended in Annex B.

6.2 | Considerations for different measurement methods

6.2.1 When all participants are expected to report a value for the same measurand, the asgigned value
should normally be the same for-all participants. However, when participants are allowgd to choose
theirown measurement method, it is possible that a single assigned value for each analyte|or property
will not be appropriate forall participants. This can occur, for example, when different measurement
metHods provide results:that are not comparable. In this case, the proficiency testing provider may use
a different assigned value for each measurement method.

EXANPLES

a) medical testing where different approved measurement methods are known| to respond
diffeffentlytofhe same test material and use different reference ranges for diagnosis;

b) operatlonally defined measurands, such as leachable toxic metals in soils, for w ich different
stand ; iency testing

scheme specifies the measurand without reference to a specific test method.

6.2.2 The need for different assigned values for subsets of participants should be considered in
the design of the proficiency testing scheme (for example to make provision for reporting of specific
methods) and should also be considered when reviewing data for each round.

6.3 Blunder removal

6.3.1 [SO/IEC 17043:2010, B.2.5 and the [UPAC Harmonized Protocol recommend removing obvious
blunders from a data set at an early stage in an analysis, prior to use of any robust procedure or any test
to identify statistical outliers. Generally, these results would be treated separately (such as contacting
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the participant). It can be possible to correct some blunders, but this should only be done according to
an approved policy and procedure.

NOTE

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

proficiency test items, occur in most rounds of proficiency testing, and these results only impair the performance
of subsequent statistical methods.

6.3.2

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

6.4 Visu

lreview of data

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

6.4.1 As4d
review of tH
check is to

sources of
of results c4

first step in any data analysis the proficiency testing provider should arrange(for v
e data, conducted by a person who has adequate technical and statistical expertise.
confirm the expected distribution of results, and to identify anomalies, of) rhanticiy
ariability. For example, a bimodal distribution might be evidence of armixed popul
jused by different methods, contaminated samples or poorly worded instructions. In

situation, thfe concern should be resolved before proceeding with analysis or evaluation.

NOTE1 A
distribution {

histogram of participant values is a useful and widely available review procedure, to look
hat is unimodal and symmetric, and to identify unusual outliers{see’10.2). However, the inte

isual
This
ated
htion

this

for a
rvals

used for comlining results in a histogram are sensitive to numbers of results dnd'cut points, and so can be difficult

to create. Ak
10.3).

NOTE2  Of

ernel density plot is often more useful for identifying possible‘bimodalities or lack of symmetr

her review techniques can be useful, such as a cumulative distribution plot or a stem-an

diagram. Sonpe graphical methods for data review are illustrated’inrE.3 and E.4.

6.4.2 Whg
procedure t
the assignec
proficiency

6.5 Robu

6.5.1 Rob
set of result|

n it is not feasible to conduct visual review of all data sets of interest, there shall
b warn of unexpected variability in a ddta set; for example by reviewing the uncertairy
| value compared to the evaluation gtiteria, or by comparison with previous rounds g
festing scheme.

st statistical methods

st statistical methods can be used to describe the central part of a normally distrilj
5, but without requiring the identification of specific values as outliers and excluding

from subse

uent analyses. Many robust techniques used are based (in the first step) on the mg

and the range of the central)50 % of results - these are measures of the center and spread of the
similar to tHe mean and.standard deviation. In general, robust methods should be used in preferen
methods that delete £égsults labelled as outliers.

NOTE

usually lead foainder-estimates of dispersion for near-normal data; robust statistics are usually adjusted t

y (see

H-leaf

be a
ty of
f the

uted
them
dian
data,
ceto

Strategies that apply classical statistics such as the standard deviation after removing oultliers

give

6.5.2 The median, scaled median absolute deviation (MAD,), and normalized IQR (nIQR) are allowed
as simple estimators. Algorithm A transforms the original data by a process called winsorisation
to provide alternative estimators of mean and standard deviation for near-normal data and is most
useful where the expected proportion of outliers is below 20 %. The @, and Q methods (described
in Annex C) for estimating standard deviation are particularly useful for situations where a large
proportion (>20 %) of results can be discrepant, or where data cannot be reliably reviewed by experts.
Other methods described in Annex C also provide good performance when the expected proportion of
extreme values is over 20 % (see D.2).
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NOTE The median, inter-quartile range and scaled median absolute deviation have larger variance than
the mean and standard deviation when applied to approximately normally distributed data. More sophisticated
robust estimators provide better performance for approximately normally distributed data while retaining
much of the resistance to outlying results that is offered by the median and interquartile range.

6.5.3 The choice of statistical methods is the responsibility of the proficiency testing provider. 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
illusty

Details for robust procedures are provided in Annex C. E.3 and E.4 have comprehensive examples
ating theuseof @ variety of Tobuststatistical techmiques presented imATex €:

6.6 | Outlier techniques for individual results

6.6.1 Outlier tests may be used either to support visual review for anomalies or, cpupled with

outli
stati
be ds

br rejection, to provide a degree of resistance to extreme values when calculatin
stics. Where outlier detection techniques are used, the assumptionsyunderlying the
emonstrated to apply sufficiently for the purpose of the proficien¢yjtesting scheme; i

g summary
test should
h particular,

many outlier tests assume underlying normality.

NOTH
to int]

SO 16269-4[101 and ISO 5725-2M provide several outlier identification procedures that 3
er-laboratory data.

re applicable

outlier test
nd standard
er rejection

6.6.7
atal
devid
strat]

a)
b)

c)$

NOTH
inter
rejec

Outlier rejection strategies, which are based onrejection of outliers detected by ar
1igh level of confidence, followed by application of'Simple statistics such as the mean a
ition, are permitted where robust methods are not applicable (see 6.5.1). Where outl
egies are used, the proficiency testing provider shall:

document the tests and level of confidence required for rejection;

q

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

e sufficient
scheme.

emonstrate that the resulting. estimates of location and (if appropriate) scale hay
erformance (including efficiency and bias) for the purposes of the proficiency testing

ISO 5725-2 providesrecommendations for the level of confidence appropriate for outlig
aboratory studies for-the determination of precision of test methods. In particular, ISO 5725-2
ion only at the 99,%.]evel unless there is other strong reason to reject a particular result.

r rejection in
recommends

noved as an
used for all

6.6.3
outli
parti

Where ofithier rejection is part of a data handling procedure, and a result is rern
br, the participant’s performance should still be evaluated according to the criteria
cipantsdn’the proficiency testing scheme.

NOTE .. “Outliers among reported values are often 1dent1f1ed by employlng Grubbs test for outliers, as given
in IS a : 2 > articipants including
potentlal outllers Therefore thls procedure is best applled When the performance of part1c1pants is consistent
with expectations from previous rounds of the proficiency testing scheme and there are a small number of
outliers (one or two outliers on each side of the mean). Conventional tables for Grubbs’ test assume a single
application for a possible outlier (or 2) in a defined location, not unlimited sequential application. If Grubbs’ tests

are applied sequentially, the Type I error probabilities for the tests do not apply.

NOTE 2  When replicate results are returned or identical proficiency test items are included in a round of
a proficiency testing scheme, it is common to use Cochran’s test for repeatability outliers, also described in
ISO 5725-2.

NOTE 3  Outliers can also be identified by robust or nonparametric techniques; for example if a robust mean
and standard deviation are calculated, values deviating from the robust mean by more than 3 times the robust
standard deviation might be identified as outliers.

©1S0 2022 - All rights reserved 13


https://standardsiso.com/api/?name=39410f81220a7cc46d381290659fd639

ISO 13528:

2022(E)

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 7.3 to 7.7. The choice between
these methods is the responsibility of the proficiency testing provider.

NOTE

materials described in ISO Guide 35131,

71.2  Alte
provided th
documented
the method
assigned va

71.3 App

7.1.4 The
each report

participanty.

7.2 Detel

7.2.1 ISO
ISO Guide 3
which canb

7.2.2 Age
The model fi
Xpt =Xc
where
Xpt

Xchar

fiative methods for determining the assigned value an
at they have a sound statistical basis and that the method used is described
plan for the proficiency testing scheme, and fully described to participants. Regardle
used to determine the assigned value, it is always appropriate to check the galidity d
ue for that round of a proficiency testing scheme. This is discussed in 7.8.

Foaches for determining qualitative assigned values are discussed in-hl.3.

method of determining the assigned value and its associated untertainty shall be stat
to participants or clearly described in a proficiency testing schéme protocol available

rmining the uncertainty of the assigned value

IEC Guide 98-3[14] gives guidance on the _evaluation of measurement uncertail
b provides guidance on the uncertainty of theassigned value for certified property v4
e applied for many proficiency testing scheme designs.

neral model for the assigned value and its uncertainty is described in Formulae (2) an

br the assigned value can be expressed as follows:

har T 6h0m + 6trans + astab

denotes the assigned value;

denotes the'property value obtained from the characterization (determination of assi
value);

6hom

7.3to 7.6 are closely similar to approaches used to determine the property values of certified reference

its uncertainty may be Jused

the
ss of
f the

ed in
to all

nties.
lues,

] (3):

(2)

loned

denotes an error term due to the difference between proficiency test items;

0.

trans

6stab

denotes an error term due to instability under transport conditions;

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:

u(xpt ) =

where

u (X pt)

14

2

2 2 2
\/uchar *+Uhom T Utrans T Ustab

denotes the standard uncertainty of the assigned value;

(3)
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Uy, denotes the standard uncertainty due to characterization;
U,y denotes the standard uncertainty due to differences between proficiency
test items (“inhomogeneity”);
Urans .denotes the standard uncertainty due to instability caused by transport of proficiency test
items;
Uy, denotesthestandard uncertainty due to instability during the period of proficiency testing.
NOTE1 Covariance between sources of uncertainty, or negligible sources, can lead to a different model for

speci

NOTH

due o inhomogeneity, transport, and instability are in large part reflected in the variability d

resul

NOTH
incurn
ensul

7.2.3
shall
adjug
evaly

7.3

7.3.1
prop

7.3.2

appr
the p

7.3.3

q

1

q

H 1. e A £l . £ s 1 1o oalal H ke 4
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2 When o, is calculated as the standard deviation of participant results, the uncertainty

[s. In this case the uncertainty of characterization, as described in 7.3 to 7.7, is sufficient.

3 The proficiency testing provider is normally expected to ensure that chahgés related to
red in transport are negligible compared to the standard deviation for proficiency assessmsd

e that §,,,,, and 6, are negligible. Where this requirement is met, ug-and u.,,; can be set

There can be bias in the assigned value that is not accountéd for in the above expr

where possible, be considered in the design for the preficiency testing scheme. If

tment for bias in the assigned value, the uncertainty of this adjustment shall be inc
lation of the uncertainty of the assigned value.

Formulation

The proficiency test item can be prepared’by mixing materials with different know
erty in specified proportions, or by adding a specified proportion of a substance to a b

The assigned value x,, is derived by calculation from the masses of properties
pach is especially valuable when‘individual proficiency test items are prepared in this
roportion of the properties_that is to be determined.

Reasonable care should be taken to ensure that:

he base material is effectively free from the added constituent, or that the proportion
onstituent in thelbase material is accurately known;

he constituents are mixed together homogeneously (where this is required);

I

3ll significant sources of error are identified (e.g. it is not always realized that gl

erCufy compounds, so that the concentration of an aqueous solution of a mercury co

ons.

components
f participant

instability or
nt; that is, to
Lo zero.

ession. This
there is an
luded in the

n levels of a
se material.

used. This
vay, and it is

pf the added

ass absorbs
mpound can

altered by its container);

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

the behaviour of proficiency test items containing added material is similar to customer samples

that are routinely tested. For example, pure materials added to a natural matrix often extract more
readily than the same substance occurring naturally in the material. If there is a concern about
this happening, the proficiency testing provider should assure the suitability of the proficiency test

i

tems for the methods that will be used.

7.3.4 When formulation gives proficiency test items in which the addition is more loosely bonded
than in routinely tested samples, or in a different form, it may be preferable to use another approach to
prepare the proficiency test items.

©ISO
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7.3.5 Determination of the assigned value by formulation is one case of a general approach for
characterization of certified reference materials described by ISO Guide 35, where a single laboratory
determines an assigned value using a primary measurement method. Other uses of a primary method
by a single laboratory can be used to determine the assigned value for proficiency testing (see 7.5).

7.3.6  When the assigned value is calculated from the formulation of the proficiency test item, the
standard uncertainty for the characterization (u,, ) is estimated by combination of uncertainties 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(x,) is then calculated
according taFarmula ()

7.4 Certified reference material

7.4.1 Wh{ ralue

Xcry 1S used

n a proficiency test item is a certified reference material (CRM), its certified property
as the assigned value x;.

Limitations|of this approach are that:

it can b¢ expensive to provide every participant with a unit of a certified reference material;

CRMs a e the

commuf

re often processed quite heavily to ensure long-term stability, which may compromis
ability of the proficiency test items.

aCRM nmay be known to the participants making itimportant teconceal the identity of the profic
test item.

ency

7.4.2 Whe
of the assigi
on the certi
an intended

7.5 Resu

7.5.1 An ¢
as, for exan
understood
is approprig
measureme

7511 TH
proficiency

n a certified reference material is used as théproficiency testitem, the standard uncert
ed value is derived from the information on the uncertainty of the property value proy
Ficate. The certificate information should include the components in Formula (3), and
use appropriate for the purpose of the proficiency testing scheme.

ts from one laboratory

1ssigned value can be determined by a single laboratory using a reference method,
iple, a primary method. The reference method used should be completely described
and with a complete’uncertainty statement and documented metrological traceability
te for the profiefency testing scheme. The reference method should be commutable f
ht methods uSed by participants.

e assigned value should be the average from a designed study using more than

ninty
rided
have

such
and
that
br all

one

festdtem or measurement conditions, and a sufficient number of replicate measuremeits.

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

7.5.2 The

t
a suitable measurement metlil

assigned value x,

of the proficiency test item can be derived by a single laboratory using
od, from a calibration against the reference value of a closely matched

certified reference material. This approach assumes that the CRM is commutable for all measurement
methods used by participants.

7.5.2.1 Thisdetermination requires a series of tests to be carried out, in one laboratory, on proficiency
test items and the CRM, using the same measurement method, and under repeatability conditions.

When

16
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Xcpm s the certified property value for the CRM;

X is the assigned value for the proficiency test item;

pt
d is the difference between the average results for the proficiency test item and the CRM on the
ith sample;
d is the average of the differences d.
then,
pt —XCRM T ¢ 4)
NOTH Xcpym 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 frorm, the uncertainty of the

tablished in
uncertainty

meag
ama
that

urement used for value assignment. This approach allows the assighéed value to be eg
nner that is metrologically traceable to the certified value of the GRM, with a standard
can be calculated from Formula (5).

_ |2 2
char = 4/UCRM +ug

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

(5)

o~

The ¢
the a

h sequential
g the same
certainty of
proficiency

7.5.3 When a reference value is assigned prior to the commencement of a round of

proficiency testing scheme, and then the reference value is subsequently checked usir
meaguring system, the difference between the values shall be less than two times the un
that difference (that is, the results shall_ be metrologically compatible). In such cases the

testi
appr
prov
alter

ng provider may choose to use @n“average of the measurements as the assigned val
bpriate uncertainty. If the results are not metrologically compatible, the proficig
der should investigate theteason for the difference, and take appropriate steps, incl
native methods to determiinie the assigned value and its uncertainty or abandonment

e, with the
ncy testing
hding use of
pf the round

of the proficiency testing seheme.

NOTH the standard

uncel

With an assumption of a normal distribution, a difference of greater than two times
tainty can be expeeted to occur by chance on approximately one occasion in twenty.

7.6 | Consensus value from expert laboratories

7.6.1] _Assigned values can be determined using an interlaboratory comparison study with expert
laboiatories, as described in ISO Guide 35 for use of interlaboratory comparisons to characterize a CRM.
Proficiency test items are prepared first and made ready for distribution to the participants. Some of
these proficiency test items are then selected at random and analysed by a group of experts using a
protocol that specifies the numbers of proficiency test items and replicates and any other relevant
conditions. Each expert laboratory is required to provide a standard uncertainty with their results.

7.6.2 Where the expert laboratories report a single result and are not required by the measurement
protocol to provide sufficient uncertainty information with results, or where evidence from the
reported results or elsewhere suggests that the reported uncertainties are not sufficiently reliable,
the consensus value should normally be obtained by the methods of 7.7, applied to the set of expert
laboratory results. Where the expert laboratories report more than one result each (for example
including replicates), the proficiency testing scheme provider shall establish an alternative method
of determining the assigned value and associated uncertainty that is statistically valid (see 4.1.1) and
allows for the possibility of outliers or other departures from the expected distribution of results.
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7.6.3 Where the expert laboratories report uncertainties with the results, the estimation of a value
by consensus of results is a complex problem and a wide variety of approaches has been suggested,
including, for example, weighted averages, un-weighted averages, procedures that make allowance for
over dispersion and procedures that allow for possible outlying or erroneous results and uncertainty
estimatesl1el, The proficiency testing provider shall accordingly establish a procedure for estimation
that:

a) should include checks for validity of reported uncertainty estimates, for example by checking
whether reported uncertainties account fully for the observed dispersion of results;

b) should use a weighting procedure appropriate for the scale and reliability of the reported

of poor pr unknown reliability (see 7.6.2);

c) should gllow for the possibility that reported uncertainties might not account fully for the obsqrved
dispersjon (‘over dispersion’), for example by including an additional term tocallow for|over
dispersjon;

d) should pllow for the possibility of unexpected outlying values for the reported result or the
uncertafinty;

e) should lhave a sound theoretical basis;

f) shall haye demonstrated performance (for example on test data.orin simulations) sufficient fqr the
purposeés of the proficiency testing scheme.

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 npean)
formed frogn the results reported by participarits’ in the round, calculated using an appropriate
procedure ih accordance with the design, as described in Annex C. Techniques described in 6.2 tp 6.6
should be uged to confirm that sufficient agreement exists, before combining results.

7.7.2 In spme 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 bagis of
prior performance. The techniques,of this section apply to those situations, including considerations for
group size.

7.7.3  Othgr calculatiommethods may be used in place of those in Annex C, provided that they have a
sound statidtical basis @nd the report states the method that is used.

7.7.4 Thefadvatfitages of this approach are that:

a) no additional measurements are rpqnirpd to obtain the nccignpd value:

b) the approach may be particularly useful with a standardized, operationally defined measurand, as
there is often no more reliable method to obtain equivalent results.

7.7.5 The limitations of this approach are that:
a) there may be insufficient agreement among the participants;

b) the consensus value may include unknown bias due to the general use of faulty methodology and
this bias will not be reflected in the standard uncertainty of the assigned value;

c) the consensus value could be biased due to the effect of bias in methods that are used to determine
the assigned value.
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[t may be 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 information
about the calibration standards used and control of other relevant method conditions by all of the
participants contributing to the consensus value.

7.7.6  The standard uncertainty of the assigned value will depend on the procedure used. If a fully
general approach is needed, 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 bootstrapping techniques.

NOTH
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7.8.1
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An example using a bootstrap technique is provided in E.6.

When the assigned value is derived as a robust average calculated using procedure
tandard uncertainty of the assigned value x, may be estimated as:
s
=1,25x—

(Xpt) 7

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

*

1 In this model, where the assigned value and robust{standard deviation are dete
Cipant results, the uncertainty of the assigned value can bevassumed to include the effects o
b inhomogeneity, transport, and instability.

2 The factor 1,25 is based on the standard deviation of the median, or the efficiency o
estimate of the mean, in a large set of results.drawn from a normal distribution. It is app
fficiency of more sophisticated robust methods-can be much greater than that of the medi
Fection factor smaller than 1,25. However, this factor has been recommended because profid
s typically are not strictly normally distributed, and contain unknown proportions of results f]
butions (‘contaminated results’). Thecfactor of 1,25 is considered to be a conservative (hi

ience and the robust procedure used.

3 Anexample of using an assigned value from participant results is provided in E.3.

Comparison of the/assigned value with an independent reference value

When the thethods described in 7.7 are used to establish the assigned value (x,),
ble independent estimate (denoted x,..¢) is available, for example from knowledge of pr
areferericg value, the consensus value x,; should be compared with x..

h the miethods described in 7.3 to 7.6 are used to establish the assigned value, the robuj
ed-{rom the results of the round should be compared with the assigned value after eag

sin C.2, C.3,

(6)

the average

'mined from
f uncertainty

f the median
reciated that
hn, justifying
iency testing
rom different
th) estimate,

Count for possible contamination. A"smaller factor, or a different equation, can be justified lepending on

hnd where a
pparation or

taverage x*
h round of a

profi

. : 1
ICIICY LES LIy SCIICIIIC,

The difference is calculated as Xg;¢r = X,of - X (OF X* - X,)) and the standard uncertainty ug; of the
difference is estimated as:

2 2
udiff:\/u (Xpef ) +u (Xpt)

where

u(x..r) 1isthe uncertainty of the reference value for comparison;

u(xpt)

©ISO

is the uncertainty of the assigned value.

2022 - All rights reserved

(7)

19


https://standardsiso.com/api/?name=39410f81220a7cc46d381290659fd639

ISO 13528:

NOTE

7.8.2

2022(E)

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

Possible reasons are:

biasint

he reference measurement method;

a common bias in the results of the participants;

described in 7.3;

If the difference is more than twice its standard uncertainty, the reason should be investigated.

failure to appreciate the limitations of the measurement method when using the formulation method

biasin {

the com

7.8.3 Dep
whether to {
the design

to affect pe
by particip4
scheme. In 5
schemes.

8 Determination of criteria for evaluation of performance

8.1 Appr

8.1.1 The
assigned va
This compa
discussed iy
or D% comyj
difference W
of the assigi

8.1.2 Ifai
be used dirdg
criterion ma
be used dird
testing sche

a)

perforni

he results of the “experts” when using the approaches in 7.5 or 7.6;

ending on the reason for the difference, the proficiency testing providen‘should d

for subsequent proficiency testing schemes. Where the difference)is sufficiently

rformance assessment or to suggest important bias in the meastrement methods
nts, the difference should be noted in the report for the round.of the proficiency te
uch cases, the difference should be considered in the desigh of future proficiency te

paches for determining evaluation criteria

basic approach for all purposes is to compare a result on a proficiency test item (x;) wi
ue (x,). For evaluation, the differenee.is compared to an allowance for measurement g
Fison is commonly made through-astandardized performance statistic (e.g. z, z, {, E
9.4 to 9.7. This can also be doneby comparing the difference with a defined criteri
pared to &) as discussed in'9.3. An alternative approach to evaluation is to compar
rith a participant’s claim forthe uncertainty of their result combined with the uncert
led value (E, and {).

egulatory requirement or a fitness for purpose goal is given as a standard deviation i
ctly as o,,.. If therequirement or goal is for a maximum permissible measurement erro
y be dividedBythe action limit to obtain o,.. A prescribed maximum permissible erroy
ctly as 6p-for-use with D or D%. The advantages of this approach for continuous profic
mes are:

jariCe scores have a consistent interpretation in terms of fitness for purpose from one r

parison value and assigned value are not traceable to the same metrological referencel

bcide

bvaluate results or not, and (for continuous proficiency testing schemes), whether to amnend

arge
used
sting
sting

th an
ITOr.
), as
n (D
e the
hinty

may
that
may
ency

pund

to then

pxt-of a proficiency testing scheme;

b)
reporte

EXAMPLE

evaluation with a z score, then the specified criterion is divided by 3,0 to determine o

d results.

performance scores are not subject to the variation expected when estimating dispersion from

If a regulatory criterion is specified as a maximum permissible error and 3,0 is an action limit for

pt’

8.1.3 When the criterion for evaluation of performance is based on consensus statistics from the
current round or previous rounds of the proficiency testing scheme, then a robust estimate of the
standard deviation of participant results is the preferred statistic. When this approach is used it is
usually most convenient to use a performance score such as the z score and to set the standard deviation
for proficiency assessment (g,,,) to the calculated estimate of the standard deviation.
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8.2 By perception of experts

8.2.1 The maximum permissible error or the standard deviation for proficiency assessment may be
set at a value that corresponds to the level of performance that a regulatory authority, accreditation
body, or the technical 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 deviation for

proficiency assessment by dividing the limit by the number of multiples of the
an action signal (or unacceptable result). Similarly, a specified op¢ €an be trans

8.3

8.3.1

(g),

meag

proc

purp

8.3.7
of pd

or rg
roun
testi
the ¥
Stan

q

1
of random variation or changes in the participant populafion;

1
1

o

. thatare used to define
formed into 0.

By experience from previous rounds of a proficiency testing scheme

The standard deviation for proficiency assessment (o), and the maximum jperm
can be determined by experience with previous rounds of a proficiency testing.scheme
urand with comparable property values, and where participants use gompatible m

ose. The advantages of this approach are as follows:
bvaluations will be based on reasonable performance expectations;

he evaluation criteria will not vary from round to round ofthe proficiency testing schq

he evaluation criteria will not vary between differentproficiency testing providers, wh

The review of previous rounds of a proficiency testing scheme should include c
rformance that is achievable by competent participants, and not affected by new
ndom variation due to, for example, sthaller group sizes or other factors unique to
d. Determinations can be made subjectively by examination of previous rounds of thd
hg scheme for consistency, or objectively with averages or with a regression model thg
alue of the measurand. The regression equation might be a straight line, or could b
Hard deviations and relativetstandard deviations should be considered, with selecti

wo or more proficiency testing providers approve@for an area of testing or calibration.

ssible error
for the same
easurement

bdures. This is a useful approach when there is no agreement among.experts about fitness for

tme because

en there are

nsideration
participants
A particular
proficiency
t adjusts for
b curved(31l,
bn based on

whid e maximum

pern|

h is more consistent across*the appropriate range of measurand levels. Appropria]
lissible error can also be obtained in this manner.

8.3.3 When the criterion for evaluation of performance is based on consensus statistics fr
roungds of a proficieficy’testing scheme, robust estimates of the standard deviation should b

hm previous
e used.

NOTE1  Algorithm S (see C.4) provides a robust pooled standard deviation that is applicable whe
roundls of a proficiency testing scheme under consideration have the same expected standard de
relative dewiations are used for the assessment) the same relative standard deviation.

h all previous
viation or (if

NOTE 27) An example of deriving a value from experience of previous rounds of a proficiency test
provided 1n E.8.

ng scheme is

8.4 By use of a general model

8.4.1 The value of the standard deviation for proficiency assessment can be derived from a general
model for the reproducibility of the measurement method. This method has the advantage of objectivity
and consistency across measurands, as well as being empirically based. Depending on the model used,
this approach could be considered a special case of a fitness for purpose criterion.

8.4.2 Any expected standard deviation chosen by a general model should be reasonable. If 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.
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8.4.3 A specific estimation taking the specificities of the measurement problem into consideration is
generally preferable to a generic approach. Consequently, before using a general model, the possibility
of using the approaches described in 8.2, 8.3 and 8.5 should be explored.

EXAMPLE Horwitz curve.

One common general model for chemical applications was described by Horwitz[22] and modified by
Thompson[3l, This approach gives a general model for the reproducibility of analytical methods that
can be used to derive the following expression for the reproducibility standard deviation:

0,22¢ when c<1,2><10_7

or =10]02¢%8* 5 when 1,2x1077 <¢<0,138 (8)
0,01c%®  when ¢>0,138

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

NOTE1 Tlhe Horwitz model is empirical, based on observations from collaborative trials\of many paranieters
over an extended time period. The oy values are the expected upper limits of interlaboratory variability when
the collaboraftive trial had no significant problems. The oy values therefore might notbe appropriate criterjia for
determining rompetence in a proficiency testing scheme.

NOTE2  Anexample of deriving a value from the modified Horwitz model is\provided in E.9.

8.5 Using the repeatability and reproducibility standard deviations from a previous
collaboratjve study of precision of a measurement method

8.5.1 Wh¢n the measurement method to be used in thé proficiency testing scheme is standardized,
and informgtion on the repeatability (o,) and reproducibility (og) of the method is availablg, the
standard deyiation for proficiency assessment (o, ) may be calculated using this information, as folfows:

Gpe =NGE —02 (1-1/m) ©)

where m is|the number of replicate mieasurements each participant is to perform in a round df the
proficiency testing scheme.

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

8.5.2 Whdn the repeatability and reproducibility standard deviations are dependent on the avgrage
value of the [test results, ftinctional relations should be derived by the methods described in ISO 57p5-2.
These relatipns shouldithen be used to calculate values of the repeatability and reproducibility standard
deviations appropriaté for the assigned value that is to be used in the proficiency testing scheme.

8.5.3 For [the techniques above to be valid, the collaborative study shall have been conduycted
according to the requirements of ISO 5725-2 or an equivalent procedure.

NOTE An example is presented in E.10.
8.6 From data obtained in the same round of a proficiency testing scheme

8.6.1 With this approach, the standard deviation for proficiency assessment (o) is calculated from
the results of participants in the same round of the proficiency testing scheme. V\l/)hen this approach is
used it is usually most convenient to use a performance score such as the z score. A robust estimate
of the standard deviation of the results reported by all the participants, calculated using a technique
listed in Annex C, should normally be used to calculate o, In proficiency testing schemes that use &
and D or D%, P, (Percentage of Allowed Deviation) can be used as a standardized score, for comparison
across measurands and rounds (see 9.3.6).
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8.6.2 The use of participant results can lead to criteria for performance evaluation that are not
appropriate. The proficiency testing provider should ensure that the o, used for performance
evaluations is fit for purpose.

8.6.2.1 The proficiency testing provider should place a limit on the lowest value of o, that will be
used, in the case that the robust standard deviation is very small. This limit should be chosen so that
when measurement error is fit for the most challenging intended use, the performance score will be

z < 3,0.

EXA

MPLE

In a proficiency testing scheme for fabric, one measurand is number of threads per centimeter.

The robust standard deviation can be small in some rounds (<1 thread per cm.), and errors less than 4 threads/

devi

8.6.
the

stan

will

8.6.

of re
inclulde results that would not be fit for purpose.

EXAN
resul
of acq

sign

robus

of 0,

8.6.

SUCC¢

8.6.
a)

cm zj‘e considered to be insignificant. The proficiency testing provider determines that the rob

tion is used as o,,, unless it is less than 1,3 threads/cm, in which case Opt =1,3 is used.

pv

2
1]

.2 The proficiency testing provider should place a limit on the largest o, that-will be¢
neasurement results that can be evaluated as “acceptable” (no signal), in¢he’case thg
lard deviation is very large. This limit should be chosen so that results;that are not fit

yeceive an action signal.

2.3 In some cases the proficiency testing provider may place upper or lower limits on

sults that can be evaluated as ‘acceptable’ (no warning or action'signal), when symmet

PLE For a regulatory proficiency testing scheme for non-potable water, regulations
Es must be within 30, of the robust mean of participant results. However, because in some ca|
eptable results could include 0 pg/l, any result less than/10 % of a formulated value shall gene
al (or ‘unacceptable’). A proficiency testing item is formulated with 4,0 pg/1 of a regulated sy
t participant mean is 3,2 pg/l and o, is 1,1 pg/L..Therefore it is possible for a participant to su

(O pg/1 and be within 30, but any result less than0,4 ug/l will be evaluated as “unacceptable”.

pv
3 The main advantages of this approach are simplicity and conventional accept
essful use in many situations. Thisimay be the only feasible approach.

4 There are several disadvantages with this approach:

The value of o, may vapy substantially from round to round of a proficiency test
making it difficult fof a participant to use values of the z score to look for trends that
everal rounds.
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b) $tandard deviations can be unreliable when the number of participants in the proficiency testing
gcheme is small or when results from different methods are combined. For example,|if p=20, the
gtandard{deviation for normally distributed data can vary by about +30 % from its true value from

ne round of a proficiency testing scheme to the next.

c) Usingdispersion measures derived from the data can lead to an approximately constanf proportion
of apparently acceptable scores. Generally poor performarce will not be detected by inspection of
the scores, and generally good performance will result in good participants receiving poor scores.

d) There is no useful interpretation in terms of suitability for any end use of the results.

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

8.7 Monitoring interlaboratory agreement

8.7.1 As a check on the performance of the participants, and to assess the benefit of the proficiency
testing scheme to the participants, the proficiency testing provider should apply a procedure to
monitor interlaboratory agreement, to track changes in performance and ensure the reasonableness of
statistical procedures.
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8.7.2 The results obtained in each round of a proficiency testing scheme should be used to calculate
estimates of the reproducibility standard deviations of the measurement method (and repeatability, if
available), using the robust methods described in Annex C. These estimates should be plotted on graphs
sequentially or as a time-series, together with values of the repeatability and reproducibility standard
deviations obtained in precision experiments from ISO 5725-2 (if available), and/or Opo if techniques in
8.2 to 8.4 are used.

8.7.3 These graphs should then be examined by the proficiency testing provider. If the graphs show
that the precision values obtained in a specific round of proficiency testing are greater by a factor
of two or more from the values expected from prior data or experience, then the proficiency testing
provider should invpcfigqu \/\Ihy agreement in this round was worse than before Similarlvy a trend

towards better or worse precision values should trigger an investigation for the most likely causeg.

9 Calculation of performance statistics

9.1 General considerations for determining performance

9.1.1 Stat I the

proficiency

stics used for determining performance shall be consistent with"the objective(s) fo
festing scheme.

rformance statistics are most useful if the statistics and their derivation are understo
hnd other interested parties.

NOTE Pe¢
participants

d by

9.1.2 Perf
a proficienc

9.1.3 Part
used in the
For examplg
populations
the data.

914 Ing
proportion

9.2 Limifing the uncertainty of the assigned value

9.2.1 If th
performanc
warning sig
any cause o

prmance scores should be easily reviewed across.tieasurand levels and different roun
 testing scheme.

icipant results should be reviewed and determined to be consistent with the assump
design of the proficiency testing scheme, to allow for meaningful performance stati
, that there is no evidence of deterjoration of the proficiency test item, or of a mixtu
of participants, or of severe violations of any statistical assumptions about the natu

bneral, it is not appropriate to use evaluation methods that intentionally classify a
fresults as generating an action signal.

e standarduncertainty u(x,) of the assigned value is large in comparison wit}
e evaluation criterion, then t]flere is a risk that some participants will receive actior
nals thecause of inaccuracy in the determination of the assigned value, not becau
[ the\participant. For this reason, the standard uncertainty of the assigned value sh4

determined

ds of

kions

stics.
re of
re of

fixed

1 the

and
se of
111 be

and shall be rppnrfpd to p:\rh'{‘ipqnfc (cpp IQﬂI/IF‘F 17043:2010 445 and 4 8 7)

If the following criterion is met, then the uncertainty of the assigned value may be considered to be
negligible and need not be included in the interpretation of the results of the round of the proficiency

testing sche

me.

u(xp )<0,30pcoru(xp )< 0,16

NOTE

24

0,30, is equivalent to 0,16 when |z| = 3,0 generates an action signal.

(10)
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9.2.2 If this 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 a method for determining the assigned value such that its uncertainty meets the criterion in

Formula (10).

b) Use the uncertainty of the assigned value in the interpretation of the results of the proficiency
testing scheme (see 9.5 on the z'score, or 9.6 on { scores, or 9.7 on E| scores).

) If the assigned value 1s derlved from part1c1pant results, and the large uncertalnty arises from
otwe : . S te- values and
ncertalntles for each sub populatlon (for example part1c1pants usmg dlfferent measurement
methods).

INOTE The TUPAC Harmonized Protocoll32] describes a specific procedure fof{detecting bimodality,
Ibased on an inspection of a kernel density plot with a specified bandwidth.

d) Inform the participants that the uncertainty of the assigned value is naot nregligible, and| evaluations
¢ould be affected.

If none of a) to d) applies, then the participants shall be informed that'no reliable assigned yalue can be
determined and that no performance scores can be provided.

NOTH The techniques presented in this clause are demonstrated in E.3 and E.4.
9.3 | Estimates of deviation (measurement error)

9.3.1 Let x; represent the result (or the average*of the replicates) reported by particippnt i for the
meagurement of a property of the proficiency-test item in one round of a proficiency tesfing scheme.
Therl a simple measure of performance of the participant can be calculated as the differemce between

the result x; and the assigned value x:

B; =x; —Xp (11)

D; cdn 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 dlifference D; may be&expressed in the same units as the assigned value or as a percentagg difference,
calcylated as:

D% = 100[%; — x,, | / X, % (12)

NOTH Formula (12) cannot be applied when x, = 0.

9.3.2 The difference D; or D;% is usually compared with a criterion 8y based on fitness for purpose
or with experience from previous rounds of a proficiency testing scheme; the criterion is noted here
as O, an allowance for measurement error. If -6 < D; < 6 then the performance is considered to be
‘acceptable’ (or ‘no signal’). (The same criterion applies for D; %, depending on the expression of 6.

9.3.3 6 is closely related to o, as used for z scores (see 9.4), when o, is determined by fitness
for purpose or expectations from previous rounds of the proficiency testing scheme. The relation is
determined by the evaluation criterion for z scores. For example, if z > 3 creates an action signal then &g
= 30,,, or equivalently o, = 6 /3. Various expressions of 6 are conventional in proficiency testing for
medical applications ancfm performance specifications for measurement methods and products.

9.3.4 The advantage of D as a performance statistic and §; as a performance criterion is that
participants have an intuitive understanding of these statistics since they are tied directly to
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measurement error and are common as criteria to determine fitness for purpose. The advantage of D %
is that understanding is intuitive, it is standardized for measurand level, and it is related to common
causes of error (for example incorrect calibration or bias in dilution).

9.3.5 Disadvantages are that it is not conventional for proficiency testing in many countries or fields
of measurement; and that D is not standardized, to allow simple scanning of reports for action signals
in proficiency testing schemes with multiple analytes or where fitness for purpose criteria can vary by
level of the measurand.

NOTE
that the acce

9.3.6 For
vary; or forj
scheme can
to the perfi
deviation” (}

Py =(D

Therefore P

NOTE1 Py
tracked in ch
evaluation cr

NOTE2 V{

usually a higher frequency of proficiency testing and a large number of analytes.

NOTE3 It
results relati

9.4 zscol

9.4.1 The

where

X is th

pt

o, isth

pt

table range is -6 < D < 0.

Use of D and D % generally assumes symmetry of the distribution of participant results in the sense

purposes of comparison across measurand levels, where fitness for purpose criterig
combination across rounds or across measurands, D and D % in the proficiency te
be transformed into a standardized performance score that shows the differences rel
prmance criteria for the measurands. To do this, calculate the “Percentage of all
P,) for every result as follows:

/65 ) x 100%
L > 100 % or P, < -100 % indicates an action signal (or ‘unacéeptable performance’).

hrts. These performance scores are similar in use and interpretation to z scores that have a corj
iterion such as z < -3 or z = 3 for action signals.

riations of this statistic are commonly used, particularly in medical applications, where th

can be appropriate to use the absolute valueof P, to reflect consistently acceptable (or unaccep
e to the assigned value.

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

Xpt

pt

e assigned value;

estandard deviation for proficiency assessment.

L can
sting
ative
bwed

(13)

scores can be compared across levels and different rounds. of a proficiency testing scheme or

nimon

Pre is

able)

(14)

9.4.2 The

conventional interpretation of z scores is as follows (see ISO/IEC 17043:2010, B.4.1.1):

— Avresult that gives |z| < 2,0 is considered to be acceptable.

— Avresult

— Avresult

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

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

Participants should be advised to check their measurement procedures following warning signals in
case they indicate an emerging or recurrent problem.

NOTE1l In

26

some applications, proficiency testing providers use 2,0 as an action signal for z scores.
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NOTE 2  The choice of criterion o, is normally made so as to permit the above interpretation, which is widely
used for proficiency assessment an(i)is also closely similar to familiar control chart limits.

NOTE 3  The justification for the use of the limits of 2,0 and 3,0 for z scores is as follows. Measurements
that are carried out correctly are assumed to generate results that can be described (after transformation if
necessary) by a normal distribution with mean x,, and population standard deviation o,,,. z scores will then be
normally distributed with a population mean of zero and a population standard deviation of 1,0. Under these
circumstances only about 0,3 % of scores would be expected to fall outside the range -3,0 < z < 3,0 and only about
5 % would be expected to fall outside the range -2,0 < z < 2,0. Because the probability of z falling outside +3,0 is
so low, it is unlikely that action signals will occur by chance when no real problem exists, so it is likely that there
is an identifiable cause for an anomaly when an action signal is given.

NOTEZ— The assumption on which this Interpretation 1s based applies only to a hypothesized djstribution of
completent laboratories and not on any assumption about the distribution of the observed results. Np assumption
needs$ to be made about the observed results themselves.

NOTE 5  If the true interlaboratory variability (population standard deviation) is smaller thar| o, then the
probabilities of misclassification are reduced.

NOTE 6  When the standard deviation for proficiency assessment is fixed by either of the methqds described
in 8.2 or 8.4, it can differ substantially from the (robust) standard deviationof-results, and the pfoportions of
resulfs falling outside +2,0 and +3,0 can differ considerably from 5 % and 0,3'% respectively.

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

NOTH It is rarely useful to have more than two digits after the decimal for z scores.

9.4.4 When the standard deviation of participant results is used as o, and profici¢gncy testing
schemes involve very large numbers of parti€ipants, the proficiency testing provider may wish to check
the qormality of the distribution, using a¢tual results or z scores. At the other extreme, vagen there is

only p small number of participants, there may be no action signal given. In this case, graphical methods
that combine performance scores over several rounds in the proficiency testing scheme fnay provide
more useful indications of the performance of the participants than the results of individugl rounds.

9.5 | z’' scores

9.5.1 When there is"concern about the uncertainty of an assigned value u(x,,), for exgmple, when
u(x,) > 0,30, then.the uncertainty can be taken into account by expanding tﬁe denominator of the
performance scere. This statistic is called a z’ score and is calculated as follows (with nqtation as in
9.4):

X: —X
fey (15)

2 2/ \
\Opt U (Xpt )
NOTE When x,, and/or opcare calculated from participant results, the performance score is correlated with
individual participant results, because individual results have an impact on both a robust mean and standard
deviation. The correlation for an individual participant depends on the weighting given to that participant in the
combined statistic. For this reason, performance scores including the uncertainty of the assigned value without
including an allowance for correlation represent under-estimates of the scores that would result if the covariance
were included. For example, when u(x T)=O,30pt then there is an underestimate of about 10 % of the z’ score.
Therefore Formula (15) can be used when Xpt and/or opcare determined from participant results.
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9.5.2 D and D% scores can also be modified to consider the uncertainty of the assigned value with
the following Formula (16) to expand 6 to 8’

85 =08 +U? (x,)

where U(x,,) is the expanded uncertainty of the assigned value x, calculated with coverage factor k=2.

(16)

9.5.3 Zz' scores can be interpreted in the same way as z scores (see 9.4) and using the same critical
values of 2,0 and 3,0, depending on the design for the proficiency testing scheme. Similarly, D and D%

scores would then be compared with 6z’ (see 9.3).

9.5.4 Comparison of the formulae for the z score and the z’score in 9.4 and 9.5 shows that thez”s¢ores
for a round pf a proficiency testing scheme will always be smaller than the corresponding z scoreq by a
constant fadtor given by Formula (17)
o
bt (17)
2 2
Op +U (xpt )
When the guiideline for limiting the uncertainty of the assigned value in 9.2:1\is met, this factor will fall
in the range|of Formula (18):
Ot
0,96 < < 1,00 (18)
2 2
o5 0 )
Thus, in thig case, the z’ scores will be nearly identical to thez scores, and it may be concluded thgt the
uncertainty|of the assigned value is negligible for the evaluation of performance.
When the guideline in 9.2.1 for the uncertainty of)the assigned value is not met, the differenge in
magnitude ¢f the z’ scores and z scores may beJsuch that some z scores exceed the critical valyes of
2,0 or 3,0 arld so give “warning signals” or “action signals”, whereas the corresponding z’ scores dp not
exceed thesg critical values and so do not give’signals.
In general, for situations when the assigned value and/or o, is not determined from participant regults,
7z’ may be preferred because when thecriterion in 9.2.1 is met the difference between z and z’ wjll be
negligible.
9.6 Zeta scores ()
9.6.1 Zetq scores can(be useful when an objective for the proficiency testing scheme is to evaluate a
participant’s ability-to’provide results close to the assigned value within their claimed uncertainty.
With notatiTn asiin 9.4, the { scores are calculated as:
Xj —Xpt
¢i= - - (19)
\/u (x;)+u (xpt)
where
u(x;) isthe participant’s own estimate of the standard uncertainty of its result x;, and

u(x,y) isthe standard uncertainty of the assigned value x

28

pt:
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NOTE1 When the assigned value x,, is calculated as the consensus value from participant results, then x,
is correlated with individual participant results. The correlation for an individual participant depends on the
weighting given to that participant in the assigned value, and to a lesser extent, in the uncertainty of the assigned
value. For this reason, performance scores including the uncertainty of the assigned value without including
an allowance for correlation represent under-estimates of the scores that would result if the covariance were
included. The under-estimation is not serious if the uncertainty of the assigned value is small; when robust
methods are used it is least serious for the outermost participants most likely to receive adverse performance
scores. Formula (19) can therefore be used with consensus statistics without adjustment for correlation.

NOTE2  {scores differ from E, scores (see 9.7) by using standard uncertainties u(x;) and u(x,,), rather than
expanded uncertainties U(x;) and U(x,,). { can be particularly useful when participants use different measurement
procedures leading to very different measurement uncertainties. { scores above 2 or below -2 can be caused by
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participants, as follows. If a participant obtains z sceres that repeatedly exceed the crit
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the fitness for purpose of a particular participant’s results. Determination of fitness for purpos¢

sepal
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9.7

fnatically biased methods or by a poor estimation of the measurement uncertainty by the
s therefore provide a rigorous assessment of the complete result submitted by the participant

Using { scores allows direct assessment whether laboratories are able to déeliver cor
psults that agree with x,, within their measurement uncertainties. { sceres may be
b the same critical values of 2,0 and 3,0 as for z scores, or with multiples from the
rage factor used when estimating expanded uncertainty. However, an-adverse { score
r alarge deviation of x; from x_;, an under-estimate of uncertainty onthe part of the pa

pt
hbination of both.

It can be useful for the proficiency testing provider to give,additional information about
ted uncertainties. Useful guidelines for such assessment are suggested in 9.8.

{ scores can be used in conjunction with z scores, as an aid for improving the per

hey may find it of value to examine their test procedure step by step and derive an
jation for that procedure. The uncertaintysevaluation will identify the steps in th
e the largest uncertainties arise, so that the participant can see where to expend effo
nprovement. If the participant’s { scores also repeatedly exceed the critical value of 3
the participant’s uncertainty evaluation does not include all significant sources of
they are missing something important). Conversely, if a participant repeatedly obt
1t { scores <2, this demonstrates-that the participant may have assessed the uncerta
ts accurately but that theirtresults do not meet the performance expected for the|
hg scheme. This may be the‘case, for example, for a participant who uses a screenin
urement procedures where the other participants apply quantitative methods. No acti
participant deems thatthe uncertainty of its results is sufficient.

When a { _seore is used alone, it can be interpreted only as a test of whether the
tainty is congsistent with the particular observed deviation and cannot be interpreted as an

ately (for'example by the participant or by an accrediting body) by examining the deviatio
ined standard uncertainties in comparison with a target uncertainty.

barticipant. ¢
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9.7.1

E, scores can be useful when an objective for the proficiency testing scheme is

to 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 by Formula (20):
X; —Xpt
(En); == = (20)
JUZ () +U% (%, )
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where

Xpt

U(x,) is the expanded uncertainty of the assigned value x

Ulx)
NOTE

2022(E)

is the assigned value determined in a reference laboratory;

pts

is the expanded uncertainty of a participant’s result x;.

Direct combination of expanded uncertainties is not consistent with the requirement of

ISO/IEC Guide 98-3 and is not equivalent to the calculation of a combined expanded uncertainty unless both the
coverage factors and the effective degrees of freedom are identical for U(x;) and U(x).

972 E,s
related) per
and has an
that should

correctly and if the proficiency testing provider has determined U(x,) correctly. Therefore, scores
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NOTE W
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9.8 Evalu

9.8.1 With increasing application of ISO/IEC 17025, there is better understanding of measure

uncertainty;
common in

it has not bej
E, scoresin

9.8.2 So
report the
are not used

g

cores should be interpreted with caution, because they are ratios of two separate
formance measures. The numerator is the deviation of the result from the assigned v
interpretation discussed in 9.3. The denominator is a combined expanded:uncert
not be larger than the deviation in the numerator, if the participant has determined

-1,0 could indicate a need to review the uncertainty estimates, or to correct a measure
irly -1,0 < E,, < 1,0 should be taken as an indicator of successful performance only }

s are valid and the deviation x;-x,, is smaller than needed by the participant’s custome

hile the interpretation of E, scores can be difficult, that does nof prevent their use. Incorpoy
n uncertainty into the interpretation of results of proficiency.festing results can play a majo
the participants’ understanding of measurement uncertainty'dnd its evaluation.

ation of participant uncertainties in testing

The use of laboratory evaluations of uncertainty in performance evaluation has
proficiency testing schemes in different@reas of calibration, such as with the E, score
en common in proficiency testing for.testing laboratories. The { scores described in 9.4
9.7, are options for evaluation of results against the claimed uncertainty:.

proficiency testing providers have recognized the usefulness of asking laboratori
certainty of results in proficiency testing. This can be useful even when the uncertai
in scoring. There are several purposes for gathering such information:

ation bodies can-assure that participants are reporting uncertainties that are consi
bir scope of accreditation;

ants can review their reported uncertainty along with those of other participant
onsistericy (or not) and thereby gain an opportunity to identify whether their evaluati

aLnty is,not counting all relevant components, or is over-counting some components;
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9.8.3 Where x
then it is unlikef)y

could be us

Inty 1s reported with the result.

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

¢ is determined using procedures in 7.3 to 7.6 and u(x,,) meets the criterion in

ed as a lower limit for screening, called u If the assigned value is determined

min*

9.2.1

that a participant result will have smaller standard uncertainty than this, so u(x)

from

participant results (7.7), then the proficiency testing provider should determine practical screening

limits for u,,

NOTE
than u,;,.

30

in

If u(x,) includes variability due to inhomogeneity or instability, the participant’s u(x;) can be smaller
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9.8.4 Itis also unlikely that any participant’s reported standard uncertainty is larger than 1,5 times
the robust standard deviation of participants (1,5s5*), so this may be used as a practical upper limit for
screening reported uncertainties, called u,,.

NOTE1 The factor 1,5 is the upper limit of the variability in standard deviations that can be expected
for a consensus standard deviation with 10 or more results, based on the square root of percentiles of the F
distribution. A proficiency testing provider adopting this procedure can use a different multiplier.

NOTE 2  Larger ratios than 1,5 are possible when participants use a wide variety of methods.

9.8.5 If up,, or u,,, or other criteria, are used to identify aberrant uncertainties, the proficiency
testipgprovider shoutdexplaimrthistoparticipants;anmdmake it ctear thatareporteduncentainty, u(x,),
can be valid even if it is lower than u,;, or larger than u,,,; and when this occurs participgnts and any
interested parties should check the result or the uncertainty estimate. Similarly, a reponted{uncertainty
can be larger than u,;, and smaller than u and still not be valid. These are informative indicators
only.

max’

9.8.6 Proficiency testing providers may also draw attention to unusually high or low ulncertainties
basef on, for example:

— g§pecified quantiles for the reported uncertainties (for example®elow the 5th percentile and above
the 95th percentile of the reported standard or expanded unéértainties);

— limitsbased onanassumed distribution with scale based.oh the dispersion of reported uncertainties;
— arequired measurement uncertainty.

NOTH Since uncertainties are unlikely to be normally’distributed, transformation is likely to |be necessary
wher| using limits that rely on approximate or underlyiitg normality; for example box plot whisker lifnits based on
the ijterquartile range have a probabilistic interpretation only when the distribution is approximately normal.

9.9 | Combined performance scores

9.9.1] It is common, within a single round of a proficiency testing scheme, for results to [be obtained
for more than one proficiency tést'item or for more than one measurand. In this situation|, the results
for epch proficiency test itemrand for each measurand should be interpreted as described |n 9.3 to 9.7;
i.e., the results for each preficiency test item and each measurand should be evaluated sepdrately.

9.9.2 There are applications when two or more proficiency test items with specially dedigned levels
are included in asproficiency testing scheme to measure other aspects of performance} such as to
invegtigate repeatability, systematic error, or linearity. For example, two similar proficiengy test items
may be used.in)a proficiency testing scheme with the intention of treating them with a Youden plot, as
describedin.10.5. In such instances, the proficiency testing provider should provide parti¢ipants with
com;l)lete descriptions of the statistical design and procedures that are used.

9.9.3 The graphical methods described in Clause 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 participants - such as correlation between results for different measurands - that is not apparent in
tables of the individual scores.

9.9.4 Inproficiency testing schemes that involve a large number of measurands, a count or proportion
of the numbers of action and warning signals can be used to evaluate performance.

9.9.5 Combined performance scores or award or penalty scores should be used only with caution,
because it can be difficult to describe the statistical assumptions underlying the scores. While
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combined performance scores for results on different proficiency test items on the same measurand
can have expected distributions and can be useful for detecting persistent bias, averaged or summed
scores across different measurands on the same or different proficiency test items can conceal bias in
results for single measurands. The method of calculation, the interpretation, and the limitations of any
combined or penalty scores used shall therefore be made clear to participants.

10 Graphical methods for describing performance scores

10.1 Application of graphical methods

pund
se of
/ can
aphs
sults
used
t not
y the
ness
luate

The proficigncy testing provider should normally use the performance scores obtained in eachyr
of a proficiejncy testing scheme to prepare graphs such as those described in 10.2 and 10.3. The'y
performancp scores, such as Py, z, z’, {, or E, scores in these graphs has the advantage that-they
be drawn uging standardized axes, thereby simplifying their presentation and interpretation. Gy
should be mjade available to the participants, enabling each participant to see where their own re
fall in relatipn to those obtained by the other participants. Letter codes or number, codes can be
to represenf the participants so that each participant is able to identify their~own results bu
able to determine which participant obtained any other result. The graphs may also be used b
proficiency testing provider and any accrediting body, to enable them to judge the overall effectivg
of the profidiency testing scheme and to see if there is a need for reviewing the criteria used to eva

NOTE The following subsections give a non-exhaustive list of selected graphical techniques that|have

been found y
whisker plot
in, for examp
Reference [3

10.2 Histograms of results or performance scores

10.2.1 The
of proficien
the statistic
large propol

Histograms
scores, or t
Histograms
schemes (fe}
with other
participant’
individualiz

seful in proficiency testing exercises. Other graphical methods can be useful, including box
and plots of participant result against reported uncertainty. Box and whisker plots are desd
le, ISO 16269-4[38]. A useful graphical plot for partiecipant results and uncertainties is descril]

).

histogram is a common statistical\tool, and is useful at two different points in the anz
'y testing results. The graph is useful in the preliminary analysis stage, to check wh
al assumptions are reasonable, or if there is an anomaly - such as a bimodal distribut
tion of outliers, or unusual skewness that was not anticipated.

can also be useful in feports for the proficiency testing scheme, to describe the perform
p compare results.on, for example, different methods or different proficiency test if
are particularlyuseful in individual reports for small or moderate-sized proficiency te

-and-
ribed
ed in

lysis
bther
on, a

ance
ems.
sting

ver than 100Qparticipants) to allow participants to assess how their performance compares

participants;-for example, by highlighting a block within a vertical bar to repres

ent a

5 resultlor, in small proficiency testing schemes (fewer than 50 participants), using

ed plotcharacters for each participant.

10.2.2 Hist

agramec canho nranarad ucinag actual narticinant racnltc arnaorfarmanca cenrag Partics
e aHSHHE e P e PR eSS 0 pe SEoFreS—+—i+t

5T Trito-corr TP o< o T TTrotTrorrce

elpant

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 should 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.
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10.2.3 The scale and plot intervals should be chosen so that bimodality can be detected (if it is present),
without creating false warnings due to the resolution of measurement results or small numbers of
results.

NOTE1 Theappearance of histograms is sensitive to the bin width chosen and to the location of bin boundaries
(for constant bin width this is largely dependent on the starting point). If the bin width is too small, the plot will
show many small modes; too large and appreciable modes near the main body might not be sufficiently distinct.
The appearance of narrow modes and the relative heights of adjacent bars can change appreciably on changing

starting position or bin width, especially where the data set is small and/or shows some clustering.

NOTE 2

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

10.3

10.3
the g
data
stan
ther
SMo(

10.3

Kernel density plots

1 A kernel density plot, often abbreviated to ‘density plot’, provides a smaoth’curvi
eneral shape of the distribution of a data set. The idea underlying the kernel estimate
point is replaced by a specified distribution (typically normal), centredon the poin
lard deviation o) ; o} is usually called the ‘bandwidth’. These distributions are added f
esulting distribution, scaled to have a unit area, gives a ‘density estimate’ which can be
th curve.

e describing
is that each

and with a
ogether and
plotted as a

2 The following steps may be followed to prepare a kernél\density plot. It is assumed that a data

set 4 consisting of p values xy, x,, .., X, are to be included fu the plot. These are usually] participant
results but may be performance scores derived from the results.
i) Choose an appropriate bandwidth o,. Two options-dre particularly useful:
4) For general inspection, set g, = 0,9 s*/p%.Ziwhere s* is a robust standard deviation ¢f the values
X1, .-, Xp calculated using procedures in\€.2 or C.3.
) To examine the data set for gross'modes that are important compared to the ¢riterion for
performance assessment, set ¢ 0,750, if using z or { scores, or oy = 0,256y if using D or D%.
NOTE 1 Option a) above Tollows Silverman[32 which recommends s* based on thge normalised
interquartile range (nIQR).\O@ther bandwidth selection rules that provide similar resultg include that
of Scottl29], which replaCes the multiplier of 0,9 with 1,06. Reference [29] describes a near-optimal, but
much more complex, méthod of bandwidth selection. In practice, the differences for visual inspection
are slight and the choice depends on software availability.
NOTE 2 Qption b) above follows IUPAC guidancel32],
ii) $eta plottingqange gy, to Gy ay SO that g, S min(xy, ... X, ) - 30y and gy, = max(xy, .| X, ) + 30y
iii) Choose_anumber of points n; for the plotted curve. n, = 200 is usually sufficient unlgss there are
extrefne outliers within the range of the plot.
iv) (aleulate plotting locations g, to g, from Formula (21)
i =qmin +(i—1) (21)
nk -1
v) Calculate n; densities h; to h, from Formula (22)
1 X;—4;
hi_;z_j:l(p o, fori=1toi=n; (22)
where ¢(.) denotes the standard normal density.
vi) Plot h; againstq; .
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NOTE1 A density curve will usually extend beyond the range of the data; the plotting range q; to g, is
commonly chosen to be at least 30y beyond the extremes of the data set. On occasions when this extends beyond
the feasible range for the data (for example below zero) the plot can be truncated at the limit of the feasible range
as necessary to avoid misinterpretation.

NOTE 2 It can be useful to add the locations of the individual data points to the plot. This is most commonly
done by plotting the locations below the plotted density curve as short vertical markers (sometimes called a
‘rug’), but can also be done by plotting the data points at the appropriate points along the calculated density
curve.

NOTE 3  Density plots are best done by software. The above stepwise calculation can be done in a spread-
sheet for modest data set sizes. Proprietary and freely available statistical software often includes density plots

based on sinfifar default bandwidth choices. Advanced Software Implementations of density piots can us this
algorithm or ffaster calculations based on convolution methods.

NOTE4  Examples of kernel density plots are given in E.3, E.4, and E.6.

10.3.3 The|shape of the curve is taken as an indication of the distribution from which the data were
drawn. Distinct modes appear as separate peaks. Outlying values appear as_separate peaks|well
separated fijom the main body of the data.

NOTE1 Afensity plotis sensitive to the bandwidth o) chosen. If the bandwidth-is.too small, the plot will[show
many small mhodes; too large and appreciable modes near the main body mightshotbe sufficiently distinct.

NOTE 2  Like histograms, density plots are best used with moderate to'large data sets because small data

sets (ten or f
deviation is u

10.4 Bar-[

10.4.1 Bar{
similar chai

for a participant, for example if a participant-achieves several high z scores indicating generally

performanc

10.4.2 To prepare a bar-plot, collect the standardized performance scores into a bar-plot as shoy

Figure E.10,
scores, such|

10.4.3 Whe
results mayj
in ISO 5725
defined in A

NOTE1 A

sed as the basis for the bandwidth.
lots of standardized performance scores

plots are a suitable method of presenting the performance scores for a numb
acteristics in one graph. They will reveal if there is any common feature in the s

e, that participant may have positiyve bias.

in which scores for each participant are grouped together. Other standardized perform
as D% or P, can be plotted for the same purpose.

n replicate determinations are made in a round of a proficiency testing scheme
be used to calctlate a graph of precision measures; for example, k statistics as desc
2, or a related measure scaled against the robust average standard deviation such as
lgorithm S (see C.4).

baf ‘plot or other plot of performance scores in order of increasing score can help partici

compare their performance quickly against the majority of other participants.

bwer) can by chance include mild outliers or apparent modes, particularly when a robust stamdard

br of
rores
poor

VN in
ance

the
ribed
that

pants

NOTE 2

An example of a bar plot with z scores is provided in 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 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
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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 in that area of the measuring interval. Youden plots can be useful for widely different levels of a
measurand in the presence of consistent systematic error, but they can be deceptive if a calibration error is not

consistently positive or negative across the range of measurand levels.

10.5.3 When a Youden plot is constructed, interpretation is as follows:

b)

‘)

NOTE 1

NOTE 2
NOTE 3

Youden plot is provided ittReference [36]. Outlier-resistant estimators of correlation coefficient ai
for cqnfidence ellipses.iiithe presence of outliers are discussed and compared in Reference [40].

10.6

10.6
scheménthe results can be used to produce a plot to identify any participants whose

following the test method correctly, so that its results are subject to systematic ert'or

[nspect the plot to see if there is evidence of a general relationship‘between the results
proficiency test items (for example if they lie approximately along.a sloped line). If ther¢
of a relationship, then it shows that there is evidence of participant bias that affe
proficiency test items in a similar way. If there is no apparent visual relationship bety
e.g. points are distributed approximately evenly in a cir€ular region, usually with hig
fowards the centre) then the measurement errors for,the two proficiency test items
independent. This can be checked with a rank correlation statistic, if the visual exami
¢onclusive.

Inspect the plot for close groups of participants, either along the diagonals or elsey
groups are likely to indicate differences between different methods.

adequately specified. Investigation of the test method can then allow the reproducibility of t

An example of a Youden plot is provided in E.12.

A general methad)of constructing confidence ellipses that can be used to aid interp

Plots of répeatability standard deviations

1 WHhen replicate measurements are made by the participants in a round of a profici

iripant is not

a point will
n the upper
han that for
proficiency
proficiency

for the two
b is evidence
ts different
veen results
rher density
are largely
hation is not

vhere. Clear

In studies where all participantsuise the same measurement method, or plots of resulgs are from a
singl¢ measurement method, if results lie along a line, this can be evidence that the measurement m
been
be geperally improved.

bthod has not
he method to

retation of a
d covariance

ency testing
hverage 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 x4, x,, .., X, as calculated by Algorithm A

Xp'

w* = the robust pooled average of sy, s,, ..., 5, as calculated by Algorithm S

Sp
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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 2
_ *
H% +|y2(m 1) 1n[i (23)

w w*

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

*
s=w pxp |t 720 oo~ [Nm X (24)
2(m-1) w

on the standard deviation axis against x on the average axis for

x5 x5
x = x* L w* 2;0,99 to x*+w* 2:0,99 (25)
m m

NOTE This procedure is based on the Circle Technique introduced by vamrNuland[3¢]. The method desdribed
used a simpl¢ Normal approximation for the distribution of the standard déviation that can give a critical rgegion
containing n¢gative standard deviations. The method given here uses ah.approximation for the distributjon of
the standard| deviation that avoids this problem, but the critical region’is no longer a circle as in the original.
Further, robyst values are used for the central point in place of simple,averages as in the original method.

10.6.3 The|plot can indicate participants with bias that:is unusually large, given their repeatabiljty. If
there are a large number of replicates, this technique.¢an also identify participants with exceptiopnally
small repeatability. However, because there are ustially a small number of replicates, interpretatlions
are difficult

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

10.7.1 Splif samples are used‘when it is necessary to carry out a detailed comparison off two
participantg, or when profieciency testing is not available and some external verification is ne¢ded.
Samples of [several materials”’are obtained, representing a wide range of levels of the property of
interest, eadh sample is Split into two parts, and each laboratory obtains some number (at least two) of
replicate determinatiens on part of each sample.

On occasion, mofie<than two participants may be involved, in which case one should be treated as a
reference, ahd-the others should be compared with it using the techniques described here.

NOTE1 This type of study is common, but often named differently, such as “paired sample” or “bilateral
comparisons”.

NOTE 2  This split sample design must 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 apparent when performance scores for each round are examined separately.

NOTE

by a

participant are combined over several rounds of a proficiency testing scheme, graphic

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

1 display of

the p
profi
in so
demd

10.8
erraf
limit]

10.8
are [

erformance scores can aid interpretation. The participant can have a fault that shows
Ciency test item used in one round but not in the others; a running score could hide this fa
me circumstances (e.g. with frequent rounds) 'smoothing' of occasional outlying scores-can
nstrating the underlying performance more clearly.

2 The Shewhart control chart is an effective method of identifying problems that
ic values of z scores. See ISO 7870-2l8] for advice on plotting Shewhart charts and rul
5.

2.1 To prepare this chart, standardized scores, such as z&cores or P, scores, for a
lotted as individual points, with action and warning limits)set consistent with the de

proficiency testing scheme. When several characteristics are“measured in each round of 3

testi
but {
and/|

hg scheme, the performance scores for different charagteristics may be plotted on the
he points for the different characteristics should be plotted using different plott
pr different colours. When several proficiency:test items are included in the same 1

proficiency testing scheme the performance scores:can be plotted together with multiple p

time

10.8
signa
a)
b)

)

q

1

q

10.8
invey

NOTH
diffeq
Shew

period. Lines joining the mean scores at eaclitime point may also be added to the plot

lis given when

a single point falls outside the action limits (3,0 for z scores, or 100 % for P,);

wo out of three successive points outside either warning limit (* 2,0 for z scores or 70

ix consecutive resulfs either positive or negative.

2.3 When a Shewhart control chart gives an out-of-control signal, the particij
tigate possible-causes.

The'standard deviation for proficiency assessment o, is not usually the standard dey
ences{X; - x,,), so the probability levels that are usually associated with the action and warn
hart\control chart do not always apply.

up with the
ult. However,
be helpful in

cause large
bs for action

participant
bsign for the
proficiency
same graph,
ng symbols
ound of the
bints at each

2.2 Conventional rules for interpreting the Shewhart control chart are that an oyit-of-control

% for P,);

bant should

riation of the
ng limits of a

10.8.3 When the level of a property varies from one round of a proficiency testing scheme to another,
plots of standardized performance scores, such as z and P,, against the assigned value will show if the
participant bias changes with level. When more than one proficiency test item is included in the same
round of the proficiency testing scheme, the performance scores can all be plotted independently.

NOTE1 It can be useful to have a different plotting symbol or different color for the results from the current
round of the proficiency testing scheme, to distinguish the point(s) from previous rounds.

NOTE2 An example of such a plot is provided in E.14, using P, scores. This plot could as easily use z scores,
with only a change in the vertical scale.
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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:

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);

Proficie]
criteria
special

binary)

Profici¢
accordi
examplg

Such proficiency testing schemes require special consideration for the design, value assignment

performanc

assigne

statistig
data. Fd
results

ncy testing schemes for presence or absence of a property, whether determined by subie|
or by the magnitude of a signal from a measurement procedure. This can be regardec
case of a categorical or ordinal scale, with only two values (also called ‘dichétomoul

ncy testing schemes requiring results reported on an ordinal scale, which'can be org
g to magnitude but for which no arithmetic relationships exist among different result
e, ‘high, medium and low’ form an ordinal scale.

e evaluation (scoring) stages because
l values are very often based on expert opinion, and

al treatment designed for continuous-valued and coutit data is not applicable to qualit
r example, it is not meaningful to take meanswand standard deviations of ordinal
bven when they can be placed in a ranking order.

The following paragraphs accordingly provide guidange on design, value assignment and perform

evaluation fj

NOTE
scale with di

11.2 Statiq

11.2.1 For
assignment
panel of apy
on appropri
assignment
the consiste

EXAMPLE

br qualitative proficiency testing schemeés.

Guidance for ordinal data does not apply’to measurement results that are based on a quanti

continuous indications (such as dilutions or titres); see 5.2.2.
tical design

proficiency testing\.schemes in which expert opinion is essential either for
or for assessmert-of participant reports, it will normally be necessary to assem
ropriately quatified experts and to provide time for debate in order to achieve conseg
ate assignment” Where there is a need to rely on individual experts for scoring or Y
the profieiency testing provider should additionally provide for assessment and cont
ncy of opintion among different experts.

In\a‘clinical proficiency testing scheme that relies on microscopy for diagnosis, expert op

is used to as

ctive
asa

)’

s’, or

ered
5. For

and

ative

scale

ance

ative

ralue
ble a
nsus
yalue
ol of

inion

5ess microscope slides provided to participants and provide an appropriate clinical diagnos

is for

proficiency test items. The proficiency testing provider can 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 can 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 can, 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,
footpfInts, etc.). In many cases indeterminate 15 an allowed response. A proiiciency tesung. scheme might
inclugle multiple proficiency test items from different sources, and participants are asked to state which are from
“same source”, “different source”, or “indeterminate” for every pair. This allows objective scoxes ¢f number (or
%) carrect or incorrect, or number (%) correct matches, or correct rejections. Performance eriterip can then be
determined on fitness for use, or on degree of difficulty of the challenge.

11.2
item
exan|

3 Homogeneity should be demonstrated with review of an appropriate’'sample of proficiency test
5, all of which should demonstrate the expected property value. For,seme qualitative prioperties, for

for e
conv

iple presence or absence, it may be possible to verify homogeneity with quantitative me
kample a microbiological count or a spectrum absorbance above'a threshold. In these
entional test of homogeneity may be appropriate, or a demdnstration of all results be

hsurements;
situations a
ng above or

beloy a cut-off value.

11.3 Assigned values for qualitative proficiency testing schemes

11.3
a)
b)
‘)
d)

1 Values may be assigned to proficiency test items:

!

f

y expert judgement;

y use of reference materials as profidiency test items;

rom knowledge of the origin or preparation of the proficiency test item(s);

Wising the mode or median ofiparticipant results (the median is appropriate only for ordinal values).

Any be used. The

folloy

pther value assignment method that can be shown to provide reliable results may also
ving paragraphs consider each of the above strategies.

NOTH It is not usually appropriate to provide quantitative information regarding the uncer
assighed value in gualitative proficiency testing schemes. Each of the paragraphs 11.3.2 to 11.3.1
requires the provision of basic information relating to confidence in the assigned value so that par
judgd whether@ poor result might reasonably be attributable to an error in value assignment.

tainty of the
b nonetheless
ticipants can

11.3}2 Values assigned by expert opinion should normally be based on a consensus of a panel of
suitably’/qualified experts. Any significant disagreement among the panel should be recgtrded in the
proficiency testing scheme report for 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 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 of
the proficiency testing scheme. 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 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 shall 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 of the proficiency testing scheme

either on request or as part of the report for that round.

EXAMPLE

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

11.3.4.1 Confirmatory tests or measurements are recommended where possible, especially W

contaminati
identified aj
response to
contaminati

11.3.4.2 TH
or doubts alf

NOTE Fy

11.3.5 The
a categoricg
ordinal scal
should incly
assigned va
results for
relationship

11.3.6 Whd
assigned va
for uncertai

on may compromise use as a proficiency test item. For example, a proficiency test

an exemplar of a single microbial, plant or animal species should normally be\teste
tests for other relevant species. Such tests should be as sensitive as possible o ensurd
ng species are either absent or that the level of contamination is quantified.

e proficiency testing provider should provide information on any contamination detg
out origin that may compromise use of the proficiency test item.

rther detail on characterisation of such proficiency test items is beyond the scope of this docu

mode (the most common observation) may be used as\the assigned value for resul
| or ordinal scale, while the median may be used as-the assigned value for results (
e. Where these statistics are used, the report for, the proficiency testing scheme r
de a statement of the proportion of the results uséd in value assignment that matche
ue. It is never appropriate to calculate means or standard deviations for proficiency te

there
item
d for
that

pcted

ment.

[s on
n an
pund
d the
sting

gualitative properties, including ordinal wvalues. This is because there is no arithietic

between different values on each scale.

n assigned values are based on-.measurements (for example presence or absence)
ue can usually be determined definitively; i.e., with low uncertainty. Statistical calcula|
hty may be appropriate for levels of measurand in “indeterminate” or “equivocal” level

, the
kions
S.

11.4 Perfarmance evaluation and scoring for qualitative proficiency testing schemes

11.4.1 Evaluation of participant performance in a qualitative proficiency testing scheme depends in
part on the|nature of the/report required. In some proficiency testing schemes, where a signifficant
amount of eyaluation is £équired of participants and the conclusions require careful consideration and
wording, participantreports may be passed to experts for appraisal and may be given an overall mark.
At the other| extreme,\participants may be judged solely on whether their result coincides exactlywith
the assigned value-for the relevant proficiency test item. The following paragraphs accordingly provide
guidance on| performance assessment and scoring for a 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
proficiency testing scheme, the proficiency testing provider should ensure that:

the particular participantis not known to the expert. In particular, the report passed to the expert(s)
should not include any information that could reasonably identify the participant;

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

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

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

a)

and is marked as unacceptable, or given an adverse performance score, otherwise.

EXAMPLE

correct results are scored as 1 and incorrect results as 0.

b)

Each result is marked as acceptable (or scored as a success) if it exactly matches the assigned value

In a proficiency testing scheme for determining the presence or absence of a contaminant,

Results that 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 depends on the

n

I

d

\
4

I

q
€
\

Indiy
Whe
prov

11.4

proficiency test items are provided to each participant, the proficiency testing provider m

and
perfy

1
1

1

q

EXAN
coeff
simil
other

3 score of ‘0’ for an exactly correct identification of a microbiological species, ‘1’ point’for a
correct but would not change clinical treatment (for example identification ,as|a different but related

b

3 distance metricbased on the differences between results and assigned values.

re of the mismatch. h rin igns shoul ign lower r r
e consistent with other types of performance scores (for example z score, P, score,(; 4

EXAMPLE1  In a clinical pathology proficiency testing scheme, a proficiency testing’pro

icrobiological species requiring similar treatment), and 3 points for an identification that is
vould lead to incorrect treatment of a patient. This scoring scheme will usually reéquire expert
he nature of the mismatch, perhaps obtained prior to scoring.

EXAMPLE 2 In a proficiency testing scheme for which six possible kesponses ranked on an
re possible, a result matching the assigned value is given a score of-0 and the score is incre

ach difference in rank until the score increases to a maximum0f 6 (so a result adjacent to
ralue would attract a score of 2).

idual performance scores for each proficiency test)item should be provided to {
Fe replicate observations are performed a summary of performance scores for each rg
ded.

4 Where multiple replicates are reported for each proficiency test item or whg

ise combined performance scores‘gr score summaries in performance assessmen
rmance scores or summaries may.be calculated as, for example,

he simple sum of performanege scores across all proficiency test items,
he count of each level ofperformance allocated,

he proportion of corkect results, and

PLE Awéry general measure of difference that is sometimes used for qualitative data
cient[20] ¢This can combine quantitative and qualitative variables based on a combination
hrity. Fer-eategorical or binary data the index allocates a score of 1 for exactly matching cat

rformance, to

ind E).

yider assigns
result that is

ncorrect and
udgement on

ordinal scale
ased by 2 for
the assigned

articipants.
esult may be

re multiple
ay calculate
r. Combined

is the Gower
of scores for
pgories and 0

divid

the sum divided by the number of variables used. A weighted variant can also be used.

wise; \for ordinal scales it allocates a score equal to 1 minus the difference in rank divided b
kS-available, and for interval or ratio scale data it allocates a score equal to 1 minus the absol

y the number
ite difference

arelsummed and

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 proficiency testing scheme round.

NOTE An example of the analysis of ordinal data is provided in 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
ora CRM

d Average difference between measurement values and the assigned value for a CRM

D Participant difference from the assigned value (x-x,,;)

D% Participant difference from the assigned value expressed as a percentage of x¢

Ok Maximum permissible error criterion for differences

Shom Error due to the difference between proficiency test items

Ostab Frror due to instability during the period of proficiency testing

Otrans Error due to instability under transport conditions

E, ‘Error, normalized” score that includes uncertainties for theparticipant result and the
hssigned value

g Number of proficiency test items tested in a homogeneity check

m Number of replicate measurements to be made by each participant on a proficiency te§t
tem

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

P, Proportion of allowed error (D/6g), can beexpressed as a percentage

Sy F:stimate of repeatability standard deviation

SR F:stimate of reproducibility standard’deviation

S Estimate of between-sample standard deviation

s* Robust estimate of the participant standard deviation

Sy Standard deviation of sdmple averages

Sw Within-sample or within-laboratory standard deviation

Oy Bandwidth standard deviation used for kernel density plots

oy, Between-labokatory (or participant) standard deviation

Ot Standarddéviation for proficiency assessment

o, Repeatability standard deviation

OR Reproducibility standard deviation

Ugifs Standard uncertainty of the aiffeTence betweemn an INdependent Teference vaiue or a To-
bust average and an assigned value

Ui Expanded uncertainty of the difference between an independent reference value or a ro-
bust average and an assigned value

Uhom Standard uncertainty due to differences between proficiency test items (“inhomogenei-
ty”)

Upnax Upper limit for standard uncertainty used for screening participants’ reported measure-
ment uncertainty

Upnin Lower limit for standard uncertainty used for screening participants’ reported measure-
ment uncertainty

Ugtab Standard uncertainty due to instability during the period of proficiency testing
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Uirans Standard uncertainty due to instability under transport conditions

u(x;) Standard uncertainty of a result from participant i

u(xpy) Standard uncertainty of the assigned value

U(Xper) Standard uncertainty of a reference value

U(x,) Expanded uncertainty of a result from participant i

U(x,) Expanded uncertainty of the assigned value

U(X;ef) Expanded uncertainty of a reference value

w, Between-test-portion range

w* RODUST estimate of participant repeatability

X Measurement result (generic)

Xchal Property value obtained from the determination of the assigned value

XCRM Certified value for a property in a Certified Reference Material

Xqiff difference between an independent reference value or a robust gverage and an pssigned
value

X; Measurement result from participant i

Xt Assigned value

Xpof 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

{ Zeta score - modified z score that inclides uncertainties for the participant result and the
assigned value

NOTH References to calculation of parameters such as the mean, standard deviation etc. in this document

are ynderstood to refer to sample estimates of the corresponding population parameters. The
“estifnate of” or “estimated” has, however;’been omitted for brevity.

qualification
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Annex B
(informative)

Homogeneity and stability of proficiency test items

B.1 General procedure for a homogeneity check

B.1.1 To d
follow the p

Choose a pr

Choose a laboratory to carry out the homogeneity check and a measurement.method to use

method sho
inhomogeng
standard de
Harmonized
proficiency

Prepare and
that there al
for the hom

Select a nurj
selection pr
may be redy
testitems p

Prepare m
proficiency

Taking the (¢
whole series

Calculate thie general averagex , within-sample standard deviation s,,, and between-sample stan

deviation s

B.1.2 Whsg
then the sta
method wit}

onduct an assessment for homogeneity for a bulk preparation of proficiency test i
Focedure given below:

pperty (or properties) or measurand(s) to assess with the homogeneity chéek

uld have a sufficiently small repeatability standard deviation (sg.$e' that any signif]
ity can be detected. The ratio of the repeatability standard deviation for the method t
viation for proficiency assessment should be less than 0,5, ascecommended in the Il

Protocol (or 1/6 of 8). It is recognized that this is not always possible, so in that cas
festing provider should use more replicates.

‘e sufficient proficiency test items for the participafits in the proficiency testing schem
pgeneity check.

hber g of the proficiency test items in theit‘final packaged form using a suitable rar
pcess, where g = 10. The number of proficiency test items included in the homogeneity g
ced if suitable data are available from previous homogeneity checks on similar profic
‘epared by the same procedures.

> 2 test portions from each proficiency test item using techniques appropriate t
fest item to minimize between-test-portion differences.

of measurements under repeatability conditions.

as shown in B3/

n it is not possible to conduct replicate measurements, for example with destructive f
ndard,deviation of the results can be used as s;. In this situation it is important to h
1 a’sufficiently low repeatability standard deviation s.

ems,

The
icant
o the
JPAC
e the

package the proficiency test items for a round of theproficiency testing scheme, ensfiring

b and

1dom
heck
ency

the

x m test portions in a random order, obtain a measurement result on each, completinig the

dard

ests,
hve a

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) 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.
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b) Examine the results for proficiency test item averages by production order; if there is a serious
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

1) either assign individual values to each proficiency test item, or

2) discard a subset of proficiency test items significantly affected and retest the re

sufficient homogeneity, or

3) ifthe trend affects all proficiency test items, follow the provisions at B.2.4.

mainder for

c) Compare the difference between replicates (or range, if more than 2 replicates) and, if necessary, test

1or a statistically significant difference between replicates, using Cochran’s test (see

\

|
1

f the difference between replicates is large for any pair, review a technical explana
ifference and if appropriate, remove the outlying group from the analysis or, ifjn>2 §
rariance is caused by a single outlier, remove the outlying point.

f m>2 and a single observation is removed, subsequent calculation of ’s;; and s, m{
esulting imbalance into account.

SO 5725-2).
tion for the
ind the high

st take the

B.2.2 Compare the between-sample standard deviation s, with the'standard deviation for proficiency
assegsment o,,.. The proficiency test items may be considered to be adequately homogeneoys if:
sk<0,3 0y, (B.1)
NOTE 1  The justification for the factor of 0,3 is that whensthis criterion is met the between-sanjple standard
devigtion contributes less than 10 % of the variance for evaluation of performance, so the performance evaluation
is unlikely to be affected.
NOTE 2  Equivalently, s, can be compared to 6 :
sl < 0,16g (B.2)
B.2.3 It may be useful to expand.the criterion to allow for the actual sampling error and repeatability
in the homogeneity check. In these cases, take the following steps:
a) Calculate o?, = (0 30 )2
allow ’ pt
b) (alculate ¢ =F g5 +F,s?, where
Sy iSthe within-sample standard deviation as calculated in B.3;
Fland £\ are from standard statistical tables, reproduced in Table B.1, for the number] of profi-
ciency test items selected and with each item tested in duplicatel32.
Table B.1 — Factors F; and F, for use in testing for sufficient homogeneity
g 20 19 18 17 16 15 14 13 12 11 10 9 8 7
F; 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
Fy 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 | 1,43
Where m>2, F, in B.2.3. b) and Table B.1 shall_ be replac_efl with F,, = (F; _q gim-1), 095 ~ 1)/m
where Fy _ 4 ;- 1, 0,95 IS the value exceeded with probability 0,05 by a random variable with an
F-distribution with g - 1 and g (m - 1) degrees of freedom.
NOTE The two constants in Table B.1 are derived from standard statistical tables as follows:
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F; = x? 0,95(g - 1)/(9-1) where X2 0,95(g - 1) is the value exceeded with probability 0,05 by a chi-
squared random variable with g - 1 degrees of freedom, and

Fy=(Fyos (- g 1)/2 where F 95(g-L:g) 19 the value exceeded with probability 0,05 by a random
variable w1th an F-distribution with'g - 1 and g degrees of freedom.

o If sy > Ve then there is evidence that the batch of proficiency test items is not sufficiently

homoge

neous

B.2.4 When o, is not known in advance, for example when o, is the robust standard deviation of
participant results, the proficiency testing provider should choose other criteria for determining

sufficient hd
a) checkfd
Analysi

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

c) usedat
ISO 572
d) accept
check t}

B.2.5 If th
consider ad

a) Include
assessnj
particip

’
Gpt Z\/O'

b) Include

¢) When g},

proficie
relaxed

If none of a)
the cause of]

B.3 Fornj

mogeneity. Such procedures could imclude:

r statistically significant differences between proficiency test items using, for exanipl
5 of Variance F test at =0,05;

 from a precision experiment (such as a reproducibility standard deviation as describ
b-2);

he risk of distributing proficiency test items that are not sufficiently homogeneous
je criterion after the consensus oy, has been calculated.

e criteria for sufficient homogeneity are not met, the proficiency testing provider
pting one of the following actions.

the between-sample standard deviation in “the standard deviation for profic
ent, by calculating o', as in Formula (B.3)oNote that this needs to be described fu
ants.

2 , .2
pt 55

¢ is the robust standargd deviation of participant results, then the inhomogeneity bety
hcy test items is included’in o, and so the criterion for acceptability of homogeneity c

. ] pt
with caution.

to c) applies, discard the proficiency test item and repeat the preparation after corre
inhomogenéity:.

julae for homogeneity check

b, the

ed in

and

shall

ency
ly to

s in the uncertainty of the assigned value and use z’ or 6’ to assess performance (see p.5

veen
hn be

cting

The estimat]

e of within-sample standard deviation s, and between-sample standard deviation s

may

be calculated using analysis of variance as shown below. The method shown is for a chosen number g of
proficiency test items, measured in replicate m times.

The data from a homogeneity check are represented by x,

where

t represents the proficiency testitem (t=1,2........ ,9)

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

e=t3" x
t m k=1 t,k

and the estimate of between-test-portion variance as:

1 m _
SL? = (m—1) Zk:1(xk — Xt )2

Calculate the general average:

F-1 X
g&~t=1 ¢

the estimate of the variance of sample averages:

e Y (%)

o

X
Yo(g-1) et
and the within-sample variance:

2 _1 §2
g t=1 t

o

Estirpate the combined variance sfw of s;and s,

o

2 1 g = =\2 1\2 _ 280
S’Wz(g—l) t=1(xt _X) +(1_;jswzss TSw

Finally, estimate the between-sample variance as

2 2 2 1 g (o =2 1 3
Is = Ssw ~ Sw = (g 1) t_1(xt x) ;Sw
NOTH In the case that 53 <0, then itis appropriate to use s,=0.

For 8 common design when m is 2, the following formulae can be used.
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(B.4)

(B.5)

(B.6)

(B.7)

(B.8)

(B.9)

(B.10)
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Define the sample averages as:

Xe=(Xe1+X¢2)/2 (B.11)

and the between-test-portion ranges as:

W :|Xt,1 _Xt,2| (B.12)

Calculate the general average:

Il

Igr—
_52 o Xt (B.13)

Estimate the standard deviation of sample averages:

Sx =J§:f:1(f —%)° /(g—l) (B-14)

and the within-sample standard deviation:

(B.15)

S :\/max(O, s% —sﬁ,/Z) (B.16)

NOTE1 Tle estimate of between-sample variance:s.2 often becomes negative when s, is relatively smaller
than s,,. This|can be expected when proficiency testitems are highly homogeneous. In this case s, = 0.

NOTE 2 Injstead of using ranges, one can use between test portion standard deviations such as
ING

NOTE3  Anexample is providedin E.2

B.4 Procedures for-checking stability

B.4.1 Gerneral'considerations for checking stability

B.4.1.1 These clauses give guidance for meeting the stability requirements of 6.1. The provisions of
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 scheme round and on stability during transport.

B.4.1.2 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 scheme 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 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 reported results for a trend with date of measurement.
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B.4.1.3 The 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.

— More than 2 proficiency test items should be tested if the variability between proficiency test items
is large; more proficiency testing items or more replicates should be used if the repeatability is
suspect (for example if s, ors. > 0,50,,().

NOTE ISO Guide 35 provides strategies for minimizing the effect on stability studies of long-term variation
in th i ' i

B.4.2 Procedure for checking stability during the course of a proficiency testing scheme
round

B.4.2.1 A convenient model for testing stability in proficiency testing iS-<to test a small sample
of prfoficiency test items at the conclusion of a proficiency testing scheme round and copare these
with|proficiency test items tested prior to the round, to assure that ne'change occurred [through the
time|of the round. The check may include a check for any effect of transport conditions by [additionally
exposing the proficiency test items retained for the study duration t¢ conditions representing transport
cond‘Fions. For studies solely intended to check for transport<effects, the comparison|is between

proficiency test items that are shipped with proficiency test/items that are retained unddr controlled
condjtions.

NOTE 1  Proficiency testing providers can use the results of homogeneity testing prior to the proficiency
testing schemeround instead of selecting and measuring a separate set of proficiency test items.

NOTE 2  This model applies equally to proficiency.tésting schemes in testing and in calibration.

B.4.2.2 If a proficiency testing provider~includes shipped proficiency test items in the stability
assegsment in B.4.2.1, then the effects @f;transport are included in the assessment of stgbility. If the
effects of transport are checked separately, then the procedure described in B.6 should be yised.

B.4.2.3 A procedure for a basic¢ stability check using measurements before and after al proficiency
testihg scheme round is as fgllpws:

a) $elect a number 2g©fthe proficiency test items at random, whereg = 2.

b) $elect a single laboratory using a single measurement method with sufficiently small intermediate
precision.

c) Measuregproficiency test items before the planned date of distribution of proficiency test items to
Iarticipants. Replicated measurements should be made in a fully randomised order.

d) Reserve the remaining g proficiency test items under conditions similar to the expe¢ted storage

conditions at participants’ premises.

e) Assoon 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.

f) Calculate the averages y, and y, of the 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:

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.
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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.

NOTE Procedures using observations at regular intervals between the beginning and end of a proficiency

testing scheme round can also be used and can be advantageous if measurement system variation over ti
large enough to compromise the assessment described at B.5.

me is

B.5 Assessment criterion for a stability check

B.5.1 Confpare the general average of the measurements obtained in the check prior-fo)distrib
with the gemeral average of the results obtained in the stability check. The proficienéy,test items
be consider¢d to be adequately stable if:

|7, - 74| <030, or<0,15; (

B.5.2 Ifit |s likely that the intermediate precision of the measurement method (or the uncertair
measurement of the item) contributed to the inability to meet the criterion, then one of the follo|
options shotild be taken:

a) use an ipochronous stability study (see ISO Guide 35);

b) increas¢ the uncertainty of the assigned value to acecount for possible instability;

¢) expand|the criterion for acceptance by adding the uncertainty of the difference to o, usin
following formula:
— | 2 (= 2 (3
‘y1_y2‘§°’36pt+2\/“ (7,) +* (73) (

NOTE1 Tle factor of 2 in Formula (B.18) is a coverage factor for the expanded uncertainty of the differ
providing approximately 95 % confidence, and the combined uncertainty calculation has intentionally ass

that y, and|y, are independent,

NOTE2  Tlhe uncertaintie§.u? ()71) and u® (I’Z) in Formula (B.18) are understood as including measure

system variafion over thé&intervening time as well as repeatability.

1ition
may

3.17)

ty of
wing

> the

3.18)

ence,
himed

ment

B.5.3 If thje criterion in Formulae (B.17) or (B.18) is not met, the following options should be

considered:

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

scores); or

— examine the proficiency test item preparation and storage procedures to see if improvement
possible; or

— do not evaluate participant performance.

S are

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 Formula (B.18).
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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 Formula (B.18) provided that
the number of units tested is 3 or more.

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
condfitions of transport, for example, may also be used.

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

B.6.3 Where the transport stability check involves the comparison (of results for twp groups of
proficiency test items, one group being exposed to transport conditioniS/and one group that is not, the
critefion for sufficient stability in transport is the same as in B.5.1 o¥B.5.2.

NOTE 1  If the assigned value and standard deviation for proficiéncy assessment are detefmined from
partifipant results (e.g. by robust methods), then the average“and the standard deviation fof proficiency
assegsment will reflect any bias and increased variability (respectively) caused by transport conditfions.

NOTE 2  Anexample of a stability check is shown in E.2

© IS0 2022 - All rights reserved 51


https://standardsiso.com/api/?name=39410f81220a7cc46d381290659fd639

ISO 13528:

2022(E)

Annex C
(informative)

Robust analysis

C.1 General

Interlaboratory comparisons present unique challenges for data analysis. While most interlabor
comparisonf provide unimodal and approximately symmetric data, most proficiency testing.datd
include a prjoportion of results that are unexpectedly distant from the majority. Thesejcah aris
a variety of| reasons; for example, from less experienced participants, from less precise, or pe
new, measufrement methods, or from participants who did not understand the instructions or
processed the proficiency test items incorrectly. Such outlying results can be highly variable and iake
conventiondl statistical techniques, including the mean and standard deviation; tinreliable.

It is recommended (see 6.5.1) that proficiency testing providers use statistical techniques tha

robust to oy
those have |
resistance t

This Annex
different ca
breakdown
(simplest fit
more compl

NOTE 1
- three impoj

NOTE2 R
strictly corré
to avoid the
deviation” ar
standard dev

C.2 Simp
deviation

C.2.1 The

tliers. Many such techniques have been proposed in the statistical literature, and ma
peen used successfully for proficiency testing. Most robusttechniques additionally ¢
b asymmetric outlier distributions.

describes several techniques that have been applied in proficiency testing and
point), and differing simplicity of application. They are presented here in order of simp

st, most complex last), which is approximately inversely related to efficiency becaus
bx estimators tend to have been developedin order to improve efficiency.

tant indicators of the performance ef\warious robust estimators.

bustness is a property of the estimation algorithm, not of the estimates it produces, so it

e understood in this deciiment to mean estimates of the population mean or of the popu
iation calculated usingarobust algorithm.

median

pabilities regarding robustness to contaminated populations (for example efficiency

ct to call the averages and standard deviations calculated by such an algorithm “robust”. Hoy
use of excessively cumbgrseme terminology, the terms “robust average” and “robust stamdard

le outlier<pesistant estimators for the population mean and standarc

itory
sets
e for
haps
who

by of

bnfer

have

and
licity
e the

Annex D provides further information on-efficiency, breakdown point and sensitivity to minor modes

s not
ever,

ation

The median
distribution

tsastmplteanmd-highty outher-reststantestimator of the poputatiomr mreamrfor symm
s. To determine the median, denoted med(x):

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

Xy X2p - X(py

b)

52

calculate

etric

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=39410f81220a7cc46d381290659fd639

ISO 13528:2022(E)

<> x{(p+1)/2} p odd
med (x| =
e I e
> p even

C.2.2 Scaled median absolute deviation MAD,

c.1)

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

a) Calculate the absolute differences r]l (Fnr i=1to p) from

b)

If 50
nece
proc

C.2.3

A ro
provi
betw
resu
calcy

=

whet

Q

Q

If thd
proc
shou

NOTH

. = ‘xi — med (x)‘

Lalculate MAD,(x) from

MAD,(x) = 1,483 med(d)

bdure described in C.5.2.

3 Normalized interquartile range nIQR

bust estimator of the standard deviation similar~to MAD,(x) and slightly simpler tq
een the 75t percentile (or 3™ quartile) and 25t percentile (or 15t quartile) of the
lated as in Formula (C.4):

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

e

(x) denotes the 25%percentile of x; (i = 1,2,...,p)
(x) denotes the75t™ percentile of x; (i = 1,2,...,p)

75th and 25%-percentiles are the same, the nIQR will be zero (as will MAD,(x)) and an

|d be usedto calculate the robust standard deviation.

(see 4

proportion of outliers than nIQR.

NOTE 2

affect scores if these estimates are used in scoring participant results.

NOTE 3

produce slightly different nIQR.

NOTE4  Anexample using simple robust estimators is included in E.3.

©ISO

2022 - All rights reserved

(C.2)

(C.3)

% or more of the participant results are the same, then MAB,(x) will be zero, and it may be
csary to use the nIQR in C.2.3, an arithmetic standard deyijation (after outlier remgval), or the

obtain has

ed to be useful in many proficiency testing schemes, and can be obtained from the difference

participant

ts. This statistic is commonly called the“'normalized InterQuartile Range’ (or nIQR), and it is

(C.4)

alternative

bdure sueh'\as an arithmetic standard deviation (after outlier removal) or the procedure at C.5.2

1~ \The nIQR only requires sorting the data once compared to MAD, but has breakdown point of 25 %
Annex D), while MAD,_ has breakdown point of 50 %. MAD, can therefore tolerate an appriiably higher
Both nIQR and the MAD, estimators show appreciable negative bias at p<30 which can adversely

Different statistical packages can use different algorithms for calculating quartiles, and can 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:

Xy X2y - Xp)
Denote the fobust average and robust standard deviation of these data by x* and s*
Calculate injtial values for x* and s* as:
x* =median ofx; (i=1, 2, ..., p) (C.5)
* _ . % . .

s* = 1,443 median of |x, —x"| with (i=1,2, .., p) (C.6)
NOTE1  Algorithms A and S given in this annex are reproduced from ISO/5725-5, with a slight addition to
Algorithm A|to specify a stopping criterion: no change in the 3rd significafit figures of the robust mean and
standard devjiation.

NOTE 2 In/some cases more than half of the results x; will be idehti¢al (for example thread count in fpbric,
or electrolytes in serum). In these cases the initial value of s* will’be zero and the robust procedure willl not
perform corrjectly. In the case that the initial s* = 0, it is acceptable.to substitute the sample standard devigtion,
after checkirlg for any gross outliers that could make the sample standard deviation unreasonably large| This
substitution {s made only for the initial s* and after that the.terative algorithm can proceed as described.
Update the yalues of x* and s* as follows. Calculate:

6=1,5s51 (C.7)

Foreachx; (=1, 2, .., p), calculate:
N"—6 when ¥ <x"-6
x; =1x"+6  when % >x"+0 (C.8)
X; otherwise
Calculate the new valuesiof x* and s* from:
P
x" = 241':1)(? /p (c9
* 14 * * 2
s =1,134 Z,-zl(xi —x ) /(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 Formulae 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

NOTE 3

54

according to the design and reporting requirements for proficiency test results.

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

Algorithm A with iterated scale in C.3.1 has modest breakdown (approximately 25 % for large data
setsl25]) and the starting point for s* suggested in C.3.1 for data sets where MAD,(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:

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

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

b)

NOTH
with

C4

here the robust standard deviation is not used in scoring, use MAD, (amended as i) al])ove) and do

ot update s* during iteration. Where the robust standard deviation is used in scorin
vith the Q estimator described in C.5 and do not update s* during iteration.

Variant b) improves the breakdown point of Algorithm A to 50 %[23], allowing the algo
b higher proportion of outliers.

Robust analysis: Algorithm S

This
sub
profi
app

Dend
Y
Dend

w;is
and 1

Calcuilate an initial value for w* as:

%

NOTH
perfo
averd
the ix

rEFt m replicate results for a measurand in a proficiencytest item, or in a study with
T

algorithm is applied to standard deviations (or ranges), which are calculated when

iency test items. It yields a robust pooled value of the standard deviations or ranges {
ed.

te the p standard deviations or ranges, sorted inito-increasing order, by:

/{1y Wizp = Wipy

te the robust pooled value by w* and the degrees of freedom associated with each w;
a range, v = 1. When w; is the standard deviation of m test results, v =m - 1.) Obtain thj
) required by the algorithm from Table C.1.

y* = median of w; (i =1, 2,1, p)

If more thanhalf of the w; are zero then the initial w* will be zero and the robust proce
rm correctly. When the initial w* is zero, substitute the arithmetic pooled average standard
ge range) after éliminating any extreme outliers that can influence the average. This substitut
itial w* aftetr which the procedure is continued as described.

o, replace s*

ithm to cope

participants
m identical
o which it is

by v. (When
e values of £

(C.11)

dure will not
deviation (or
on is only for

©ISO
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Update the value of w* as follows. Calculate:
W=nxwH (C.12)
Foreachw; (i=1, 2, .., p), calculate:

if w, >y

v
Wi _{WI. otherwise (C.13)

Calculate the new value of w* from:

W= JZfl(wj)z /D C.14)

The robust festimate w* is calculated by an iterative calculation by updating the value of w* seperal
times, until|the process converges. Convergence may be assumed when there is né*¢hange from one
iteration to the next in the third significant figure of the robust estimate.

NOTE Algorithm S provides an estimate of the population standard deviation when supplied with stapdard
deviations frjom a single normal distribution, and hence provides an estimateof the repeatability stamdard
deviation when the assumptions of ISO 5725-2 apply.

Table C.1 — Factors required for robust analysis: Algorithm S

Degrees of freedom Limit factor Adjustment factor

v U §

1 1,645 1,097

2 1,517 1,054

3 1,44% 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
NQTE ™ The values of £ and n are derived in ISO 5725-5:1998, Annex B.

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 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 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 i
when some results are quoted as below a detection or reporting limit.

lard deviation and location (mean) that are useful for data with larger proportions,of

cipant. The calculation relies on the use of pairwise differences within the data set and
is nof dependent on an estimate of the mean or median of the{data. The implementation de
incluldes corrections to ensure that the estimate is unbiasegdfor all practical data set sizes.

To cglculate Q, for a data set (xy, x,, ... x,) with p reported results:

a) (alculate the p(p-1)/2 absolute differences

di].:

X; —xj‘ fori=12..p—1and j=i+1i+2..p

b) Denote the ordered differences d; by
1y dizy -+ Aip(p1)/2)

c) Calculate

h(h-1)
2

that is, kiS'the number of distinct pairs chosen from h objects, where:

s skewed or

estimating
outliers and
hlso be used
itions.

"d deviation
t there are
bs) for each
therefore it
bcribed here

(C.15)

(C.16)

(€.17)

(C.18)

2 p/2 p even
Slo-1/2 p odd

d) Calculate Q, as

Q, =2,2219d b,

(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
p =
rp—i—l

b

where

© IS0 2022 - All rights reserved
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Lo 1] -2120 - 5172 odd
r. = (C.21)
1 1 1 77
—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 b, for small p are in Table C.2 and the calculation for r,, for p > 12 are as provided in
Reference [41] from extensive simulation and subsequent regression analysis.

NOTE 2

sets, for exan
sets has been
performance

V\]Q hal
1 3 L o
published with full computer codel#2] for use with larger data sets; Reference [42] cited ac€e
for p over 8 000 at the time of publication.

Table C.2 — Correction factor b, for2 < p <12

The simple algorithm described above requires considerable computing resources for larger data

1000 -Afast-andmemorv-efficient-implementation-capable—of handlinamuch-larager data
1 3 [=)

table

p 2

3 4 5 6 7 8 9 10 11 12

b

L, 10,3994

09937 |0,5132 |0,8440 |0,6122 |0,8588 [0,6699 |0,8734 |0,7201 |0,8891 |0,7]
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C.5.2.2 TH
of proficieng
outlying res
data on a di
can fail becd

The Q meth
mean or me
the efficiend

The calcula
dependent d
it is used tog

Denote the 1

e Q method produces a high-breakdown, high-efficiency estimate of the standard devi
y testing results reported by different laboratories. The Q method is not only robust ag
ults, but also against a situation where many test results’are equal, e.g. due to quantit]
scontinuous scale or due to rounding distortions. In such'a situation other Q-like mef
use many pairwise differences are zero.

lian of replicates) and for replicates. The directiuse of replicates in the calculation impj
y of the method.

Lion relies on the use of pairwise differences within the data set and is therefor{
n an estimate of the mean or median‘of the data. The method is known as Q/Hampel
rether with the finite step algorithm for the Hampel estimator described in C.5.3.3.

eported measurement results, grouped by laboratory, by:

htion
ainst
ative
hods

bd can be used for proficiency testing both with single results per participant (including a

oves

b not
when

y117 ylnl 7}1217 7}’2,12 7'”7.yp17 Jypnp (:22)
%/—/
Lab L Lab 2 Lab p

Calculate the cumulative distribution function of all absolute between-laboratory differences

H (x)::LZ LZ”:’ S I{y. _y, ‘<x} (€.23)

1 p(p < 1) 1<i<j<p nn; k=14—<m=1 ik jm| = '
where I{y. — ¥ | X] = [1 if !V""‘ — VJ"“! = X] demotes the inmdicator fumnctior:
ik — Y jm| = %] 10 otherwise j
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Denote the discontinuity points of H,(x) by:

X

1 - X, Wherex; <x, <..<Xx.

Calculate for all positive discontinuity points xy, ..., X,
6, (x,) - 0,5.(H1 (x;) + H, (xl._l)) it P22 €24
' 0,5-Hy (x,) if i=1x; >0
and let
4,(0)=0

Calcylate the function G;(x) for all x out of the interval [0, x| by linear inberpolati

discq

ntinuity points 0 < x; <x, < ... <X,

Calcuilate the robust standard deviation s* of test results of different laboratories

whel

Gy (0,25+0,75-H, (0))

*

- 1
V20 (o, 625+ 0,375 H, (o))
e H;(0) is calculated as in Formula (C.23) and is equal to zero unless there are exact tie

bn between

(C.25)

s in the data

set, gnd where @1(q) is the qth quantile of the standard norital distribution.

NOTE 1  This algorithm does not depend on a mean vali€; it can be used together with either|a value from
combjiined participant results or a specified reference value:

NOTH 2  Other variants of the Q method providetebust estimates of both repeatability and rgproducibility
standard deviation[25.34],

NOTHE 3  The theoretical basis for the @)method, including asymptotic performance and finite sample
brealkdown, are described in References/26] and [34].

NOTHE 4  If the underlying data of'the participants represent single measurement results obtaiped with one
specific measurement method, therobust standard deviation is an estimate of the reproducibility standard

deviation as in Formula (C.21).

NOTH

5 Thereproducibility standard deviation is not necessarily the most appropriate standard|

use i proficiency testingbécause it is usually an estimate of the dispersion of single results and no

of thg
mear
labor]
great

reprd

e dispersion of means or medians of replicated results from each participant. However the
s or medians/ef replicated results is only slightly below the dispersion of single result{
ptories, if the'ratio of reproducibility standard deviation divided by the repeatability standar
er than“2./If this ratio is below 2, for scoring in proficiency testing it can be useful td

m-—1 2

2 S, where m denot

SR—

ducibility standard deviation sy by the corrected value
m

deviation for
t an estimate
dispersion of
of different
 deviation is
replace the

s number of

replicates and s, the repeatability variance as calculated in Reference [35], or to use not the repl
mean of replicates per participant for the @ method.

NOTE 6

cates but the

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 are assumed to be given for each replicate. In

this c

NOTE 7

ase the reproducibility standard deviation is the most appropriate standard deviation.

An example to which the Q method has been applied is shown in 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.

a) Denote the dataasxy, x,..x

p

b) Setx*to med(x) (see C.2.1)

c) Sets*to a suitable robust estimate of standard deviation, for example MAD,, Q, or s* from the Q

method|

d) For each data point x;, calculate g; from Formula (C.26):

*

£.26)

£.27)

£.28)

from

x| —x
qi = | g * (
e) Calculate weights w; from Formula (C.27)
0 q‘ > 4,5
L _l45-4)/a 3<|q <45 (
i 15/q 15<g<30
1 lq <15
f) Recalculate x* from Formula (C.28)
»
-
:E_Jbvixl
x* = IF1 (
YN
i
=1
g) Repeat steps d) to f) until x* converges: Convergence may be assumed when the change in x*
one itefation to the next is less than0,01s */\/;, corresponding to approximately 1 % of the
standard error in x* Other, mere precise, convergence criteria may be used.

This implen
in the best s
the data set
possibility o
is to choose
of the data s

lentation of the Hampel estimator is not guaranteed to have a unique solution or to 1
plution becausé apoor choice of initial location x* and/or s* may exclude important pa
The proficierrcy testing provider should accordingly implement measures to check fq
fa poor sollition or provide unambiguous rules for choice of location. The most commor

et is outside the range |g|>4.5 can also assist in confirming a viable solution.

NOTE1 Thd

distributed d

esult
rts of
r the
rule

the solution nearest the median. Reviewing the results to ensure that no large propoftion

ata.

NOTE 2  An example using this implementation is given in E.3

mally

NOTE 3 Hampel’s estimator can be tuned for greater efficiency or greater resistance to outliers by changing

the weight fu

60

nction. The general form of the weighting function is
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0 ‘q‘>c
_ — (c=b)| b<lq|<c
w, ={alema)latc=b] b <
<a

where g, b and c are tuning parameters. For the implementation here, a = 1,5, b = 3,0 and ¢ = 4,5. Greater
efficiency is obtained by increasing the range; improved resistance to outliers or minor modes is
obtained by reducing the range.

C.5.3.3 The following finite step algorithm yields the Hampel estimate of location without iterative

rewdightingtzst,

Calcylate the arithmetic means for each laboratory, now labelled y;, y,, ..y, -

Calc

2

whet

and s

The

prop
the I¢

late the robust mean, x*, by solving Formula (C.29):

*

Sf:lly Yi;x =0

e
[0 q<-4,5
—45-q —-45<g<-3
-1,5 -3<g<-1,5

7<q):<q -1,5<q <15
1,5 1,5<qg<3
45—-q 3<q<45
0 q>4>5

*is the robust standard deviatidn dccording to the Q method.

bxact solution may be obtajnéd in a finite number of steps, which means not iterative
erty that i in the argument/of x* is partially linear, bearing in mind that the interpolat
ft side of Formula (C.29)(interpreted here as a function of x*) are as follows:

CalCIIate all interpolation nodes

or the first value y,:

*

1, = y;4,55%,d, =y, —3s%,dy =y, —1,5¢",d, = y, +1,55",

1. <y, +3s",dg =y, +4,55"

(C.29)

(C.30)

ly, using the
on nodes on

1

d, =y, 455", dg =y, 35", dy =y, —1,5s

£l pa | 1
Ul L1IC SCTCUIIU VClluC]z-

*

*
ydig =Y, + 1,557,

dy=y,+3s",d, =y, +45s"

— and so on for all values y5, o Ve

Sort these data d;, dZ’d3""’d6-p in ascending order,.d{l},d{z},d{g},...,d{
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Then calculate for each m = 1,...,(6 -p— 1)

pm:

p
i=1

Vi )

S*

and check whether

a) p,=0.1
b) Pm+1 = 0

Pm Py

Let S denotd

The solutior

*

X — Mg

Several solutions may exist. If there are two solutions nearest thesmedian, or if there is no soluti

fso, dy,, is a solution of Formula (C.29).
.1f so, dy.,qy is a solution of Formula (C.29).
0.1f —d Pm___ isasolution of Formula (C.29)
[, <0.Ifso, x, = {m} ~ - is a solution of Formula (C.29).
Pmi1 = Pm

Ums+1) = Um)
the set of all of these solutions of Formula (C.29).

x* € S nearest the median is used as location parameter x*, i.e.

’d(yl,yz,...,yp)‘ = min{‘x—med(yl,yz,...,yp)‘;x € S}

pn at

mally

[imes
ed as

bust
ed in

r the
bust

all, the median itself is used as location parameter x*.

NOTE1 This implementation of Hampel's estimator has .approximately 96 % efficiency for nor
distributed diata.

NOTE 2  Iffthis estimation method is used, laboratory results differing from the mean by more than 4,5
the reproducjbility standard deviation no longer have any effect on the calculation result, i.e. they are treat
outliers.

C.5.4 The Q/Hampel method

The method|known as Q/Hampel uses.the Q method described in C.5.3.2 for the calculation of the rq
standard dgviation s* together with-the finite step algorithm for the Hampel estimator describ
C.5.3.3 for the calculation of the.location parameter x*.

When partifipants reportamntltiple observations, the Q method described in C.5.3.2 is used fo
calculation [of the robust veproducibility standard deviation sy. For the calculation of the rq
repeatability standardydeviation s. a second algorithm using the pairwise differences withinp the
laboratorieq is applied-

NOTE A webBapplication for the Q/Hampel method is availablel3Zl.

C.6 Other robust techniques

The methods described in this Annex do not constitute a comprehensive collection of valid approaches,
and none is guaranteed to be optimal for all situations. Other robust estimators may be used at the
discretion of the proficiency testing provider, subject to demonstration, by reference to known
efficiency, breakdown point and any other appropriate properties, that they fulfil the particular
requirements of the proficiency testing scheme.
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Annex D
(informative)

Additional guidance on statistical procedures

D.1 Procedures for small numbers of participants

D.1.1 General considerations

Many proficiency testing schemes have few participants, or have comparison groupswith snj
of participants, even if there are a large number of participants in the proficiencytesting
can happen frequently when participants are grouped and scored by methgodpas is comm
proficiency testing for medical laboratories, for example.

Where the number of participants is small, the assigned value should-ideally be determ
metrplogically valid procedure, independent of the participants, uch as by formulatio
referfence laboratory. Performance evaluation criteria should als¢ be based on external ¢
as expert judgement or criteria based on fitness for purposesInthese ideal situations, per
evalyated using the pre-determined assigned value and pérformance criterion, so profici
can Ipe conducted with just one participant. This type o6f\interlaboratory comparison carn
bilateral comparison, or measurement audit, and can b&wvery useful in many situations, for
calibyration.

Whe
need|
proc
cons

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

The
evaly

following paragraphs present-guidance for situations of small numbers, when the {
lation criteria are determined using participant results.

D

D.1.2 Procedures for identifying outliers

Alth
not @
poss
stan
grou

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
lard devjation may therefore be preferable in the case of very small proficiency testing

ps.
Diffe

all numbers
cheme. This
bnly done in

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
r schemes or

for Grubbs’

rentoutlier tests are applicable to different data set sizes. ISO 5725-2 provides tableg
test . . . T . ;

other tests

require the number of possible outliers to be 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).

stimates will

NOTE1 Care should be taken when estimating dispersion after outlier rejection as dispersion e

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 Mostunivariate robust estimators for location and dispersion perform acceptably for p = 12.

D.1.3 Procedures for estimates of location

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

© IS0 2022 - All rights reserved
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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
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 can meet the
criterion for p>12 if the provisions of Z.7.7 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 af 3<p<b the median offers few advantages aver the mean unless there is an unusually high

risk of poorresults.

D.1.4 Progedures for estimates of dispersion

D.1.4.1 Us
for small da
estimates of]

25 9% either
this for norr

e of performance criteria based on the dispersion of participant results ishot recommended
fa sets owing to the very high variability of any dispersion estimates, For'example, for p=30,
the standard deviation for normally distributed data are expected to'vary by approximiately
side of its true value (based on a 95 % confidence level). No other-estimator improves on
hally distributed data.

D.1.4.2 W
statistics ol
proficiency

here dispersion estimators are required for other putposes (for example as sum
" to provide an estimate of dispersion for robust Jocation estimators), or wherg
festing scheme can tolerate high variability in dispersion estimates, dispersion estim

nary
e the
htors

with the highest available efficiency should be selected whenhandling smaller data sets.

NOTE 1

®

‘l-1ighest available’ is understood to take account of:availability of suitable software and expertis
T

NOTE 2 br the

MAD, or nlQ}

e , estimator of standard deviation described in C.5 is considerably more efficient than eith
R from C.1.

NOTE3 S data

setsl24] as fol

ecific recommendations have beefi htade for robust estimates of dispersion in very small
ows:

|x1-x2|/\/2;

p=2:use

p=3, locgtions and scale unknown:Tuse MAD, to protect against excessively high estimates of the standard
deviation or the mean absolute-deviation (Note 4, below) to protect against unduly small estimates ¢f the
standard deviation, for exanmiple when rounding may give two identical values;

nded
ation

p=4: Asplecific M-estindate’'of standard deviation based on alogarithmic weighting function was recommsg
by Refergnce [27]; a fiear equivalentis Algorithm A with no iteration of location, using the median as aloq
estimatgq.

NOTE4 Td
Formula (D.1)

obtain an estimate of standard deviation from the mean absolute deviation from the median, use

¥ 1

o - D.1
0,798xp (D.1)

f=1|xi —med(x))|

NOTES5  The factor of 0,798 in Formula (D.1) arises from the mean absolute distance from zero in the standard
normal distribution.
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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 variance of a minimum variance estimator divided by the estimator variance for the
distribution in question.

Resi{ ity group of

discy

Tance o MINor modes — the abiiity of an estmator to TesiStThe bias caused by a mino
epant results (typically less than 20 % of the data set).

Thes|
com
participants that did not follow instructions or the measurement method). The/contaminat
appefr as outliers, results with larger variance, or results with a different mean (e.g. bimod

e characteristics depend heavily on the underlying distribution of results. for a pppulation of
etent participants, and the nature of results that are from incompetent participamts (or from
ing data can
al).

Breakdown points and efficiencies for the different estimators will be.different for differen
and 4 thorough review is beyond the scope of this document. However.simple comparisons
under the assumption of a normal distribution for results from¢«competent laboratories, \
equal to x,, and standard deviation equal to o,

D.2.2 Breakdown point

The hreakdown point is the proportion of values in the{data set that can be outliers without
being adversely affected. The breakdown point is\a measure of resistance to outlying
breakdown point is associated with resistance-t@a high proportion of outliers. Breakdow}
resistance to minor modes for the estimators in Annex C are presented in Table D.1. It shog
that procedures required in 6.3 and 6.4 should prevent data analysis of data sets with large

t situations,
ran be made
wvith a mean

'he estimate
values; high
) points and
h1d be noted
proportions

of outliers. However there are situationswhere visual review is not practical.
Tablle D.1 — Breakdown points for estimators of the mean and standard deviation (proportion
of outliers that can lead to failure of the estimator)
Stptistical estimator Population parameter Breakdown point Resistance|to minor
estimated modes
Sample mean Mean 0% Pogr
Sample standard deviation | Standard deviation 0% Pogr
Sample median Mean 50 % Goqd
nlQR Standard deviation 25% Modefate
MAD, Standard deviation 50 % Moderatg - Good
Algokitiin A Mean and Standard devi- or o Modebate
ation
Moderate
Qnand @/ Mean and Standard devi- 50 % (Very Good for minor
Hampel ation modes more distant than
65%)
NOTE The definition of breakdown point used here is the proportion of a large normally distributed data set

that can be moved to +infinity without the estimate also moving to infinity. For example, if just under 50 % of a
data set is replaced by +infinity, the median will remain within the remaining finite data.

In summary, the sample mean and standard deviation can break down with only a single outlier. The
robust methods using the median, MAD,, 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
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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 data set is
in fact normally distributed.

The sample
and standar
higher vari
if there are
the estimatq

Table D.
d

d deviation, and so they have efficiency of 100 %. Estimators with lower efficiency
ce - thatis, they could vary more from round to round of a proficiency testing)scieme,

n
e:Ilo outliers or different subgroups of participants. Table D.2 provides relatiyé efficiencig

rs presented in Annex C.

P — Relative efficiency of robust estimators for the population’mean and standaj
bviation, for normally distributed data sets with n = 50 or 500'participants:

Inean and standard deviation are the minimum variance estimators of the population Ilnean

have
even
s for

d

Statistical E

stimator Mean, n=50 Mean, n=500 SD,.n£50 SD, n=500

Sample med

Standard deviation

n and

100 % 100 % 100 % 100 %

Median and

nlQR 66 % 65 % 38% 37%

Median and

MAD 66 % 65 % 37% 37%

e

Algorithm A

97 % 97 % 74 % 73 %

z

Q,and Q/
Hampel

96 % 96% 73 % 81%

These resu;Ls demonstrate that there is no-statistical method that is perfect for all situations

sample me
of outliers.
normally di

D.3 Use (
repeatabi

D.3.1 The
of a method
proficiency
measureme

and standard deviation are optimal with a normal distribution but break down in
bimple robust methods such'as median, MAD, or nIQR perform comparatively poorl
stributed data but can be éffeéctive when outliers are present or the data set is small.

f proficiency tésting data for evaluating the reproducibility and
lity of a meastrement method

[ntroduction to ISO/IEC 17043 states that the evaluation of the performance character

testing schemes to verify, and perhaps establish the repeatability and reproducibility

The
case
y for

stics

is generally not a purpose of proficiency testing. However, it is possible to use the results of

y of a

httméthod[15] when the proficiency testing scheme meets the following conditions:

a)
b)

<)

the proficiency testing items are sufficiently homogeneous and stable;

participants are capable of consistent satisfactory performance,

the competence of participants (or a subset of participants) has been demonstrated prior to the

proficiency testing scheme round, and their competence is not placed in doubt by the results in the

round.
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D.3.2 In order to provide sufficient data for evaluation of repeatability and reproducibility of a test
method from a proficiency testing scheme, the following design conditions shall be used:

a) asufficient number of participants to satisfy a collaborative study have demonstrated competence
with a measurement method on previous rounds of a proficiency testing scheme, and have
committed to follow the measurement method without modification;

b) where repeatability is to be assessed, each proficiency testing scheme round used for the
repeatability assessment should include at least two proficiency test items or a requirement for
replicate observations;

C) ‘here. prnrfirah]ﬂ, p:\rh'r‘ipanfc should be prnvit‘]nr’] with cpp:\rafn]y identified blin replicates
father than being requested to perform replicate measurements on the same proficienty test item;

d) proficiency test items used in one or several rounds of the proficiency testing)scheme cover the
fange of levels and types of routine samples for which the measurement methdd'is intgnded;

e) dlata analysis procedures used for assessing repeatability and reproducibility should ble consistent
yith ISO 5725 or the collaborative study protocol in use.
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Annex E
(informative)

Illustrative examples

These examples are intended to illustrate the procedures specified in this document, so the reader
can determine that their calculations are correct. Specific examples should not be considered to be

recommend

ptions for use in particular proficiency testing schemes.

E.1 Effedt of censored values (see 5.5.3.3)
Table E.1 shpws 23 results for a round of a proficiency testing scheme, of which 5 results are indi¢ated
as ‘Less Thgn’ some amount. The robust mean (x*) and standard deviation (s*) from Algorithm A are
shown for 3|different calculations, where the ‘<’ signs are discarded and data analysed as quantitative
data; the regults with ‘<’ values are ignored; and where 0,5 times the result is‘inserted as an estimate of
the quantitdtive result. In each scenario the results that would have been outside the acceptance [limit
are indicated with ‘#’. This assumes that the evaluation would be ‘unacéeptable’ (action signal) fof any
result wherg the quantitative part is outside the x* +3s* The profigiency testing provider could |have
alternative fules for evaluating results with ‘<’ or >’ signs.
Table E.1[— Sample data set with censored (<) results, afnd three options for accommodating
censored results
Participant Result ‘<’ ignored ‘< ‘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

] 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

\ 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 significant effect on the robust mean and

detel

NOTH
accor

E.2

Proficiency test items are prepared for use in an international proficiéney testing scheme,

subs

Hom|

proficiency test items from different portions of the manufacture process. 2 test portions a

from|
Tabld

for purpose oy, for As in chocolate is 15 %. Since the.assigned value for the round of thg

TOTrorrce-Cvoreorerot It TTCTeTT TeOTTIT

'mine an appropriate method.

Reference [21] includes some methods, based on maximum likelihood estimatiof, which
hmodate results cited as “less than” an upper limit.

Homogeneity and stability test — Arsenic (As) in chocolate (see 6.1)

bquent use as reference materials. 1 000 vials are manufactured;

pgeneity check: 10 proficiency test items are selected-using a stratified random

each bottle and tested in a random order, under repeatability conditions. The data
E.2 below. The procedure in B.3 is followed, resulting in the summary statistics listed.

expected to

can properly

and then for

selection of
re extracted
are given in
The fitness-
proficiency
ariability is
omogeneity

ate

testing scheme is not available at the time of the homogeneity study, the estimate of sample
checked against a provisional estimate of 0, calculated as 15 % of the mean value for the |
test.
Table E.2 — Homogeneity data for proficiency test items of arsenic in chocol
Bottle’lD Replicate 1 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
Overall average: 0,187 15
SD of averages: 0,003 98
Syt 0,005 56
Sg 0,000 60
Opt =0,187 15 x 0,15 = 0,028 07
© IS0 2022 - All rights reserved
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Check value:

Conclusion

2022(E)

0,30, =0,008 42

s, 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 °C) 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.

Table E.3 — Stability data for proficiency test items for arsenic in chocolate

Overall avef
Difference f
Check value

Conclusion

E.3 Comj

A proficieng
submitted r

the robust 1
shown as r{
Figure E.2 a

brehensive example of atrazine in drinking water

psults are given, as x;, in Table E.4, ordered by value for clarity. The Table shows calcu
values for the robust mean and standard deviation following Algorithm A, following 6 iterations

Ind Figure E.3, respectively.

Stability sample Replicate 1 | Replicate 2
164 0,191 0,198
732 0,190 0,196
age: =0,193 75

om Homogeneity mean: 0,193 75- 0,187 15 =0,006 60
0,30, = 0,008 42

Difference is less than the check value, so stability is suffici

y testing scheme for a herbicide (Atrazin€) in drinking water has 34 participants

hean and standard deviation do not-change at their third significant figures. The dat
nked data plot in Figure E.1 and’in corresponding histogram and kernel density pl

NOTE B
to a small nu

Table E.5 shows the estimatés-of location (average) and standard deviation using various clas

and robust
the bootstr
package (se

of location and the.gstimate of expanded uncertainty (2u(x)) as the error bar.

th the histogram and thedensity plot show apparent minor modes at both extremes. These ar
mber of outlying values-rather than a feature of the underlying distribution of valid results.

techniques. Theyuncertainty of the estimate of location is also shown. The statistid
hp method atve-derived from the procedures in References [17][18] using the R soft
e Example E.6 and Annex F for an example script). Figure E.4 shows the different estin

ent.

The

lated

until

A are

ot in

e due

sical
s for
ware
hates

Table E.4 +<€alculation of the robust average and standard deviation for Atrazine in drinKing
water
1st 2nd 3rd 4th 5th 6th
X; iteration iteration iteration iteration iteration iteration

x*-4 0,204 163 0,199732 0,198466 0,198037 0,197 865 0,197 790

x*¥+4 0,319837 0,315969 0,315871 0,316 065 0,316185 0,316 243

1 0,0400 0,204 2 0,199 7 0,198 5 0,198 0 0,197 9 0,197 8

2 0,0550 0,204 2 0,199 7 0,198 5 0,198 0 0,197 9 0,197 8

3 0,178 0 0,204 2 0,1997 0,198 5 0,198 0 0,197 9 0,197 8

4 0,202 0 0,204 2 0,202 0 0,202 0 0,202 0 0,202 0 0,202 0

5 0,206 0 0,206 0 0,206 0 0,206 0 0,206 0 0,206 0 0,206 0

6 0,227 0 0,227 0 0,227 0 0,227 0 0,2270 0,227 0 0,227 0
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Table E.4 (continued)
1st 2nd 3rd 4th 5th 6th
X; iteration iteration iteration iteration iteration iteration
x*-8 0,204163 0,199732 0,198466 0,198037 0,197865 0,197 790
x*+4 0,319837 0,315969 0,315871 0,316065 0,316185 0,316 243
7 0,228 0 0,2280 0,228 0 0,228 0 0,228 0 0,228 0 0,228 0
8 0,2300 0,2300 0,2300 0,2300 0,2300 0,2300 0,2300
9 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 0,236 0 0,236 0 0,236 0 0,236 0 0,236 0 0,2360 0,236 0
12 0,237 0 0,237 0 0,2370 0,237 0 0,237 0 0,237°0 0,237 0
13 0,243 0 0,243 0 0,243 0 0,243 0 0,243 0 0,243 0 0,243 0
14 0,244 0 0,244 0 0,244 0 0,244 0 0,244 0 0,244 0 0,244 0
15 0,2450 0,2450 0,2450 0,2450 0,245 0 0,2450 0,2450
16 0,2555 0,2555 0,2555 0,2555 0,255’5 0,255 5 0,2555
17 0,260 0 0,260 0 0,260 0 0,260 0 0,260 0 0,260 0 0,260 0
18 0,264 0 0,264 0 0,264 0 0,264 0 0,264 0 0,264 0 0,264 0
19 0,267 0 0,267 0 0,267 0 0,267.0 0,267 0 0,267 0 0,267 0
20 0,2700 0,270 0 0,270 0 0,2700 0,270 0 0,270 0 0,270 0
21 0,273 0 0,273 0 0,273 0 0,273 0 0,273 0 0,273 0 0,273 0
22 0,274 0 0,274 0 0,274 0 0,274 0 0,274 0 0,274 0 0,274 0
23 0,274 0 0,274 0 0,274 0 0,274 0 0,274 0 0,274 0 0,274 0
24 0,278 0 0,278 0 0,278\0 0,278 0 0,278 0 0,278 0 0,278 0
25 0,2811 0,2811 0,281 1 0,2811 0,2811 0,2811 0,2811
26 0,287 0 0,287 0 0,287 0 0,287 0 0,287 0 0,287 0 0,287 0
27 0,287 0 0,287 0 0,287 0 0,287 0 0,2870 0,287 0 0,287 0
28 0,2880 0,288 0 0,2880 0,288 0 0,288 0 0,2880 0,288 0
29 0,2890 0,289 0 0,2890 0,289 0 0,289 0 0,2890 0,2890
30 0,2950 0,295 0 0,2950 0,2950 0,2950 0,2950 0,2950
31 0,296 Q 0,296 0 0,296 0 0,296 0 0,296 0 0,296 0 0,296 0
32 0,31190 0,311 0 0,311 0 0,3110 0,311 0 0,311 0 0,3110
33 03310 0,3198 0,316 0 0,3159 0,3161 0,316 2 0,316 2
34 0,424 6 0,3198 0,316 0 0,3159 0,316 1 0,316 2 0,316 2
average 0,251 2 0,257 9 0,257 2 0,257 1 0,257 0 0,257 0 0,257 0
SD 0,067 2 0,034 2 0,034 5 0,034 7 0,034 8 0,034 8 0,.0348
8 00578 0,058 1 00587 0,059 0 00592 0,059 2
New x* 0,262 0 0,257 9 0,257 2 0,257 1 0,257 0 0,257 0 0,257 0
New s* 0,038 6 0,038 7 0,0391 0,0393 0,039 4 0,039 5 0,039 5
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Figure E.1 — Ranked-participant results for Atrazine (data from Table E.4)
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Figure E.2 — Histogram of participant results
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Table E.5 — Summary Statistics for Atrazine Example

01 0 o1 02 03 04 05 X

Figure E.3 — Kernel density plotfer participant results

Procedure Logation (Aver- | Standard Devi- u(xp)
age) ation
Robust: Median, nIQR (MAD,) 0,262 0 0,040 2 0,008 6
(0,038 6)
Robust: Algorithm A (x* s%) 0,257 0 0,039 5 0,008 5
Robust: Q/Hampel 0,260 0 0,042 6 0,009 1
Bootstrap (for mean) 0,250 3 0,066 7 0,011 3
Arithmetic, outliers removed 0,258 8 0,0337 0,006 1
Arithmetic,.outliers included 0,251 2 0,067 2 0,0115
NOTH Different commercial software packages have different procedures for calculating qua

can dause notdble differences in nIQR. Minor discrepancies from the above figures could be cau

diffetences, erby different rounding procedures
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