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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
in_liai i i ely with the

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization
Interpational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Fart 2.

The ain task of technical committees is to prepare International Standards. DraftyInternationpl Standards
adopfed by the technical committees are circulated to the member bodies fer -woting. Publication as an

Interpational Standard requires approval by at least 75 % of the member bodiescasting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the sublect of patent
rightg. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 13528 was prepared by Technical Committee ISO/T€ B9, Applications of statistidal methods,
Subcpmmittee SC 6, Measurement methods and results.
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0

0.1

Introduction

The aims of proficiency testing

Proficiency testing by interlaboratory comparisons is used to determine the performance of individual
laboratories for specific tests or measurements, and to monitor the continuing performance of laboratories.
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sting. In statistical language, the performance of laboratories can be described by
bboratory bias, stability and repeatability. Laboratory bias and repeatability are (defin
ISO 3534-2 and I1SO 5725-1. The stability of a laboratory’s results is measured by intermg
Hefined in ISO 5725-3.

ias may be assessed by tests on reference materials, when these are™available, usin
scribed in ISO 5725-4. Otherwise, proficiency testing by interlaboratory(cOmparisons provi
ilable means of obtaining information about laboratory bias, and the us@ of data from profig
in estimates of laboratory bias is an important aspect of the analysis of such data. How
repeatability will affect data obtained in proficiency tests, so that it'is possible for a laborat
N a round of a proficiency test which indicate bias that is actudlly ‘caused by poor stability or

be assessed by re-testing of retained samples, or by making regular measurements
terial or an in-house reference material (a stock of material established by a laboratory to u
nce material). These techniques are described in\|SO 5725-3. Stability may also be assess
hates of laboratory bias derived from proficiency tests in control charts. This can pr
bout laboratory performance that is not apparent from the examination of the results of indi
ficiency testing schemes, and is another important aspect of the analysis of such data.

boratory, or by extra tests carried Jout within a laboratory specifically to assess repeatd
y, the assessment of repeatability is not necessarily an important aspect of proficiency te
5 important that laboratoriessmonitor their repeatability in some way. Repeatability ma
plotting ranges of duplicate;measurements on a control chart as described in ISO 5725-6.

t (Figure 1) illustratés~how the techniques described in this International Standard are

C Guide 43

de 43-1. describes different types of proficiency testing schemes and gives guidance o
and.design of proficiency testing schemes. ISO/IEC Guide 43-2 gives guidance on the selg

It is therefore important that these aspects of laboratory perfermance are assessed regularly.
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proficiency testing schemes by laboratory accreditation bodies. Those documents shou

d be

consulted for detailed information in those areas (the information is not duplicated here). ISO/TEC Guide 43-1
contains an annex that briefly describes the statistical methods that are used in proficiency testing schemes.

This International Standard is complementary to ISO/IEC Guide 43, providing detailed guidance that is lacking
in that document on the use of statistical methods in proficiency testing. ISO 13528 is to a large extent based
on a harmonized protocol for the proficiency testing of analytical laboratories ['], but is intended for use with all
measurement methods.
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6.7 Gomparison of precision values 8.3 Bar-plots of standardized laboratory biases L 9.3 Cusum control chart for z-scqres
dérived from a proficiency test with | 8.4 Bar-plots of standardized repeatability 9.4 Plots of standardized laboratqry
established values measurements biases against laboratory averaggs
8.5 Youden Plot
S-6-Plets-ofrepeatabitity-standard-deviations:
8.7 Spilt samples ‘
Report the results to the participants

Return to
the start

Figure 1 — Flowchart showing the activities requiring the use of statistical
methods when operating a proficiency testing scheme
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Statistical methods for use in proficiency testing by
interlaboratory comparisons

1

This International Standard complements ISO Guide 43 (all parts) by providing detailed désetipti
statigtical methods for organizers to use to analyse the data obtained from proficiencyjtesting s

by gi
bodie

This
labor

Itis 4

cope

ving recommendations on their use in practice by participants in such schemes and by
S.

International Standard can be applied to demonstrate that the measurement results
htories do not exhibit evidence of an unacceptable level of bias.

pplicable to quantitative data but not to qualitative data.

2

The ffollowing referenced documents are indispensable for the application of this documen

refer
docu

ISO
ISO {

ISO 4
princ

I1ISO/I
oper.
3

For t
and t

Terms and definitions

ormative references

nces, only the edition cited applies. For undated references, the latest edition of th
ment (including any amendments) applies.

534-1, Statistics — Vocabulary and symhbeéls — Part 1: Probability and general statistical ten

534-2:—1), Statistics — Vocabulary-and symbols — Part 2: Applied statistics

725-1, Accuracy (trueness and precision) of measurement methods and results — Pa
ples and definitions

C Guide 43-1:1997, Rroficiency testing by interlaboratory comparisons — Part 1: Deve
tion of proficiency testing schemes

he purpases of this document, the terms and definitions given in ISO 3534-1, ISO 3534-2
he following apply.

bns of sound
chemes, and
accreditation

obtained by

t. For dated
b referenced

ms

It 1: General

opment and

ISO 5725-1

3.1

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

NOTE Adapted from ISO/IEC Guide 43-1.

3.2

proficiency testing

deter

mination of laboratory testing performance by means of interlaboratory comparisons

1) To be published.
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3.3
assigned va

lue

value attributed to a particular quantity and accepted, sometimes by convention, as having an uncertainty
appropriate for a given purpose

3.4

standard deviation for proficiency assessment
measure of dispersion used in the assessment of proficiency, based on the available information

3.5
z-score

nnnnnnn horata ealeylata ol VY SPOT-V-N

standardize
proficiency a

3.6

coordinator
organization
of a proficien|

4 Statistj

(see ISO/II

4.1 Actio
411 This
applied to th
well-run labo
that a stands
contain faults
scheme itsel
laboratories,
used to cond

41.2 The
is based on
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41.3 The
anticipated in
examine the
distribution n

af 1o a thao
T Carcuratc t— ooyt aoS1gic

hina
eastfre—©o uuluuul_y ulua,

5sessment

(or person) with responsibility for coordinating all of the activities involved in the ope
cy testing scheme

ical guidelines for the design and interpretation of proficiency tests
FC Guide 43-1:1997,5.4.2.)

1 and warning signals

International Standard describes some simple numerical or graphical criteria that shou
b data obtained in a proficiency test to see if they give rise to action or warning signals. Eve
ratory, with experienced staff, anomalous resulis-thay sometimes be obtained. Also, it is po
rdized measurement method, even though it\has been validated by a precision experiment
that become apparent only after several rounds of a proficiency testing scheme. The profig
f may contain faults. For these reasons, ‘the criteria given here shall not be used to con
as being unfit to perform the measufement method under examination. If proficiency test
emn laboratories, then it shall be necessary to devise appropriate criteria for that purpose.

criteria given here are desigred'so that, when the standard deviation for proficiency assess
pbbserved performance (using/one of the methods described in 6.4 to 6.6), the criteria give &
results are so exceptional-as to merit investigation and corrective action.

samples or |
with analysi
in proficienc

However, thé

n for

ation

d be
Nin a
Esible
may
ency
Hemn
ng is

ment
ction

coordinator should\have an understanding of the major sources of variability that cgn be
proficiency test'data for the measurement in question. The first step in any analysis should
distribution of fesults for evidence of unanticipated sources of variability. For example, a bin
night be evidence of a mixed population of results caused by different methods, contami
poorly werded instructions. In this situation, the concern should be resolved before proce
or evaluation. Accrediting bodies shall have policies for response to unacceptable perform
testlng FoIIow up actions are determlned by that policy or by the Iaboratory s quality proce

be to
nodal
hated
eding
ance
jures.

tin a

proficiency test. Gwdance for actions by laboratories in response to unsuccessful performance on a
proficiency test is given in 4.1.4.

414 In schemes where the standard deviation for proficiency assessment is based on observed
performance, when a result gives an action signal, the laboratory shall decide what investigations and
corrective actions are appropriate, in consultation with the coordinator or an accreditation body if necessary.
Unless there is a valid reason not to do so, the laboratory shall examine its procedures and identify one or
more corrective actions that, according to staff in the laboratory, are likely to prevent the recurrence of such
results. The laboratory may ask the coordinator for advice on possible causes of its problem, or may ask the
coordinator to consult other experts. The laboratory shall take part in further rounds of the proficiency testing
scheme to assess the effectiveness of the corrective actions. Appropriate corrective actions may be one of the
following:

© 1SO 2005 — All rights reserved
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a) checking that staff understand and follow the measurement procedure;

b) checking that all details of the measurement procedure are correct;

c) checking the calibration of equipment and the composition of reagents;

d) replacing suspect equipment or reagents;

e) comparative tests of staff, equipment and/or reagents with another laboratory.

The use of the results of proficiency tests by laboratory accreditation bodies is described in

ISO/IEE-Guide43-2-1997Ctause6:

4.2

The assigned value X has a standard uncertainty u, that depends on the method that is used to

also,
other

The
found
Claus

If the
profid
beca
labor

repofted to laboratories participating in proficiency testing schemes (see ISO/IEC Guide 43-1

and 4

If

then
resul

If the
a) |

b)

1.5 on E;:numbers or 7.6 on the z-score).

Guidelines for limiting the uncertainty of the assigned value

when it is derived from tests in several laboratories, on the number of labésatories and,
factors. Methods for calculating the standard uncertainty of the assigned value are given in

standard deviation for proficiency testing & is used to assess the size’ of estimates of la
in a proficiency test. Methods for obtaining the standard deviation“for proficiency testing
e 6 and criteria that compare it with estimates of laboratory bias‘are given in Clause 7.

standard uncertainty u, of the assigned value is too large.in~comparison with the standard
iency testing &, then there is a risk that some laboratories will receive action and wa
ise of inaccuracy in the determination of the assigned value, not because of any caus
btories. For this reason, the standard uncertainty of the assigned value shall be established

\.1.6).

N

v < 036

the uncertainty of the assigned value is negligible and need not be included in the interprs
s of the proficiency test.

5e guidelines are notmet, then the coordinator shall consider the following.
ook for a methQd)for determining the assigned value such that its uncertainty meets the abo

Use the uneertainty of the assigned value in the interpretation of the results of the proficie

derive it, and
perhaps, on
Clause 5.

pboratory bias

are given in

deviation for
ning signals
e within the
and shall be
11997, A14

(1)

ptation of the

ve guideline.

hcy test (see

c) |

hferm the participants in the proficiency test that the uncertainty of the assigned value is not

negligible.

EXAMPLE

Suppose that the assigned value X is determined as the average X of the results of tests in 11

laboratories, and that the standard deviation for proficiency testing is determined as the standard deviation s of these
same 11 results, so & =s. As a first approximation, the standard uncertainty of the assigned value in this situation may be
estimated by uy = s/+/11 = 0,3 s, so that the requirement appears to be met. However, the requirement cannot be met in
this situation with fewer than 11 laboratories. Further, the uncertainty of the assigned value will be larger than s \/ﬁ if
the samples suffer from non-homogeneity or instability, or if there is a factor that causes a common bias in the results of
the laboratories (e.g. if they all use the same reference standard).

4.3 Guidelines for choosing the number of replicate measurements

Repeatability variation contributes to the variation between the laboratory biases in a proficiency test. If the
repeatability variation is too large in comparison with the standard deviation for proficiency testing, then there

© I1SO 2005 — All rights reserved
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is a risk that repeatability variation will cause the results of the proficiency test to be erratic. In this situation, a
laboratory could have large bias in one round, but not the next, and they will have difficulty identifying the
cause.

For this reason, when it is considered desirable to limit the influence of repeatability variation, the number of

replicate measurements » made by each laboratory in a proficiency test shall be chosen so that:

o, [Nn

< 0,36

)

where o, is the repeatability standard deviation that has been established in a previous interlaboratory

experiment.

The justifica
contributes n|

Further, all I3
given later in
of (2) is not
proficiency te

This approad
not so. In su
device may |
for the reped
its own repes
it obtains a
satisfied.

44 Homg

Methods are
homogeneol

ion for the factor of 0,3 is that when this criterion is met, the repeatability standard(dev|
o more than about 10 % of the standard deviation for proficiency testing.

boratories shall carry out the same number of replicate measurements. (The methods of an

this International Standard assume that this requirement is met.) If the requirement ineq
met, then the number of replicate measurements shall be increased, or the results g
st shall be interpreted with caution.

h assumes that laboratories have generally similar repeatability. Cases can arise where {
e used. The coordinator should fix the number of replicate measurements n, using a typical
tability standard deviation. Then, each laboratory should gheck that it satisfies Inequality (2

tability standard deviation. If it does not, then it should modify its measurement procedure s
fest result as the average of some number of determinations chosen so that Inequality

geneity and stability of samples (see ISO/IEC Guide 43-1:1997, 5.6.2 and 5.6.3)

given in Annex B for checking that the,samples to be used in a proficiency test are adequ
s and stable.

When a method of sample preparation is used such that the homogeneity criterion in Annex B is not met

replicate san
include an al

4.5 Opers

With an ope
procedure. F
holed or rou
unless the ty,
If a participa
show a bias

nples shall be tested by theSparticipants, or the standard deviation for proficiency testing
owance for the heterogeneity of the samples, as described in Annex B.

tionally defined measurement methods

ationally defined measurement method, the measurement result is defined by the measurg
pr example,.the size distribution of a particulate material may be determined using either sq

ation

blysis
uality
f the

his is

ch cases, for the methods described in this International Standard to be applied, the follpwing

value
with
D that
2) is

ately

then
shall

ment
Lare-

nd-holed sieves. There may be no good reason why one type of sieve should be preferre
be of sieve’is specified, laboratories that use different types of sieves may obtain differing r

when'no fault in execution is present.

, but
ults.

nt uses a different method from that used to establish the assigned value, then their resulty may

If participants are free to choose between operationally defined methods, no valid consensus may be evident
amongst them. Two recourses are available to overcome this problem:

a) when a standardized method is in routine use by the participants, it is used to establish the assigned
value, and participants are instructed to use it in the proficiency test;

b) a separate value of the assigned value is produced for each method used.

A similar situation arises when the measurand is specified, but not the procedure, and the same choice has to

be made.
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4.6 Reporting of data (see ISO/IEC Guide 43-1:1997, 6.2.3)

For the purposes of the calculations required in proficiency testing, it is recommended that individual
measurement results should not be rounded by more than o,./2.

Participants shall be asked to report the actual values of their measurement results. Measurement results
shall not be truncated (i.e. results shall not be reported in the form “<0,1” or “less than the detection limit”).
Likewise, when a negative result is observed, the actual negative value shall be reported (i.e. results shall not
be reported as zero even when logically the measurement result cannot be negative). Participants shall be
informed that if they report truncated results on a sample, or zeros when results are negative, then all the data
for that sample will be excluded from the analysis. If necessary, the form used to report results may contain a

box te-allew-aparticipanttoindicate thataresulsbelowthe detectiontimit:

4.7 |Period of validity of the results of proficiency tests

The period of validity of the result obtained by a laboratory in a single round of a proficiency testing scheme is
limited to the time that the laboratory performed the test. Thus, if a laboratory achieves a satisfagtory result in
a single round, the result shall not be used to support a claim that the laboratory obtained reliablg data on any
othernoccasion.

A laboratory that operates a quality system and achieves a history of satisfactory results in many rounds of a
profigiency testing scheme shall be entitled to use the results as evidence that it is able to obtain consistently

relial

5 |

5.1

Five

shall
1ISO/I
labor
the a
this |
and t

The
shall
coor(
labor
the a

The
unce

le data.

Determination of the assigned value and its, standard uncertainty

Choice of method of determining the assigned value

vays of determining the assigned value X.are described in 5.2 to 5.6. The choice between th
be the responsibility of the coordinator. following consultation with technical experts as
[EC Guide 43-1. The methods described in 5.5 and 5.6 are unlikely to be applicable when t
btories participating in the scheme_is small. The methods of calculating the standard unce
5signed value given in this clause-will usually be adequate for the applications for which the

hat the method used is described in the documented plan for the scheme.

Hetermination of the~assigned value shall be the responsibility of the coordinator. The as
not be disclosed-to the participants until they have reported their results to the coo
inator shall prépare a report giving details of how the assigned value was obtained, the
btories involved-in its determination, and statements of the traceability and measurement (
5signed value.

Suide\to-the expression of uncertainty in measurement gives guidance on the evaluation of 1
tainties.

ese methods
described in
he number of
tainty, uy, of
y are used in

hternational Standard. Alternative methods may be used provided that they have a sound statistical basis

Signed value
dinator. The
identities of
ncertainty of

neasurement

This International Standard recommends the use of robust statistical methods when it is considered that they
are the most appropriate methods to use (for example, as in 5.5 and 5.6). Alternatively, procedures that
involve the detection and removal of outliers may be used provided that they have a sound statistical basis
and the method that is used is reported. Guidance on the use of tests for outliers is given in ISO 5725-2.

5.2 Formulation [see ISO/IEC Guide 43-1:1997, A.1.1, item a)]

5.2.1 General

The test material may be prepared by mixing constituents in specified proportions, or by adding a specified

proportion of a constituent to a base material. In this case, the assigned value X is derived by calculation from
the masses used.
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The approach is especially valuable when individual samples may be prepared in this way, and it is the
proportion of the constituents or of the addition that is to be determined: there is then no need to prepare a
bulk quantity and ensure that it is homogeneous. However, when formulation gives samples in which the
addition is more loosely bonded than in typical materials, or in a different form, it may be preferable to use
another approach.

5.2.2 Standard uncertainty u, of the assigned value

When the assigned value is calculated from the formulation of the test material, the standard uncertainty is
estimated by combination of uncertainties using the approach described in the Guide to the expression of
uncertainty in measurement. For example, in chemical analyses the uncertainties will usually be those
associated with gravimetric and volumetric measurements.

The limitation of this method (in chemical analysis) is that care is needed to ensure that:

a) the bas¢ material is effectively free from the added constituent, or that the proportion.-of the gdded
constitu¢nt in the base material is accurately known;

b) the congtituents are mixed together homogeneously (where this is required);

c) all sourdes of error are identified (e.g. it is not always realized that glass absorbs mercury compounds, so
that the poncentration of an aqueous solution of a mercury compound cafybe altered by its containery);

d) there is po interaction between the constituents and the matrix.

5.2.3 Exanpple: Determination of the cement content of hardened concrete

In this case,
aggregates ¢
because the

concrete specimens may be prepared by weighing out quantities of the constituents (ce
nd water) and mixing them together to form each concrete sample. The approach is satisfg
accuracy with the specimens can be prepared'is far superior to that of the analytical method

ment,
ctory
used

to determine|the cement content.

5.3 Certifjed reference values [see ISO/IEC Guide 43-1:1997, A.1.1 item b)]
5.3.1 Gengdral
When the mpterial used in a profiCiency test is a certified reference material (CRM), its certified refefence

value is useq as the assigned value X.

5.3.2 Standard uncertainty u, of the assigned value

When a certi value

is derived fro

fied reference material is used as the test material, the standard uncertainty of the assigned
m the.information on uncertainty provided on the certificate.

The limitation of this approach is that it can be expensive to provide every participant in a proficiency tes
a sample of a certified reference material.

I with

5.3.3 Example: Los Angeles value of aggregates

The “Los Angeles value” is a measure of the mechanical strength of aggregates that are used for road
construction, and results of the test are measured in “LA units”. In an exercise to certify a reference material, a
large number of samples of a particular aggregate were prepared, and some of these samples were used in
an interlaboratory experiment involving 28 laboratories, allowing an assigned value of Xcg\ = 21,62 LA units
to be established with a standard uncertainty of uy.cry = 0,26 LA units. The remaining samples of this
aggregate could be used in proficiency tests.
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5.4 Reference values [see ISO/IEC Guide 43-1:1997, A.1.1 item c)]

5.41 General

In this approach, samples of the test material that is to be the reference material (RM) are prepared first,
ready for distribution to the participants. A number of the samples are then selected at random and tested
along with certified reference materials, in one laboratory, using a suitable measurement method, and under
repeatability conditions (as defined in 1SO 3534-2). The assigned value Xg), of the test material is then

derived from a calibration against the certified reference values of the CRMs.

5.4.2

Standard uncertainty u, of the assigned value

Whe
onC
of th
comy

This
the G
all th
that t

The ¢xample in 5.4.3 illustrates how the required uncertainty may)be calculated in the simple cz

the assigned value of a test material is derived from the results of a series of tests on'that
RM, the standard uncertainty of the assigned value is derived from the test results, and‘the

osition and level of results), then the uncertainty arising from this is also to be included.

method allows the assigned value to be established in a manner that is traceable to the certi
RMs, with a standard uncertainty that can be calculated, and avoids the-cost of distributing
b participants. These are good reasons for preferring it to other methods” However, the met
here are no interactions between the materials used and the test conditions.

material and
uncertainties

b certified reference values of the CRM. If the test material and the CRM argChot similar (in matrix,

ied values of
the CRM to
hod assumes

se when the

assigned value of a test material is established by direct comparison with a single CRM.
5.4.3] Example: Los Angeles value of aggregates
The CRM described in the example in 5.3 may be used to determine the assigned value for an|RM which is
another, similar, aggregate. This determination requires a series of tests to be carried out, in orle laboratory,
on samples of the two aggregates, using the same measurement method, and under repeatabilify conditions.
Let

Xcrm  is the assigned value for they CRM

£rMm is the assigned valuefor the RM

b, is the difference”(RM - CRM) between the average results for the RM and the CRM

on the ith samples
D is the average of the differences D,

Then

RN & Xcrwm + D

@)

The standard uncertainty of the assigned value of the RM may be calculated as:

_ 2
UxRM = \Ux,CRM t+ Up

2

(4)

Table 1 gives an example of data that might be obtained in such a series of tests, and shows how the
standard uncertainty up of the difference is calculated.

With these results,

Xrm = 2162 + 173 = 23,35 LA units

©1S0
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and

uxrm = V0,262 + 0,247 = 0,35 LA units ©

where 0,26 is the standard uncertainty of the assigned value of the CRM (given in the example in 5.3), and
0,24 is the standard uncertainty of D .

Table 1 — Calculation of the average difference between a CRM and a RM,
and of the standard uncertainty of this difference

1
RM CRM Difference in averageval{ies
Sanpple Test 1 Test 2 Test 1 Test 2 RM - CRM
LA units LA units LA units LA units LA uhits

20,5 20,5 19,0 18,0 2,00

21,1 20,7 19,8 19,9 1,05

21,5 21,5 21,0 21,0 0,50

4 22,3 21,7 21,0 20,8 1,10

b 22,7 22,3 20,5 21,0 1,75

b 23,6 22,4 20,3 20,3 2,70

[ 20,9 21,2 21,5 218 -0,60

B 21,4 21,5 21,9 21,7 -0,35

D 23,5 23,5 21,0 21,0 2,50

1( 22,3 22,9 22,0 21,3 0,95

1 23,5 241 20;8 20,6 3,10

12 22,5 23,5 21,0 22,0 1,50

1 22,5 23,5 21,0 21,0 2,00

14 23,4 22,7 22,0 22,0 1,05

1% 24,0 24,2 22,1 21,5 2,30

16 24,5 24,4 22,3 22,5 2,05

17 24,8 24,7 22,0 21,9 2,80

1 24,7 25,1 21,9 21,9 3,00

19 24,9 244 22,4 22,6 2,15

2( 27,2 27,0 24,5 23,7 3,00

Average diffefence, D 1,73

Standard devjation 1,07

Standard uncprtaifity of D (standard deviation /120 ) 0,24
NOTE T

5.5 Consensus values from expert laboratories [see ISO/IEC Guide 43-1:1997, A.1.1 item d)]

5.5.1 General

As with the reference values approach (5.4), samples of the test material are prepared first, ready for
distribution to the participants. Some of these samples are then selected at random and analysed by a group
of expert laboratories. Alternatively, the group of expert laboratories may be participants in a round of a
proficiency testing scheme, when the assigned value and its uncertainty will be derived after the round is
completed. The assigned value X is calculated as the robust average of the results reported by the group of
expert laboratories, calculated using Algorithm A in Annex C.
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Other calculation methods may be used in place of Algorithm A, provided that they have a sound statistical
basis and the report describes the method that is used.

5.5.2 Standard uncertainty u, of the assigned value

When each of p expert laboratories reports a measurement x; on the test material together with an estimate u,
of the standard uncertainty of the measurement, and the assigned value X is calculated as a robust average
using Algorithm A, the standard uncertainty of the assigned value X is estimated as:

125 |&
uy =22 Y u? (7)
P i=1

V

When the expert laboratories do not report standard uncertainties, or when the uncertainties-are [not validated
indegendently (e.g. by a laboratory accreditation body), the standard uncertainty of the-assigned value shall
be egtimated as described in 5.6.

NOTH The factor 1,25 represents the ratio of the standard deviation of the median to the standard deviation of the
arithmetic mean, for large samples (p > 10) from a normal distribution. For nopmally distributed data] the standard
deviafion of a robust average calculated using the algorithm in Annex C is not known;-but will fall somewhele between the
standprd deviation of the arithmetic mean and the standard deviation of the median, so the formula gives p conservative
estimate of the standard uncertainty uy. For p < 10, the appropriate factor isdess'than 1,25, so the formulalis then doubly
consgrvative.

The limitations of this approach are that there may be an unknown bias in the results of the group of expert
laborptories, and the claimed uncertainties may not be reliable.

5.5.3| Example: Petrographic analysis of aggregates

This ppproach may be used when samples of aggregates are to be distributed, and the partigpants are to
determqmine the petrographic composition of the samples. Classification of aggregates requifes skill and
expefience, and there are no reference materials available, so in this case the consensus of a snall group of
expefts may well be the best way to establish assigned values.

5.6 | Consensus value from participants [see ISO/IEC Guide 43-1:1997, A.1.1 item €]

5.6.1| General

With [this approach, the.assigned value X for the test material used in a round of a proficiency tegting scheme
is thg robust average-of-the results reported by all the participants in the round, calculated using Algorithm A
in Anhex C.

Othef calculation ‘'methods may be used in place of Algorithm A, provided that they have a soynd statistical
basig and the.report describes the method that is used. For example, the calculation in C.1 may he stopped at
EquTion (53) when the median is obtained, and the median absolute deviation may be used in place of C.2.

This approach may be particularly useful with an operationally defined measurement method, provided that
the method is standardized.

5.6.2 Standard uncertainty u, of the assigned value

When the assigned value is derived as a robust average calculated using Algorithm A, the standard
uncertainty of the assigned value X is estimated as:

uy =125xs*/\p (8)

where s* is the robust standard deviation of the results calculated using Algorithm A in Annex C. (Here a
“result” for a participant is the average of all their measurements on the test material.)

© 1SO 2005 — All rights reserved 9
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The limitations of this approach are that:

a)
b)

there may be no real consensus amongst the participants;

in the standard uncertainty of the assigned value calculated as described above.

Neither of these conditions is rare in the determination of trace constituents.

5.6.3 Example: Antibody concentrations

the consensus may be biased by the general use of faulty methodology and this bias will not be reflected

Table 2 gives data from a round of a proficiency test in which concentrations of three allergen-specific

IgE (immunoj

To apply Alg
standard de
these calculd
The calculati
a) Step1:
average
average
b) Step 2:
the robd
Table 3)
(2,18 is

plobulin E) antibodies were determined. Figure 2 displays these same data in histograms,

brithm A, the data are first sorted into ascending order, initial robust estimates of the averag
iation are calculated, and then the iterative method of the algorithm is appliedoTable 3
tions for the results for the allergen specific IgE antibody d1 from Table 2.

bns required by Algorithm A may be carried out in a spreadsheet as follows.

Fnter the data in a column, in ascending order, as shown in Table 3 faor-teration 0. Calculats
and standard deviation (10,91 and 3,13 in Table 3). Calculate ‘initial values for the r
and robust standard deviation (10,85 and 3,53 in Table 3) using.the-formulae given in C.1.

Copy the data into the next column, as shown in Table 3 fof lteration 1. Use the initial valug
st average and robust standard deviation to calculate :the cut-off values (5,56 and 16,
using the formulae given in C.1. Replace data outside the cut-off values by the cut-off vj
replaced by 5,56 and 16,30 is replaced by 16,15).(Calculate the new average and sta

deviatio
robust

c) Step 3:
calculati
average
values (
continui
When d
and cutH

longer s

The robust a
similarly.

It is interesti
Grubbs' test,
average and
in Table 3. W

a
by multipl

of the altered data (11,03 and 2,81 in Table 3). According to the formulae given in Annex (
erage is the same as this average (11,03) and-the robust standard deviation (3,19) is obt
ying the standard deviation by 1,134.

With a spreadsheet, there is now no need-to create further columns of data. Instead, chang
bn of the cut-off values at the top_of the second column of data so that they use the r
and robust standard deviation from~the bottom of the same column. This will give the g

g to replace data outside thelcut-off values by the cut-off values until the iterations cony
ta are replaced, the spreadsheet will automatically update the averages and standard devig
off values, but the changes in these values will become progressively smaller until they a
gnificant.

verages and standard deviations for the other two allergen-specific IgE antibodies are calcu

e and
gives

their
bbust

ps for
15 in
hlues
ndard
C, the
hined

e the
bbust
ut-off

5,24 and 15,82) shown in Table 3 under lteration 2. The calculation can then be complet¢d by

}

erge.
tions
e no

lated

Ng to noté that the result for Laboratory P for d1 is not classed as an outlier or a straggl
Hencesif*one relies on the use of outlier tests as described in ISO 5725-2 in this exampl
standard deviation are calculated from all the data, giving the values shown for ltera

and Z have

ith-the robust method, the low result for Laboratory P and the high results for Laboratorie

er by
, the
jon 0
D,U
ould

identify the results of some laboratories as being worth investigation. For example, in Figure 9, Laboratory Z
can be seen to give large positive z-scores at all three levels.
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Table 2 — Concentrations of three allergen specific IgE antibodies (d1, f1 and e3) —
Data as reported by p = 27 laboratories

Concentrations

Laboratory d1 f1 e3

kU/l kU/l kU/I

A 11,30 1,69 5,02

B 8,29 0,74 2,52

C 11,90 2,23 5,15

D 15,60 1,76 515

E 13,40 1,91 4,84

F 12,50 1,71 4,54

G 10,40 1,88 5,94

H 9,38 1,14 3,90

| 14,20 1,74 4,48

J 12,10 2,39 4,15

K 8,10 3,10 3,10

L 10,80 1,39 4,10

M 13,80 1,52 5,99

N 7,00 1,50 3,40

o 10,85 1,80 2,80

P 2,18 2,52 1,88

Q 8,89 1,83 3,80

R 6,95 1,92 3,92

S 11,80 1,58 4,86

T 10,90 0,80 2,80

U 16,30 2,39 5,60

\Y 9,71 1,21 3,83

w 10,50 1,93 5,5

X 13,60 2,23 5,93

Y 10,10 1,63 3,18

4 16,07 2,69 8,22

a 847 216 4 64

)4 27 27 27

Robust average x* 11,03 1,83 4,35

Robust standard deviation s* 3,04 0,50 1,25
NOTE The data are numbers of units (U) in thousands (k) per litre (I) of sample, where a unit is defined by the concentration of

an international reference material.
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NOTE 1 TH
concentration

NOTE2 Th
manually work

mpi 4@] mpi
I I I
I I I
I I I
| DUZ I | Z
15,0 | 30 | K 75 |
| 1 MX | |
IEF IPZ I
| CJS | Ju | G
| ALOTW | CXa | MUW X
100 | GVY 20 | ERW 50 | ACDES
| H | DFGI0OQ | FIJLa
| BKQa | AMSY | Q
| NR | LN | HKNRV
I | HV l oTY
50 | 10 | 25 | B
| o1 E
I I I
N I I
0,0 | 0,0 | 0,0 q
Allergen d1 Allergen f1 Allergen e3

e data are numbers of units (U) in thousands (k) per litre (I)~0f sample, where a unit is defined By the

pf an international reference material.

e numerical values given in Table 2 are those that will*be obtained when the calculation is carrigd out

ing to two decimal places.

Figure 2 — Concentrations of three allergen specific IgE antibodies —
Histograms of data as'reported (data from Table 2)
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international reference material.

Iteration 0 1 2 3 4 5

6=15s" — 5,30 4,79 4,62 4,58 4,56

x*-0 — 5,56 6,24 6,41 6,45 6,47

x*+0 — 16,15 15,82 15,65 15,61 15,59

P 2,18 5,56 6,24 6,41 6,45 6,47

R 6,95 6,95 6,95 6,95 6,95 6,95

N 7,00 7,00 7,00 7,00 7,00 7,00

K 8,10 8,10 8,10 8,10 8,10 8,10

B 8,29 8,29 8,29 8,29 8,29 8,29

Q 8,39 8,39 8,39 8,39 8,39 8,39

a 8,47 8,47 8,47 8,47 8,47 8,47

H 9,38 9,38 9,38 9438 9,38 9,38

\Y 9,71 9,71 9,71 9,71 9,71 9,71

Y 10,10 10,10 10,10 10,10 10,10 10,10

G 10,40 10,40 10,40 10,40 10,40 10,40

w 10,50 10,50 10,60 10,50 10,50 10,50

L 10,80 10,80 10,80 10,80 10,80 10,80

O 10,85 10,85 10,85 10,85 10,85 10,85

T 10,90 10,90 10,90 10,90 10,90 10,90

A 11,30 11,30 11,30 11,30 11,30 11,30

S 11,80 11,80 11,80 11,80 11,80 11,80

C 11,90 11,90 11,90 11,90 11,90 11,90

J 12,10 12,10 12,10 12,10 12,10 12,10

F 12,50 12,50 12,50 12,50 12,50 12,50

E 13,40 13,40 13,40 13,40 13,40 13,40

X 13,60 13,60 13,60 13,60 13,60 13,60

M 13,80 13,80 13,80 13,80 13,80 13,80

| 14,20 14,20 14,20 14,20 14,20 14,20

D 15,60 15,60 15,60 15,60 15,60 15,59

z 16,07 16,07 15,82 15,65 15,61 15,59

U 16,30 16,15 15,82 15,65 15,61 15,59

Average 10,91 11,03 11,03 11,03 11,03 11,03

Standard deviation 3,13 2,81 2,72 2,69 2,68 2,68

New x* 10,85 11,03 11,03 11,03 11,03 11,03

New s* 3,563 3,19 3,08 3,05 3,04 3,04
NOTE The data are numbers of units (U) in thousands (k) per litre (1) of sample, where a unit is defined by the concentration of an

© I1SO 2005 — All rights reserved
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5.7 Comparison of the assigned value

When the methods described in 5.2 to 5.4 are used to establish the assigned value X, after each round of a
proficiency testing scheme, the robust average x* derived from the results of the round shall be compared with
the assigned value. When the methods described in 5.5 and 5.6 are used to establish the assigned value, the
value shall, where possible, be compared with a reference value obtained by a competent laboratory. The
standard uncertainty of the difference x*X shall be estimated as:

* 2
\/(1,25s 2,2
p
where
s* is the robust standard deviation;
p is the number of laboratories.
If the differer|ce is more than twice its uncertainty, the reason shall be sought. Possible reasons are
— bias in the measurement method,
— acommpn bias in the results of the laboratories,
— failure t¢ appreciate the limitations of the method when usingche' formulation method described in 5.2
approach,
— bias in the results of the “expert laboratories” when using:the “consensus value from expert laboratpries"
approach, and
— biased garticipant method(s) or several biased_laboratories when the robust consensus mean is usged as
the assigned value.
5.8 Missing values
When the number of replicate measurements » in a proficiency test is 2 or more, the first step in the analysis
of the resulis will be to calculate~the average and standard deviation of each laboratory’s results| The
averages ar¢ then used, for example, to calculate performance statistics as described in Clause 7 ahd to
prepare histggrams or bar-plots-as described in 8.2 and 8.3. The standard deviations are used, for example,
to prepare the plots of repeatability measures as described in 8.4 and 8.6.
Although all the participants may intend to obtain the same number of replicate measurements, they mgy not
all report thi$ number.of measurements, for example, if some tests are spoilt and cannot be repeated| The
following profedure’is recommended when this happens.
If a laboratoryyrepertsatieast-8;5%+rephcatemeasurements;thenthe-averageand-standard-deviatienof their

measurements shall be included in the calculations and treated as if they had reported » measurements. The
report shall state how many measurements they reported.

If a laboratory reports less than 0,59 replicate measurements, then their results shall not be included in the
calculation of statistics that affect other laboratories. For example, their results shall not be included in the
calculation of the assigned value as described in 5.6, or the calculation of the standard deviation for
proficiency assessment as described in 6.6. Their results may be used to calculate their own performance
statistics as described in Clause 7, or included in the graphs described in Clause 8, but the report shall state
how many measurements they reported and that this was fewer than the number required by the scheme.

NOTE The justification for the multiplier of 0,59 is as follows. The standard deviation of the average of » replicate
measurements is o /\/— If the number of replicate measurements is reduced this standard deviation increases, so if the
actual number of replicate measurements is reduced from » to 0,59, the standard deviation is increased by a factor of 1,3.
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This may be considered to be on the borderline of an acceptable increase in the standard deviation. Using the limit of
0,59n will thus prevent the increase in the standard deviation being greater than this. There is clearly a degree of
arbitrariness in the criterion used to derive this rule, so a coordinator may vary it in consultation with the members of the

scheme if they wish to.

6 Determining the standard deviation for proficiency assessment
(see ISO/IEC Guide 43-1:1997, A.2.1.3)

6.1

Choice of method

Five

desc
cons
any

labor
respd
obtai

NOTH
consi

approaches to the problem of determining the standard deviation for proficiency asses
ibed in 6.2 to 6.6. The choice between these methods shall be the responsibility of the)¢
Iltation with the members of the scheme and any relevant accreditation bodies, and)taking
elevant regulations. The method described in 6.6 is unlikely to be applicable’’when th
htories participating in the scheme is small. The determination of the standard-deviation &
nsibility of the coordinator. He shall prepare a report giving details of how, the standard @
ned.

ISO/IEC Guide 43-1 uses the symbol s as the standard deviation“for proficiency assesd
stent with normal usage when it represents a sample standard deviation. Iq this International Standarg

sment 6 are
pordinator, in
into account
e number of
shall be the
eviation was

ment. This is
, the standard

deviation for proficiency assessment is sometimes derived by other methods{ so it is more appropriate to fepresent it by
another symbol. Here & has been chosen.

6.2 | Prescribed value

6.2.1| General

The $tandard deviation for proficiency assessment 'may be set at a value required for a specifid task of data
interpretation, or it may be derived from a requirément given in legislation.

This ppproach has the advantage that the standard deviation for proficiency assessment is related directly to a

“fitne]

6.2.2

5s for purpose” statement for the measurement method.

Example: Aflatoxins in auts, nut products, dried figs and dried fig products

Therg is legislation that states that a method used to test for aflatoxins should have a reproducibil

ty coefficient

of vdriation not larger than 50 % when the statutory limit is 10 pyg/kg. Thus, if a test material|is used in a
profigiency testing scheme with a content of aflatoxins of 10 ug/kg, then the legislation implies that the
repraducibility standard deviation with this material should be no more than 5 pg/kg. In this case, it would be
apprgpriate to set.the standard deviation for proficiency assessment at 5 ug/kg also.

6.3 | By perception

6.3.1LGeneral

The standard deviation for proficiency assessment could be set at a value that corresponds to the level of
performance that the coordinator and members of the scheme would wish laboratories to be able to achieve.

With this approach, the standard deviation for proficiency assessment becomes equivalent to a “fithess for
purpose” statement for the measurement method.

When the standard deviation for proficiency assessment & is chosen by prescription or by perception, it is
possible that the value chosen is not realistic in relation to the reproducibility of the measurement method. The
following method may be used to check that the chosen value of & is realistic, provided that information on
the repeatability and reproducibility of the method is available. Given
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ORr

Oy

calculate the

is the reproducibility standard deviation, and

is the repeatability standard deviation,

between-laboratory standard deviation as:

oL =\/0'12g - 0',2

and then calculate the value of the factor ¢ by substituting values of o; and g, and the chosen value of ¢ in

Equation (10

).

©)

GA:

i

where n is th

If the value f

x O'L)A + (Grz/n)

b number of replicate measurements each laboratory is to perform.

ound for ¢ is small (say ¢ < 0,5), it implies that the chosen value of & corresponds to a le

reproducibilitly that laboratories are unable to achieve in practice.

6.3.2 Exanpple 1: Glucose measurement in human serum

Suppose that
+10 % of th
+ 6 mg/dl is
assessment

a) for assig
6 =60

b) for assig

o =

0,1

The factor of
(see 7.4).

it is accepted that medical laboratories should be able to detertnine blood glucose levels
e assigned value, although for extremely low concentrationds_(below 60 mg/dl) a toleran
acceptable. This information may be used to calculate . thé standard deviation for profig
BS:

ned values X below 60 mg/dI:

/3,0 =2,0 mg/dl,

ned values X above 60 mg/dl:

'/ 3,0 = 0,033 X mg/dl.

3,0 introduced here corresponds ‘to the critical value of 3,0 used in the interpretation of z-s

6.3.3 Exanpple 2: Determination’ of the cement content of hardened concrete

The cement
metre of cor
contents 25

this reason,
precision ex
260 kg/m3: o

content of concréte)is usually measured in terms of the mass in kilograms of cement per
crete (i.e. in Kg/m3). In practice, concrete is produced in grades of quality that have cqg
g/m3 apart;.and it is desirable that laboratories should be able to identify the grade correctl
it is desirable that the chosen value of 6 should be no more that one-half of 25 kg/n
beriment>produced the following results, for a concrete with an average cement conte
r =23;2 kg/m3and o, = 14,3 kg/m3.

So

(10)

Vel of

vithin
ce of
ency

Cores

icubic
ment
. For
ns. A
nt of

oL =+/23,2% - 14,32 =18,3kg/m°

Taking 7 as 2, and substituting o; = 18,3 kg/m3, o, = 14,3 kg/m3 and & = 12,5 kg/m3 into Equation (10) gives:

12,5:\/(18,3 9)® + (143212

(11)

(12)

from which one may calculate that ¢ = 0,40. Thus choosing 6 = 12,5 kg/m3 implies that laboratories are able
to achieve a between-laboratory standard deviation lower by a factor of 0,4 than that found in the precision
experiment. This is clearly unrealistic.

16
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6.4 From a general model

6.4.1 General

The value of the standard deviation for proficiency testing may be derived from a general model for the
reproducibility of the measurement method.

A disadvantage of this approach is that the true reproducibility of a particular measurement method may differ
substantially from the value given by the model as the use of a general model implies that the reproducibility
depends only on the level of the measurand, and not on the measurand, the measurement procedure, or the
sample size.

6.4.2| Example: Horwitz curve

Horwjitz [3] gives a general model for the reproducibility of analytical methods that may be used [to derive the
folloying expression for the reproducibility standard deviation:

b = 0,02¢ 08495 (13)
wherg ¢ is the concentration of the chemical species to be determined in percent (mass fraction).
6.5 | From the results of a precision experiment

6.5.1| General
When the measurement method to be used in the proficiency testing scheme is standardized, anfd information
on the repeatability and reproducibility of the method:is-"available, the standard deviation fqr proficiency
assessment & may be calculated using this information, as follows. Given

b is the reproducibility standard deviation, and
> is the repeatability standard deviatiom,

”

calculate the between-laboratory standard deviation as:
o :\10123 - Grz (14)
and then calculate the standard deviation for proficiency assessment as:
5 = O'E + (o-rzln) (15)

wherg n is thexnamber of replicate measurements each laboratory is to perform in a round of the §cheme.

When the‘repeatability and reproducibility standard deviations are dependent on the average valpe of the test
resulLFummewmdww&mw&d&dMilhese relations

should then be used to calculate values of the repeatability and reproducibility standard deviations appropriate
to the assigned value that is to be used in the proficiency test.

6.5.2 Example: Determination of the cement content of hardened concrete

With the same data used in the example in 6.3, Equation (15) produces a standard deviation for proficiency
testing of

&:\/18,32 + (14,32/2)=2o,9 kg/m3 (16)

assuming that n = 2 replicate measurements are to be made.

© 1SO 2005 — All rights reserved 17
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6.6 From

6.6.1

data obtained in a round of a proficiency testing scheme

General

With this approach, the standard deviation 6 used to assess the proficiency of participants in a round of a
scheme is derived from the results reported by the participants in the same round. The standard deviation
shall be the robust standard deviation of the results reported by all the participants, calculated using
Algorithm A in Annex C. In this context, the result reported by a participant shall be the average of the n
replicate measurements obtained by the participant in the round.

Other calculation methods may be used in place of Algorithm A, provided that they have a sound statistical

basis and th¢ report describes the method that is used.

A disadvantz
difficult to ug
disadvantage
deviations de

6.6.2 Example: Antibody concentrations

Tables 2 and

6.7 Comp

As a check
participants,
each round

reproducibility standard deviations of the measurement. method, using the robust methods describ

ISO 5725-5.
repeatability

These graph
the proficien
the coordina
improving wi

the part
implemg

the parti

the meth
the meth

and reproducibility standard deviations obtained in precision experiments (if available).
5 should then be examined by the ceerdinator. If they show that the precision values obtair

for should investigate why. If they show that the precision of the measurement method

Cipating laboratories are not able to identify the causes of action and warning signals;

ge of this approach is that the value of & may vary substantially from round to round;-mak
e values of the z-score for a laboratory to look for trends that persist over severalkrounds

ing it
This

may be overcome in an established scheme by using a robust pooled valug, of the stapdard

rived from a number of rounds, calculated using Algorithm S in Annex C.

3 provide an example of this approach.

arison of precision values derived from a proficiency test with established val
on the performance of the participants, and to megasure the benefit of the scheme t
it is recommended that the coordinator applies thefoellowing procedure. The results obtain
pf a proficiency testing scheme should be used.to calculate estimates of the repeatability

These estimates should be plotted on graphs as time-series, together with values d

y test differ by a factor of two or mere from the values obtained in the precision experiment

h time, then it suggests that:

cipating laboratories (are’ not investigating the causes of action and warning signals, o
nting corrective actions properly;

od is in.a state of statistical control and reliable conclusions may be based on the data giv
od.

ues

b the
ed in

and
Bd in
f the

ed in
then
S not

r not

bn by

7

71

711 Gene

Calculation of performance statistics

Estimates of laboratory bias [see ISO/IEC Guide 43-1:1997, A.2.1.4 item a)]

ral

Let x represent the result (or the average of the results) reported by a participant for the measurement of one
characteristic of the test material in one round of a proficiency testing scheme.

18
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Then an estimate of the bias D of the laboratory, when measuring that characteristic, may be calculated as:

D=x-X

where X is the assigned value.

(17)

Performance statistics that involve the absolute value |D| of the bias of the laboratory or D2 should not be

used,

7.1.2

because they conceal the sign of the bias.

Interpretation of laboratory biases

When a participant reports a result that gives rise to a laboratory bias greater than 3,0 & or less than -3,0 &,

then
beloy
“warr

investigation. This criterion is equivalent to that given in 7.4 for z-scores in the sensg ‘that it will g

actio

The j
as fo
the x|
norm
0,39
abou
low, i
chan

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

or 6.4
5,09

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

6.3, i
comp
exan
the e
7.4. 1
comg

713

Table
the €
same

the result shall be considered to give an “action signal”’. Likewise, a laboratory bias ab
—2,0 6 shall be considered to give a “warning signal”’. A single “action signal” inyene 1
ing signals” in successive rounds, shall be taken as evidence that an anomaly has occurred

h and warning signals.

lows. If X and & are good estimates of the mean and standard deviation of the populatio
values are derived, and the underlying distribution is normal, thenjthe D values will be 3
ally distributed with a mean of zero and a standard deviation &/Under these circumstancg
of estimated laboratory biases would be expected to fall outside the range -3,05 <D < 3,
5 % would be expected to fall outside the range -2,0 & <D< 2,0 6. Because these proba
t is unlikely that action signals will occur by chance when ho real problem exists, so there is
ce of identifying the reason for an anomaly when an action signal is given.

|, it may differ substantially from the reproducibility standard deviation, and the probabilities
will then no longer apply.

I may be helpful to the participants-forthe appropriate performance statistic to be used, so
arison can be made with the prescribed or perceived performance requirement. For exd
ple in 6.3, where the goal for error in glucose samples is + 10 % of the assigned value, on
kample, derive a standard deviation for proficiency assessment of 3,33 %, calculate z-scor
Fquivalently, one may calculate the laboratory bias as a percentage difference (as describe
are it directly with the @oal of 10 %.

Example: Antibody concentrations

timates.of laboratory biases. Comparison of Figures 1 and 2 shows that the laboratory bia
distribution as the original data (apart from small effects due to rounding), but they are cent

ve 2,0 6 or
pund, or two
that requires
ive the same

ustification for the use of the multipliers of 2,0 and 3,0 here (and in the other similar criteria given later) is

h from which
pproximately
s only about
) 5, and only
pilities are so
A reasonable

ed in 6.2, 6.3
of 0,3 % and

bed in 6.2 or
that a direct
mple, in the
e may follow
ps and follow
d in 7.2) and

4 shows the-results of applying this method to the data from Table 2, and Figure 3 shows histograms of

s5es have the
ed on zero.

©1S0

2005 — All rights reserved

19


https://standardsiso.com/api/?name=04f2e409695b0329ca8161ebc5b8c20a

ISO 13528:2005(E)

NOTE TH
concentration

mpi 2@] 5pI
I I I
I I | Z
I I I
| | K |
50 | DUz 1,0 | 25 |
I | 7z I
IIMX IJPU IGU
| E | CXa | CDMWX
| CFJsS | | AEJLSa
00 | ALOT 00 | DEGIOQRW 00 | FlI
| GVWY | AFSY | KQ
| H | LMN | HNRVY
| BKQa | HV | OT
| NR I | B
—ﬁOI 4pIBT 45IP
I I I
I I I
| P I I
-10,0 | -2,0 | -5,0 Q
Allergen d1 Allergen 1 Allergen e3

e data are numbers of units (U) in thousands (k) per litre {).of sample, where a unit is defined by the
bf an international reference material.

Figure 3 — Concentrations of three allergen specific IgE antibodies —
Histograms of estimates of laboratory biases (data from Table 4)
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Table 4 — Concentrations of three allergen specific IgE antibodies (d1, f1 and e3) —
Estimates of laboratory bias

international reference material.

Concentrations
Laboratory d1 f1 e3
ku/l ku/l ku/l
A 0,27 -0,14 0,67
B -2,74 -1,09 W -1,83
C 0,87 0,40 0,80
D 4,57 -0,07 0,30
E 2,37 0,08 0,49
F 1,47 -0,12 0,19
G -0,63 0,05 1,
H -1,65 -0,69 -0,
| 3,17 -0,09 0,
J 1,07 0,56 0,40
K -2,93 1,27 W -0,65
L -0,23 —0,44 0,
M 2,77 =0,31 1,24
N —4,03 -0,33 -0,95
O -0,18 -0,03 -1,%5
P -8,85 W 0,69 —2,47
Q —2,64 0,00 —0,%5
R —4,08 0,09 -0,83
S 0,77 -0,25 0,%1
T 40,13 -1,03 W -1,%5
U 5,27 0,56 1,25
\Y, -1,32 -0,62 -1,02
W 0,53 0,10 1,00
X 2,57 0,40 1,18
Y -0,93 -0,20 -1,17
4 5,04 0,86 3.87 A
a -2,56 0,33 0,29
30 ¢ 9,12 1,50 3,715
200 6,08 1,00 2,%0
-2,0 6 —6,08 -1,00 -2,50
-3,0 6 -9,12 -1,50 -3,75
NOTE 1 When following concentration data, A = Action signal and W = Warning signal.
NOTE 2 The laboratory biases in this table have been derived from the data given in Table 2, using the robust averages in Table 2

as the assigned values for the three levels. The action and warning limits shown at the bottom of the table have been calculated, using
the robust standard deviations in Table 2 as the standard deviations for proficiency assessment.

NOTE 3 The data are numbers of units (U) in thousands (k) per litre (1) of sample, where a unit is defined by the concentration of an
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7.2 Perce

ntage differences [see ISO/IEC Guide 43-1:1997, A.2.1.4 item b)]

7.21 General

With the notation as in 7.1, percentage differences are calculated as:

Do, =100 (x—X)/X

7.2.2 Interpretation of percentage differences

(18)

Percentage {lifferences shall be interpreted using equivalent guidelines to those given for laboratory bias

7.1, i.e. whe
below — 300
difference al
“action signa
occurred tha

n a participant reports a result that gives rise to a percentage difference above 300 /¥
/X %, then the result shall be considered to give an “action signal’. Likewise, apérce
ove 200 6/X % or below — 200 6/X % shall be considered to give a “warning sighal”. A s
”, or “warning signals” in two successive rounds shall be taken as evidence that an”anomal
requires investigation.

7.2.3 Example: Antibody concentrations

Table 5 shov
percentage d
distribution g
estimates of

s the results of applying this method to the data from Table 2, and(Bigure 4 shows histogra
ifferences. Comparison of Figures 1 and 3 shows that the percentage differences have the

5 the original data (apart from small effects due to rounding)sbut are centred on zero, just lik
aboratory biases.

esin
% or
htage
ingle
y has

ms of
same
e the

100,0 | 100,0 | 100,0 |
I I | £
I I I
I [«K I
I | I
500 | UZ 50,0~ z 50,0 |
| D | p e
IIM IJU IMUX
| E X | CXa | CDhDWw
|CFJS |RW |AEJLSa
00 | ALOT 00 | DEGOQ 00 | FI
| GHVWY | AFISY | KQ
| Qa | LMN | HNRYV
| BK | Vv | Y
LNR | H | BOT
-50,0 -50,0 | -50,0 |
I IBT IP
I I I
| P | |
I I I
-100,0 | -100,0 | -100,0 |
Allergen d1 Allergen f1 Allergen e3
NOTE The data are numbers of units (U) in thousands (k) per litre (I) of sample, where a unit is defined by the

concentration of an international reference material.
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Figure 4 — Concentrations of three allergen specific IgE antibodies —
Histograms of percentage differences (data from Table 5)
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Table 5 — Concentrations of three allergen specific IgE antibodies (d1, f1 and e3) —

Percentage differences

Percentage difference

Laboratory d1 f1 e3

% % %

A 2 -8 15

B -25 -60 W —42

C 8 22 18

D 41 -4 18

E 21 4 11

F 13 -7 4

G -6 3 37

H -15 -38 —20)

| 29 -5 3

J 10 31 9

K =27 69\ -19

L -2 <24 8

M 25 =17 29

N =37 -18 —22

O -2 -2 -36

P -80 W 38 57

Q —24 0 -13

R -37 5 -19

S 7 -14 12

T -1 -56 -36

U 48 31 29

\Y, -12 -34 —23

w -5 5 23

X 23 22 27

Y. -8 -1 =27
Z 46 47 89 A

a -23 18 7
300 6/ X 82,7 82,0 86,2
200 6/X 55,1 54,6 57,5
-2006/X -55,1 -54,6 -57,5
-3006/X -82,7 -82,0 -86,2

NOTE 1 When following concentration data, A = Action signal and W = Warning signal.
NOTE 2 The percentage differences in this table have been derived from the data given in Table 2, using the robust averages in

Table 2 as the assigned values for the three levels. The action and warning limits shown at the bottom of the table have been calculated
using the robust standard deviations in Table 2 as the standard deviations for proficiency assessment.

© I1SO 2005 — All rights reserved
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7.3 Ranks and percentage ranks [see ISO/IEC Guide 43-1:1997, A.2.1.4 item c)]

7.3.1 General

With results from p laboratories in a round of a proficiency test, the ranks are derived by assigning the rank of
1 to the laboratory that reports the lowest result, assigning 2 to the laboratory that reports the next lowest
result, and so on, until the laboratory that reports the highest result is assigned the rank of p. If two or more
results are equal, they are assigned the same average rank. For example, in Table 2, laboratories C and X
both reported a concentration of 2,23 for f1. They share ranks 21 and 22, so in Table 6 they are both assigned
a rank of 21,5. If the trial involves several measurands, ranks are assigned for each measurand separately.

If the ranks gre denoted by i =T, 2, ..., p, then the percentage ranks are calculated as T00 (i —0,5)/p 7

example of t

7.3.2 Inter

The interpre
particular pr
deviation for
identifying th
of a proficie
performance
be noted: ‘R
recommendgq
misleading a

e calculation of percentage ranks is shown in Table 6.

pretation of ranks and percentage ranks
fation of ranks or percentage ranks does not involve an assumption thatthe data foll

proficiency assessment. Hence, ranks and percentage ranks provide’ a simple meth
e |laboratories that report the most extreme results. They are of particular use in the early rg
ncy scheme when they can be used to identify the laboratorfies where improvemer
are most likely to be achieved. However, the warning given in JISO Guide 43-1:1997,6.6.5 s
eporting of performance by ranking laboratories in a table according to their performance

d in proficiency testing. Therefore, ranking should only be:used with extreme caution as it ¢
hd open to misinterpretation.”

L. An

oW a

bbability distribution, and their derivation does not use the assignedvalue or the stapdard
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hould
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Table 6 — Concentrations of three allergen specific IgE antibodies (d1, f1 and e3) —

Ranks and percentage ranks

ISO 13528:2005(E)

Rank Percentage rank

Laboratory d1 1 e3 d1 1 e3
% % %

A 16 10 19 57 35 69
B 5 1 2 17 2 6
cC 18 215 205 65 78 74
D 25 13 20,5 9 46 74
E 21 17 17 76 61 61
F 20 11 13 72 39 46
G 11 16 26 39 57 94
H 8 3 8 28 9 28
| 24 12 12 87 43 43
J 19 23,5 16 69 85 57
K 4 27 10 13 98 35
L 13 5 15 46 17 54
M 23 7 24 83 24 87
N 3 6 7 9 20 24
(0] 14 14 3,5 50 50 11
P 1 25 1 2 91 2
Q 6 15 11 20 54 39
R 2 18 9 6 65 31
S 17 8 18 61 28 65
T 15 2 3,5 54 6 11
u 27 23,5 25 98 85 91
\% 9 4 6 31 13 20
w 12 19 22 43 69 80
X 22 21,5 23 80 78 83
Y 10 9 5 35 31 17
Z 26 26 27 94 94 98
a 7 20 14 24 72 50

7.4 :z-scores [See ISO/IEC Guide 43-1:1997, A.2.1.4 item d)]

7.41 General

With notation as in 7.2, the z-score is calculated as:

z=(x—X)/6‘

where & is the standard deviation for proficiency assessment.

© I1SO 2005 — All rights reserved
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NOTE ISO/IEC Guide 43 uses the symbol s for the standard deviation in the definition of the z-score. This is
appropriate when this quantity is derived as the standard deviation of a number of results, but not in other cases (for
example, when it is calculated from the results of a precision experiment, or by reference to a general model as in 6.4).

7.4.2 Interpretation of z-scores

When a participant reports a result that gives rise to a z-score above 3,0 or below —3,0, then the result shall be
considered to give an “action signal”. Likewise, a z-score above 2,0 or below —2,0 shall be considered to give
a “warning signal”. A single “action signal”, or “warning signals” in two successive rounds, shall be taken as
evidence that an anomaly has occurred that requires investigation.

With proficiel
the Normal g
the z-scores.
laboratories)
rounds will p
rounds.

7.4.3 Example: Antibody concentrations

The z-scores
given in Tab
the same dis
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ries),

robability plots as shown in 7.9 and/or Figure 6 may be used to supplement the interpretatjon of
At the other extreme, when there are only a small number of laboratories (e.g. fewer-than 10
no signal may be given. In this case, the graphical methods that combine scores over sgveral
rovide more useful indications of the performance of the laboratories than the results of indiyidual

derived using the robust averages and standard deviations calculated as shown in Table R are
e 7, and as histograms in Figure 5. Comparison of Figures 1 and’4 shows that the z-scores|have
tribution as the original data (apart from small effects due to-rounding), but are centred on|zero,
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Figure 5 — Concentrations of three allergen specific IgE antibodies —

histograms of z-scores (data from Table 7)
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Table 7 — Concentrations of three allergen specific IgE antibodies (d1, f1 and e3) — z-scores

ISO 13528:2005(E)

z-score
Laboratory
d1 1 e3
A 0,09 -0,28 0,54
B -0,90 -2,18 W -1,46
C 0,29 0,80 0,64
D 1,50 -0,14 0,64
E 0,78 0,16 0,39
F 0,48 -0,24 0,15
G -0,21 0,10 1,27
H -0,54 -1,38 -0,68
I 1,04 -0,18 0,10
J 0,35 1,12 0,32
K -0,96 2,54 W -0,%2
L -0,08 -0,88 0,28
M 0,91 -0,62 0,99
N -1,33 -0,66 -0,16
0] -0,06 -0,06 -1,24
P -2,91W 1,38 -1,98
Q -0,87 0,00 -0,44
R -1,34 0,18 -0,66
S 0,25 -0,50 0,41
T -0,04 -2,06 W -1,24
u 1,73 1,12 1,00
\ -0,43 -1,24 -0,$2
w -0,17 0,20 0,80
X 0,85 0,80 0,94
Y. -0,31 -0,40 -0,94
Z 1,66 1,72 3,J0A
a -0,84 0,66 0,23

NOTE 1
NOTE 2

When following concentration data, A = Action signal and W = Warning signal.

The z-scores in this table have been derived from the data given in Table 2, using the robust averages in Table 2 as the
assigned values for the three levels, and using the robust standard deviations in Table 2 as the standard deviations for proficiency
assessment. The formula for the z-score in this example is thus z = (x - X)/6 = (x—x*)/s*.

7.5 E, numbers [See ISO/IEC Guide 43-1:1997, A.2.1.4 item e)]

This performance statistic is calculated as:

E

© I1SO 2005 — All rights reserved
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where
X is
Uref is
Ulab is

the assigned value determined in a reference laboratory;

the expanded uncertainty of X;

the expanded uncertainty of a participant’s result x.

In contrast to the critical values of 2,0 and 3,0 used with z-scores, it is common to use a critical value of 1,0
with £, numbers. This is because E,, numbers are calculated using expanded uncertainties in the denominator
instead of standard deviations.

NOTE1 E|

and may not |
results of profi

When the ex
number is eq

NOTE 2 W,
measurement
value of |E |

uncertainty giy

7.6

7.6.1

With notation

where uy is tihe standard uncertainty of the assigned value X.

Equation (21
participants.
and 5.4, and

Z'-scores

Gengdral

numbers should be used with caution when participants may have a poor understanding of their Unce
e reporting it in a uniform way. However, incorporating information on uncertainty into the interpretaf
Ciency tests can play a major role in improving their understanding of this difficult subject.

banded uncertainties are calculated using a coverage factor of 2,0, a critical value of 1,0 for
uivalent to the critical value of 2,0 used with z-scores.

hen uncertainties are estimated in a way consistent with the Guide to the expression of uncerta
(GUM), E, numbers express the validity of the expanded uncertainty estimate associated with each re
1 provides objective evidence that the estimate of uncertainty is consistent with the definition of exp
en in the GUM.

as in 7.4, the z'-score is calculated as:

—X)/ 6'2+MX

may be used when the (@ssigned value is not calculated using the results reported b
Thus, it may be used when the assigned value is obtained by the methods described in 5.
when the method described in 5.5 is used and the expert laboratories do not take part i
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ion of
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sult. A
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(21)

y the
P, 5.3
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proficiency test. When the method)described in 5.6 is used, the assigned value is correlated with the re¢sults

reported by {
7.6.2 Inter

Z'-scores sha
and 3,0.

he participants so-the use of z'-scores as defined by Equation (21) is not valid.

bretation of z'-scores

Il be interpreted in the same way as z-scores (see 7.4) and using the same critical values

pf 2,0

NOTE

be modified similarly by replacing & by +/&

2 2

+LIX.

7.6.3 Use of z/-scores

The criteria given in 7.1 and 7.2 for the interpretation of laboratory biases and of percentage differences can

Comparison of the formulae for the z-score and the z'-score in 7.4 and 7.6 shows that the z’-scores for a round

of a proficien

28

cy testing scheme will all be smaller than the corresponding z-scores by a constant factor of
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When the guideline for limiting the uncertainty of the assigned value in 4.2 is met, this factor will fall in the

range:

0,9 < 6/y62 + u% < 100

(22)

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.

When the guideline in 4.2 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”

by an
where ! e-sia

a) [Does the uncertainty of the assigned value meet the guidelines in 4.2? If it does, ‘then it is

ere will be any benefit from the use of z’-scores.

b) When the guideline is not met, it is recommended to use z'-scores in spite) of their addition
and the difficulties of explaining them to users.

c) IHow severe are the consequences to laboratories when their results give rise to warn
gignals? Are the results used to disqualify laboratories from.€artying out the measuremer
gome group of users?

7.7 | Zeta-scores (¢)

7.7.1] General

With photation as in 7.4, the {-scores is calculated)as:

= (x - X)/ u§+u§(

Whete u, is the laboratory’s own ‘estimate of the standard uncertainty of its result x, and uy is
unceftainty of the assigned value_X.

Equation (23) may be usedwhen the assigned value is not calculated using the results rep
partigipants. Thus, it may be used when the assigned value is obtained by the methods describ
and 5.4, and when the-method described in 5.5 is used and the expert laboratories do not tak
profigiency test. When the method described in 5.6 is used, the assigned value is correlated wi
reported by the-participants so the use of {~scores as defined by Equation (23) is not valid.

NOTH

1, &scores differ from E numbers by using standard uncertainties u(,), rather than expanded unce

“action signals”,

s.
Wwing aspects.

unlikely that

bl complexity

ng or action
t method for

(23)

the standard
orted by the
pd in 5.2, 5.3

e part in the
h the results

tainties U,).

NOTH 2

At the present time, it is not common practice to incorporate information provided by participatipng laboratories

on the uncertainty of their measurements in the scores used in proficiency testing schemes. However, such information
may become more widely reported. 7.7 is included to provide coordinators with guidance on how such information could
be incorporated should it become available. Information on the uncertainty of measurement is now required by
ISO/IEC 17025, so for proficiency testing schemes involving laboratories that claim compliance with that International
Standard, coordinators need guidance on how such information should be dealt with.

7.7.2 Interpretation of {-scores

When there is an effective system in operation for validating laboratories’ own estimates of the standard
uncertainties of their results, {-scores may be used instead of z-scores, and shall be interpreted in the same
way as z-scores (see 7.4), using the same critical values of 2,0 and 3,0.

© 1SO 2005 — All rights reserved 29


https://standardsiso.com/api/?name=04f2e409695b0329ca8161ebc5b8c20a

ISO 13528:2005(E)

When no such system is in operation, {~scores shall be used only in conjunction with z-scores, as an aid for
improving the performance of laboratories, as follows. If a laboratory 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 budget for that procedure. The uncertainty budget will identify the steps in the procedure where
the largest uncertainties arise, so that the laboratory can see where to expend effort to achieve an
improvement. If their {~scores also repeatedly exceed the critical value of 3,0, it implies that their uncertainty
budget does not include all significant sources of uncertainty (i.e. they are missing something important).

If a laboratory has a large bias and its uncertainty interval X+ U, does not include the assigned value, then it
will also have a large ¢-score or E,, number.

7.8 E_scqre

, x—(X-Uy)
The E, scorelmay be defined as: £, = — v and E,, =

X

x—(X+Uy)
U

X

Here X is th¢ assigned value derived using 7.4 or 7.6, or a reference value derived using 7.5, and Uy [s the
expanded uncertainty of X.

Also x is a laporatory’s value and U, is the expanded uncertainty of x. U, can be-26 or 36 in 7.4 and 7.6 and
Ujgpin 7.5.

It is common|to compare values of E_ with a critical value of 1,0:

a) whenbgth £,_ and E, fall within the range —1,0 to 1,0, the faboratory’s performance is satisfactony;

b) when ope of E,_and E,, falls outside the range 1,0 to 1,0, the laboratory’s performange is
questionable;

a) when E|_and E,, are both lower than —1,0 or“both higher than 1,0, the laboratory’s performarice is
unsatisfactory.

7.9 An example of the analysis of data when uncertainties are reported

7.9.1 Gendral

Graphs such as those shown in(Figures 6 and 7 provide helpful summaries of laboratories’ results and their
uncertainties| Laboratories that-hrave the largest laboratory biases will also have the largest z-scores. (They
will appear af the either end‘ofithe graph.)

Table 8 givgs authentic® data obtained in an exercise in which 181 laboratories reported results| with
uncertainties| for lead-ii water. The data were reported as mol/l. They have been multiplied by 1010 tq give
more easily managed values. This means that results do not have either the same uncertainty or the pame
bias. Each result has its own bias D; resulting from the sum of Method bias and Laboratory bias; morgover,
each metho i iiti ati - i arious
methods for the determinations, and calculated the uncertainties themselves. The uncertainties are treated
here as expanded uncertainties. The data are given in Table 8 as reported, except that they have been sorted
so that the results are in ascending order, and the laboratories are numbered in this order. U = 0 may indicate
a failure to report uncertainty. There are several values in the table of doubtful validity that would merit further
investigation in practice, and it is not possible to show the most extreme results on the graphs. In particular,
the negative values are not included in the graphs although they are used in the calculations. These data
provide an example of where negative results have been reported as required by 4.6, even though negative
lead contents are not logically possible.
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7.9.2 The assigned value and its uncertainty

The assigned value is calculated as described in 5.6 as the robust average of the results, using Algorithm A in
Annex C. This gives an assigned value

X =x*=605x 10~10 mol/I (24)
and a robust standard deviation

s* = 142 x 10-10 mol/| (25)

ACCO'OIng 10 0.0, The standard uncertainty or this assignea value IS
v = 123%5*/4/181 = 13 x 10-10 mol/l (26)

7.9.3] The standard deviation for proficiency assessment

The standard deviation for proficiency assessment is obtained as described™in 6.6 as the rohust standard
devigdtion

5 = s* = 142 x 10-10 mol/l (27)

7.9.4| Guidelines for interpreting the uncertainty of the assighed value

According to the guidelines in 4.2, the uncertainty of the assigned value is negligible if
y < 03¢ (28)
With[u y =125xs*//p and 6 = s* as in this-example, it can be calculated that Equation (2§) is satisfied

with p > 16. With p = 181 laboratories participating, the criterion is easily satisfied. There is thergfore no point
with these data in considering z'-scores as. described in 7.6.

7.9.5| Analysing data for a large number of laboratories using Normal probability plots

Figure 6 shows the results for ;the 181 laboratories plotted against their percentage ranks (g¢alculated as
described in 7.3), using a Nermal probability scale for the percentage ranks. Results below 0 mol/l or above
1600|x 10-10 mol/l are natincluded in this figure.

The f-scores may be calculated as z = (x — 605)/142. When a laboratory achieves a z-score pbove 3,0 or
below —3,0, the valde of the z-score is shown on this figure alongside the corresponding value.

The fumulative”distribution function for the Normal distribution with mean 605 x 10-19 mol/l gnd standard
devigtion:142 x 1010 mol/l is also shown on the figure as the dashed straight line.

The fimat“cut-off-vatuesused-intherobust-atgorithmare:

x* —1,55* = 605 — 1,5 x 142 = 392 x 10-10 mol/l (29)
and

x*+1,55* =605 + 1,5 x 142 =818 x 1010 molll (30)

It can be seen on Figure 6 that the points veer away from the dashed line outside this range. The implication
of this is that all the results cannot be considered to be drawn from the same normal population. Points away
from the dashed line are drawn from a population with a larger variance than points close to the line.
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It can also be seen in the figure that results that give z-scores above 3,0, or below —3,0, are well away from
the dashed line. This supports a conclusion to treat these z-scores as giving rise to “action” signals. (It is
possible with a large number of results that z-scores above 3,0 or below —3,0 are obtained, but when plotted
as in Figure 6 all the points lie close to the dashed line. In such a case, the figure would not support a
conclusion to treat the z-scores as giving rise to action signals.)

Figure 7 shows the results for just those laboratories that give z-scores within the range + 3,0, together with
vertical lines that indicate the uncertainties that they reported. (Results for two laboratories, numbers 24
and 112, that reported very high uncertainties, have not been included in the figure.) The continuous,
horizontal line on this figure represents the assigned value, and the dashed lines on either side of it represent
the expanded uncertainty of the assigned value.

If the laborat
the vertical |
However, it

whose vertic
uncertainty G
calculations.

pries carried out valid calculations of the expanded uncertainties of their results, then nearly

all of

nes in Figure 7 would cut the region defined by the assigned value + its expanded-uncertginty.

an be seen in the figure that there are many laboratories, on both sides of the assighed
al lines do not reach this region. This implies that many laboratories have not(¢arried out
alculations; very probably they have not included all the important sources ofiyuncertainty in

32

alue,
valid
their
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Table 8 — Determinations of the lead content of water (mol/l x 1010) by 181 laboratories, together
with values for the expanded uncertainties (U) of the results as reported by the laboratories

Lab Result U Lab | Result U Lab Result U Lab Result U
1 -960 000 0 51 545 43 101 618 224 151 740 20
2 -12 100 0 52 545 123 102 618 170 152 748 3
3 -4 800 0 53 550 8 103 620 25 153 767 113
4 -3 860 0 54 550 55 104 620 40 154 772 213
5 -1 500 0 55 550 5 105 621 6 155 800 60
6 -1010 0 56 555 79 106 622 9 156 800 150
7 -1 000 0 57 556 30 107 622 6 157 821 203
8 -1 000 0 58 557 28 108 623 18 158 830 10
9 -965 0 59 557 28 109 625 15 159 857 27
10 -483 0 60 559 26 110 626 5 160 874 200
11 160 20 61 560 7 111 627 0 161 89 59
12 180 20 62 560 60 112 627 1010 162 900 100
13 203 0 63 569 116 113 627 15 163 92¢ 140
14 256 13 64 570 86 114 628 3 164 950 110
15 319 0 65 571 16 115 629 26 165 96 0
16 335 18 66 572 40 116 630 40 166 96 0
17 340 180 67 574 35 117 630 580 167 990 0
18 400 20 68 578 0 118 632 50 168 990 80
19 404 36 69 579 52 119 637 96 169 1010 0
20 407 0 70 579 35 120 639 83 170 1250 140
21 410 97 71 579 8 124 640 130 171 1330 410
22 444 58 72 579 10 122 640 77 172 1450 460
23 450 20 73 579 17. 123 642 20 173 1640 241
24 450 3400000| 74 579 87 124 647 63 174 19Q0 46
25 463 19 75 580 450 125 647 0 175 2413 20
26 470 10 76 582 122 126 650 160 176 2 4840 0
27 470 30 77 589 57 127 650 30 177 2900 900
28 474 0 78 589 10 128 650 80 178 10 0po 0
29 480 100 79 590 0 129 650 48 179 386 Q00 | 31000
30 482 122 80 590 0 130 650 30 180 670 Q00 | 60 000
31 483 241 81 590 45 131 653 5 181 630x]0°% | 60x106
32 490 60 82 590 60 132 658 27
33 492 25 83 590 0 133 660 20
34 492 1 84 591 112 134 660 120
35 493 24 85 591 9 135 660 34
36 493 5 86 594 4 136 663 32
37 495 0 87 594 119 137 675 280
38 500 70 88 597 9 138 675 0
39 500 10 29 600 20 139 680 8
40 500 10 90 600 300 140 680 50
41 501 75 91 603 60 141 680 70
42 504 0 92 603 24 142 685 0
43 510 130 93 603 13 143 700 0
44 510 110 94 604 18 144 700 100
45 512 6 95 608 30 145 700 110
46 526 26 96 608 8 146 700 300
47 530 9 97 609 9 147 708 44
48 530 40 98 610 61 148 709 48
49 530 60 99 613 22 149 710 100
50 545 30 100 618 7 150 729 41

© I1SO 2005 — All rights reserved

33


https://standardsiso.com/api/?name=04f2e409695b0329ca8161ebc5b8c20a

ISO 13528:2005(E)

1

1

1

1

Key

Y A

600

400

200

000

800

600

400

200

X laboratorytpercentage rank, %
Y lead contgnt, mol/l x 1010

NOTE

34

THe results for 19 laboratories are not included.

of water by ;162 laboratories

Figure 6 — Normal probability plot of results of determinations of the lead content
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Figure 7 — Normal probability plot of expanded uncertainties for determinations
of the lead content of water by 156 laboratories

7.10| Combined performance scores

It is gommon, within acsingle round of a proficiency testing scheme, for results to be obtained fpr more than
one fest item or for several measurands. In this situation, the results for each test item gnd for each
meagurand shall b€~ interpreted as described in 7.2 to 7.9, i.e. the results for each test item and each
meagurand shall'be analysed separately. There are applications when two or more materials With specially
designed levels“are included in a scheme to measure other aspects of performance, such as repeatability or
linearity. «In"such instances, the coordinator shall provide participants with complete descriptions of the

orated i

the scheme
be applied.

Further, it is recommended that the graphical methods described in Clause 8 should also be used when
results are obtained for more than one test item or for several measurands. They combine scores in ways that
do not conceal high values of individual scores, and they may reveal additional information on the
performance of laboratories, such as correlation between results for different measurands, not apparent in
tables of the individual scores.

In schemes that involve a large number of measurands, a count of the numbers of action and warning signals
may be used to allow the laboratories that obtain one or more such signals to be identified. They can be
provided with a report containing detailed results using the methods described in 7.2 to 7.9. Laboratories that
obtain no signal can be provided with only a brief report.
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NOTE The use of composite scores when there is more than one test item for the same measurand (the average or
summed z-score, or the average or summed absolute difference or squared difference), or the use of composite scores
when there are results for more than one measurand (the average absolute z-score, or the average absolute difference
relative to the evaluation limits) is not recommended. The average (or summed) z-score has the serious failing that a high
score on one test item can be concealed if other scores are low or if another score is also high but has the opposite sign.
The average (or summed) absolute difference and the sum of squared differences also have the serious failing that a high
score on one test item can be concealed if other scores are low. The average absolute z-score and the average absolute

difference relative to the evaluation limits also have this same failing.

8
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Graphical methods for combining performance scores for several measurands
round of a proficiency test (see ISO/IEC Guide 43-1:1997, A.2.2.1)

sting
the
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nabling them to judge the overall effectiveness of the schemg)yand to see if there is a ne¢d for

criterion used to assess proficiency.

ficiency testing scheme into a histogram*as shown in Figure 8. Use an interval in the histg
to 0,5 so that the histogram gives.-algood visual impression. Draw lines at + 2,0 and + J
proficiency assessment criterion{Use a range for the histogram of about + 6,0. If the resu
range, or if the central points are tightly clustered, the analyst may consider an alternative ra

rams of laboratory biases\or percentage differences are preferred, the equivalent histg
warning and action limits“are as below. In these cases, it may be simpler to derive the @
from the prescribed ‘or perceived requirements instead of calculating them from the sta
proficiency assessment.

Table 9 — Warning and action limits for performance scores

histogram of z-scores, collect the z-scores for the measurement of a characteristic fronp one
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,0 to
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Performan

Ce statistic Histogram interval Warning limits Action limits Histogram rar

ge
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Dry bias ﬁ”-l o to ('\,R &

306/Xto506 /X

Percentage difference

z-score 0,3t0 0,5

Histograms are a suitable method of graphical presentation when the number of characteristics measured
is small, or when a number of dissimilar characteristics are measured. Individual participants can identify
the position of their own scores and assess their performance and the need to investigate their methods.
A participant who has achieved a high z-score is able to use a histogram to see how exceptional his score is,
in comparison with the scores achieved by the other participants.
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The coordinator is able to use a histogram to see how frequently participants fail to satisfy the proficiency
assessment criterion. If the tails of the histogram extend outside the + 3,0 limits, then the fault would appear to
lie with the measurement method (or methods) being used rather than with individual participants. The
measurement method (or methods) should be improved, or the proficiency assessment criterion should be
relaxed (by increasing &). If the histogram lies within the + 2,0 limits, with perhaps one or two isolated
z-scores outside these limits, then it suggests that the proficiency assessment criterion could be made more
strict (by reducing &).

8.2.2 Example: Antibody concentrations

The z-scores for d1 are shown in Figure 8 in the form of a histogram.

0 T T T T T =

-3,15 -2,15 -1,15 =0,75 0,25 1,25 2,25 3,25 X

] ' ]

Key

X
N

{score for allergen d1
Y npmber of laboratories

Figure’8,= Histogram of z-scores for one round of a proficiency test
(data for allergen d1 from Table 7)

8.3 | Bar-plots 'of standardized laboratory biases

8.3.1| ,General

To prepare a bar-plot, collect the z-scores into a bar-plot as shown in Figure 9, in which the z-scores for each
participant are grouped together. (The z-score is the same statistic as that referred to as the i-statistic in
ISO 5725-2, and the bar-plots described here are the same graphs as the plots of A-statistics described in
ISO 5725-2.)

Bar-plots are a suitable method of presenting the z-scores for a number of similar characteristics in one graph.

They will reveal if there is any common feature in the z-scores for a participant, for example if he achieves
several high z-scores indicating generally poor performance.
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8.3.2 Example: Antibody concentrations

The z-scores from Table 7 are shown plotted as a bar-chart in Figure 9. From this graph, laboratories B and Z
can see that they should look for a cause of bias that affects all three levels by approximately the same
amount, whereas laboratories K and P can see that in their case the sign of the z-score depends on the type
of antibody.

YA
4,0
30 —-+—F+—7—"T"7T"7F—""—"FT1+—+1—"r+—+1—F1+"T1—+r1+—"T—"—1—"++H
20 —+-+—4+—"H-+—+—4—"t++-++4—H+—+—4—+++1—+H+—+——+—++H~
10 — 3T+ —1 —— 1+t —— = —
! | || | | I I | | | | I | |
0,0 T T T | T | T | | | T I
41,0 — S U S AN O A 0 A 1§ SN R SN I -
42,0 — RS U S S N SN S AN RS Sy 3 N N U B A S iy
Bo-+-+4\t++-+4r+-+4—-\r++1—-=¢+4—"t—+—+ -4+
4,0
ABCDEFGHI JKLMNOPQRSTUVWXYZa
Key
Y z-score
NOTE “A’ to “a” indicates the laboratory number.
Figure|9 — Bar-chart of z-scores (4,0 to —4,0) for one round of a proficiency test in which the
participants determined the concentrations of three allergen specific IgE antibodies
(data from Table 7)
8.4 Bar-plots of standardized repeatability measurements
When replicgte determinations are made in a round of a proficiency test, the results may be used to calqulate
a graph of k-ptatistics, as described in ISO 5725-2.

8.5 Youden Plot

8.5.1 General

When samples of two similar materials have been tested in a round of a proficiency scheme, the Youden Plot
provides a very informative graphical method of studying the results. It is constructed by plotting the z-scores
obtained on one of the materials against the z-scores obtained on the other material. A confidence ellipse,
calculated as described in 8.5.2, is used as an aid to interpretation of the plot. A Youden Plot for the original
data, laboratory biases, or percentage biases may be derived from the z-scores as explained in Note 1 below.

When a Youden Plot is constructed, interpret it as follows.
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a) Inspect the plot for points that are well-separated from the rest of the data. If a laboratory is not
following the test method correctly, so that its results are subject to bias, a point will be given far out along
the major axis of the ellipse. Such a point can also occur if a laboratory suffers a large variation from time
to time in the level of its results. Points far away from the major axis represent participants whose
repeatability is poor.

b) Inspect the plot to see if there is evidence of a general relationship between the results for the two
materials. If there is, then it shows that there is a cause of between-laboratory variation that is common to
many of the laboratories, and provides evidence that the measurement method has not been adequately
specified. Investigation of the test method may then allow the reproducibility of the method to be generally
improved. The rank correlation test described below may be used to test if the relationship between the

two-materials-is-statistically-sighificant—herank-correlation-coefficientispreferred-here-te-the correlation

¢oefficient as the latter would be more sensitive to non-normality in the data.

8.5.2] Confidence ellipse (based on the method of Jackson [2])
8.5.2|1 General
Call the two materials A and B, and denote the results obtained on A by:

AA, 10 XA 20 - XA p

and those obtained on B by:

AB,1: XB,2: = *Bp
wherg p is the number of laboratories.

Calcdlate the averages and standard deviations of thetwo sets of data:

KA. XB, SASB

and the correlation coefficient p . Calculatéthe z-scores for the two materials as:
En = (XA —XA,)/sa  wherei=1,2, .., p (31)
g, = (*B, — X8, )/s8 (Wherei=1,2, .., p (32)

and galculate the combined scores for the two materials:

2 R 2
£ AB,i :\/ZA,i - 2pzpizB; t 2B, (33)

Define standardized variables as:

=t )//°A (34)

ZB :(xB_EB,.)/SB (35)

In terms of the standardized variables, the confidence ellipse may be written in terms of Hotelling’s 7'2:

z,i-zﬁzAzB+z§:(1-,32)T2 (36)
where
7% =2{(p-1)/(p-2)} Fs_q)(20-1) (37)
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Here, Fy _ a)(2, p — 1) is the tabulated (1 — «)-fractile of the F-distribution with 2 and (p — 1) degrees of
freedom. The ellipse may be drawn on a graph that has the z-scores z, and zg as the axes by plotting a series

of points for -T <zp < T with:

sa=pzatyt- 2%)(r? - =R

NOTE 1

above series of points back to the original units using:

(38)

To plot the confidence ellipse on a graph with axes that show the original units of measurement, transform the

XA :fA’_-FSAXZA

xg =X [+sgxzp
To plot the copfidence ellipse on a graph with axes that show laboratory biases D, and Dg, transform thé/above sefies of
points using:

Dp=sppza

Dg =sgfzp
To plot the copfidence ellipse on a graph with axes that show percentage differences Do, and Dgo,, transform the pbove
series of pointk using:

Do, =1P0sp xzp/xp

Dgg, =100sp x zg /xp
The combingd z-scores may be used as an aid to interpreting the Youden Plot. The highest combined z-sfores
correspond {o the highest significance levels 100q¢ % in the calculation of the confidence ellipse, sp the
combined z-gcores may be used to identify the most-extreme points on the Youden Plot. On occasion, if may
be necessary to exclude one or more outlying points and re-calculate the ellipse: the combined z-scoreg may
then be used as an aid to identifying the points to exclude.
NOTE 2  THere is a need for a robust method of calculating the ellipse, but the details of such a method have ot yet
been worked put. The cut-off value may be talculated by noting that (z5 g ;)2 /(1- p 2) has approximately the chi-squared
distribution with 2 degrees of freedom, (but the correction factor may have to be derived by simulation.
8.5.2.2 Example: Antibody-concentrations
Table 10 shgws data obtained by testing two similar samples for antibody concentrations, and the calculgtions
required to [derive _the/confidence ellipse. With p = 29 laboratories, and using a significance leyel of
100 % =5 Yo, F(1_a)(2, p-1) =3,34. Hence T = 2,632 and, in terms of the standardized variables, the |95 %
confidence ellipse.may be written:

2 —1412 2 -
zZp — ZpZB tZB —3,48 (39)

The ellipse is shown, together with the points representing the z-scores, in Figure 10, together with the ellipses
for probability levels of 100 % = 1 % and 0,1 %. The combined scores are shown in Table 10.

Inspection of Figure 10 reveals two laboratories (numbers 5 and 23) in the top right-hand quadrant. They have
combined z-scores of 1,641 and 2,099. Laboratory 26 has a high z-score on Material B and a combined
z-score of 2,059. After laboratories 5, 23 and 26, the laboratory that gives the next highest combined z-score is
number 8 (combined score of 1,501).
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The points for laboratories 23 and 26 fall between the ellipses for the 5 % and 1 % probability levels, so it
would be appropriate to treat their results as giving rise to “warning” signals, and to check where their results
fall in the next round of the scheme.

Table 10 — Data and calculations on concentrations of antibodies for two similar allergens

Laboratory Data z-score Co::zgi:ed
Allergen Allergen Allergen Allergen
A B A B
t o R+ At B B,i
1 12,95 9,15 0,427 0,515 0[370
2 6,47 6,42 -1,540 -0,428 11275
3 11,40 6,60 -0,043 -0,366 0|336
4 8,32 4,93 -0,978 -0,942 0{737
5 18,88 13,52 2,228 2,023 11641
6 15,14 8,22 1,092 0)194 0[965
7 10,12 7,26 -0,432 -0,138 0(349
8 17,94 9,89 1,942 0,770 11501
9 11,68 4,17 0,042 -1,204 11234
10 12,44 7,39 0,272 -0,093 0(344
11 6,93 7,78 -1,400 0,042 11430
12 9,57 5,80 -0,599 -0,642 0[477
13 11,73 5,7F 0,057 -0,652 0[693
14 12,29 6,97 0,227 -0,238 0[{429
15 10,95 6,23 -0,180 -0,493 0]388
16 10,95 5,90 -0,180 -0,607 0{497
17 110,17 7,74 -0,113 0,028 0[134
18 11,20 8,63 -0,104 0,335 0[{415
19 7,64 3,74 -1,185 -1,353 0]|986
20 12,17 7,33 0,190 -0,114 0[282
21 10,71 5,70 -0,253 -0,676 0(529
22 7,84 6,07 -1,124 -0,549 0]833
23 20,47 15,66 2,710 2,762 2(099
24 12,60 11,76 0,321 1,415 11210
25 11,37 4,91 -0,052 -0,949 0[{913
26 4436 4354 =0;655 2,018 2,059
27 10,75 5,48 -0,241 -0,752 0,607
28 12,21 9,77 0,203 0,729 0,603
29 7,49 5,82 -1,230 -0,635 0,902
Average 11,54 7,66 0,00 0,00
Standard deviation 3,29 2,90 1,00 1,00
Correlation coefficient 0,706 0,706

NOTE 1
international reference material.

NOTE 2

The data are numbers of units (U) in thousands (k) per litre (I) of sample, where a unit is defined by the concentration of an

The z-scores in this table have been calculated using non-rounded values of the averages and standard deviations, not
using the rounded values shown at the bottom of the table.
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Figure 10 — Youden Plot of z-scores from Table 10

8.5.3 RankK correlation test

8531 G

bneral

The rank cdrrelation test is_carried out using Spearman’s correlation coefficient as follows. Replacg the
observed redults for Material" A by their ranks (i.e. replace the lowest value by 1, the next lowest by 2, apd so

on, until the

ighest isreplaced by p). Treat the observed results for Material B in the same way. Ties

n the

results are replaced-by the average value of the ranks for the set of values that are tied. Calculate the

correlation cpefficient between the two series of ranks and compare the result with the tabulated value

in Table 11.
variables is ¢
Let

kA,1’ kA,2’ ..

o kpp

represent the ranks of the laboratories for Material A and

kg 1, kg 2s -

- kg

those for Material B. The rank correlation coefficient may be calculated as:

pi=1-62 (ka;—Fks,) 2/{”(”2 _1)}

where the summation is over the p laboratories.

42

given
e two

(40)
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Table 11 — Critical values for the rank correlation coefficient

Number of Critical values
data points 5 % level 1% level

8 0,738 0,881

9 0,683 0,833

10 0,648 0,794

11 0,623 0,818

12 0,591 0,780

13 0,566 0,745

14 0,545 0,716

15 0,525 0,689

16 0,507 0,666

17 0,490 0,645

18 0,476 0:625

19 0,462 0,608

20 0,450 0,591

21 0,438 0,576

22 0,428 0,562

23 0,418 0,549

24 0,409 0,537

25 0,400 0,526

26 0,392 0,515

27 0,385 0,505

28 0,377 0,496

29 0,370 0,487

30 0,364 0,478
8.5.3]12 Example: Antibody concentrations
An ekample of the calculation of the rank correlation coefficient is given in Table 12. The calculated rank
correjation ‘coefficient is 0,605 which exceeds the tabulated value in Table 11 of 0,487 for the [1 % level for
29 data’points, so it may be concluded that the relationship apparent in Figure 10 is statistically significant.
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Table 12 — Calculation of the rank correlation coefficient for the data from Table 10

Laboratory Data Rank Difference
Allergen Allergen Allergen Allergen
A B A B

i I B, kni kg.i kni = ke,

1 12,95 9,15 25 23 2

2 6,47 6,42 1 13 12

3 11,40 6,60 17 14 3

4 8,32 4,93 6 4 2

5 18,88 13,52 28 28 0

6 15,14 8,22 26 21 5

7 10,12 7,26 8 16 8

8 17,94 9,89 27 25 2

9 11,68 4,17 18 2 16

10 12,44 7,39 23 18 5

11 6,93 7,78 2 20 18

12 9,57 5,80 7 8 1

13 11,73 577 19 7 12

14 12,29 6,97 22 15 7

15 10,95 6,23 11,5 12 0,5

16 10,95 5,90 11,5 10 1,5

17 11,17 7,74 13 19 6

18 11,20 8,68 14 22 8

19 7,64 3,74 4 1 3

20 12,17 7,33 20 17 3

21 10,71 5,70 9 6 3

22 7,84 6,07 5 11 6

23 2047 15,66 29 29 0

24 12,60 11,76 24 26 2

25 11,37 4,91 16 3 13

26 11,36 13,51 15 27 12

27 10,75 5,48 10 5 5

28 12,21 9,77 21 24 3

29 7,49 5,82 3 9 6
Sum of squared differences 1 605,50
p(p21) 24 360
Calculated rank correlation coefficient 0,605
Tabulated critical value for the 1 % significance level 0,487
NOTE The data are numbers of units (U) in thousands (k) per litre (I) of sample, where a unit is defined by the concentration of

an international reference material.
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8.6 Plots of repeatability standard deviations

8.6.1 General

When n replicate measurements are made by the participants in a round of a proficiency testing scheme, the
results may be used to produce a plot to identify any laboratories whose average and standard deviation are
unusual. The graph is constructed by plotting the within-laboratory standard deviation s; for each laboratory
against the corresponding average x; for the laboratory. Let

X = x* the robust average of X1, X9, o0y Xp, @S calculated by Algorithm A

S = s* the robust pooled value of 51,59, ... as calculated by Algorithm S

1Sp5

and assume that the data are Normally distributed. Under the null hypothesis that there is no difference
betwgen laboratories in the population values of either the laboratory means or the within-laboratory standard
devigtions, the statistic

Jﬁx"b;)?jz + { 2(n—1) |n[%ﬂ2

has gpproximately the ;(2 distribution with 2 degrees of freedom.‘Hence a critical region with g significance
level fof 1 % may be drawn on the graph by plotting

=\2
K = §exp i;)\/}(%o’gg - (\/;g] (41)

2(n—1 S

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

2 2
:)?_gfw to y+§/w (42)
n n

NOTH The Circle Techniqué was introduced by van Nuland 8. The method described used a gimple Normal
approximation for the distribution of the standard deviation that could give a critical region containing nedative standard
deviafions. The method given,here uses an approximation for the distribution of the standard deviation that avoids this
problg¢m, but the critical region is no longer a circle as in the original. Further, robust values are used for the central point
in plage of simple averages as in the original method.

8.6.2 Example:Antibody concentrations

Tablg 13,shows the results of determining concentrations of a certain antibody in serum samples. Each
laborptory*made four replicate determinations, under repeatability conditions. The formulae givgn above are
used in-the-plot-show fgtre shows-tha at-o atort eeeive action or
warning signals.

O c V O
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Table 13 — Concentrations of certain antibodies in serum samples
(four replicate determinations on one sample in each laboratory)

Laboratory Average Standard deviation
kU/I ku/l
1 2,15 0,13
2 1,85 0,21
3 1,80 0,08
4 1,80 0,24
5 1,90 0,36
6 1,90 0,32
7 1,90 0,14
8 2,05 0,26
9 2,35 0,39
10 2,03 0,53
11 2,08 0,25
12 1,25 0,24
13 1,13 0,72
14 1,00 0,26
15 1,08 0,17
16 1,20 0,32
17 1,35 0,4
18 1,23 0,36
19 1,23 0,33
20 0,90 0,43
21 1,48 0,40
22 1,20 0,55
28 1,73 0,39
24 1,43 0,30
25 1,28 0,22
Robust average 1,57
Robust standard deviation 0,34
NOTE Fhe—data—are—numbers—of-tnits—{t-in—thotusands—fipertitre—H—of
sample, where a unit is defined by the concentration of an international reference
material.
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NOTH The data are numbers of wnits (U) in thousands (k) per litre (I) of sample, where a unit is @lefined by the
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Figure 11 — Plot of standard deviations against averages for 25 laboratories
(data from Table 13)

8.7 | Split samples (see ISO/IEC Guide 43-1:1997, A.3.1.2)

8.7.1 General

Split samples are used when it is necessary to carry out a detailed comparison of two laboratories. For
example, if one laboratory is operated by a supplier, and the other by a customer, and the two organizations
wish to ensure that the two laboratories are in agreement. Samples of several materials are obtained,
representing a wide range of the property of interest, each sample is split into two parts, and each laboratory
obtains some number (at least two) of replicate determinations on part of each sample.

On occasion, more than two laboratories may be involved, in which case one should be treated as a reference
laboratory, and the others should be compared with it using the techniques described here.
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The data from a split-sample experiment shall be used to produce graphs that display the variation between
replicate measurements for the two laboratories and the differences between their average results for each
sample. Further analysis will be dependent on deductions made from these graphs.

8.7.2 Example: Antibody concentrations

The concentration of certain antibodies in 21 serum samples were measured with radioimmunoassay methods
in two laboratories denoted X and Y. In each laboratory all measurements were performed in duplicate in the
same run. The concentrations obtained (in U/l) are presented in Table 14. As the measurement range is large,
relative differences are relevant, so the data are transformed by taking logarithms to base e before the
calculations are performed. The transformed data are shown in Table 15, and graphs showing the statistics
from Table 1pare shown in Figures 12, 13 and 14.

From the graphs of ranges of replicate determinations, it appears that the variation between replicatg¢s for
laboratory X Js higher than for laboratory Y. Pooled values of these statistics are shown in Table, 15/ and fould
be compared using an F-test if it was of interest. Looking at the third graph, it can be seen that there|is no
obvious pattern or trend in the points. However, whereas the ranges of replicate determinations in Figurps 12
and 13 are nearly all less than 0,2, many of the differences between laboratories in Figure.14 are much larger
than this. This aspect requires investigation because it implies that the difference between the laborajories
depends on the sample. The average difference between the laboratories may be.calculated and is shojwn in
Table 15. It may be used to give an indication of the importance of the difference-between the laboratoriep, but
it may not bg used to predict the difference between the laboratories that might"be obtained when analysing
some subsequent sample. Thus with the transformed data, on average In(Y) — In(X) = 0,443, so Y/X F 1,6,
indicating that laboratory Y obtains results, on average, higher than laboratory X by a factor of 1,6. However,
with some sgmples the difference is much larger, and on others laboratory X obtains the higher results.
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Table 14 — Concentrations of certain antibodies in 21 serum samples

Sample Laboratory X Laboratory Y Laboratory | Laboratory | Laboratories
X Y XandY
Replicate 1 Replicate 2 Replicate 1 Replicate 2 Average Average Average
i uil uil uil uil uil uil uil
1 19,106 18,174 11,473 11,705 18,640 11,589 15,115
2 6,424 7,171 5,812 5,812 6,798 5,812 6,305
6619 5989 11 705 11473 6304 11,589 8,947
4 0,543 0,664 0,861 0,905 0,604 0,883 0,743
{ 43,816 46,063 49,899 55,147 44,940 52,523 48,731
(] 2,096 2,535 24,047 26,843 2,316 25,445 13,880
10,591 9,875 9,116 8,671 10,233 8,894 9,563
§ 13,874 13,599 12,554 12,807 13,737 12,681 13,209
g 1,974 2,363 1,094 1,020 2,169 1,057 1,613
1 9,393 10,591 13,736 14,585 9,992 14,161 12,076
1 1,840 1,616 2,484 2,460 1,728 2,472 2,100
12 31,817 34,124 48,424 55,147 32,971 51,786 42,378
13 1,150 1,051 2,014 2,270 1,101 2,142 1,621
14 0,625 0,684 1,051 1174 0,655 1,113 0,884
14 73,700 79,838 119,104 127,740 76,769 123,422 100,096
16 2,181 2,340 2,560 3,065 2,261 2,813 2,537
171 8,415 8,166 5,765 5,585 8,291 5,670 6,980
18 1,419 1,632 8,846 8,846 1,526 8,846 5,186
14 0,861 0,887 2,612 3,065 0,874 2,839 1,856
2 10,697 10,486 15,029 14,880 10,592 14,955 12,773
2 0,230 o177 0,795 0,795 0,204 0,795 0,499
NOTE The data are umbers of units (U) per litre (I) of sample, where a unit is defined by the concentration of pn international
referdnce material.
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Table 15 — In(concentrations) and statistics for the data in Table 14

Sample Laboratory X Laboratory Y Laboratory | Laboratory Difference
X Y Y-X
Replicate 1 Replicate 2 Replicate 1 Replicate 2 Range Range
i In U/l In U/l In U/ In U/ In U/ In U/l In U/l
1 2,95 2,90 2,44 2,46 0,05 0,02 -0,475
2 1,86 1,97 1,76 1,76 0,11 0,00 -0,155
3 1.89 179 2486 244 0,10 0,02 0,610
4 -0,61 -0,41 -0,15 -0,10 0,20 0,05 0,385
5 3,78 3,83 3,91 4,01 0,05 0,10 0,195
6 0,74 0,93 3,18 3,29 0,19 0,11 2,440
7 2,36 2,29 2,21 2,16 0,07 0,05 -0,140
8 2,63 2,61 2,53 2,55 0,02 0,02 -0,080
9 0,68 0,86 0,09 0,02 0,18 0,07 -0,715
10 2,24 2,36 2,62 2,68 0,12 0,06 0,390
11 0,61 0,48 0,91 0,90 013 0,01 0,390
12 3,46 3,53 3,88 4,01 0,07 0,13 0,490
13 0,14 0,05 0,70 0,82 0,09 0,12 0,645
14 -0,47 -0,38 0,05 0,16 0,09 0,11 0,530
15 4,30 4,38 4,78 4,85 0,08 0,07 0,475
16 0,78 0,85 0,94 1,12 0,07 0,18 0,215
17 2,13 2,10 1,75 1,72 0,03 0,03 -0,380
18 0,35 0,49 2,18 2,18 0,14 0,00 1,760
19 -0,15 -0,12 0,96 1,12 0,03 0,16 1,175
20 2,37 2,35 2,71 2,70 0,02 0,01 0,345
21 -1,47 -1,73 -0,23 -0,23 0,26 0,00 1,3
Pooled range 0,119 0,083
Average diffefence betweentihelaboratories 0,443
NOTE The data are\numbers of units (U) per litre (I) of sample, where a unit is defined by the concentration of an interngtional
reference material. The ‘pooled range is calculated according to Algorithm S in Annex C.
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Figure 12 — Ranges of replicate determinations for laboratoryX
(with the ranges calculated from the In concentrations)
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Figure 13 — Ranges of replicate determinations for laboratory Y
(with the ranges calculated from the In concentrations)
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9

Graphical methods for combining performance scores over several rounds

of a proficiency testing scheme (see ISO/IEC Guide 43-1:1997, A.3.2)

9.1

Applications

When standardized scores are to be combined over several rounds, the coordinator shall consider preparing
graphs, as described in 9.2 or 9.3. The use of these graphs, in which the scores for several rounds are
combined, may allow trends, and other features of the results, to be identified that are not apparent when
scores for each round are examined separately.

NOTE Th

e use of “running scores”, in which the scores obtained by a laboratory are combined over several r

ounds

but not displa
used in one rq

ed graphically, is not recommended. The laboratory may have a fault that shows up with the testm
und but not in the others. A running score may hide this fault. The use of a running scores in_thefg

counts of the pumbers of action and warning signals is described in 7.9.

9.2 Shew

9.21 Gen
To prepare
limits set at 4
measured in
points for the
See ISO 825

The Shewha
z-Scores.

The rules for|
a) asingle
b) two out

When such 2
Note that the

laboratory bi
of a Shewha

!

hart control chart for z-scores

al

is chart, the z-scores for a laboratory are plotted as individual points, with action and w3
2,0 and + 3,0 in the style illustrated by Table 16 and Figure 15. When several characteristiqg

different characteristics should be plotted using different plotting symbols and/or different cq
8 [4] for advice on plotting Shewhart charts.

rt control chart is an effective method of identifying-problems that cause large erratic valu

interpreting the Shewhart control chart are thatan out-of-control signal is given when

point falls outside the action limits (+ 3;0),

bf three successive points outside the same warning limit (+ 2,0).

Shewhart control chart gives an out-of-control signal, the actions set out in 4.1 shall be init
standard deviation for proficiency assessment & is not necessarily the standard deviation

hses x — X, so the probability levels that are usually associated with the action and warning
t control chart may_net apply.

9.2.2 Exanpple: Allergenmconcentrations

The data are|

shown inTable 16, and are plotted in Figure 15.

hterial
rm of

rning
s are

each round, the z-scores for different characteristics may be lotted on the same graph, biit the

lours.

es of

ated.
bf the
limits
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