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Foreword

8:2015(E)

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.
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0 Introduction

0.1 The purposes of proficiency testing

Proficiency testing involves the use of interlaboratory comparisons to determine the performance
of participants (which may be laboratories, inspection bodies, or individuals) for specific tests or
measurements, and to monitor their continuing performance. There are a number of typical purposes of
proficiency testing, as described in the Introduction to ISO/IEC 17043:2010. These include the evaluation
of laboratory performance, the identification of problems in laboratories, establishing effectiveness and
comparability of test or measurement methods, the provision of additional confidence to laboratory
customers, rdatd i ITITS; i Cipati i The
statistical design and analytical techniques applied must be appropriate for the stated purpose(s).

0.2 Ratjonale for scoring in proficiency testing schemes

hiled
h an

A variety of scoring strategies is available and in use for proficiency testing. Altheugh the det
calculationg differ, most proficiency testing schemes compare the participant’s ‘deviation fror
assigned value with a numerical criterion which is used to decide whether~or not the devijtion
represents cause for concern. The strategies used for value assignment and for’ choosing a critgrion
for assessnjent of the participant deviations are therefore critical. In particular, it is importapt to
consider whether the assigned value and criterion for assessing deviatiofis should be independent of
participant|results, or should be derived from the results submitted. i‘this Standard, both stratggies

are provide
the advant3
are not deri
assessment
for the critg
proficiency
suitability f]

0.3 ISO

[SO 13528 1
for the statij
statistics. A

d for. However, attention is drawn to the discussion thatéwill be found in sections 7 and
ges and disadvantages of choosing assigned values or:Criteria for assessing deviations
ved from the participant results. It will be seen that ih\general, choosing assigned values
criteria independently of participant results offersiddvantages. This is particularly the
rion used to assess deviations from the assigned-value - such as the standard deviatio
assessment or an allowance for measurement error - for which a consistent choice base
pr a particular end use of the measurement results, is especially useful.

13528 and ISO/IEC 17043

rovides support for the impleméntation of ISO/IEC 17043 particularly, on the requiren
stical design, validation of proficiency test items, review of results, and reporting sumf
nnex B of ISO/IEC 17043:2010 briefly describes the general statistical methods tha

ficiency testing schemes. This International Standard is intended to be complementa
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refined to be v
regulatory authorities.

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

This Standard includes statistical techniques that are consistent with other International Standards,
particularly those of TC69 SC6, notably the ISO 5725 series of standards on Accuracy: trueness and
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).
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0.4 Statistical expertise

ISO/IEC 17043:2010 requires that in order to be competent, a proficiency testing provider shall have
access to statistical expertise and shall authorize specific personnel to conduct statistical analysis.
Neither ISO/IEC 17043 nor this International Standard can specify further what that necessary expertise
is. For some applications an advanced degree in statistics is useful, but usually the needs for expertise
can be met by individuals with technical expertise in other areas, who are familiar with basic statistical
concepts and have experience or training in the common techniques applicable to the analysis of data
from proficiency testing schemes. If an individual is charged with statistical design and/or analysis, it
is very important that this person has experience with interlaboratory comparisons, even if that person
has an advanced degree in statistics. Conventional advanced statistical training often does not include
exerfises with interlaboratory comparisons, and the unique causes of measurement errof that occur
in proficiency testing can seem obscure. The guidance in this International Standard 'eanjnot provide
all the necessary expertise to consider all applications, and cannot replace the experience gained by
working with interlaboratory comparisons.

0.5 Computer software

Computer software that is needed for statistical analysis of proficiency(testing data can
ranging from simple spread sheet arithmetic for small proficiency“testing schemes u
reference values to sophisticated statistical software used for statistical methods reliant
calcyilations or other advanced numerical methods. Most of the’techniques in this Iy
ard can be accomplished by conventional spread sheetapplications, perhaps with
routjnes for a particular scheme or analysis; some techniques will require computer appli
are freely available (at the time of publication of this Standard). In all cases, the users shou

ary greatly,
ing known
on iterative
ternational
customised
rations that
d verify the

br. However,
hplemented
vidual with
it can occur

accujracy of their calculations, especially when special routines have been entered by the us
evenl when the techniques in this International Standard are appropriate and correctly i
by aflequate computer applications, they cannot be applied without attention from an indj
techhical and statistical expertise that is sufficient to identify and investigate anomalies th
in arnly round of proficiency testing.
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Statistical methods for use in proficiency testing by
interlaboratory comparison

1 Scope

This International Standard provides detailed descriptions of statistical methods for proficiency

testiﬁlg providers to use to design prorficiency testing schemes and to analyse the data ob

thos
datal

The
by I3

This
mea

NOTE

opin
valud
insp¢
origi
relat

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

procedures in this Standard can be applied to demonstrate that the measurement resu
boratories, inspection bodies, and individuals meet specified criteria for-accéptable pe

surements or qualitative observations on test items.

S

The procedures in this Standard may also be applicable to the dssessment of expert opini
ons or judgments are reported in a form which may be comparediabjectively with an independ

or a consensus statistic. For example, when classifying proficiency test items into known ¢
ction - or in determining by inspection whether proficiency.test items arise, or do not arise, f1
hal source - and the classification results are compared-opjectively, the provisions of this S
e to nominal (qualitative) properties may apply.

Fained from
ncy testing

ts obtained
rformance.

Standard is applicable to proficiency testing where the results reported are either quantitative

bn where the
bnt reference
ategories by
om the same
fandard that

2 Normative references

The [following documents, in whole or in part, are normatively referenced in this documlent and are
indigpensable for its application. For dated references, only the edition cited applies. Hor undated
refefences, the latest edition of the referenced document (including any amendments) applifs.

[SO (ruide 30, Reference materials«— Selected terms and definitions

ISO B534-1, Statistics — Vocabulary and symbols — Part 1: General statistical terms and|terms used
in probability

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

ISO p725-1, Accuracy (trueness and precision) of measurement methods and results — Pant 1: General
pringiples and definitions

[SO/IEC 17043, Conformity assessment — General requirements for proficiency testing

ISO/[EE) Guide 99, International vocabulary of metrology — Basic and general concepts angl associated
terms (VIM)

3 Terms and definitions

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

31

interlaboratory comparison
organization, performance and evaluation of measurements or tests on the same or similar items by

two

or more laboratories in accordance with predetermined conditions

© ISO 2015 - All rights reserved
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3.2

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

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

widest sense

and includes, but is not limited to:

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

item;

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

the prof

— sequent
measur

— simultaheous scheme — where proficiency test items are distributed for concurrent testing or measure|

within 4
— singleo
— continu

— samplin|
scheme

— dataint
to provi

3.3

iciency test item;

al scheme — where one or more proficiency test items are distributed sequentially for testi
bment and returned to the proficiency testing provider at intervals;

defined time period;
ccasion exercise — where proficiency test items are provided on a single occasion;
us scheme — where proficiency test items are provided at regular intervals;

b — where samples are taken for subsequent analysis and the-purpose of the proficiency te
ncludes evaluation of the execution of sampling; and

brpretation — where sets of data or other information arefurhished and the information is procg
e an interpretation (or other outcome).

assigned v.
value attri

3.4
standard
measure of

Note 1 to enftry: This can be interpreted-as'the population standard deviation of results from a hypothg

population o

Note 2 to ent

Note 3 to enffry: Not all profieiency testing schemes evaluate performance based on the dispersion of resultg.

[SOURCE: I
been delete

3.5

lue
ted to a particular property of a proficiency test item

eviation for proficiency assessment
dispersion used in the evaluation-of results of proficiency testing

f laboratories performingexactly in accordance with requirements.

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

O/IEC 17043:2010, modified — In the definition “, based on the available information
(. Note 1:t0 the entry has been added, and Notes 2 and 3 have been slightly edited.]

g or

Inent

Sting

ssed

ptical

bults.

has

measurem

pRberror

measured quantity value minus a reference quantity value

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

3.6

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

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

© ISO 2015 - All rights res
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3.7

zscore

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

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

3.8

»
D
b
D
»

)

»
D
D
»
D
3

b

5

D
»
D
5
h
b
»
D
b

#alue and the

bined standard uncertainties for the result and the assigned value

standardized measure of performance, calculated using the participant result,-assigned v3lue and the

Note|1 to entry: For single results, performance can be expressed as the deviation from the assigneld value (D or

ipn signal
indig¢ation of a need for action arising from a proficiency test ¥esult

EXAMPLE A z score in excess of 2 is conventionally takem\ds an indication of a need to investigate possible
causes; a z score in excess of 3 is conventionally taken as anaétion signal indicating a need for corrective action.

3.11
congensus value
valup derived from a collection of results in an interlaboratory comparison

Note|1 to entry: The phrase ‘consensus valte" is typically used to describe estimates of location ard dispersion
deriyed from participant results in a préficiency test round, but may also be used to refer to values flerived from
results of a specified subset of such results or, for example, from a number of expert laboratories.

3.12
outlfer
menjber of a set of values\which is inconsistent with other members of that set

Note| 1 to entry: An-butlier can arise by chance from the expected population, originate from a different
population, or be the\tésult of an incorrect recording or other blunder.

Note|2 to entry\Many schemes use the term outlier to designate a result that generates an action sjignal. This is
not the intended use of the term. While outliers will usually generate action signals, it is possible tp have action
signgls fromresults that are not outliers.

[SO REE:1SQ 5725-1:1994 _modified = The Notes to the entry have heen added ]

3.13

participant

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

3.14

proficiency test item

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

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

© IS0 2015 - All rights reserved 3
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3.15

proficiency testing provider

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

3.16

proficiency testing scheme

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

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

b 1ol e - s il - b dd
number of t TS, CAIIDT atIoIrS OT MISPTCLIOITS OIT PTOIICITIICY teSC ItCIITS:

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

Note 1 to en]ry: RM is a generic term.

Note 2 to enflry: Properties can be quantitative or qualitative, e.g. identity of substances or species.

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

[SOURCE: I§0 Guide 30:2015, modified —Note 4 has been deleted:]

3.18
certified r¢ference material
CRM
reference njaterial (RM) characterized by a metrologically valid procedure for one or more spedified
properties, |[accompanied by an RM certificate«that provides the value of the specified property, its
associated yincertainty, and a statement of mettological traceability

Note 1 to enfry: The concept of value includes a nominal property or a qualitative attributes such as identity or
sequence. Urjcertainties for such attributes§imay be expressed as probabilities or levels of confidence.

[SOURCE: I§0 Guide 30:2015, modified —Notes 2, 3 and 4 have been deleted.]
4 Genenal principles
4.1 Gendral requirements for statistical methods

4.1.1 Thelstatistical 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.

4.1.2 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 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 © IS0 2015 - All rights reserved
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4.1.4 The proficiency testing provider shall ensure that all software is adequately validated.
4.2 Basic model

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

X,‘ =u-+ &; (1)
where
x; = proficiency test result from participant i
u  =true value for the measurand
& =measurement error for participant i, distributed according to a relevant model

NOTE1 Common models for € include: the normal distribution & ~ N(0, 02)(with mean 0 and vafiance either
constant or different for each laboratory; or more commonly, an ‘outlierscontaminated normal’| distribution
cons|sting of a mixture of a normal distribution with a wider distribution representing the gopulation of
errofeous results.

NOTE2  The basis of performance evaluation with z scores atid ‘o) is that in an “idealized” gopulation of
competent laboratories, the interlaboratory standard deviation would be oy or less.

NOTE 3  This model differs from the basic model in ISO 5725, in that it does not include the lahoratory bias
term| B;. This is because the laboratory bias and residual\error terms cannot be distinguished when only one

obsefvation is reported. Where a participant’s results from several rounds or test items are considefed, however,
it may become useful to include a separate term for-laboratory bias.

4.2.2 For ordinal or qualitative results, other models may be appropriate, or there dould be no
statistical model.

4.3 | General approaches forithe evaluation of performance

4.3.1 There are three different general approaches for evaluating performance in a proficiency testing
scheime. These approaches are used to meet different purposes for the proficiency testing §cheme. The
appioaches are listed-below:

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

© IS0 2015 - All rights reserved 5
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5 Guidelines for the statistical design of proficiency testing schemes

5.1 Introduction to the statistical design of proficiency testing schemes

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

Performang
result and

uncertainty
proficiency
of consisten

The followi
and on the
performand
schemes) ay

5.2 Basis

5.2.1 Acc
objectives
including o
of results”. ]
error could

Design cons

EXAMPLE 1
reference va
obtaining an

EXAMPLE 2
group in the
the assigned

EXAMPLE 3
a group in t
need to cons
method of sq

EXAMPLE 4

ds and can allow results for different measurands to be compared on an equal b

hn assigned value with an allowable deviation or with an estimate of the measurement

of the difference. Examination of the performance scores over multiple rotinds |of a
testing scheme can provide information on whether individual laboratories show evidence
t systematic effects ("bias”) or poor long term precision.

ng Sections 5-10 give guidance on the design of quantitative proficiency testing sch¢mes
statistical treatment of results, including the calculation and intexpretation of vagious
e scores. Considerations for qualitative proficiency testing schémeés (including orglinal
e given in Section 11.

of a statistical design

prding to ISO/IEC 17043, 4.4.4.1, the statistical desigh “shall be developed to meef§ the

the proficiency testing scheme, based on the nature of the data (quantitative or qualithtive
dinal and categorical), statistical assumptions, thexnature of errors, and the expected number
'herefore proficiency testing schemes with different objectives and with different sources of
have different designs.

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

For a proficiency testing scheme“te compare a participant’s result against a pre-deternpined
ue and within limits that are specified before the round begins, the design will require a methdd for
externally defined reference yalue, a method of setting limits, and a scoring method;

For a proficiency testing scheme to compare a participant’s result with combined results f1
ame round, and limits thatare specified before the round begins, the design will need to considet
value will be determinedfrom the combined results as well as methods for setting limits and sco

om a
how
ing;

from
will
s the

For a proficiency testing scheme to compare a participant’s result with combined results
he same rourd,and limits determined by the variability of participant results, the design
ider the cal¢ulation of an assigned value and an appropriate measure of dispersion as well a
oring;

For@a proficiency testing scheme to compare a participant’s result with the assigned value,

the particip4
uncertainty

EXAMPLE 5

nf’sjown measurement uncertainty, the design will need to consider how the assigned value and its

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

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

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

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

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

1 £ - — 1
CUldl PIOIILICIILY LS UITE SUIITIIIC.

5.3 | Considerations for the statistical distribution of results

5.3.1 ISO/IEC 17043:2010, 4.4.4.2, requires that statistical analysis techniqués.are consistpent with the

stical assumptions for the data. Most common analysis techniques for,proficiency tes
that|a set of results from competent participants will be approximately, normally distri
leas unimodal and reasonably symmetric (after transformation if nécessary). A commo
assumption is that the distribution of results from competently detetmined measurements

stati

!

ing assume
uted, or at

additional
s mixed (or

‘confaminated’) with results from a population of erroneous values which may generate outljers. Usually,

the gcoring interpretation relies on the assumption of normality,~but only for the underlyi
distifibution for competent participants.

5.3.1.1 It is usually not necessary to verify that results*are normally distributed, but it i
to verify approximate symmetry, at least visually. Ifisymmetry cannot be verified then the
testing provider should use techniques that are robuist to asymmetry (see Annex C).

5.3.1.2 When the distribution expected forthe proficiency testing scheme is not sufficientl
(allowing for contamination by outliers), the proficiency testing provider should select d
methods that take due account of the asyunmetry expected and that are resistant to outliers,

hg assumed

5 important
proficiency

y symmetric
hta analysis
and scoring

methods that also take due account of the expected distribution for results from competent participants.

This|may include
fransformation to provide-approximate symmetry;
methods of estimationthat are resistant to asymmetry;

methods of estimation that incorporate appropriate distributional assumptions (f
maximum likélihood fitting with suitable distribution assumptions and, if necessary, outlig

EXAMPLE 1 < Results based on dilution, such as for quantitative microbiological counts or for i
techpiques,<are often distributed according to the logarithmic normal distribution, and so 4
trangforration may be appropriate as the first step in analysis.

pr example,
rrejection).

nmunoassay
logarithmic

EXA

AREE2

ibution, and

eSO S o ot SO Trere STt -ttt tmceoTraTg

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

on the average count for the group of participants.

5.3.1.3

In some areas of calibration, participant results may follow statistical 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.

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

5.4 Considerations for small numbers of participants

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

be sufficien{

NOTE T
of participan|
In brief, the

measuremer
or national

deviation for
a single roun

5.4.2 The
a variety of

strateg
the exp|

the exp
of parti

whethe

Further gui
5.5 Guid

5.5.1 Itig
participants
for the maijd

This requit
participant
testing pro
should, whe

he [IUPAC/CITAC Technical Report: Selection and use of proficiency testing schemes for a limited nu
ts [24] provides useful guidance for proficiency testing schemes where there are few.partici

UPAC/CITAC report recommends that the assigned value should be based on reliable indepe
ts; for example by use of a certified reference material, independent assignment by a calibr
metrology institute, or by gravimetric preparation. The report further statésythat the star
proficiency assessment may not be based on the observed dispersion among participant resul
d of a proficiency testing scheme.

minimum number of participants needed for the various statistical methods will depen
Situations:

the statistical methods used, for example the particular<robust method or outlier reni

y chosen;
erience of the participants with the particular proficiency testing scheme;

erience of the proficiency testing provider with the matrix, measurand, methods, and g
Ccipants;

r the intent is to determine the assigred value or the standard deviation (or both).

plines for choosing the neporting format

to carry out measurements and report results on proficiency test items in the same w.
rity of routinely'pérformed measurements, except in special circumstances.

Hance on techniques for handling a small number of participants is provided in Annex I).1

a requirement of ISO/IEC 17043:2010, 4.6.1.2, that proficiency testing providers insf

ber
ants.
dent
htion
dard
s for

d on

oval

foup

=

ruct
y as

ement canyin some situations, make it difficult to obtain an accurate assessme

yider\shiould adopt a consistent reporting format for the proficiency testing schems
re-possible, use units familiar to the majority of participants and choose areporting fo

that minim

t of
5’ precision and trueness, or competence with a measurement procedure. The proficiancy

but
‘mat
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units when participants are known to report routinely in units other than those required by the scheme.

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

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

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

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

5.5.3.1 The proficiency testing provider should either adopt validated data treatment and scoring
procedures that accommodate censored data (see Annex E.1), or require participants to report the
measured value of the result either in place of, or in addition to, the conventional reported value.

NOTE1 An option of scoring procedure could be to not score such data.

NOTE 2

Requiring participants to report numerical values outside the range normally reported
the participant’s quantitation limit) will permit use of statistical methods that réguire num
ay result in scores that do not reflect the participant’s routine service to customers,

belo
but

5.5.3.2 When consensus statistics are used, it may not be possible to~evaluate perfor
numper of censored values is large enough that a robust method is~affected by the

circy
results should be evaluated using statistical methods which allow unbiased estimation in t
of ceénsored datal2ll, or the results should not be evaluated<When in doubt about the ¢
progedure chosen, the proficiency testing provider should caléulate summary statistics and g
evalfiations with each of the alternative statistical procedures considered potentially appli

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

5.5.]
prof
valu

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

L,

NOTE Annex E.1 has an example of some analysis approaches for censored data. This example s
consgnsus statistics with three different-approaches; with the censored values removed, with the va
but the ‘<’ sign removed, and with the results replaced with half of the limit value.

5.5.4
prof;

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

5.5.4
negl

.1
gible compared to the expected variation between participants.

L,

NOTE In sonie situations, correct reporting is part of the determination of competence of thg
and fhe numbelof significant digits and decimal places can vary.

5.5.4.2-) Where the number of digits reported under routine measurement conditions has an

for example,
erical values

ance if the

cénsoring. In
mstances where the number of censored results is sufficient te affect a robust methr{d, then the

he presence
ffect of the
erformance
cable in the

bserved, the
bn censored

hows robust
ues retained

sign of the

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

participant,

appreciable

OT example, where measurement
procedures require reporting to a small number of significant digits), the proficiency testing provider
may specify the number of digits to be reported.

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

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

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

a) experirfiental studies as described In ANNeExX B or alternative experimental methods that prqvide
equivalent or greater assurance of homogeneity and stability;

b) experignce with the behaviour of closely similar proficiency test items in previous rourds of the
proficigncy testing scheme, verified as necessary for the current round;

c) assessment of participant data in the current round of the proficiency testing scheme for evidence
of consfistency with previous rounds, for evidence of change with reporting time or produg¢tion
order, dr any unexpected dispersion attributable to inhomogeneity or instability.

NOTE1 These approaches can be adopted on a case-by-case basis, using appropriate statistical techn]ques
and technicall justification. The approach will often change during the lifetime.of a proficiency testing schemfe, for
example as accumulated experience reduces the initial requirement for experimental study.

NOTE 2  Rglying on experience (as in b above) is only reasonable so/long as:

1. The prdcess for producing batches of the proficiency test.item(s) does not change in any way that| may
impact homogeneity;

2. The maferials used in production of the proficiencytest item(s) do not change in any way that|may
impact homogeneity;

3. Thereis[nota “failure” in homogeneity identifiedvia either homogeneity testing or participant responses| and,

4. The honpogeneity requirements for the material are reviewed regularly, taking account of the intendefl use
of the mpterial at the time of the reviewjto‘ensure that the homogeneity achieved by the production precess
remaingfit for purpose.

EXAMPLE If previous rounds ofa proficiency testing scheme used proficiency test items that were teste¢l and
demonstratgd to be sufficiently hemogeneous and stable, and with the same participants as in previous rofinds,
then if an inferlaboratory standard deviation in the current round is not greater than the standard deviatipn in
previous rounds, there is evidence of sufficient homogeneity and stability in the current round.

6.1.2 For|calibration( proficiency testing schemes where the same artefact is used by multiple
participantq, the proficiency testing provider shall assure stability throughout the round, or
procedures|to identify and account for instability through the progression of a round of the proficiency
testing schejnie;, This should include consideration of tendencies for particular proficiency test itemg and
measurands; ift: i i i
multiple shipments of the same artefact.

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

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

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

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

is primarily affected by moisture content. A check for consistent moisture content may then be considered

suffi

NOT

cient to ensure adequate stability of toxic metals.

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

recojmmended in Annex B.

6.2

6.2.]
shou

own
be a

Considerations for different measurement methods

| When all participants are expected to report a value for the same measiirand, the ass
ld normally be the same for all participants. However, when participantstare allowed to

measurement method, it is possible that a single assigned value for each analyte or prop
ppropriate for all participants. This can occur, for example, when.different measurems

provfide results that are not comparable. In this case, the proficiency testing provider may us

assig

EXA

a) m

samg

b) o

ned value for each measurement method.
MPLES

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

erationally defined measurands, such as leachable toxic metals in soils, for which differg

metHods are available and are not expected to be directly compared, but where the proficiency te
specifies the measurand without reference to a spécific test method.

6.2.

met

6.3

6.3.]
blun

toid
part

appr

NOTE
profi

of su

6.3.2

subj

6.4

cal methods

igned value
hoose their
brty will not
nt methods
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Fently to the

bnt standard
bting scheme

The need for different assigned,values for subsets of participants should be considered in
the ¢lesign of the proficiency testing scheme (for example, to make provision for reportin

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

| ISO/IEC 17043:2010, B.2.5 and the [UPAC Harmonized Protocol recommend remov
ders from a data set at an early stage in an analysis, prior to use of any robust procedur
entify statistical’outliers. Generally, these results would be treated separately (such as c

oved poliey and procedure.

L,
S

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

b of specific

ing obvious
P oI any test
tacting the

0
cipant). lt.ean be possible to correct some blunders, but this should only be done accc[i‘ding to an

om different

ciency testitems, occur in most rounds of proficiency testing, and these results only impair the

erformance

bsequent statistical methods.

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

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

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

NOTE 2

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

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

6.4.2 When it is not feasible to conduct visual review of all data sets of interest, there shalh|be a
procedure o warn of unexpected variability in a dataset; for example by reviewing the uncértdinty of
the assignedl value compared to the evaluation criteria, or by comparison with previous reunds of the
proficiency ftesting scheme.

6.5 Robuyst statistical methods

6.5.1 Robjust statistical methods can be used to describe the central part of ahormally distributefl set
of results, but without requiring the identification of specific values as outliers and excluding them from

subsequent
range of the

the mean and standard deviation. In general, robust methods should be used in preference to met

that delete 1

NOTE N
usually lead
unbiased est

6.5.2 The
as simple ¢
provide alte
where the ¢
for estimati
of results ¢
described iy
over 20 % (

NOTE T
the mean an
robust estin
much of the 1

6.5.3 The

central 50 % of results - these are measures of the centép and spread of the data, simil

esults labelled as outliers.

rategies that apply classical statistics such as the>standard deviation after removing ou
fo under-estimates of dispersion for near-normal-data; robust statistics are usually adjusted ta
imates of dispersion.

median, scaled median absolute deviation (MADe), and normalized IQR (nIQR) are allg
stimators. Algorithm A transformsithe original data by a process called winsorisatid
rnative estimators of mean and ‘standard deviation for near-normal data and is most u
xpected proportion of outliers is below 20 %. The Q, and Q methods (described in Ann¢
hg standard deviation are particularly useful for situations where a large proportion (>2
hn be discrepant, or wherée data cannot be reliably reviewed by experts. Other met
| Annex C also providée good performance when the expected proportion of extreme valy
see Annex D).

he median, intér-quartile range and scaled median absolute deviation have larger variance
| standard devidation when applied to approximately normally distributed data. More sophisti
ators preovide better performance for approximately normally distributed data while reta
esistance.to outlying results that is offered by the median and interquartile range.

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

analyses. Many robust techniques used are based (in the first step) on the median and the

qr to
hods

liers
give

wed
n to
seful
px C)
D %)
hods
esis

than
ated
ning

The

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

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

6.6 Outlier techniques for individual results

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

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

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

strategies are used, the proficiency testing provider shall

a)
b)

)

NOTE

inter
rejeg

6.6.]
the
int

NOT
in IS
pote
with
side
(or 2

},I‘La

Hocument the tests and level of confidence required for rejection;
Get limits for the proportion of data rejected by successive outlier tests, if used;

Hemonstrate that the resulting estimates of location and (if appropriate)‘scale hay
berformance (including efficiency and bias) for the purposes of the proficiency testing
“ ISO 5725-2 provides recommendations for the level of confidence appropriate for outlie
laboratory studies for the determination of precision of test methods. In particular, ISO 5725-2
tion only at the 99 % level unless there is other strong reason to reject a‘\particular result.

»

B Where outlier rejection is part of a data handling procedut’, and a result is removed 3
rticipant’s performance should still be evaluated according to the criteria used for all

proficiency testing scheme.

E 1
D 5725-2. Evaluation in this procedure is applied using the standard deviation of all participa
htial outliers. Therefore this procedure should be applied when the performance of participants
expectations from previous rounds and thereare a small number of outliers (one or two out
bf the mean). Conventional tables for the Grubbs procedure assume a single application for a po|

in a defined location, not unlimited sequeritial application. If the Grubbs’ tables are applied

e sufficient
cheme.

" rejection in
recommends

s an outlier,
participants

Outliers among reported values are often identified by employing the Grubbs test for outljiers, as given

hts including
is consistent
liers on each
5sible outlier
sequentially,

the Type I error probabilities for the tests maynot apply.

NOT
profi

L2 When replicate results are, returned or identical proficiency test items are included ina round of a
ciency testing scheme, itis commen to use Cochran'’s test for repeatability outliers, also described in ISO 5725-2.

robust mean
bs the robust

NOTE 3  Outliers can also beidentified by robust or nonparametric techniques; for example if a
and gtandard deviation arescalculated, values deviating from the robust mean by more than 3 tim
stanglard deviation might’be-identified as outliers.

7 Determination of the assigned value and its standard uncertainty

7.1 | Choice of method of determining the assigned value

7.1.1 five ways of determining the assigned value x,; are described in sections 7.3 to 7.7] The choice

between these methods is the responsibility of the proficiency testing provider.

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

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

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

7.2 Determining the uncertainty of the assigned value

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

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

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

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

Xchar |denotes the property value obtained from the characterization (determination of assigned
value);

Ohom |denotes an error term due to the difference betweenproficiency test items;
Otrans |denotes an error term due to instability under transport conditions;
Ostap  |denotes an error term due to instability duning the period of proficiency testing.

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

2 2 2 2
) 5 \/u + Unhom +u + Ustab (3)

char trans

u(xpt

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

Utrans| denotesthe standard uncertainty due to instability caused by transport of proficiendy
testitems;

Ustab | ] lard . i . hili luri 1 iod of fici st

ing.

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

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

NOTE 3  The proficiency testing provider is normally expected to ensure that changes related to instability or
incurred in transport are negligible compared to the standard deviation for proficiency assessment; that is, to
ensure that 8¢qns and 6s¢qp are negligible. Where this requirement is met, ug¢qp and ugrgns may be set to zero.
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7.2.3 There can be bias in the assigned value that is not accounted for in the above expression. This
shall, where possible, be considered in the design for the proficiency testing scheme. If there is an
adjustment for bias in the assigned value, the uncertainty of this adjustment shall be included in the
evaluation of the uncertainty of the assigned value.

7.3 Formulation

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

7.3.]

app
the

7.3
a)

b)

7.3.1
than

prep

7.3.]
char

.1 The assigned value xp is derived by calculation from the masses of propertieg
oach is especially valuable when individual proficiency test items are prepared in this Y
roportion of the properties that is to be determined.

.1.2 Reasonable care should be taken to ensure that:

constituent in the base material is accurately known;
the constituents are mixed together homogeneously (where thiS)s required);

hll significant sources of error are identified (e.g., it issndt always realized that gl

be altered by its container);
Lhere is no adverse interaction between the constituents and the matrix;

the behaviour of proficiency test items containing added material is similar to custon
Fhat are routinely tested. For example, pure materials added to a natural matrix often €
Feadily than the same substance occurting naturally in the material. If there is a co
Lhis happening, the proficiency testihg-provider should assure the suitability of the pro
tems for the methods that will be'used.

.3 When formulation gives\proficiency test items in which the addition is more loo
in routinely tested samples) or in a different form, it may be preferable to use another
are the proficiency test items.

.4 Determination of the assigned value by formulation is one case of a general a
hcterization of.certified reference materials described by ISO Guide 35, where a singlg

dete
asi

7.3.
stan

Fmines an assigned value using a primary measurement method. Other uses of a primary}
le laboratory can be used to determine the assigned value for proficiency testing (see s

When the assigned value is calculated from the formulation of the proficiency te
ard uncertainty for the characterization (u is estimated by combination of uncertd

used. This
bay, and it is

the base material is effectively free from the added constituent, or that the proportion ¢f the added

hss absorbs

mercury compounds, so that the concentration of an aguéous solution of a mercury cofnpound can

her samples
ktract more
1cern about
Fficiency test

sely bonded
hpproach to

bproach for
 laboratory
r method by
pction 7.5).

St item, the
inties using

an appropriate model. For example, in proficiency testing for chemical measurements the uncertainties
will usually be those associated with gravimetric and volumetric measurements and the purity of any
materials used in formulation. The standard uncertainty of the assigned value (u(xp¢)) is then calculated
according to equation (3).

7.4 Certified reference material

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

Limitations of this approach are that:

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

— a CRM may be known to the participants making it important to conceal the identity of the
proficiency test item.

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

7.5 Resuits from one laboratory

7.5.1 An3ssigned value can be determined by a single laboratory using a reference method, such af, for
example, a grimary method. The reference method used should be completely described @nd understood,
and with a Jomplete uncertainty statement and documented metrological traceabilitythat is appropfiate
for the profiiciency testing scheme. The reference method should be commutable for all measurelﬁxent
methods usgd by participants.

7.5.1.1 The assigned value should be the average from a designed $tudy using more than|one
proficiency fest item or measurement conditions, and a sufficient numberiof replicate measurements.

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

7.5.2 The|assigned value xp¢ of the proficiency test itemican be derived by a single laboratory ysing
a suitable measurement method, from a calibration against the reference values of a closely matrhed
certified reference material. This approach assumes.that the CRM is commutable for all measurement
methods uspd by participants.

7.5.2.1 This determination 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

xcrm is the assigned value for the €RM
xpt  isfthe assigned value forthe proficiency test item

d; is the difference between the average results for the proficiency test item and the CRM or] the
ithlsamples

d is the average of the differences d;
then,
xpt = Xcrm + d (4)
EOTE XcrMm and d are independent except in the rare situation that the expert laboratory also produced the
RM.

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

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

7.5.3 When a reference value is assigned prior to the commencement of a round of a sequential
proficiency testing scheme, and then the reference value is subsequently checked using the same
measuring system, the difference between the values shall be less than two times the uncertainty of that
dlfference (that is, the results shall be metrologlcally compatlble) In such cases the prof1c1ency testing

i S WitiTthepppropriate
uncertalnty If the results are not metrologlcally compatlble the prof1c1ency testing proviider should
invegtigate the reason for the difference, and take appropriate steps, including use of altepnatjve methods
to d¢termine the assigned value and its uncertainty or abandonment of the round.

7.6 | Consensus value from expert laboratories

7.6.1 Assigned values can be determined using an interlaboratory“eomparison study with expert
laboratories, as described in ISO Guide 35 for use of interlaboratéry comparisons to chpracterize a
CRM. Proficiency test items are prepared first and made ready foy distribution to the participants. Some
of these proficiency test items are then selected at random andyanalysed by a group of ejperts using
a prptocol that specifies the numbers of proficiency test itéms”and replicates and any otler relevant
conditions. Each expert laboratory is required to provide a standard uncertainty with their results.

7.6.2 Where the expert laboratories report a singlé.result and are not required by the measurement
protpcol to provide sufficient uncertainty information with results, or where evidence from the reported
results or elsewhere suggests that the reported ificertainties are not sufficiently reliable, thp consensus
valug should normally be obtained by the methods of section 7.7, applied to the set of expert laboratory
results. Where the expert laboratories_report more than one result each (for examplg, including
replicates), the proficiency testing schemeprovider shall establish an alternative method of fletermining
the gssigned value and associated ungertainty that is statistically valid (see 4.1.1) and allows for the
posdibility of outliers or other departures from the expected distribution of results.

7.6.3 Where the expert labgratories report uncertainties with the results, the estimatioh of a value
by cpnsensus of results isha-complex problem and a wide variety of approaches has beetI suggested,
inclyding, 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
estirhates[16]. The-proficiency testing provider shall accordingly establish a procedure for estipnation that:

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

b) Fphould use a weighting procedure appropriate for the scale and reliability of the reported
VR loas ol H ) | 1 L a4l PR | R - adel : :
OITCCT TATITTICS, WITICIT NTay MTIiude cequal WEIgITTIITZ IT tITC T CPOT teU UIICeT taltIcres ar ¢ eromer similar or

of poor or unknown reliability (see 7.6.2);

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

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

e) should have a sound theoretical basis;

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

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

7.7.1.1 In some situations, the proficiency testing provider may wish to use a subset of participants
determined to be reliable, by some pre-defined criteria, such as accreditation status or on the basis of
prior perfofmance. The techniques oI this section apply to those situations, including considerations
for group sige.

7.7.1.2 Of
sound statif

her calculation methods may be used in place of those in Annex C, provided that they h
tical basis and the report states the method that is used.

Ve a

7.7.1.3 The advantages of this approach are that:

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

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

7.7.1.4 The limitations of this approach are that:

a) there may be insufficient agreement among the participants;

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

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

d) Itmay e difficult to determine theaetrological traceability of the consensus value. While the r¢sult
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 informgtion
about the calibration standards used and control of other relevant method conditions by all of the
participants contributing\to’the consensus value.

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

general approach is-ngeded, 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 bqotstrapping techniques.

NOTE Ab-example using a bootstrap technigue isprovidedin Annex b6

TS

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

u(x, ) =

S*

Jp

1,25 x

(6)

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

NOTE 1

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

participant results, the uncertainty of the assigned value can be assumed to include the effects of uncertainty
due to inhomogeneity, transport, and instability.

18
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NOTE 2  The factor 1,25 is based on the standard deviation of the median, or the efficiency of the median
as an estimate of the mean, in a large set of results drawn from a normal distribution. It is appreciated that
the efficiency of more sophisticated robust methods can be much greater than that of the median, justifying
a correction factor smaller than 1,25. However, this factor has been recommended because proficiency testing
results typically are not strictly normally distributed, and contain unknown proportions of results from different
distributions (‘contaminated results’). The factor of 1,25 is considered to be a conservative (high) estimate, to
account for possible contamination. Proficiency testing providers may be able to justify using a smaller factor, or
a different equation, depending on experience and the robust procedure used.

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

7.8

7.8.1 When the methods described in 7.7 are used to establish the assigned value-{xy), 4nd where a
reliable independent estimate (denoted xr¢f) is available, for example from knowledge“of pr¢paration or
fron] a reference value, the consensus value x,; should be compared with xyf.

When the methods described in 7.3 to 7.6 are used to establish the assigned ¥alue, the robugt average x*
derived from the results of the round should be compared with the assigied value after each round of a
profjciency testing scheme.

The |difference is calculated as xgiff = (Xref - Xpt) (or (x* - Xp¢))sand the standard uncertqinty of the
diffdrence is estimated as:

2 2
Yo =\ (Xrar) + 0% (3,0 (7)
whete
u[xref) is the uncertainty of the reference value for comparison; and

<=

(xpe)  is the uncertainty of the assigned'value.

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

7.8.2 If the difference is more than twice its standard uncertainty, the reason should be ipvestigated.
Possjible reasons are:

— pias in the referencé-measurement method;
— p common biagin-the results of the participants;

— failure toappreciate the limitations of the measurement method when using the formulation method
Hescribed.in 7.3;

— pia$in the results of the “experts” when using the approaches in sections 7.5 or 7.6; and

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

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

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

the assigned value (E, and ().

8.1.2 Ifa
be used dirg
criterion md
be used dirg
a) perforn
round t
b) perforn
reportg

EXAMPLE
evaluation w

8.1.3 Wh
current roy
standard de
most conve
proficiency

8.2 By p¢

8.2.1 The
at a value th
the technicd

822 As
proficiency
an action si

regulatory requirement or a fitness for purpose goal is given as a standard deviation it
ctly as op¢. If the requirement or goal is for a maximum permissible measurerment error,
iy be divided by the action limit to obtain o A prescribed maximum permissible error
ctly as &g for use with D or D%. The advantages of this approach for continious schemes

hance scores have a consistent interpretation in terms of fitnegs fer purpose from
o0 the next;

hance scores are not subject to the variation expected when estimating dispersion
d results.

may
that
may
are:

one

'rom

If a regulatory criterion is specified as a maximum pernmissible error and 3,0 is an action lim|it for

ith a z score, then the specified criterion is divided by 3,0 to determine op¢.

bn the criterion for evaluation of performanege is based on consensus statistics from
nd or previous rounds of the proficiency.testing scheme, then a robust estimate o
viation of participant results is the preferred statistic. When this approach is used it is us
hient to use a performance score suchas the z score and to set the standard deviatio
pssessment (op¢) to the calculated estimate of the standard deviation.

erception of experts

maximum permissible érror or the standard deviation for proficiency assessment may b
at corresponds to the level of performance that a regulatory authority, accreditation bog
1 experts of the preficiency testing provider believe is reasonable for participants.

the
F the
hally
n for

e set
y, or

pecified makimum permissible error can be transformed into a standard deviation for

pssessmenttby dividing the limit by the number of multiples of the oy that are used to d
pnal (ox-tifacceptable result). Similarly, a specified op¢ can be transformed into 6.

bfine

8.3 By ey

[pé€rience from previous rounds of a proficiency testing scheme

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

evaluations will be based on reasonable performance expectations;

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

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

8.3.3 When the criterion for evaluation of performance is based on consensus statistics from previous

deofanraoficioncutacting cocharan robhct actintac of tbho ctandaed daviation chonld bho d
rounes-e+ap¥Fe € Vi used.

TICTETIC Yt CotrTT S DI T O T oo S T C ot o cC o o trre—ota oo o o v o cr o oroar oo

NOTE1  Algorithm S (Annex C.4) provides a robust pooled standard deviation that is applicable when all
previous rounds of a proficiency testing scheme under consideration have the same expected|standgrd deviation
or (iff relative deviations are used for the assessment) the same relative standard deviatien,

NOTE 2  An example of deriving a value from experience of previous rounds of a proficiency testing scheme is
provjded in Annex E.8.

8.4 | By use of a general model

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

8.4.2 Any expected standard deviation chosen by a general model must be reasonable. If very large
or véry small proportions of participants are assigned action or warning signals, the proficiency testing
provfider should ensure that this is consistent.with the purpose of the proficiency testing scheme.

8.4.3 A specific estimation taking the/specificities of the measurement problem into congideration is
gendrally preferable to a generic approach. Consequently, before using a general model, the gossibility 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
Thompsonl31]. This approach gives a general model for the reproducibility of analytical methods that
may|be used to derive-the following expression for the reproducibility standard deviation:

0,22¢ when c<1,2x10"7
¢p =408,02c°%*  when 1,2x1077 <¢<0,138 (8)
0,01c’®  when c>0,138

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

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

NOTE 2  Anexample of deriving a value from the modified Horwitz model is provided in Annex E.O.
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8.5 Using the repeatability and reproducibility standard deviations from a previous
collaborative study of precision of a measurement method

8.5.1 When the measurement method to be used in the proficiency testing scheme is standardized, and
information on the repeatability (o) and reproducibility (og) of the method is available, the standard

deviation fo

r proficiency assessment (op¢) may be calculated using this information, as follows:

Gpt:\/oﬁ—crf(l—l/m)

(9)

the

where m is
proficiency

NOTE T

8.5.2 Wh
value of the

+1 L. £ 1i £ £ L. YRy £ 3 £ £, 3 pa |
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testing scheme.

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

en the repeatability and reproducibility standard deviations are dependenty 6n the ave
test results, functional relations should be derived by the methods described in ISO 57

These relations should then be used to calculate values of the repeatability and réproducibility stan

deviations 3

8.5.3 For
to the requi

NOTE A
8.6 From
8.6.1 Wit

results of p
it is usually]
standard dg
Annex C, sh|
not appropt
across meas

8.6.2 The
appropriate
is fit for pur

ppropriate for the assigned value that is to be used in the proficieney)testing scheme.

rage
p5-2.
dard

the techniques above to be valid, the collaborative study musthave been conducted accoiding

rements of ISO 5725-2 or an equivalent procedure.

h example is presented in Annex E.10.
data obtained in the same round of a proficiency testing scheme

h this approach, the standard deviation forproficiency assessment, oy, is calculated fron
irticipants in the same round of the preficiency testing scheme. When this approach is
most convenient to use a performaniee score such as the z score. A robust estimate o
viation of the results reported by all'the participants, calculated using a technique list
puld normally be used to calculate’ op¢. In general, evaluation with D or D% and using &
iate in these situations, howéver P4 can still be used as a standardized score, for compai
urands (section 9.3.6).

use of participant-results can lead to criteria for performance evaluation that are
. The proficiencytesting provider should ensure that the op¢ used for performance evalua
pose.

in the case
measureme

EXAMPLE

hat the-robust standard deviation is very small. This limit should be chosen so that
t etror is fit for the most challenging intended use, the performance score will be z<3,0.

N the
used
ff the
bd in
- are
ison

not
ions

e proficiehcy testing provider should place a limit on the lowest value of oy that will be yised,

vhen

" The

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

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

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

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

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

8.6.4

Ll There are several disadvantages with this approach:

a)

b)

d)

NOTE

8.7

8.7.
testi
mo

stati

8.7.2

estin
avail
sequ
devi
secti

8.7.3

[he value of o) may vary substantially from round to round of a proficiency. test
making it difficult for a participant to use values of the z score to look for trends that
several rounds.

Standard deviations can be unreliable when the number of participants-in’the proficig
scheme is small or when results from different methods are combined:. For example,
standard deviation for normally distributed data can vary by about. £30 % from its trug
bne round of a proficiency testing scheme to the next.

Jsing dispersion measures derived from the data can lead toandapproximately constant

the scores, and generally good performance will resultingood participants receiving p
[here is no useful interpretation in terms of suitability for any end use of the results.

Examples of using participant data are provided in the comprehensive example in Annex

v

Monitoring interlaboratory agreement

As a check on the performance of‘the participants, and to assess the benefit of the
g scheme to the participants{ the proficiency testing provider should apply a p
tor interlaboratory agreement, to track changes in performance and ensure the reasor
stical procedures.

|

. The results obtaiped in each round of a proficiency testing scheme should be used

hates of the reprodugibility standard deviations of the measurement method (and rep
able), using the febust methods described in Annex C. These estimates should be plotte
entially or asa time-series, together with values of the repeatability and reproducibil
htions obtained in precision experiments from ISO 5725-2 (if available), and/or oy, if tq
ons 8.2 to 8'4 are used.

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

that

ng scheme,
bersist over

bncy testing
if p=20, the
value from

proportion

bf apparently acceptable scores. Generally poor performance'will not be detected by ipspection of

DOI" SCOres.

E.3.

proficiency
rocedure to
1ableness of

to calculate
eatability, if
d on graphs
ty standard
chniques in

raphs show

the’precision values obtained in a specific round of proficiency testing are greater hy a fl

hctor of two

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

9 Calculation of performance statistics

9.1

General considerations for determining performance

9.1.1 Statistics used for determining performance shall be consistent with the objective(s) for the
proficiency testing scheme.
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NOTE
participants

and other interested parties.

Performance statistics are most useful if the statistics and their derivation are understood by

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

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

participants

, or of severe violations of any statistical assumptions about the nature of the data.

9.14 Ingd
proportion

9.2 Limif

9.21 Ift
performand
warning sig
any cause d
determined

If the folloy
negligible a

u(xpe) <
NOTE

9.2.2 Ifth
ensuring arn
proficiency

a)

Select 4

equatign (10).

differeces between identifiable sub-populations of participants, report separate values
inties,for each sub-population (for example, participants using different measurement

eneral, it is not appropriate to use evaluation methods that intentionally classify.a
bf results as generating an action signal.

'ing the uncertainty of the assigned value

ne standard uncertainty u(xp¢) of the assigned value is large inftomparison with
e evaluation criterion, then there is a risk that some participants~will receive action
nals because of inaccuracy in the determination of the assigned value, not becaus

and shall be reported to participants (see ISO/IEC 17043:2010, 4.4.5 and 4.8.2).

nd need not be included in the interpretation of the resurlts of the round of proficiency teg

0,305t or u(xpd) <0,16g

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

is criterion is not met, then the prdficiency testing provider should consider the folloy
y action taken remains consistént 'with the agreed performance assessment policy fo
testing scheme.

method for determining the assigned value such that its uncertainty meets the criteri
uncertainty of the-assigned value in the interpretation of the results of the profici
scheme (see sectiens 9.5 on the z’score, or 9.6 on  scores, or 9.7 on E, scores).

ssigned value is derived from participant results, and the large uncertainty arises

s).

Fixed

the
and
e of

f the participant. For this reason, the standard uncertainty’of*the assigned value shall be

ing criterion is met, then the uncertainty of the assigned value may be considered o be

ting.
(10)

ving,

" the

bn in

gncy

‘rom
and

b) Use thg
testing
c) If the 4
uncertg
method
NOTE
d)

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

could be affected.

Inform the participants that the uncertainty of the assigned value is not negligible, and evaluations

If none of a) - d) apply, then the participants shall be informed that no reliable assigned value can be

determined

NOTE

24

and that no performance scores can be provided.

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

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

D, =x;,—x (11

pt

D; can be interpreted as the measurement error for that result, to the extent to which the assigned

valup can be considered a conventional or reference quantity value.

The fifference D; may be expressed in the same units as the assigned value or as a perecentag
calctyilated as:

(Yo=100(x; —x,, ) / x,.%

0f is closely related to oy as used for z scores (See 9.4), when o) is determined b
ose or expectations from previous rounds. The relation is determined by the evaluation
res. For example, if z > 3 creates an action signal\then 6g = 30, or equivalently oy = 55
ssions of &g are conventional in proficiency; testing for medical applications and in p
fications for measurement methods and products.

The advantage of D as a performance statisticand 6 as a performance criterion is that
an intuitive understanding of these'statistics since they are tied directly to measureme
ommon as criteria to determine fitness for purpose. The advantage of D% is that unde

Disadvantages are-that it is not conventional for proficiency testing in many county

proficiency testingschemes with multiple analytes or where fitness for purpose criteria can Y
of thle measurand
NOTE

) Useof D and D% generally assumes symmetry of the distribution of participant results
that

he acceptable range is -0 < D < F.

b difference,

(12)

purpose or

‘acceptable’

 fitness for
Criterion for
/3. Various
erformance

participants
ht error and
rstanding is
for example,

ies or fields

asurement; andthat D is not standardized, to allow simple scanning of reports for actign signals in

rary by level

in the sense

9.3. For purposes oI comparison 4across measurand Ievels, where I1tness 10r purpose

criteria can

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

Pai= (Di / 6g) x 100 % (13)

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

NOTE1 P4 scores can be compared across levels and different rounds of a proficiency testing scheme, or
tracked in charts. These performance scores are similar in use and interpretation to z scores that have a common
evaluation criterion such as z < -3 or z = 3 for action signals.
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NOTE 2

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

NOTE 3
results relati

ve to the assigned value.

9.4 zscores

9.4.1 The

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

)

where

Xpe isth

opt s th

9.4.2 The

A resul

A resul

A resul

Participant
case they in

NOTE1 Iy

NOTE2 T
widely used

NOTE3 T
carried out ¢
by a normal
with a mean
be expected
-2,0<z<2,0
by chance w
action signall

NOTE4 T

pt)

O pt

e assigned value, and

e standard deviation for proficiency assessment.

conventional interpretation of z scores is as follows (see ISO/IEE17043:2010, B.4.1.1):
[ that gives |z| < 2,0 is considered to be acceptable.

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

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

5 should be advised to check their measurenient procedures following warning signa
dicate an emerging or recurrent problem,

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

he choice of criterion op¢ should noyrmally be made so as to permit the above interpretation, wh
For proficiency assessment and is also closely similar to familiar control chart limits.

he justification for the use ofthelimits of 2,0 and 3,0 for z scores is as follows. Measurements thz
orrectly are assumed to generate results that can be described (after transformation if neces
distribution with meamx,: and standard deviation oy z scores will then be normally distrik
of zero and a standard-déviation of 1,0. Under these circumstances only about 0,3 % of scores W
Lo fall outside thegahge -3,0 < z < 3,0 and only about 5 % would be expected to fall outside the r
Because the probability of z falling outside 3,0 is so low, it is unlikely that action signals will
hen no real pfeblem exists, so it is likely that there is an identifiable cause for an anomaly wh
is given.

he assumption on which this interpretation is based applies only to a hypothesized distributi

competentl
needs to be

b
amde about the observed results themselves.

oratories and not on any assumption about the distribution of the observed results. No assum

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

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

(14)

Is in

chis

tare
sary)
uted
rould
ange
ccur
N an

on of
btion

NOTE 5
reduced.

NOTE 6

If the true interlaboratory variability is smaller than o, then the probabilities of misclassification are

When the standard deviation for proficiency assessment is fixed by either of the methods described

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

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

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

9.5 z’scores

9.5.1 When there is concern about the uncertainty of an assigned value u(xp¢), for example when
u(xpf) >0,30p, then the uncertainty can be taken into account by expanding the denomipator of the
performance score. This statistic is called a z' score and is calculated as follows (with\ndtation as in
section 9.4):

(15)

L,

NOTE When x,¢ and/or oy are calculated from participant results, the’performance score is cogrelated with

indiyf
devid

idual participant results, because individual results have an impact on both a robust mean 3
ition. The correlation for an individual participant depends onthe weighting given to that part

whe
9.5.]
valu
scor

9.5.
for a
cons

ined statistic. For this reason, performance scores including the uncertainty of the assigned v
ing an allowance for correlation represent under-estimates of the scores that would result if tH
included. For example, when u(xp¢)=0,30p¢ then therezis an underestimate of about 10 % of

D and D% scores can also be modified to-consider the uncertainty of the assigned va
ing formula to expand &g to 6f’

1[5,? +U? (xpt)

Fe U(xpe) is the expanded ungertainty of the assigned value x,; calculated with coveragg

E:

bz’ scores can be ifiterpreted in the same way as z scores (see 9.4) and using the s
es of 2,0 and 3,0, depending on the design for the proficiency testing scheme. Similarly
bs would then bé-compared with 6g” (see 9.3).

. Comparison of the formulae for the z score and the z’score in 9.4 and 9.5 shows that
round of\a proficiency testing scheme will always be smaller than the corresponding 7

tant faetor of

nd standard
cipantin the
alue without
e covariance
the z’ score.

Jue with the

(16)

factor k=2.

hme critical
y D and D%

he z' scores
scores by a

O

pt

2 2
O pt +u (Xpt)

When the guideline for limiting the uncertainty of the assigned value in 9.2.1 is met, this factor will fall
in the range:

0,96 <

Gpt

< 1,00
2 2
\/Upt +u (xpt)

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

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

will be negl

igible.

9.6 Zetascores (()

9.6.1 Zetq scores can be useful when an objective for the proficiency testing scheme is to evalufte a
participant’p ability to have results be close to the assigned value within their claimed uncertainty.
With notatipn as in 9.4, the { scores are calculated as:
X. —X
i pt
§p = > > (17)
() + 02 (x, )

where

u(x;) i$ the participant’s own estimate of the standard uncertainty)of its result x;, and

u(xpe) i$ the standard uncertainty of the assigned value xp;.
NOTE1 When the assigned value xp¢ is calculated as the consensus value from participant results, thgn x,;
is correlated with individual participant results. The correlation’for an individual participant depends oh the
weighting giyen to that participant in the assigned value, andt¢*a lesser extent, in the uncertainty of the assigned

value. For th
an allowancg
included. Th
methods are
scores. Equa

NOTE2 ¢
expanded ujf
methods or K
rigorous ass

e for correlation represent under-estimates of the scores that would result if the covariance
e under-estimation is not serious if the uticertainty of the assigned value is small; when r
used it is least serious for the outerniost participants most likely to receive adverse perforni
fion (17) can therefore be used with consensus statistics without adjustment for correlation.

scores differ from Ep scores (section 9.7) by using standard uncertainties u(x;) and u(xp), rather
certainties U(x;) and U(xpg Qscores above 2 or below -2 may be caused by systematically b
y a poor estimation of theumeasurement uncertainty by the participant. { scores therefore proy
essment of the complete pesult submitted by the participant.

9.6.2 Using ¢ scores allows-direct assessment whether laboratories are able to deliver correct res

i.e.results t
the same cn
factor used
a large dev
combinatiol

hat agree with'xp, within their measurement uncertainties. { scores may be interpreted y
itical values of 2,0 and 3,0 as for z scores, or with multiples from the participant’s cove
when.estimating expanded uncertainty. However, an adverse { score may indicate e
ationyof x; from xp¢, an under-estimate of uncertainty on the part of the participant,
1 of both.

is reason, performance scores including the.uncertainty of the assigned value without inclyding

were
bust
ance

than
ased
ide a

ults,
sing
rage
ther
or a

NOTE

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

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

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

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

9.7 E,scores

9.7.1 E, scores can be useful when an objective for the proficiency testing scheme-.is t¢ evaluate a
part{cipant’s ability to have results close to the assigned value within their claimed expanded uncertainty.
This|statistic is conventional for proficiency testing in calibration, but it can be uSed for other types of
proficiency testing.
This|performance statistic is calculated as:
X,
(18)
2 2
\/U )+U ( o)
whete
Xpt is the assigned value determined in a reference laboratory

=)

(xpe) s the expanded uncertainty of the assigned value xp;

U(x;) isthe expanded uncertainty of a participant’s result x;
NOTE Direct combination of expanded “uncertainties is not consistent with the regﬁlirement of
ISO/]EC Guide 98-3 and is not equivalent tofthe calculation of a combined expanded uncertainty unlless both the

cove

9.7.2
related) performance measuyres. The numerator is the deviation of the result from the ass

and

that
corr
>1,(
issug
unce

NOTE

infor

rage factors and the effective degrees)of freedom are identical for U(x;) and U(xpe).

. E, scores should be interpreted with caution, because they are ratios of two sg

has an interpretationdiscussed in section 9.3. The denominator is a combined expanded
should not be largen than the deviation in the numerator, if the participant has deter
pctly and if the proficiency testing provider has determined U(xp¢) correctly. Therefore,

e, similarlys1,0 < E;, < 1,0 should be taken as an indicator of successful performancs
rtainties'are valid and the deviation (x;-xp¢) is smaller than needed by the participant’s d

L,

While the interpretation of Ej; scores can be difficult, that does not prevent their use. |

o

parate (but
gned value,
uncertainty
mined U(x;)
scores of Ej,

or E, <-1,0 eould indicate a need to review the uncertainty estimates, or to correct a measurement

only if the
ustomers.

corporating

niation on uncertainty into the interpretation of results of proficiency testing results can play

a major role

ini

9.8

proving tire participarnts umderstanding of MeaSurenent UNcer tailty and (tS evaluation:

Evaluation of participant uncertainties in testing

9.8.1 With increasing application of ISO/IEC 17025 there is better understanding of measurement
uncertainty. The use of laboratory evaluations of uncertainty in performance evaluation has been
common in proficiency testing schemes in different areas of calibration, such as with the E}, scores, but
it has not been common in proficiency testing for testing laboratories. The  scores described in section
9.6, and Ej, scores in section 9.7, are options for evaluation of results against the claimed uncertainty.

9.8.2 Some proficiency testing providers have recognized the usefulness of asking laboratories to
report the uncertainty of results in proficiency testing. This can be useful even when the uncertainties
are not used in scoring. There are several purposes for gathering such information:
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a) accreditation bodies can assure that participants are reporting uncertainties that are consistent
with their scope of accreditation;

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

c) proficiency testing can be used to confirm claims of uncertainty, and this is easiest when the
uncertainty is reported with the result.

NOTE An example of the analysis of data when uncertainties are reported is in Annex E.3.

9.8.3 Whg¢re x); is determined using procedures in sections 7.3-7.6 and u(xp¢) meets the eritgrion

in 9.2.1 th
SO u(xpt) €
from partic
screening li

NOTE If
smaller than

9.84 Itig
the robust s
screening r¢

NOTE T
for a consen
distribution,

985 Ifu
testing proy
can be valid
interested 1
can be large

9.8.6 Pro

based on, for example:

specifig
the 95t
limits b

arequi

it is unlikely that a participant result will have smaller standard uncertainty'than

ld be used as a lower limit for screening, called upm;,. If the assigned value is*déterm
pant results (section 7.7), then the proficiency testing provider should determine prad
mits for umin.

u(xpt) includes variability due to inhomogeneity or instability, the participant’s u(x;) cou

Umin-

also unlikely that any participant’s reported standard unceftainty is larger than 1,5 t
tandard deviation of participants (1,55%), so this could be {ised as a practical upper lim
ported uncertainties, called upgx.

he factor 1,5 is the upper limit of the variability in_standard deviations that can be exps

Kus standard deviation with 10 or more results, based’ on the square root of percentiles of
Any proficiency testing provider adopting this procedure may wish to use a different multiplie

ider should explain this to participants,;and make it clear that a reported uncertainty,
even if it is lower than up;y, or largercthan up,y; and when this occurs participants ang
arties should check the result or-the uncertainty estimate. Similarly, a reported uncert
r than umj, and smaller than upqy, and still not be valid. These are informative indicators

iciency testing providersmay also draw attention to unusually high or low uncertai

d quantiles for the.reported uncertainties (for example below the 5th percentile and a
! percentile of theTeported standard or expanded uncertainties);

nsed onanassumed distribution with scale based onthe dispersion of reported uncertair

‘ed measurement uncertainty.

NOTE

5

this,
ined
tical

d be

mes
t for

bcted
the F

hin O Umayx, Or other criteria, are used to‘identify aberrant uncertainties, the proficiency

i(x;),

any
hinty
only.

hties

bove

ties;

ne€)uncertainties are unlikely to be normally distributed, transformation is likely to be nece

sary

when using limits thatrely on approximate or underlying normality; for example box plot whisker [imits based on
the interquartile 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 test item or for more than one measurand. In this situation, the results for
each proficiency test item and for each measurand should be interpreted as described in 9.3 to 9.7; i.e,,
the results for each proficiency test item and each measurand should be evaluated separately.

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

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

9.9. In proficiency testing schemes that involve a large number of measurands, a count’oif proportion
of thle 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,
becajuse it can be difficult to describe the statistical assumptions underlying thescores. While combined

perfprmance scores for results on different proficiency test items on the same measurand can have

expdcted distributions and can be useful for detecting persistent bias, averaged or summed s
different measurands on the same or different proficiency test items cah.conceal bias in resu
meapurands. The method of calculation, the interpretation, and the limitations of any c
penglty scores used shall therefore be made clear to participants.

10 Graphical methods for describing performance scores

10.1 Application of graphical methods

The |proficiency testing provider should normally use the performance scores obtained in
of a proficiency testing scheme to prepare.graphs such as those described in 10.2 and 10.3
perfprmance scores, such as Py, z, 7, {, or(E), scores in these graphs has the advantage that
drawn using standardized axes, thereby simplifying their presentation and interpretation. Gr
be mpade available to the participants,/enabling each participant to see where their own re
relafion to those obtained by the other participants. Letter codes or number codes can be used
the participants so that each participant is able to identify their own results but not able t
whigh participant obtained(any other result. The graphs may also be used by the proficig
proviider and any accredifing body, to enable them to judge the overall effectiveness of the
ing scheme and to seeif there is a need for reviewing the criteria used to evaluate perfory

2 Histograms of results or performance scores

10.24.1 The-hiStogram is a common statistical tool, and is useful at two different points in

fores across
ts for single
bmbined or

each round
. The use of
they can be
aphs should
sults fall in
fo represent
b determine
bncy testing
proficiency
hance.

the analysis

of p1
stati
prop

ofieiency testing results. The graph is useful in the preliminary analysis stage, to check

ctieal assumptions are reasonable, or if there is an anomaly - such as a bimodal distribEIt
Ton of OUtHeTS, or unusu EWn Was ot anticip .

whether the
ion, a large

Histograms can also be useful in reports for the proficiency testing scheme, to describe the performance
scores, or to compare results on, for example, different methods or different proficiency test items.
Histograms are particularly useful in individual reports for small or moderate-sized proficiency testing
schemes (fewer than 100 participants) to allow participants to assess how their performance compares
with other participants, for example, by highlighting a block within a vertical bar to represent a
participant’s result or, in small proficiency testing schemes (fewer than 50 participants), using
individualized plot characters for each participant.

10.2.2 Histograms can be prepared using actual participant results or performance scores. Participant
results have the advantage of being directly related to the submitted data and can be assessed without
further calculation or transformation from the performance score to the measurement error. Histograms
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based on performance scores have the advantage of relating directly to performance evaluations, and can
easily be compared across measurands and rounds of a proficiency testing scheme.

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

10.2.3 The scale and plot 1ntervals should be chosen so that blmodahty can be detected (1f1t is present),

without creg

NOTE1 T
(for constant
show many 4
The appear

NOTEZ A

he appearance of histograms is sensitive to the bin width chosen and to the location of bin bouuid
bin width this is largely dependent on the starting point). If the bin width is too smallsthe plo

mall modes; too large and appreciable modes near the main body may not be sufficiently dis
aItlce of narrow modes and the relative heights of adjacent bars my change appreciably on chat

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

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

10.3 Kernel density plots

10.3.1 Ak
the general
data point
standard de
the resultin

brnel density plot, often abbreviated to ‘density plot, provides a smooth curve descr
shape of the distribution of a data set. The idea underlying the kernel estimate is that
s replaced by a specified distribution (typically nofimal), centred on the point and w
viation oy ; ok is usually called the ‘bandwidth’ These distributions are added together
b distribution, scaled to have a unit area, gives a*density estimate’ which can be plotted

aries

will
inct.
lging

bing
each
ith a
and
asa

smooth curvye.
10.3.2 Thelfollowing steps may be followed to prepare a kernel density plot. It is assumed that a datja set
X consisting of p values x1, x2, ..., Xp are to be inclyded in the plot. These are usually participant results but

may be performance scores derived from thetresults.

Choose

a)

i)

Foq

X1, }eor

To
per

NOTE 1
interqud

b)

more co
and the

an appropriate bandwidth gk Two options are particularly useful:

general inspection, set@g= 0,9 s*/p0.2 where s* is a robust standard deviation of the v{
xp calculated usingprocedures in Annex C.2 or C.3.

examine the data set for gross modes that are important compared to the criterio}
formance assessment, set ok = 0,750, if using z or { scores, or oy = 0,256 if using D or |

lues

n for
D%.

Option~a)~above follows Silvermanl[30] which recommends s* based on the norm
whichreplaces the multiplier of 0,9 with 1,06. Reference [29] describes a near-optimal, but

choice depends on software availability.

lised

rtile rahge’ (nIQR). Other bandwidth selection rules that provide similar results include tHat of
Scottl29],

uch

mplex, method of bandwidth selection. In practice, the differences for visual inspection are glight

NOTE 2
ii)

iii)

Set a plotting range qmin to qmax SO that gmin <

Option b) above follows IUPAC guidancel32].

min( X1, ... Xp ) - 30k and gmax = max( x1, ...

extreme outliers within the range of the plot.

iv) Calculate plotting locations g1 to gnk from

q; =4,

32

(q”k _ql)
n, —1

(-1
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Xp) + 30k.

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

(19)
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v) Calculate ny densities h1 to hpk from

h

X;—q;

O

;= fori=1toi=ng

1
EZj:l(p

where ¢(.) denotes the standard normal density.

vi) Plot h; againstgq;.

NOTE 1

It may be useful to add the locations of the individual data points to the plot. This is mo

8:2015(E)

(20)

st commonly

done by plotting the locations below the plotted density curve as short vertical markers (sometimes called a ‘rug’),

but nhay also be done by plotting the data points at the appropriate points along the calculated densit

NOT
shee
base
algor

NOT
10.3

draw
from

NOT
man}

NOT
sets
devid

10.4

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

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

.3 The shape of the curve is taken as an indication of the disttibution from which th
m. Distinct modes appear as separate peaks. Outlying values appear as separate peaks we
the main body of the data.

£ 1 Adensity plotis sensitive to the bandwidth o chosen.If the bandwidth is too small, the p
F small modes; too large and appreciable modes near the ntain body may not be sufficiently dist

£ 2 Like histograms, density plots are best used<with moderate to large data sets becaud

[ten or fewer) may by chance include mild outliers:or apparent modes, particularly when a rob
ition is used as the basis for the bandwidth.

L Bar-plots of standardized performance scores

10.4.1 Bar-plots are a suitable methed of presenting the performance scores for a numbg

char
for d
part

10.4

Figu
scor

hcteristics in one graph. They'will reveal if there is any common feature in the scores for a
xample if a participant achieves several high z scores indicating generally poor perfor
cipant may have positive bias.

.2 To prepare a/bar<plot, collect the standardized performance scores into a bar-plot
e E.10, in which,scores for each participant are grouped together. Other standardized g
s, such as D%-o1 P4 can be plotted for the same purpose.

10.4.3 When replicate determinations are made in a round of a proficiency testing scheme
may|beds€d to calculate a graph of precision measures; for example, k statistics as described
2, off a-velated measure scaled against the robust average standard deviation such as tha

y curve.

in a spread-
Hensity plots
may use this

b data were
1l separated

lot will show
inct.

e small data
ust standard

r of similar
participant,
mance, that

hs shown in
erformance

the results
nISO5725-

k defined in

Algorithm S [Annex C.4J.

NOTE

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

10.5 Youden Plot

10.5.1 When two similar proficiency test items have been tested in a round of a proficiency testing
scheme, the Youden Plot provides a very informative graphical method of studying the results. It can be
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
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test item. Vertical and horizontal lines are typically drawn to create four quadrants of values, to assist
interpretation. The lines are drawn at the assigned values or at the medians for the two distributions of

results, or d

NOTE

rawn at 0 if z scores are plotted.

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:

a) Inspect
followi
be give

left and

the plot for points that are well-separated from the rest of the data. If a participanti$ not
g the test method correctly, so that its results are subject to systematic error, a‘point will
h far out in the lower left or upper right quadrants. Points far from the others in“the upper
lower right quadrants represent participants whose repeatability is largerhian most dqther

participants, whose measurement methods show different sensitivity to the preficiency test fitem

Compos
b) Inspect
two pr
is evidg

bficiency test items (for example, if they lie approximately aleng a sloped line). If

ition or, sometimes, participants who have accidentally interchanged preficiency test items.

the plot to see if there is evidence of a general relationship between the results for the

ere

nce of a relationship, then it shows that there is evidence ,of participant bias that affects

different proficiency test items in a similar way. If there is no appdrent visual relationship betyeen

results
densityj
largely
isnotc
c¢) Inspect
groups

NOTE1 Iy
single measy
not been ade
to be genera

NOTEZ A

10.6 Plots

10.6.1 Wh
scheme, the
deviation ar

10.6.2 The

towards the centre) than the measurement errors fox‘the two proficiency test item
independent. This can be checked with a rank correlation statistic, if the visual examin3
bnclusive.

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

studies where all participants use the sathe measurement method, or plots of results are fr
rement method, if results lie along a'line, this may be evidence that the measurement metho

quately specified. Investigation of the test method may then allow the reproducibility of the me
ly improved.

h example of a Youden plotjs provided in Annex E.12.
of repeatability;standard deviations

bn replicate measurements are made by the participants in a round of a proficiency te
results cambe used to produce a plot to identify any participants whose average and stan
e unusual.

graph is constructed by plotting the within-participant standard deviation s; for

participant

gainst the corresnonding average x: for the particinant. Alternativelv the range of repl
O r (=] O I r r v (=] r

(e.g., points are distributed approximately evenly in a_¢ircular region, usually with higher

are
ition

[lear

om a
l has
thod

Eting
dard

each
cate

results can be used instead of the standard deviation. Let

x* = the robust average of x1, x, ..., Xp, as calculated by Algorithm A

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

34
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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

stan

dard deviations, the statistic

2

\/;g =+ Z(m—l)]n
w

2
Si

W*

(21)

has approximately the y? distribution with 2 degrees of freedom. Hence a critical region with a
significance level of approximately 1 % may be drawn on the graph by plotting

2

1 2 x—x"
§=wexplt——=—o %2009 — \/;—* (22)
2(m-1) w
on the standard deviation axis against x on the average axis for
2 2
X X
)':x"‘—w"]’M to x*—i—wwM (23)
m m
NOTE This procedure is based on the Circle Technique introduced®by van Nuland[36]. The methpd described
used|a simple Normal approximation for the distribution of the standard deviation that could give a cfitical region

cont
the s
Furt

10.6
are
repe

NOTE

s

4

10.

10.7
or w
mate
two
of eg

On d
refet

NOT

ining negative standard deviations. The method given here uses an approximation for the di
tandard deviation that avoids this problem, but the critieal region is no longer a circle as in
ier, robust values are used for the central point in place-af simple averages as in the original me

.3 The plot can indicate participants with bias:that is unusually large, given their repeatal
. large number of replicates, this techniquevcan also identify participants with excepti
ptability. However, because there are usually a small number of replicates, interpretations

S

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

.1 Splitsamples are usedwhen itis necessary to carry out a detailed comparison of two j
hen proficiency testihg)is not available and some external verification is needed. Sampl
rials are obtained; répresenting a wide range of the property of interest, each sample
parts, and each-laboratory obtains some number (at least two) of replicate determinat
ch sample.

ccasionymore than two participants may be involved, in which case one should be f{
ences-and the others should be compared with it using the techniques described here.

E 1

stribution of
the original.
thod.

ility. If there
bnally small
are difficult.

articipants,
s of several
is split into
ons on part

reated as a

or “bilateral

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

comparisons”.

NOTE 2

invol

This split sample design should not be confused with the ‘split level’ design used in 1SO
ves two test items with slightly different levels supplied to all participants.

5725, which

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
a participan

are combined over several rounds of a nroficiency testing scheme the nerformance scores s
I (=] I

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

ould

be displayed
in one round
with frequen
performancsg

10.8.2 The
values of z 3

10.8.2.1 Ta
are plotted
proficiency
scores for d

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

Shewhart control chart is an effective method of identifying problems that'cause large ey
cores. See ISO 7870-2[é] for advice on plotting Shewhart charts and rules for action limif

as individual points, with action and warning limits set consistent with the design fo
testing scheme. When several characteristics are measured in each round, the perform
ifferent characteristics may be plotted on the same graph, but the points for the diffq

characteristjics should be plotted using different plotting symbols and/or different colours. When se

proficiency
scores can K
each time p

10.8.2.2 Cq
is given whg

a) asinglg
b) two out

<)

six con

test items are included in the same round of the proficiency testing scheme the perform
e plotted together with multiple points at each time period. Lines joining the mean scor
bint may also be added to the plot.

nventional rules for interpreting the Shewhart control chart are that an out-of-control s
n

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

ecutive results either positive or negative.

10.8.2.3 When a Shewhart control chart gives an out-of-control signal, the participant should invest

possible cal

NOTE T
differences (
Shewhart co

Ses.

he standardjdeviation for proficiency assessment oy is not usually the standard deviation g
Xi — Xpt), S0 the probability levels that are usually associated with the action and warning limit
htrol chart may not apply.

used
(e.g.
lying

ratic
S.

prepare this chart, standardized scores, such as z scores or P4 scores, for a participant

" the
ance
rent
Ueral
ance
es at

gnal

gate

f the
5 of a

10.8.3 Wh

4

ther,

plots of standardized performance scores, such as z and P4, 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 the performance scores can all be plotted independently.

NOTE 1

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

NOTE 2
withonlyac

36

hange in the vertical scale.
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It can be useful to have a different plotting symbol or different color for the results from the current

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

11.1 Types of qualitative data

A large amount of proficiency testing occurs for properties that are measured or identified on

qual

itative 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);

Such
perf

The
eval

NOTE

scald

11.2

11.2
for a
qual
Wh¢

Proficiency testing schemes for presence or absence of a property, whether determined-b
Criteria or by the magnitude of a signal from a measurement procedure. This can-be re
special case of a categorical or ordinal scale, with only two values (also called ‘dichotomous

Proficiency testing schemes requiring results reported on an ordinal scal€, which canl
hccording to magnitude but for which no arithmetic relationships exist among different
bxample, ‘high, medium and low’ form an ordinal scale.

proficiency testing schemes require special consideration for the/design, value assi
brmance evaluation (scoring) stages because

hssigned values are very often based on expert opinion; and

Statistical treatment designed for continuous-valued and count data is not applicable td
Hata. For example, it is not meaningful to take means and standard deviations of o
Fesults even when they can be placed in a ranking-6rder.

following paragraphs accordingly provide guidance on design, value assignment and p
hation for qualitative proficiency testing schemes.

L,

Guidance for ordinal data does not apply to measurement results that are based on a
with discontinuous indications (such as,dilutions or titres), see section 5.2.2.

o

Statistical design

.1 For proficiency testing’schemes in which expert opinion is essential either for value as

fied experts and to.provide time for debate in order to achieve consensus on appropriate

pro

diffejrent experts:

EXAMPLE

proficieficy test items. The proficiency testing provider may choose to circulate proficiency test

re there is a need®o rely on individual experts for scoring or value assignment the profici
ider should additionally provide for assessment and control of the consistency of opi

y subjective
garded as a
’,or binary);

be ordered
results. For
pnment and
qualitative
rdinal scale

erformance

quantitative

Signment or

ssessment of participant reports, it will normally be necessary to assemble a panel of appropriately

hssignment.

pency testing

hion among

In a clinical proficiency testing scheme that relies on microscopy for diagnosis, e¥pert opinion
is uspd to_assess microscope slides provided to participants and provide an appropriate clinical

liagnosis for

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.

© ISO 2015 - All rights reserved
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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 information on
the nature of errors and also allow more sophisticated scoring of proficiency testing performance.

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

EXAMPLE 2  Proficiency testing in forensic comparisons often requires matching proficiency test items as
to whether they came from the same source or different sources (for example, fingerprints, DNA, bullet|shell
casings, footprints, etc.). In many cases “indeterminate” is an allowed response. A proficiency testing.scheme
might include multiple proficiency test items from different sources, and participants are asked to-state wWhich
are from “sgme source”, “different source”, or “indeterminate” for every pair. This allows objective scorfes of
number (or %0) correct or incorrect, or number (%) correct matches, or correct rejections. Performance criteria
can then be determined on fitness for use, or on degree of difficulty of the challenge.

11.2.3 Homogeneity should be demonstrated with review of an appropriate satnple of proficiency test
items, all oflwhich should demonstrate the expected property value. For some\qualitative properties, for
example présence or absence, it may be possible to verify homogeneity with-quantitative measuremgnts;
for examplg a microbiological count or a spectrum absorbance above a<threshold. In these situatigns a
conventiongl test of homogeneity may be appropriate, or a demonstration of all results being aboye or
below a cutjoff value.

11.3 Assigned values for qualitative proficiency testinig schemes

11.3.1 Valyes may be assigned to proficiency test itemst¢

a) by expqrtjudgement;

b) by use ¢f reference materials as proficiency-test items;

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

The

Any other v
following p

NOTE I
assigned val
requires the
judge wheth

hlue assignment method that can be shown to provide reliable results may also be used
hragraphs consider each of the above strategies.

is not usuallyyappropriate to provide quantitative information regarding the uncertainty g
lle in qualitative proficiency testing schemes. Each of the paragraphs 11.3.2 to 11.3.5 noneth
provision of basic information relating to confidence in the assigned value so that participantg
b1 a poortesult might reasonably be attributable to an error in value assignment.

f the
eless
may

11.3.2 Valu

esassigned by expert opinion should normally be based on a consensus of a panel of sui

ably

qualified experts. Any significant disagreement among the panel should be recorded in the 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 section 11.3.1.
If that is not appropriate the proficiency test item should not be used for performance assessment of
participants.

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

11.3.3 Where a reference material is provided to participants as a proficiency test item, the associated
reference value, or certified value, should normally be used as the assigned value for the round. Any
summary information provided with the reference material that relates to confidence in the assigned
value should be available to participants following the round.
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NOTE The limitations of this approach are listed in section 7.4.1.

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

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

11.3.4.1 Confirmatory tests or measurements are recommended where possible))éspedially where
contpmination may compromise use as a proficiency test item. For example, acproficiengy test item
identified as an exemplar of a single microbial, plant or animal species should.normally be tested for
resppnse to tests for other relevant species. Such tests should be as sensitive  as“possible tolensure that
conthminating species are either absent or that the level of contamination s quantified.

11.3.4.2 The proficiency testing provider should provide informatiofi on any contamination|detected or
doubpts about origin that may compromise use of the proficiency testitem.

NOTE Further detail on characterisation of such proficiency“test items is beyond the sfope of this
Intennational Standard.

11.3.5 The mode (the most common observation) may’ be used as the assigned value for fesults on a
categorical or ordinal scale, while the median may be tised as the assigned value for results oh an ordinal
scalg. Where these statistics are used, the repart for the proficiency testing round should include a
statgment of the proportion of the results used-in value assignment that matched the assigned value. It is
nevdr appropriate to calculate means or standard deviations for proficiency testing results fof qualitative
progerties, including ordinal values. Thisis-because there is no arithmetic relationship betwden different
valugs on each scale.

11.3.6 When assigned values_are based on measurements (for example, presence or alpsence), the
assigned value can usually be'determined definitively; i.e., with low uncertainty. Statistical calculations
for uncertainty may be appropriate for levels of measurand in “indeterminate” or “equivocal] levels.

11.4 Performancé-evaluation and scoring for qualitative proficiency testing schemes

11.4.1 Evaluation of participant performance in a qualitative proficiency testing scheme depends in part
i i i ignificarft amount of
hd wording,
.JAt the other

@ x A he assigned
value for the relevant proflclency test 1tem The followmg paragraphs accordmgly prov1de 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;
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— 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.

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

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

scored gs 1 and incorrect results as 0.

ii) Resultsthat exactly match the assigned value are marked as acceptable and given a corresponding
score; 1lesults that do not exactly match the assigned value are given a score that dépends orl the
nature pf the mismatch. Such scoring designs should assign lower scores to bettet-performange, to
be congistent with other types of performance scores (for example, z score, P4 score, {, and Ep)

EXAMPLE1 In a clinical pathology proficiency testing scheme, a proficiency ‘testing provider aspigns
a score pf ‘0’ for an exactly correct identification of a microbiological species,"1”point for a result that is
incorredt but would not change clinical treatment (for example identification as a different but rejated
microbiplogical species requiring similar treatment), and 3 points for an identification that is incorrect and
would ldad to incorrect treatment of a patient. This scoring scheme willusually require expert judgemepnt on
the natyre of the mismatch, perhaps obtained prior to scoring.

EXAMPLE 2  In a proficiency testing scheme for which six possible responses ranked on an ordinal scale
are posgible, a result matching the assigned value is given aseore of 0 and the score is increased by|2 for
each diffference in rank until the score increases to a maximum of 6 (so a result adjacent to the assigned
value would attract a score of 2).

Individual gerformance scores for each proficiency test item should be provided to participants. Whhere
replicate objservations are performed a summary ofperformance scores for each result may be provided.

11.4.4 Where multiple replicates are reported for each proficiency test item or where multiple
proficiency [test items are provided to each: participant, the proficiency testing provider may calcpilate
and use combined performance scores.'or score summaries in performance assessment. Combined
performancde scores or summaries maybe calculated as, for example:

— the simple sum of performaiee scores across all proficiency test items;
— the coupt of each levelof-performance allocated;
— the proportion of correct results;

— adistance metric based on the differences between results and assigned values.

EXAMPLE A very general distance metric sometimes used statistics for qualitative data is the Gpwer
coefficientl23~Thiscam combine quantitative and quatitative vartables based on a combination of scores for
similarity. For categorical or binary data the index allocates a score of 1 for exactly matching categories and 0
otherwise; for ordinal scales it allocates a score equal to 1 minus the difference in rank divided by the number
of ranks available, and for interval or ratio scale data it allocates a score equal to 1 minus the absolute difference
divided by the observed range of all values. These scores, which are all necessarily from 0 to 1, are summed and
the sum divided by the number of variables used. A weighted variant may also be used.

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

11.4.5 Graphical methods may be used to provide performance information to participants or to provide
summary information in a report for a round.
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NOTE An example of the analysis of ordinal data is provided in Annex E.15.
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Annex A
(normative)

Symbols

d Difference between a measurement value for a proficiency test item and an assigned value
fora€RM

d Avferage difference between measurement values and the assigned value for a CRM
D Pqrticipant difference from the assigned value (x-xp¢)

D% Pqrticipant difference from the assigned value expressed as a percentage ofé¢

OF Maximum permissible error criterion for differences

Shom Error due to the difference between proficiency test items

Ostab Error due to instability during the period of proficiency testing

Otrans | Efror due to instability under transport conditions

En “Errror, normalized” score that includes uncertainties for the participant result and the

aspigned value

g Number of proficiency test items tested in a homogeneity check

m Nllmber of repeat measurements made per proficiency test item

p Ndmber of participants taking part in a round‘of a proficiency testing scheme

Py Prioportion of allowed error (D/6f), can belexpressed as a percentage

Sr Egtimate of repeatability standard deyiation

SR Edtimate of reproducibility standdrd deviation

Ss Edtimate of between-sample standard deviation

s* Rgbust estimate of the participant standard deviation

so Sthndard deviation of sample averages

Sw Within-sample orwithin-laboratory standard deviation

Ok Bdndwidth standard deviation used for kernel density plots

oL Bdtween-laboratory (or participant) standard deviation

Opt Sthndard deviation for proficiency assessment

or Rdpedtability standard deviation

OR Reproducibility standard deviation

Uhom Standard uncertainty due to the difference between proficiency test items

Ustab Standard uncertainty due to instability during the period of proficiency testing
Utrans | Standard uncertainty due to instability under transport conditions

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

u(xps) |Standard uncertainty of the assigned value

u(xref) |Standard uncertainty of a reference value

U(xj) Expanded uncertainty of reported result from participant i

U(xps) |Expanded uncertainty of the assigned value
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U(xref) |Expanded uncertainty of a reference value
Wy Between-test-portion range
w* Robust estimate of participant repeatability
X Measurement result (generic)
Xchar Property value obtained from the determination of the assigned value
XCRM Assigned value for a property in a Certified Reference Material
X; Measurement result from participant i
Xpt Assigned value
Xref Reference value for a stated purpose
x* Robust estimate of the participant mean
X Arithmetic average of a set of results
z Score used for proficiency assessment
! Modified z score that includes the uncertainty of the assigned value
4 Zeta score - modified z score that includes uncertainties for the participant resultland the

assigned value
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Annex B
(normative)

Homogeneity and stability of proficiency test items

B.1 General procedure for a homogeneity check

B.1.1 To

onduct an assessment for homogeneity for a bulk preparation of proficiency test it

follow the procedure given below:

Choose a prj

Choose a ¢
method shd
inhomogen;
standard d¢

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

boratory to carry out the homogeneity check and a measurement method to use.
uld have a sufficiently small repeatability standard deviation (s/'se that any signif
ity can be detected. The ratio of the repeatability standard deviation for the method t
bviation for proficiency assessment should be less than 0,5, asthécommended in the IU

Harmonizedl Protocol (or 1/6 of &g). It is recognized that this is not always possible, so in that cas

proficiency

testing provider should use more replicates.

Prepare and package the proficiency test items for a round of the proficiency testing scheme, ensu

that there a
for the hom

e sufficient proficiency test items for the participants in the proficiency testing schems
pgeneity check.

The
cant
b the
JPAC
b the

ring
and

Select a number g of the proficiency test items in thei#’final packaged form using a suitable ra

selection pr

testitems p

Prepare m
proficiency

Taking the ¢
whole serie

Calculate tH
deviation sy

B.1.2 Wh
then the sta
method wit

ed if suitable data are available from*previous homogeneity checks on similar profici
epared by the same procedures.

> 2 test portions from each .proficiency test item using techniques appropriate tq
test item to minimize betweén-test-portion differences.

j X m test portions in a fandom order, obtain a measurement result on each, completin
5 of measurements under repeatability conditions.

e general averageX , within-sample standard deviation s, and between-sample stan
,as shown in.B.3.

dom
ocess, where g 2 10. The number of proficiency test items included in the homogeneity %eck
may be redtc

ncy

the

b the

dard

bn it is net)possible to conduct replicate measurements, for example with destructive fests,

ndard, deviation of the results can be used as s;. In this situation it is important to hz
h a‘Sufficiently low repeatability standard deviation s;.

ve 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.

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

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

E If m>2 and a single observation is removed, subsequent calculation of s,, and ss will need to take the

resulting imbalance into account.

B.2.

Compare the between-sample standard deviation ss with the standard deviationfot| proficiency

assepsment op¢. The proficiency test items may be considered to be adequately homogeneous if:

NOTE1 The justification for the factor of 0,3 is that when this criterion is met the between-samiple standard
devigtion contributes less than 10 % of the variance for evaluation of performance; so the performange evaluation

is unjikely to be affected.

NOT

£ 2 Equivalently, ss can be compared to 6 :

4s< 0,165 (B.2)

B.2.83 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)
b)

Calculate 6250w = (0,30p1)2
Calculate ¢ = F1024510w + F252,y, where

) is the within-sample stahdard deviation as calculated in section B.3 and

Fyand F, 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 duplicatel33].

Table B.1 ~Factors F1 and F2 for use in testing for sufficient homogeneity

gm 20 19 18 17 16 15 14 13 12 11 10 9 8 7
F1 1,59 1560 1,62 1,64 1,67 1,69 1,72 1,75 1,79 1,83 1,88 1,94 2,01 2,10
F2 0,57 0,59 0,62 0,64 (0,68 (0,71 0,75 0,80 (0,86 (093 1,01 1,11 125 1,43

9

Where m>2, F in B.2.3 b) and Table B.1 shall be replaced with F2,,;, = (Fg - 1, gim-1), 0,95 -|1)/m where
o= 1 gtm1), 095~ 1 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:

F1 = x20,95(g - 1) Where x2095(4 - 1) is the value exceeded with probability 0,05 by a chi-squared
random variable with g - 1 degrees of freedom, and

F2 = (Fo,95 (g- 1;9)-1)/2 where Fy95(4-1;g) is the value exceeded with probability 0,05 by a random
variable with an F-distribution with g - 1 and g degrees of freedom.

If ss>Vc then there is evidence that the batch of proficiency test items is not sufficiently homogeneous
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B.2.4 When o) is not known in advance, for example when op; is the robust standard deviation
of participant results, the proficiency testing provider should choose other criteria for determining
sufficient homogeneity. Such procedures could include:

a) check for statistically significant differences between proficiency test items using, for example, the
Analysis of Variance F test at =0,05 ;

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

c) use data from a precision experiment (such as a reproducibility standard deviation as described
in ISO 5725-2);

d) accept
checkt

B.2.5 If the criteria for sufficient homogeneity are not met, the proficiency testing, provider

consider ad

a) Include
assessr]

participants.

b) Include

c¢) Whend
proficig
relaxed

If none of a)
cause of inh

B.3 Formulae for homogeneity.check

The estima
be calculatq
proficiency

The data fr¢m a homogeneity check are represented by x¢ k

Lhe risk of distributing proficiency test items that are not sufficiently homogeneots
ne criterion after the consensus op¢ has been calculated.

ppting one of the following actions.

nent, by calculating o’p¢ as in equation (B.3). Note this needs _fo,be described ful

2 2
Gpt +SS

Ss in the uncertainty of the assigned value and use z*0r 6g’ to assess performance (see

pt is the robust standard deviation of participantresults, then the inhomogeneity bety
ncy test items is included in op¢ and so the criterion for acceptability of homogeneity c4
with caution.

to c) apply, discard the proficiency testitem and repeat the preparation after correctin
omogeneity.

fe of within-sample standard deviation s,, and between-sample standard deviation s;
d using analysis of variance as shown below. The method shown is for a chosen numbel
test items, measuréd in replicate m times.

and

shall

the between-sample standard deviation in the standard deviation for proficiency

y to

B.3)

D.5);

veen
n be

b the

may
g of

where
t reprdsentsithe proficiency testitem (t=1,2........ ,9)
k représentsthe-testporten{h=t2—H)
46 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=d4f6db899ea2f14bfd8a5fe7e673d3ae

Define the proficiency test item average and variance as:
_ 1 m
X = m Zk:1 Xk

2 1 m _\2
St _;Zk:1(xk_xt>

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

ISO 13528:2015(E)

(B.4)

Wi = mxle(xk _’Tt)

Calcplate the general average:

+ 1 _
1= 52f1 X

the ¢stimate of the variance of sample averages:

)2( = <g_1>2f=1(}t _;)

and the within-sample variance:

2 _ 19 2
“wzgzt:ygt

Estinate the combined variance of sg and-sy,

1 _ =
Sow = HZL()% _X>2 +

Finally, estimate the between-sample variance as

1|2 2 2
1—;]5W =Sy —|—sW

“S_Ss,w SW_(g—l) t=1

NOTE In the\cdse that s¢2 < 0, then it is appropriate to use ss=0.

2 _ 2 2 1 g<_:>212

(B.5)

(B.6)

(B.7)

(B.8)

(B.9)

(B.10)
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For a common design when m is 2, the following formulae can be used.

Define the sample averages as:

R, = (xe; +2,5)/2 (B.11)

and the between-test-portion ranges as:

w :‘x x| (8.12)

Calculate tHe general average:

—J —

15
EA—JCZZLXt (1313)

o]l

Estimate thee standard deviation of sample averages:

s, = \/Efl()?t—?)z/(g ~1) (B.14)

and the within-sample standard deviation:

W /(24) (B.15)

SUI
_
N

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

Finally, estimate the between-sample standard deviation as:

s, =m 1x[0, s —(sfv/z)] (.16)

NOTE1 The estimate of between-sample variance ss2 often becomes negative when s is relatively snjaller
than sy. Thigcan be expected whenpraoficiency test items are highly homogeneous. In this case ss = 0.

NOTE 2  Iijstead of using ranges;’one could use between test portion standard deviations such as
s, —w|/\2

NOTE3  Ah example is provided in Annex E.2

B.4 Procedures for checking stability

B.4.1 General considerations for checking stability

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

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

by checking reported results for a trend with date of measurement.

B.4.1.2 The following considerations apply to stability checks:

— Al 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.

NOTE

in th
B.4.

B.4.]
prof
test

ched
test

solel
ship

NOT
testi

NOT

B.4.]
asse
effed

B.4.]
testi

a)
b)

)

d)

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

s large; more samples or more replicates should be used if the repeatability is suspect (1
fsworsy>0,50p).

ISO Guide 35 provides strategies for minimizing the effect on stability studies, of Iong-te
measurement process, such as isochronus studies or the use of stable reference niaterials.

2 Procedure for checking stability during the course of a proficiency testir

ciency test items at the conclusion of a proficiency testing roundiand compare these with
tems tested prior to the round, to assure that no change occurted through the time of thg
k may include a check for any effect of transport conditiosis'by additionally exposing the
items retained for the study duration to conditions representing transport conditions.
y intended to check for transport effects, the compatisén is between proficiency test it
ped with proficiency test items that are retained unider controlled conditions.

£ 1 Proficiency testing providers may use thelresults of homogeneity testing prior to th
g round instead of selecting and measuring a separate set of proficiency test items.

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

p.2 If a proficiency testing pfoyider includes shipped proficiency test items in t

ts of transport are checked-Separately, then the procedure described in section B.6 shou

P.3 A procedure for a-basic stability check using measurements before and after a
hg round is as follows:

Select a number 2g of the proficiency test items at random, where g = 2 .
belect a single laboratory using a single measurement method with good intermediate

Measure g proficiency test items before the planned date of distribution of proficiency 1
barticipants. Replicated measurements should be made in a fully randomised order.

or example,

rm variation

g round

P.1 A convenient model for testing stability in proficiency testing is to test a small sample of

proficiency
round. The
proficiency
For studies
ms that are

e proficiency

he stability

ssment in B.4.2.1, then the effects of transport are included in the assessment of stapility. If the

d be used.

proficiency

brecision.

estitems to

Reserve the remaining g proficiency test items under conditions similar to the expected 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:
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a) The first group of g proficiency test items may be omitted if other measurements on the set of
proficiency test items are available from the same laboratory and test method. For example, data
from a prior homogeneity check may be used.

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

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

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

B.5 Assessment criterion for a stability check

B.5.1 Corxntpare the general average of the measurements obtained in the check priorto distribytion

with the gemeral average of the results obtained in the stability check. The proficiencytest items may be

considered fo be adequately stable if:
v, -y} < 0,30, or<0,16g (3.17)

B.5.2 If it|is likely that the intermediate precision of the measuremént method (or the uncertainfty of

measuremepnt of the item) contributed to the inability to meet the ctiterion, then one of the following

options sho

uld be taken:

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

b) increase the uncertainty of the assigned value to aceount for possible instability;

c) expand|the criterion for acceptance by adding-the uncertainty of the difference to o, using the
following formula:

— — 2 (— 2 (—

‘yl -y ‘§0,30'pt +2\/u (y1)+u (yz) (18.18)
NOTE The factor of 2 in equation (B;18) is a coverage factor for the expanded uncertainty of the difference,
providing apjproximately 95 % confidence, and the combined uncertainty calculation has intentionally assymed
that y,; and|y, are independent.

B.5.3 Ifthfe criterion inequations (B.17) or (B.18) is not met, the following options should be conside¢red:

quantif
scores)

or

exami

e(the proficiency test item preparation and storage procedures to see if improvem

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

ents

are pos

Sibte;or

do not evaluate participant performance.

B.5.4 The criterion at B.5.1 or B.5.2 may be replaced by an appropriate statistical test for a difference
between the two sets of data provided that the test takes due account of replication and provides

assurance o

NOTE

fidentifying stability at least equal to that provided by equation (B.18).

A t-test for significant difference at the 95% level of confidence, using the means for each proficiency

test item, will usually provide similar or better assurance of detecting instability to equation (B.18) provided

that the num

50

ber of units tested is 3 or more.
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B.6 Stability in transport conditions

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

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

B.6.3 Where the transport stability check involves the comparison of results for“tw¢ groups of
proficiency test items, one group being exposed to transport conditions and onecgroup that is not, the
criterion for sufficient stability in transport is the same as in section B.5.1 or B.5.2!

NOTE1 If the assigned value and standard deviation for proficiency assessment are detefmined from
participant results (e.g., by robust methods), then the average and the standard deviation for proficiency
assegsment will reflect any bias and increased variability (respectively) caused’by transport condit{ons.

NOTE2  An example of a stability check is shown in Annex E.2
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C.1 Robu

Annex C
(normative)

Robust analysis

1st analysis: Introduction

Interlabora
comparison
include a p
a variety o
new, measy
processed t
conventiond

fory comparisons present unique challenges for data analysis. While most interlabor3
s provide unimodal and approximately symmetric data, most proficiency testing-data
‘oportion of results that are unexpectedly distant from the majority. These,can aris
[ reasons; for example, from less experienced participants, from less precise, or per
rement methods, or from participants who did not understand the inmstructions or
he proficiency test items incorrectly. Such outlying results can be highlywariable and 1
] statistical techniques, including the mean and standard deviation, unreliable.

It is recom
robust to o

mended (see 6.5.1) that proficiency testing providers use statistical techniques thaf
tliers. Many such techniques have been proposed in the statistical literature, and ma

those have peen used successfully for proficiency testing. Most robust)techniques additionally cd

resistance

asymmetric outlier distributions.

This Annes describes several techniques that have been applied in proficiency testing and

different c
breakdown
(simplest fi

abilities regarding robustness to contaminated populations (for example, efficiency
point), and differing simplicity of application. They are presented here in order of simpl
"st, most complex last), which is approximately inversely related to efficiency because

more complex estimators tend to have been developed‘in order to improve efficiency.

NOTE1 A
- three impo

NOTE2 R
strictly corrg
to avoid the|
deviation” sH
the populati

C.2 Simy
deviation

C.2.1 The

hnex D provides further information onéfficiency, breakdown point and sensitivity to minor n
‘tant indicators of the performance ofvarious robust estimators.

bbustness is a property of theestimation algorithm, not of the estimates it produces, so it i
ct to call the averages and stahdard deviations calculated by such an algorithm “robust”. How
use of excessively cumberseme terminology, the terms “robust average” and “robust stan
ould be understood inthis“International Standard to mean estimates of the population mean
n standard deviation-calculated using a robust algorithm.

)le outlier<resistant estimators for the population mean and standard

 median

tory
sets
b for
haps
who
hake

are
y of
nfer

have
and
icity
e the

odes

5 not
ever,
dard
or of

+ act:

tric

The median+

31870 crvandn and haghlyy andlinge wacictan
IS—a—STHPIC/ant Tty OutnCrrosTstatt €5t

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

Denote

i)

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

X{1p X{2} - X{p}

ii)
med (x)

52

calculate

p odd

X{(p+1)/2}
{2} * "{1+p/z}]

2

=1lx

p even

© ISO 2015 - All rights res

(€.1)

erved


https://standardsiso.com/api/?name=d4f6db899ea2f14bfd8a5fe7e673d3ae

ISO 13528:2015(E)

C.2.2 Scaled median absolute deviation MADe

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

Calculate the absolute differences d; (for i = 1 to p) from

i)

d, = ‘xl. — med(x)‘ (C.2)

ii) Calculate MADe(x) from
ADe(x) = 1,483 med(d) (C.3)

If 50 % or more of the participant results are the same, then MADe(x) will be zero, anfl it may be
necgssary to use the nIQR in section C.2.3, an arithmetic standard deviation (afteFoutlier femoval), or
the procedure described in section C.5.2.
C.2.3 Normalized interquartile range nIQR
A robust estimator of the standard deviation similar to MADe(x) dnd slightly simpler tof obtain has
proved to be useful in many proficiency testing schemes, and{can be obtained from th¢ difference
between the 75th percentile (or 3rd quartile) and 25th percentile (or 1st quartile) of the[participant
resuflts. This statistic is commonly called the ‘normalized ‘InterQuartile Range’ (or n/QR), and it is
calctilated as in formula (C.4):

QR(x) = 0,7413(Q3(x) - Q1(x)) (C.4)
where

Qh(x) denotes the 25th percentile of x; (i=1,2,...,p)

Qp(x) denotes the 75th percentile ofx; (i=1,2,...,p)
If thg 75th and 25th percentiles are the same, the nIQR will be zero (as will MADe(x)) and an alternative
prodedure such as an arithmétic standard deviation (after outlier removal) or the procedure at C.5.2
shoyld be used to calculate thé robust standard deviation.
NOTE1 The nIQR onlyféquires sorting the data once compared to MADe but has breakdown goint of 25 %
(see Annex D), while. MADe has breakdown point of 50 %. MADe can therefore tolerate an appregiably higher
propprtion of outliers than nIQR.
NOTE 2  BothwvIQR and the MADe estimators show appreciable negative bias at p<30 which mijay adversely
affedt scores-ifithese estimates are used in scoring participant results.
NOTE 3. ™ Different statistical packages may use different algorithms for calculating quartiles,

alnd therefore

may roduce c]ighﬂy different nIQR

NOTE4  An example using simple robust estimators is included in Annex E.3.

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

X{1} X{2} -

- X{p}

Denote the robust average and robust standard deviation of these data by x* and s*

Calculate initial values for x* and s* as:

x* = median of x; i=1,2,..,p) (C.5)
" | !
s*=1,483 median of |xi —Xx |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 [additipn to
Algorithm Alto specify a stopping criterion: no change in the 3rd significant figures of the rébust mean and
standard deyiation.
NOTE 2 Iy} some cases more than half of the results x; will be the identical (for example, thread count in fabric,
or electrolytles in serum). In these cases the initial value of s* will be zero and therebust procedure wi]l not
perform cortectly. In the case that the initial s* = 0, it is acceptable to substitute thé.Sample standard devigtion,
after checkipg for any gross outliers that could make the sample standard deviation unreasonably large.|This
substitution fis made only for the initial s* and after that the iterative algorithm.can proceed as described.
Update the yalues of x* and s* as follows. Calculate:
6=1,5sf (C.7)
Foreachx;(i=1, 2, .., p), calculate:
N"—6 when x, <x"-6
x! ={x"+6 when x,>x"+6 C.8)
X; otherwise
Calculate tHe new values of x* and s* from:
* ND *
x* = Zizlxi /p (C.9)
* p £ * 2
s*=1,134 Zizl(xi XX ) /(p—1) (€.10)
where the summatiolvis over i.
The robust] estimates x* and s* may be derived by an iterative calculation, i.e. by updating the
values of xt and s* several times using the modified data in equations C.7 to C.10, until the pracess

converges. Convergence may be assumed when there is no change from one iteration to the next in
the third significant figures of the robust mean and robust standard deviation (x* and s*). Alternative
convergence criteria can be determined according to the design and reporting requirements for
proficiency test results.

NOTE Examples of use of Algorithm A with iterated scale are provided in Annex E.3 and E.4.

C.3.2 Variants of Algorithm A

Algorithm A with iterated scale in section C.3.1 has modest breakdown (approximately 25 % for large
data sets[25]) and the starting point for s* suggested in C.3.1 for data sets where MADe(x) is zero can
seriously degrade outlier resistance when there are severe outliers in the data set. The following
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variations should be considered where the proportion of outliers is expected to be over 20 % in any
data set or where the initial value for s* is adversely affected by extreme outliers:
i) Replace MADe with med (‘xi —)?D when MADe=0, or use an alternative estimator such as that

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

ii) Where the robust standard deviation is not used in scoring, use MADe (amended as i) above) and do
not update s* during iteration. Where the robust standard deviation is used in scoring, replace s*
with the Q estimator described in C.5 and do not update s* during iteration.

NOTE Variant ii) improves the breakdown point of Algorithm A to 50 % [25], allowing the algorithm to cope
withl|a higher proportion of outliers.

C.4| Robust analysis: Algorithm S

Thigalgorithm is applied to standard deviations (or ranges), which are calculated when participants
subrpit m replicate results for a measurand in a proficiency test item, or in‘a study with|m identical
proficiency test items. It yields a robust pooled value of the standard.deviations or ranges to which
it is ppplied.

DenI,te the p standard deviations or ranges, sorted into increasing order, by:
{1y W{2} - W{p}

Dengte the robust pooled value by w* and the degreesf freedom associated with each w; py v. (When
w;is|a range, v = 1. When wj is the standard deviationof m test results, v = m - 1.) Obtain thg¢ values of &
and j required by the algorithm from Table C.1.

Calcpilate an initial value for w*as:
w*=medianofw; (i=1,72,..,p) (Cay
NOTE If more than half of the w; are zero then the initial w* will be zero and the robust proceflure will not
perfgrm correctly. When the initiakiw* is zero, substitute the arithmetic pooled average standard fleviation (or
average range) after eliminating any extreme outliers that can influence the average. This substitutipn is only for
the ipitial w* after which the procedure should continue as described.

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

Pp=nxw* (C.12)

For ¢ach wi(i='1, 2, ..., p), calculate:

Lol ifwi>y (C.13)
I lWI- otherwise

Calculate the new value of w* from:

w* = g\/Zf’:l(w;*)z /p (C.14)

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

NOTE Algorithm S provides an estimate of the population standard deviation when supplied with standard
deviations from a single normal distribution (and hence provides an estimate of the repeatability standard
deviation when the assumptions of ISO 5725-2 apply).
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Table C.1 — Factors required for robust analysis: Algorithm S

C.5 Com

Degrees of freedom Limit factor Adjustment factor

v U 3

1 1,645 1,097
2 1,517 1,054
3 1,444 1,039
4 1,395 1,032
5 1,359 1,027
6 1,332 1,024
7 1,310 1,021
8 1,292 1,019
9 1,277 1,018
10 1,264 1,017

NOTE The values of £and n are derived in Annex B of ISO 5725-5:1998.

putationally intensive robust estimators: Q methed and Hampel estimg

C.5.1 Rationale for computationally intensive estimators

The robust
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can become
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In addition
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of ineffectiy
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s of the statistical procedures. These procedutes have proven to be useful in a wide va
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The following paragraphs describe some high-efficiency, high-breakdown methods for estimating
standard deviation and location (mean) that are useful for data with larger proportions of outliers and
that show lower variability than simpler estimators. One of the estimators described can also be used
to estimate a reproducibility standard deviation when participants report multiple observations.

C.5.2 Determination of a robust standard deviation using Q and Q,, methods

C.5.2.1 Qy [34] is a high-breakdown, high-efficiency estimator of the population standard deviation
which is unbiased for normally distributed data (that is, under the assumption that there are no outliers).
Qn uses a single reported result (including a mean or median of replicates) for each participant. The
calculation relies on the use of pairwise differences within the data set and therefore it is not dependent
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on an estimate of the mean or median of the data. The implementation described here includes
corrections to ensure that the estimate is unbiased for all practical data set sizes.

To calculate Qp, for a data set (x1, X2, ... xp) with p reported results:

i) Calculate the p(p-1)/2 absolute differences

dij = ‘xi — xj‘ fori=1,2..p—1and j=i+1,i+2..p (C.15)

ii) Denote the ordered differences dj; by

dq1y, d2y - dip(p-1)/2} (C.16)

iii) Calculate

I':@ (€.17)

Fhat is, k is the number of distinct pairs chosen from h objects, where:

p/2 p even

Y=1o-1/2 podd (C.18)
iv) [alculate Q, as
¢, = 2,2219d{k}bp (C.19)

where bp is selected from Table C.2 for-a particular number p of data points or, fof p > 12, is
Calculated from

1

b = C.20
Pr +1 (€.20)
p
Wwhere
1 1,6019% l[—2,128 — 5’172] p odd
- p p p (C.21)
1 1 1 77
—13,6756 + —(1,965 + —[6,987 — — p even
p p p p

NOTE @~ " The factor of 2,2219 is a correction factor to give an unbiased estimate of standard deviafion for large
p. The—correctionfactorsbyfor-snatt pare tabte€2and-theeateutationfor 17 for 14 12areas provided in
reference [34] from extensive simulation and subsequent regression analysis.

NOTE 2  The simple algorithm described above requires considerable computing resources for larger data
sets, for example p > 1000. A fast and memory-efficient implementation capable of handling much larger data
sets has been published with full computer code [34] for use with larger data sets; reference [34] cited acceptable
performance for p over 8000 at the time of publication.

Table C.2 — Correction factor by for 2<p <12

p 2 3 4 5 6 7 8 9 10 11 12
by 09937 (09937 |0,5132 |0,8440 |0,6122 |0,8588 |0,6699 |0,8734 |0,7201 |0,8891 |0,7574
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C.5.2.2 The Q method produces a high-breakdown, high-efficiency estimate of the standard deviation
of proficiency testing results reported by different laboratories. The Q method is not only robust against
outlying results, but also against a situation where many test results are equal, e.g. due to quantitative
data on a discontinuous scale or due to rounding distortions. In such a situation other Q-like methods
can fail because many pairwise differences are zero.

The Q method can be used for proficiency testing both with single results per participant (including a
mean or median of replicates) and for replicates. The direct use of replicates in the calculation improves
the efficiency of the method.

The calculation relies on the use of pairwise differences within the data set and is therefore not
dependent ¢m an estimate of the mean or median of the data. I e method 15 KNown as ampel When
it is used together with the finite step algorithm for the Hampel estimator described in C.5.3.3.

Denote the reported measurement results, grouped by laboratory, by:

YivropVang Yarre Yan, w0 Vprre i Vpn

\_—w_—J
Lab|1 Lab 2 Lab p

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

2 1 ) )
Hy (X) T —ZlgkjSanjZ:l:l anlzll{

p(p-1)

Vi = Vjm| 20 ¢.22)

=~

i o=y |1 <
where I{‘y - )’jm‘ < X} = {1 if ‘ylk ylm‘ - X] denotes the indicator function.

0 otherwise

Denote the fliscontinuity points of H1(x) by:

X1, .., Xyl Where x1 <x2 < ... < Xxn

Calculate for all positive discontinuity pointsxy,™..., X

0,5-(H,(x.|+H,(x. if i>2 .
Gy (x;) :l ( él(g,.ll)-ll (xll)( l 1)) if i=1x; >0 (2
and let
G1(0)=0

Calculate the function' G1(x) for all x out of the interval [0, x;] by linear interpolation betyeen
discontinuify points®0 < x1 <x2 < ... < X

Calculate tHetobust standard deviation s* of test results of different laboratories

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

* =
V2o (0,625 + 0,375 H, (0))

where H;(0) is calculated as in equation (C.22) and is equal to zero unless there are exact ties in the data
set, and where @-1(q) is the gth quantile of the standard normal distribution.

N

(C.24)

NOTE1 This algorithm does not depend on a mean value; it can be used together with either a value from
combined participant results or a specified reference value.

NOTE 2  Other variants of the Q method provide robust estimates of both repeatability and reproducibility
standard deviation [25,34],
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NOTE3  The theoretical basis for the Q@ method, including asymptotic performance and finite sample
breakdown, are described in references [26] and [34].

NOTE 4  If the underlying data of the participants represent single measurement results obtained with one
specific measurement method, the robust standard deviation is an estimate of the reproducibility standard
deviation as in equation (C.21).

NOTES5  The reproducibility standard deviation is not necessarily the most appropriate standard deviation for
use in proficiency testing because it is usually an estimate of the dispersion of single results and not an estimate
of the dispersion of means or medians of replicated results from each participant. However the dispersion of
means or medians of replicated results is only slightly below the dispersion of single results of different
laboratories, if the ratio of reproducibility standard deviation divided by the repeatability standard deviation is
greater than 2. If this ratio is below 2, for scoring in proficiency testing it may be considered t¢ replace the

m-—1
repr¢ducibility standard deviation sg by the corrected value 512? — SE , where m~denotds number of
m

replifates and s,2 the repeatability variance as calculated in [35], or to use not the replicates but{ the mean of
replifates per participant for the Q method.

NOTE 6  Note 5 applies only if the scoring is conducted on the basis of means,ar medians of replidated results.
If the replicates are blind replicate proficiency test items, scores should be given' for each replicatd. In this case
the rpproducibility standard deviation is the most appropriate standard deviation.

NOTE7  An example to which the Q method has been applied is shown in Annex E.3.

C.5.3 Determination of a robust mean using the Hampel estimator

C.5.3.1 The Hampel estimate is a highly robust and €fficient estimate of the overall megn 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 Hut may lead
to deviating results in different implementations. The second one provides unique result§ depending
only[on the underlying standard deviation.

C.5.3.2 The following calculation provides an iterative reweighting scheme for obtaining [the Hampel
estirhate of location.

i) Penote the data as xz, x2 .4Xp
ii) Petx*to med(x) (section.C.2.1)

iii) Pet s* to a suitable\robust estimate of standard deviation, for example MADe, Q, or s* from the Q
method.

iv) For each data point x;, calculate g; from

—x *
XiX

e

v) Calculate weights w; from

0 ql > 4,5

4,5 3<|ql <45

Wi = ( 1,5 (/I>q/q 1,5 JC\IL\ <3,0
T
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vi) Recalculate x* from

vii) Repeat
one ite

standati

This implen
in the best s
the data sef
possibility d
is to choose
of the data s

NOTE1 T
distributed ¢

steps iv) to vi) until x* converges. Convergence may be assumed when the change inx#

d error in x* Other, more precise, convergence criteria may be used.

hentation of the Hampel estimator is not guaranteed to have a unique solution or to r
olution because a poor choice of initial location x* and/or s* may exclude important paf
. The proficiency testing provider should accordingly implement imieaSures to check fo
fa poor solution or provide unambiguous rules for choice of location. The most common
the solution nearest the median. Reviewing the results to ensute that no large propol
et is outside the range |g|>4.5 can also assist in confirmingawiable solution.

ata.

ration to the next is less than0,01s */\/;, corresponding to approximately 1 % of

‘rom
the

psult
ts of
" the
rule
‘tion

his implementation of Hampel’s estimator has approximately 96 % efficiency for normally

NOTE 2  Ap example using this implementation is given in Annex E.3
NOTE3  Hpmpel’s estimator may be tuned for greater effiéiency or greater resistance to outliers by changing
the weight fynction. The general form of the weighting funetion is
0 ‘q‘ >C
W — a(c——q/[q(c—b)] b<lgl<c
i al/q a<l|q <b
v

where a, b 4
efficiency is
reducing the

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

reweighting

Calculate th

nd ¢ are tuning parameters. For the implementation here, a = 1,5, b = 3,0 and ¢ = 4,5. Gr
obtained by increasing the range; improved resistance to outliers or minor modes is obtaing
range.

[25],

e arithinetic means for each laboratory, now labelled y1, y2, ...yp .

bater
d by

htive
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Calculate the robust mean, x*, by solving the equation

*
=X
Pog|XiTX |y (C.25)
i=1 *
where
0 qg<-—4,5
—45—q —-45<q<-3
—15 —3<g< 15
Y (q)=1q -1,5<q<1,5 (C.26)
1,5 1,5<q<3
45—q 3<qg<4,5
0 q>4,5
and f" is the robust standard deviation according to the Q method.
The exact solution may be obtained in a finite number of steps, whichs\eans not iteratively, using the
propgerty that i in the argument of x* is partially linear, bearing in rhind that the interpolatipn nodes on
the left side of equation (C.25) (interpreted here as a function of¥*) are as follows:
Calcplate all interpolation nodes
— for the first value yy:
i, =y, —45s",d, =y, —3-s"dy =y, —1,5's",d, =y, +1,5-5",d. =y, +3-5",d} =y, +4,5-5"
— for the second value y3:
l, =y, —45-s",dg=y,-3-s" do= y,-1,5-5",d,=y,+1,55",d; =y, +3-s",df, =y, +45 s
— pnd so on for all values y3, .5p.
Sort|these data d1 , d2 ,d3 . ’d6~p in ascending order,. d{l} ’d{z} ,d{3} oo ,d{6.p}

Then calculate for eachhmn = 1,... ,(6 -p— 1)

and

Vi~ Um)

*

p
i=1

m

b b'd

24

rhéck whether

(i) pm=0.If so, d{m) is a solution of equation (C.25).

(ii) pm+1 = 0.1f so, dym+1y is a solution of equation (C.25).

(iii)

Pm
Pmi1 = Pm
m 1) = 9(m)

X

Py Pmyq <0.1fso, x is a solution of equation (C.25).

)

Let S denote the set of all of these solutions of equation (C.25).
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The solution x* € S nearest the median is used as location parameter x*, i.e.

x* _med(yl,yz,...,yp)‘ = mjn{‘x—med(yl,yz,...,yp)

;XGS}

Several solutions may exist. If there are two solutions nearest the median, or if there is no solution at

all, the med

ian itself is used as location parameter x*.

NOTE1 This implementation of Hampel’s estimator has approximately 96 % efficiency for normally
distributed data.

NOTE 2  If|this estimation method is used, laboratory results differing from the mean by more tha
times the reproducibility standard deviation no longer have any effect on the calculation result, i.e.rthe
treated as oytliers.

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 caldulation of the rg
standard d¢viation s* together with the finite step algorithm for the Hampel stimator describg

C.5.3.3 for

When part
calculation
repeatabilit
laboratorie

NOTE Al

C.6 Othe

The method
and none ig
discretion

efficiency, |

e calculation of the location parameter x*.

cipants report multiple observations, the Q method described in C.5.3.2 is used foj
of the robust reproducibility standard deviation sp. Ferythe calculation of the rg
y standard deviation s, a second algorithm using the/pairwise differences within
is applied.

web application for the Q/Hampel method is available[8Z].

r robust techniques

s described in this Annex do not constitite a comprehensive collection of valid approa

bf the proficiency testing provider, subject to demonstration, by reference to kn
preakdown point and any other appropriate properties, that they fulfil the partig

requirements of the proficiency testingsscheme.

guaranteed to be optimal for all situations. Other robust estimators may be used af
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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

Manly proficiency testing schemes have few participants, or have comparison- groups
numpers of participants, even if there are a large number of participants in the scheme. This
freqpently when participants are grouped and scored by method, as is commonly done in
testing for medical laboratories, for example.

Where the number of participants is small, the assigned value should ideally be deterr
a metrologically valid procedure, independent of the participantscsuch as by formulatio
refefence laboratory. Performance evaluation criteria should also be based on external c
as expert judgement or criteria based on fitness for purposesln/these ideal situations, per]
evalfiated using the pre-determined assigned value and perfermance criterion, so proficiency
be conducted with just one participant. This type of interlaboratory comparison can be calle
comparison, or measurement audit, and can be very useful in many situations, for example, in

Wh#
need
prod
cons

to be derived from participant results. If the'number of participants is too small for th
edures used the performance evaluation*may become unreliable; it is therefore in
ider whether a minimum number of participants should be set for performance evaluat

The
eval

following paragraphs present guidance for situations of small numbers, when the p
hation criteria are determined using participant results.

D.1.2 Procedures for identifying outliers

Althpugh robust statisti¢s are strongly recommended for outlier-contaminated populatio
not ¢ften recommended-for very small data sets (see below for exceptions). Outlier testing,
posdible for very small data sets. Outlier rejection followed by, for example, calculation of {

standard deviatioh.may therefore be preferable in the case of very small schemes or groups.

Diffgrent outlier tests are applicable to different data set sizes. ISO 5725-2 provides ta
Grulpbs test\for a single outlier and for two simultaneous outliers in the same direction.
othefr tésts require the number of possible outliers to be specified in advance and can fail
are multiple outliers, making them most useful for p>10 (depending on the likely proportion|

with small
can happen
proficiency

hined using
h or from a
[iteria, such
formance is
testing can
d a bilateral
calibration.

re these ideal conditions cannot be met, eithet the assigned value or the dispersion, gr both, may

e particular
hportant to
ion.

erformance

hs, they are
however, is
he mean or

bles for the
Grubbs and
when there

of outliers).

NOTE 1

Care should be taken when estimating dispersion after outlier rejection as dispersion estimates will be

biased low. The bias is not usually serious if rejection is carried out only at the 99 % level of confidence or above.

NOTE 2  Mostunivariate robust estimators for location and dispersion perform acceptably for p=

D.1.3 Procedures for estimates of location

12.

D.1.3.1 Assigned values derived from small sets of participant data should, where possible, meet the
criterion for uncertainty of the assigned value given at 9.2.1. For a situation using a simple mean as the
assigned value and a standard deviation of results as the standard deviation for proficiency assessment,
this criterion cannot be met for a normal distribution with p<12, after any removal of outliers. For use
of the median as the assigned value (taking the efficiency as 0.64), the criterion cannot be met for p<18.
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Other robust estimators, such as Algorithm A (C.3), have intermediate efficiency and may meet the
criterion for p>12 if the provisions of 7.7.3 NOTE 2 are taken into account.

D.1.3.2 There are data set size limitations on the applicability of some estimators of location. Few
computationally intensive robust estimators for the mean are recommended for small data sets; a typical
lower limit is p=15, though providers may be able to demonstrate acceptable performance for specific
assumptions on smaller data sets. The median is applicable down to p=2 (when it is equal to the mean)
but at 3<p<5 the median offers few advantages over the mean unless there is an unusually high risk of
poor results.

D.1.4 Pr

D.1.4.1 Uge of performance criteria based on the dispersion of participant results is not recommenhded
for small dafta sets owing to the very high variability of any dispersion estimates. For example, for =30,
estimates of the standard deviation for normally distributed data are expected to vary by approximptely
25 % either]side of its true value (based on a 95 % confidence level). No other estimator improves o1} this
for normally distributed data.

D.1.4.2 ere dispersion estimators are required for other purposes ¢(for example as suminary
statistics or] an estimate of dispersion for robust location estimators), or where the proficiency tefting
scheme car] tolerate high variability in dispersion estimates, dispersion estimates with the highest
available efficiency should be selected when handling smaller data sets.

NOTE1 ‘Highestavailable’ is understood to take account of availability of suitable software and expertis

1)

NOTE 2 The Q, estimate of standard deviation described in‘section C.5 is considerably more efficient|than
either the MADe or nIQR from Annex C.1.

NOTE 3  Specific recommendations have been made for-robust estimates of dispersion in very small datd sets

— p=3, lochtions and scale unknown: use MADe to protect against excessively high estimates of the starldard
deviation or the mean absolute deviationto protect against unduly small estimates of the standard devigtion,
for examiple when rounding may give two identical values;

— p=24: A|specific M-estimate ©f)standard deviation based on a logarithmic weighting function| was
recomn]ended by reference {27]; a near equivalent is Algorithm A with no iteration of location, using the
median ps a location estirhate.

NOTE 4 T obtain an estimate of standard deviation from the absolute distance to the median, use

% 1 p I
S = —] Xx. —med D.1
0,798><pzi:1‘ ! w0 (>-4)

D.2 Efficiency and breakdown points for robust procedures

D.2.1 Different statistical estimators (e.g., robust techniques) can be compared on three
key characteristics:

Breakdown point — the proportion of values in the data set that can be replaced by arbitrarily large
values without the estimate also becoming arbitrarily large.

Efficiency — the ratio of the estimator variance divided by the variance of a minimum variance
estimator for the distribution in question.

Resistance to minor modes — the ability of an estimator to resist the bias caused by a minority group of
discrepant results (typically less than 20 % of the data set).
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These characteristics depend heavily on the underlying distribution of results for a population of
competent participants, and the nature of results that are from incompetent participants (or from
participants that did not follow instructions or the measurement method). The contaminating data can
appear as outliers, results with larger variance, or results with a different mean (e.g., bimodal).

Breakdown points and efficiencies for the different estimators will be different for different situations,
and a thorough review is beyond the scope of this document. However simple comparisons can be made
under the assumption of a normal distribution for results from competent laboratories, with a mean

equal to xpr and standard deviation equal to op¢.

D.2.

2 Breakdown point

The
estiy]
high|
and

note
largg

Tab

breakdown point is the proportion of values in the data set that can be outliers
hate being adversely affected. The breakdown point is a measure of resistance to-.outl
breakdown point is associated with resistance to a high proportion of outliers. Breakd
resistance to minor modes for the estimators in Annex C are presented in Table D.1.
d that procedures required in sections 6.3 and 6.4 should prevent dataanalysis of d3
e proportions of outliers. However there are situations where visual review is not pract

e D.1 — Breakdown points for estimates of the mean and standard deviation (pr
outliers that can lead to failure of the estimator)

vithout the
ying values;
own points
t should be
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e Standard deviation 50 % Moderatg

- Good
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Mean and Standard devi-
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25% Model

ate

Qna
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(Very Good
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pel

Mean and Standard devi-
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ation 50 %

ate
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istant than
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NOTE
fan be movedto+infinity without the estimate also moving to infinity. For example, if just ungler 50 % of a

that
data

In st
robuy

L,

The definition of breakdown point used here is the proportion of a large normally distrib

set is replaced by +infinity, the median will remain within the remaining finite data.

immary;-the sample mean and standard deviation can break down with only a single
st methods using the median, MADe, and Q/Hampel methods can tolerate a very large

of oy

tliers. Algorithm A with iterated standard deviation and nIQR have a breakdown po

uted data set

outlier. The
proportion
nt of 25 %.

In any situation with a large proportion of outliers (>20 %), any conventional or robus

t procedure

can produce unreasonable estimates of location and dispersion, and caution should be used in
interpretation of such values.

D.2.

3 Relative efficiency

All estimates have sampling variance - that is, the estimates can vary from round to round of a
proficiency testing scheme, even if all participants are competent and there are no outliers or subgroups
of participants with different means or variances. Robust estimators modify submitted results that are
exceptionally far from the middle of the distribution, based on theoretical assumptions, and so these
estimators have larger variance than the minimum variance estimators, in the case that the dataset is
in fact normally distributed.
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The sample mean and standard deviation are the minimum variance estimators of the population mean
and standard deviation, and so they have efficiency of 100 %. Estimators with lower efficiency have higher
variance - that is, they could vary more from round to round, even if there are no outliers or different
subgroups of participants. Table D.2 provides relative efficiencies for the estimators presented in Annex C.

Table D.2 — Relative efficiency of robust estimators for the population mean and standard
deviation, for normally distributed datasets with n=50 or 500 participants:

Statistical Estimator Mean, n=50 Mean, n=500 SD, n=50 SD, n=500
Sample mean and
Stanard dovistion 100 % 100 % 100 % 100 %
Median and nIQR 66 % 65 % 38 % 37 %
Median and MADe 66 % 65 % 37 % 37%
Algorithm A 97 % 97 % 74 % 73 %

and
Qnand @/ 96 % 96 % 73% 81 %
Hampel
These results demonstrate that there is no statistical method that is perfect for all situations.| The
sample medn and standard deviation are optimal with a normal distribution but break down in|case

of outliers.
normally di

D.3 Use
repeatab

D.3.1 The

Simple robust methods such as median, MADe or nIQR pexform comparatively poorl
stributed data but can be effective when outliers are present or the data set is small.

Df proficiency testing data for evaluatingthe reproducibility and
lity of a measurement method

Introduction to ISO/IEC 17043 states thatthe evaluation of the performance characteri

y for

stics

of a method is generally not a purpose of proficiencytesting. However, it is possible to use the results of

proficiency [testing schemes to verify, and perhaps establish the repeatability and reproducibility] of a

measuremept method [13] when the proficiency testing scheme meets the following conditions:

a) the proficiency testing items are sufficiently homogeneous and stable;

b) partici:[ants are capable of congistént satisfactory performance,

c) the competence of participants (or a subset of participants) has been demonstrated prior t¢ the
proficigncy testing round,'and their competence is not placed in doubt by the results in the roynd.

D.3.2 In drder to previde sufficient data for evaluation of repeatability and reproducibility of g test

method from a profi€iency testing scheme, the following design conditions shall be used:

a) a sufficlentnumber of participants to satisfy a collaborative study have demonstrated competlence
with a|measurement method on previous rounds of a proficiency testing scheme, and have
commitfed to follow the measurement method without modification,

b) where repeatability is to be assessed, each proficiency testing round used for the repeatability
assessment should include at least two proficiency test items or a requirement for replicate
observations;

c¢) where practicable, participants should be provided with separately identified blind replicates
rather than being requested to perform replicate measurements on the same proficiency test item;

d) proficiency test items used in one or several rounds of the proficiency testing scheme cover the
range of levels and types of routine samples for which the measurement method is intended;

e) data analysis procedures used for assessing repeatability and reproducibility should be consistent
with ISO 5725 or the collaborative study protocol in use.
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Illustrative Examples
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These examples are intended to illustrate the procedures specified in this Standard, so the reader
can determine that their calculations are correct. Specific examples should not be consi

dered to be

reco

E.1

Tabl
as ‘L
shov

immendations for use in particular proficiency testing schemes.

Effect of censored values (section 5.5.3.3)

e E.1 shows 23 results for a round of a proficiency testing scheme, of which)5 results a
ess Than’ some amount. The robust mean (x*) and standard deviation\(s*) from Alg
n for 3 different calculations, where the ‘<’ signs are discarded and data analysed as

e indicated
ithm A are

0
t{uantitative

data} the results with ‘<’ values are ignored; and where 0,5 times the result is inserted as an|estimate of
the quantitative result. In each scenario the results that would have been outside the acceptance limit
are %ldicated with ‘#’. This assumes that the evaluation would bé‘unacceptable’ (action signal) for any
resullt where the quantitative part is outside the x* + 3s*. Theé\proficiency testing providei could have
altejnative rules for evaluating results with ‘<’ or >’ signs.

Table E.1 — Sample dataset with truncateéed (<) results, and three options for

accommodating results
Participant Result ‘<’ ignored ‘< ‘deleted 0,5 x ‘<’ yalue

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

Vv 32 32 32 32

w 32 32 32 32
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Table E.1 (continued)

Participant Result ‘<’ignored ‘< ‘deleted 0,5 x ‘<’ value
Y 45 45 45 # 45
Z <50 50 # -- 25

Summary
Number of
Results 23 23 18 23

x* 26,01 26,81 23,95
s* 7,23 5,29 8,60

The choice jof how to handle the “less than” samples has a significant effect on the robust,mean and
standard dgviation, and on the performance evaluation. The proficiency testing provider is'eXpected to
determine gn appropriate method.

E.2 Homogeneity and Stability test - Arsenic (As) in chocolate (section 6.1)

Proficiency|test items are prepared for use in an international proficiency tést;and then for subsequent
use as reference materials. 1000 vials are manufactured.

Homogeneity check: 10 proficiency test items are selected usingjavstratified random selectiqn of
proficiency|test items from different portions of the manufacture process. 2 test portions are extrdcted
from each lottle and tested in a random order, under repeatability conditions. The data are givé¢n in
Table E.2 below. The procedure in Annex B.3 is followed, resulting in the summary statistics lifted.
The fitness{for purpose oy for As in chocolate is 15 %, so the estimate of sample variability is chefked
against 0,3 fimes the op.

Table E.2 — Homogeneity data for proficiency test items of arsenic in chocolate

Bottle ID 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 6,188 6,196
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Overall average: 0,18715

SD of averages: 0,00398

Swt 0,00556

St 0,00060

Opt: =0,18715x 0,15 = 0,02807

Chedk value: 0,30p¢=10,00842

Sg: is less than the check value, so homogeneity is sufficient.

Stabjlity check: 2 proficiency test items are randomly selected and stored at an eleyated temy

oC) flor the duration of the round of the proficiency testing scheme (6 weeks)./The proficiend

Wer¢

tested in duplicate (Table E.3), and the four results are checked against the homogeneit

Table E.3 — Stability data for proficiency test items for'arsenic in chocolaté¢

erature (60
y test items
y values.

Stability sample Replicate 1 Replicate 2

164 0,191 0,198

732 0,190 0,196
Ovetall average: =0,19375
Diffgrence from Homogeneity mean: 0,19375 - 0,18715 = 0,00660
Chedk value: 0,30, =0,00842
Diffgrence is less than the check value, so stability is sufficient.
E.3| Comprehensive Example of Atrazine in Drinking Water
A prfoficiency testing-scheme for a herbicide (Atrazine) in drinking water has 34 particlpants. This
raw |[data as submitted’in Table E.4, ordered by value for clarity. The Table shows calculated values for
the fobust meand@nd standard deviation following Algorithm A, following 6 iterations untill the robust
meah and standard deviation do not change at their third significant figures. The data affe shown as
ranKed data‘plot in Figure E.1 and in corresponding histogram and kernel density plot in[Figures E.2
and FigureE.3, respectively.
Table E< shows the estimates of location (average) and standard deviation using various dlassical and

robust techniques. The uncertainty of the estimate of location is also shown. The statistics for bootstrap
method are derived from the procedures in references [17,18] and the R software package [see R3.1.1
below]. Figure E.4 shows the different estimates of location and the estimate of expanded uncertainty
(2u(xpt)) as the error bar.
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Table E.4 — Calculation of the robust average and standard deviation for Atrazine in
drinking water

1st 2nd 3rd 4th 5th 6th

Xj iteration iteration iteration iteration iteration iteration
x*-6 0,204163 0,199732 0,198466 0,198037 0,197865 0,197790
x*+ 6 0,319837 0,315969 0,315871 0,316065 0,316185 0,316243
1 0,0400 0,2042 0,1997 0,1985 0,1980 0,1979 0,1978
2 0,0550 0,2042 0,1997 0,1985 0,1980 0,1979 0,1978
3 0,1780 0,2042 0,1997 0,1985 0,1980 0,1979 0,1978
i 0,2020 0,2042 0,2020 0,2020 0,2020 0,2020 0,020
) 0,2060 0,2060 0,2060 0,2060 0,2060 0,2060 0,p060
b 0,2270 0,2270 0,2270 0,2270 0,2270 0,2270, 0,270
/ 0,2280 0,2280 0,2280 0,2280 0,2280 0,2280 0,280
B 0,2300 0,2300 0,2300 0,2300 0,2300 0;2300 0,p300
D 0,2300 0,2300 0,2300 0,2300 0,2300 0,2300 0,300
1p 0,2350 0,2350 0,2350 0,2350 0,2350 0,2350 0,350
1 0,2360 0,2360 0,2360 0,2360 0,2360 0,2360 0,p360
1P 0,2370 0,2370 0,2370 0,2370 0)2370 0,2370 0,370
1B 0,2430 0,2430 0,2430 0,2430 0,2430 0,2430 0,430
1p3 0,2440 0,2440 0,2440 0,2440 0,2440 0,2440 0,440
1p 0,2450 0,2450 0,2450 0,2450 0,2450 0,2450 0,450
1p 0,2555 0,2555 0,2555 02555 0,2555 0,2555 0,R555
17 0,2600 0,2600 0,2600 0,2600 0,2600 0,2600 0,p600
1B 0,2640 0,2640 0,2640 0,2640 0,2640 0,2640 0,p640
1p 0,2670 0,2670 0,2670 0,2670 0,2670 0,2670 02670
2p 0,2700 0,2700 0)2700 0,2700 0,2700 0,2700 0,700
2f 0,2730 0,2730 0,2730 0,2730 0,2730 0,2730 0,730
2P 0,2740 0,2740 0,2740 0,2740 0,2740 0,2740 0740
2B 0,2740 0,2740 0,2740 0,2740 0,2740 0,2740 02740
2¢ 0,2780 0)2780 0,2780 0,2780 0,2780 0,2780 0,780
2p 0,2811 0,2811 0,2811 0,2811 0,2811 0,2811 02811
2p 0,2870 0,2870 0,2870 0,2870 0,2870 0,2870 0,870
2[ 0,2870 0,2870 0,2870 0,2870 0,2870 0,2870 0,870
28 0,2880 0,2880 0,2880 0,2880 0,2880 0,2880 0,880
2p 0,2890 0,2890 0,2890 0,2890 0,2890 0,2890 0,890
3 0,2950 0,2950 0,2950 0,2950 0,2950 0,2950 0,2950
31 0,2960 0,2960 0,2960 0,2960 0,2960 0,2960 0,2960
32 0,3110 0,3110 0,3110 0,3110 0,3110 0,3110 0,3110
33 0,3310 0,3198 0,3160 0,3159 0,3161 0,3162 0,3162
34 0,4246 0,3198 0,3160 0,3159 0,3161 0,3162 0,3162
average 0,2512 0,2579 0,2572 0,2571 0,2570 0,2570 0,2570
SD 0,0672 0,0342 0,0345 0,0347 0,0348 0,0348 0,.0348
) 0,0578 0,0581 0,0587 0,0590 0,0592 0,0592
New x* 0,2620 0,2579 0,2572 0,2571 0,2570 0,2570 0,2570
New s* 0,0386 0,0387 0,0391 0,0393 0,0394 0,0395 0,0395
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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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Figure E.3 — Kernel density plot for participant results

Table E.5 — Summary Statistics for Atrazine Exaniple

Procedure Location (Average) | Standard\Deviation u(xpr)
Robust: Median, nIQR (MADe) 0,2620 0,0402 0,0086
(0,0386)
Robust: Alggrithm A (x* s*) 0,2570 0,0395 0,0085
Robust: Q/Hampel 0,2600 0,0426 0,0091
Bootstrap (for mean) 0,2503 0,0667 0,0113
Arithmetic, putliers removed 0,2588 0,0337 0,0061
Arithmetic, putliers included 02512 0,0672 0,0115
NOTE Djfferent commercial software packages have different procedures for calculating quartiles, which

can cause n¢table differences in nIQR. Ming@r discrepancies from the above figures could be caused by those
differences, ¢r by different rounding procedures

72 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=d4f6db899ea2f14bfd8a5fe7e673d3ae

	Foreword
	0	Introduction
	1	Scope
	2	Normative references
	3	Terms and definitions
	4	General principles
	4.1	General requirements for statistical methods
	4.2	Basic model
	4.3	General approaches for the evaluation of performance
	5	Guidelines for the statistical design of proficiency testing schemes
	5.1	Introduction to the statistical design of proficiency testing schemes
	5.2	Basis of a statistical design
	5.3	Considerations for the statistical distribution of results
	5.4	Considerations for small numbers of participants
	5.5	Guidelines for choosing the reporting format
	6	Guidelines for the initial review of proficiency testing items and results
	6.1	Homogeneity and stability of proficiency test items
	6.2	Considerations for different measurement methods
	6.3	Blunder removal
	6.4	Visual review of data
	6.5	Robust statistical methods
	6.6	Outlier techniques for individual results
	7	Determination of the assigned value and its standard uncertainty
	7.1	Choice of method of determining the assigned value
	7.2	Determining the uncertainty of the assigned value
	7.3	Formulation
	7.4	Certified reference material
	7.5	Results from one laboratory 
	7.6	Consensus value from expert laboratories
	7.7	Consensus value from participant results 
	7.8	Comparison of the assigned value with an independent reference value
	8	Determination of criteria for evaluation of performance 
	8.1	Approaches for determining evaluation criteria
	8.2	By perception of experts
	8.3	By experience from previous rounds of a proficiency testing scheme
	8.4	By use of a general model
	8.5	Using the repeatability and reproducibility standard deviations from a previous collaborative study of precision of a measurement method
	8.6	From data obtained in the same round of a proficiency testing scheme
	8.7	Monitoring interlaboratory agreement
	9	Calculation of performance statistics
	9.1	General considerations for determining performance
	9.2	Limiting the uncertainty of the assigned value
	9.3	Estimates of deviation (measurement error) 
	9.4	z scores 
	9.5	z′ scores
	9.6	Zeta scores (ζ)
	9.7	En scores
	9.8	Evaluation of participant uncertainties in testing
	9.9	Combined performance scores
	10	Graphical methods for describing performance scores 
	10.1	Application of graphical methods
	10.2	Histograms of results or performance scores
	10.3	Kernel density plots
	10.4	Bar-plots of standardized performance scores
	10.5	Youden Plot
	10.6	Plots of repeatability standard deviations
	10.7	Split samples 
	10.8	Graphical methods for combining performance scores over several rounds of a proficiency testing scheme 
	11	Design and analysis of qualitative proficiency testing schemes (including nominal and ordinal properties)
	11.1	Types of qualitative data
	11.2	Statistical design
	11.3	Assigned values for qualitative proficiency testing schemes
	11.4	Performance evaluation and scoring for qualitative proficiency testing schemes
	Annex A (normative)  Symbols
	Annex B (normative)  Homogeneity and stability of proficiency test items
	Annex C (normative)  Robust analysis
	Annex D (informative)  Additional Guidance on Statistical Procedures
	Annex E (informative)  Illustrative Examples
	Bibliography

