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1. Scope

The purpose of this document is to provide pardiotp in Proficiency Testing Australia’s (PTA)
programs with an overview of how the various typégroficiency testing programs are conducted and
an explanation of how laboratory performance islieated. The document does not attempt to cover
each step in the proficiency testing process. &laes covered in PTA’s internal procedures whi&hiar
compliance with the requirements of ISO/IEC 17043

The main body of this document contains generalrinftion about PTA’s programs and is intended for
all users of this document. The appendices contaimlossary of terms (A); information on the

evaluation procedures used for testing programs &B)l details of the evaluation of the results for
calibration programs (C).

2. Introduction

The competence of laboratories is assessed by amplementary techniques. One technique is an on-
site evaluation to the requirements of ISO/IEC B?02The other technique is by proficiency testing
which involves the determination of laboratory pemiance by means of interlaboratory comparisons,
whereby the laboratory undergoes practical tests thrir results are compared with those of other
laboratories. The two techniques each have their advantages which, when combined, give a high
degree of confidence in the integrity and effecia®s of the assessment process. Although proficien
testing schemes may often also provide informat@nother purposes (e.g. method evaluation), PTA
uses them specifically for the determination obla@bory performance.

PTA programs are divided into two different cateéger- testinginterlaboratory comparisons, which
involve concurrent testing of samples by two or entaboratories and calculation of consensus values
from all participants’ results, and calibrationterlaboratory comparisons in which one test itsm
distributed sequentially among two or more parttipg laboratories and each laboratory’s resuks ar
compared to reference values. A subset of interbry comparisons are one-off practical testge(re
Section 5.8) and measurement audits (refer Sedid0) where a well characterised test item is
distributed toonelaboratory and the results are compared to retergalues.

Proficiency testing is carried out by PTA staff.echnical input for each program is provided by
Technical Advisors. The programs are conductedgusollaborators for the supply and characterisatio
of the samples and test items. All other actisinee undertaken by PTA.

2.1 Confidentiality

All information supplied by a laboratory as part af proficiency testing program is treated as
confidential.

2.2 Funding

PTA charges a participation fee for each prograirhis fee varies from program to program and
participants are notified accordingly, prior toragram’s commencement.
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4.

References
ISO/IEC 17043: 201CQonformity assessment: General requirements fofipemcy testing

ISO/IEC 17025: 2005General requirements for the competence of testing calibration
laboratories

ISO/IEC 17011: 2004Conformity assessment:. General requirements foreat@tion bodies
accrediting conformity assessment bodies

ISO/IEC Guide 98-3:200&)ncertainty of measurement — Part 3: Guide to &@ression of
uncertainty in measurement (GUM)

ISO 13528: 2005tatistical methods for use in proficiency testaygnterlaboratory comparisons
APLAC PTO0O01 (revised 200&}alibration interlaboratory comparisons
APLAC PTO002 (revised 2008)esting interlaboratory comparisons

ILAC-G13:2007 Guidelines for the Requirements for the Competesic@roficiency Testing
Schemes

Quality Management of Proficiency Testing Schemes

In accordance with best international practice, Pif@intains and documents a quality system for the
conduct of its proficiency testing programs. Tdiglity system complies with the recommendations
specified in ILAC-G13:2007and is consistent with the requirements laid dowiSO/IEC 17011
(2004Y. At the time of publication, PTA was aligning gaality system with ISO/IEC 17043:20'10
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5. Testing I nterlaboratory Comparisons

5.1 Introduction

PTA uses collaborators for the supply and homoggnesting of samples. All other activities are
undertaken by PTA and technical input is providggtogram Technical Advisors.

In the majority of interlaboratory comparisons coaikd by PTA, subdivided samples (taken from a bulk
sample) are distributed to participating laboraerivhich test these concurrently. They then return
results to PTA for analysis and this includes thtedmination of consensus values.

BULK SAMPLE

~d 5 B%

Laboratory 1  Laboratory 2 Laboratory 3 .......... Laboratory N

Figure 1: Typical Testing Interlaboratory Comparison

5.2 Working Group and Program Design

Once a program has been selected, a small workimgpgs formed. This group usually comprises one
or more Technical Advisors, and the PTA staff afievho will act as the Program Coordinator.

It is most important that at least one, but prdfgréwo, technical experts are included in the plag of
the program and in the evaluation of the resuliseir input is needed in at least the followingeere

* nomination of tests to be conducted, range of watoebe included, test methods to be used and
number/design of samples required,;

« preparation of paperwork (instructions and ressitteet) particularly with reference to reporting
formats, number of significant figures/decimal @ado which results should be reported and
correct units for reporting;

« identification and resolution of any difficultiexmected in the preparation and maintenance of
homogeneous proficiency test items, or in the fmiowi of a stable assigned value for a proficiency
test item;

e technical commentary in the final report and in sarases answer questions from participants.
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An appropriate statistical design is essential Hretefore must be established during the prelinginar
stages of the program (see Appendix B for furttetais).

5.3 Sample Supply and Preparation

The Program Coordinator is responsible for orgagishe supply and preparation of the sampless It i
often the case that one of the Technical Advisdlisalso act as the program’s sample supplier.ariy
case, the organisation preparing the test itemaligys one that is considered by PTA to have
demonstrable competence to do so.

Sample preparation procedures are designed to estisar the samples used are as homogeneous and
stable as possible, while still being similar tongpées routinely tested by laboratories. A numifezach

type of sample are selected at random and testexhsure that they are sufficiently homogeneousider

in the proficiency program. Whenever possibles tis done prior to samples being distributed to
participants. The results of this homogeneityitgsare analysed statistically and may be includetie

final report.

5.4 Documentation
The main documents associated with the initial pledsa proficiency program are:
(&) Letter of Intent
This is sent to prospective participants to adviss the program will be conducted and
provides information on the type of samples antstegich will be included, the schedule
and patrticipation fees.

(b) Instructions to Participants

These are carefully designed for each individwamm and participants are always asked
to adhere closely to them.

(c) Results Sheet

For most programs a pro-forma results sheet ipl®&g to enable consistency in the
statistical treatment of results.

Instructions and results sheets may be issuedawithior to the dispatch of samples.

5.5 Packaging and Dispatch of Samples

The packaging and method of transport of the sasnate considered carefully to ensure that they are
adequate and able to protect the stability andachewistics of the samples. In some cases, sarapges
packaged and dispatched from the organisation gingpthem, in other cases they are shipped to PTA
for this distribution. It is also ensured thatteér restrictions on transport such as dangerowslgjo
regulations or customs requirements are compli¢ial. wi
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5.6 Receipt of Results

Results from participating laboratories for PTAti®$ programs are required to be sent to either our
Sydney office or Brisbane office. A ‘due date’ faaturn of results is set for each program, usually
allowing laboratories two to three weeks to test samples. If any results are outstanding afteidtre
date, reminders are issued, however, as late sedelay the data analysis, these may not be indlude
Laboratories are requested to submit all resultsnoa

5.7 Analysisof Data and Reporting of Results

Results are usually analysed together (with necgstiatinctions made for method variation) to give
consensus values for the entire group. The resedtsived from participating laboratories are esder
and analysed as soon as practicable so that thleréiport can be issued to participants withinvegdeks
of the due date for results.

The evaluation of the results is by calculatiorraifust z-scores, which are used to identify anyierst
Summary statistics and charts of the data arepatstuced, to assist with interpretation of the kSsuA
detailed account of the procedures used to anadgssts appears in Appendix B.

A final report is produced at the completion ofragram and includes data on the distribution otiltes
from all laboratories, together with an indicatioineach participant’s performance. This reporidsiby
contains the following information:

(& introduction

(b) features of the program - number of participagsample description, tests to be carried
out

(c) results from participants

(d) statistical analysis, including graphical désfg and data summaries (outlined in
Appendix B)

(e) atable summarising the outlieesults

(H PTA and Technical Advisor's comments (on pbhsicauses of outliers, variation
between methods, overall performance etc.)

(g) sample preparation and homogeneity testingyimnétion

(n) acopy of the instructions to participants aeslilts sheet

Note: ' Outlier results are the results which are judgaddnsistent with the consensus values (refer
Appendix A for definition).

Participants are also issued with an individualotabory summary sheet (refer Appendix B) which
indicates which, if any, of their results were itiied as outlier results. Where appropriate, I§oa
includes other relevant comments (e.g. reportiggstecs, method selection).

5.8 Other Types of Testing Programs

PTA conducts some proficiency testing activitiesalhdo not exactly fit the model outlined in Seatio
5.1. These include known-value programs where Emmpith well established reference values are
distributed (e.g. slides for asbestos fibre cogtin

Further examples are one-off practical tests wheaterial of known composition (e.g. certified refece
material) is presented to one laboratory. Thigtgpactivity is also extensively used in the aaltton
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area (refer Section 6.10, Measurement Audits). s&leetivities do not, or by their nature cannog, tie
usual consensus values as the basis for the eiealwdtperformance.

Some of PTA’s testing interlaboratory comparisonsndt produce quantitative results - i.e. qualiti
programs where the presence or absence of a partgarameter is to be determined (e.g. pathogens i
food). By their nature the results must also leated differently from the procedures outlined in
Appendix B.

6. Calibration Interlaboratory Comparisons
6.1 Introduction

PTA uses collaborators for the supply and calibratf test items. All other activities are undketa by

PTA and technical input is provided by program Trécal Advisors. Each calibration laboratory has it
capability uniquely expressed both in terms ofré#tages of measurements and the least measurement
uncertainty (or best accuracy) applicable in eauige. Because calibration laboratories are gdyeral
working to different levels of accuracy, it is natrmally practicable to compare results on a gioagis

such as in interlaboratortesting programs. For calibration programs, we need teerdéne each
individual laboratory’s ability to achieve the léxa# accuracy for which they have nominated (thedrst
measurement uncertaintjes

The assigned (reference) values for a calibratiognam are not derived from a statistical analg$ithe
group’s results. Instead they are provided by fefeace Laboratory which must have a higher acgurac
than that of the participating laboratories. FoOFAPinterlaboratory comparisons, the Reference
Laboratory is usually Australia’s National Measusath Institute (NMI), which maintains Australia’s
primary standards of measurement.

Another difference between calibration and tespinggrams is that there is usually only one teshite
(also known as an artefact) which has to be distith sequentially around the participating labaias)
making these programs substantially longer to i@onsequently, great care has to be taken to ettsaire
measurement stability of the test item.

TEST ITEM |« Reference value assigned by the

coordinating laboratory

» LAB1 —» LAB2——» LAB3 > LAB N

Ref l
4> T

Value G)

I = Uncertainty Range

Figure 2: Typical Calibration Interlaboratory Compa rison

In Figure 2, LAB 3 has a larger uncertainty rartggntLAB 1. This means that LAB 1 has the capabilit
to calibrate higher accuracy instruments. Thigagion, where laboratories are working to different
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levels of accuracy, is valid provided that eachotabory works within their capabilities and thaeith
nominated level of accuracy (measurement unceyjamsuitable for the instrument being calibrated.

6.2 Program Design

Once a program has been selected, a small workimgpgs formed. This group usually comprises one
or more Technical Advisors and a PTA staff offiedro will act as the Program Coordinator. The group
decides on the measurements to be conducted, liewtbk test item will need to be recalibrated #red
range of values to be measured. They also formutatructions and results sheets. PTA prograes ar
designed so that it will normally take no more treght hours for each participant to complete the
measurements.

6.3 Test Item Selection

Because there can often be a substantial differentiee nominated measurement uncertainties of the
participating laboratories, the test item must &eefully chosen. For example, it would be inappiaip

to send a 3%z digit multimeter to a laboratory thed a nominated measurement uncertainty of 5 parts
million (0.0005%) because the resolution, repeéitgtand stability of such a test item would lintite
measurement uncertainty the laboratory could rejponb better than 0.05%. What is necessary ésta t
item with high resolution, good repeatability, gosibility and an error that is large enough toabe
meaningful test for all participants.

In some intercomparisons (especially internati@rads), the purpose may not only be to determine how
well laboratories can measure specific points dab @ highlight differences in methodology and
interpretation.

6.4 Documentation

A Letter of Intenis sent to all potential participants to adviset tha program will be conducted and to
provide as much information as possible.

Instructions to Participantare carefully designed for each individual progrand it is essential to the
success of the program that the participating klooies adhere closely to them. For most programs
pro-formaResults Sheds used, to ensure that laboratories supply allnbeessary information in a
readily accessible format.

6.5 Test Item Stability

The test item is distributed sequentially aroural gharticipating laboratories. To ensure its sighiit is
usually calibrated at least at the start and aetiee of the circulation. For test items whose ealmay
drift during the course of the program (e.g. ressstelectronic devices, etc.) more frequent catibns
and checks are necessary.

6.6 Evaluation of Performance

As stated in Section 6.1, calibration laboratodes generally working to different levels of acaya
Consequently, their performance m®t judged by comparing their results with those oé thther
laboratories in an interlaboratory comparison.tdad, their results are compared only to the Retere
Laboratory's results and their ability to achielwe &ccuracy for which they have nominated is evatla
by calculating the Enumber. For further details please refer to Agipe.
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6.7 ReferenceValues

Australia’s National Measurement Institute (NMl)opides most of the reference values for PTA's
interlaboratory comparisons. The majority of tletigipating laboratories’ reference equipmentisoa
calibrated by NMI.

As stated previously, it is important to select iemm with high resolution, good repeatability agabd
stability. This is to ensure that these factorsnd contribute significantly to the reference walu
uncertainty. Likewise, the Reference Laboratorysmhave the capability to assign measurement
uncertainties that are better than the particigataboratories. Otherwise it will be more difficub
evaluate each laboratory’s performance.

Where test item has exhibited drift, the referemakies will usually be derived from the mean of the
Reference Laboratory calibrations carried out lefand after the measurements made by the
participating laboratories. Where a step changauspected, then the reference values will be éeériv
from the most appropriate Reference Laboratorybratiion.

6.8 Measurement Uncertainty (MU)
To be able to adequately compare laboratories thegt report their uncertainties with the same
confidence level. A confidence level of 95% is thest commonly used internationally. Laboratories

should also use the same procedures to estimataitieertainties as given in the 1SO Gufide

Laboratories should not report uncertainties smétian their nominated measurement uncertainty.

6.9 Reporting

A summary report is sent to laboratories to giventhfeedback on their performance. The summary
report states the,Bvalues for each measurement based on the prefynieéerence values and usually
does not contain any technical commentary.

A Final Reportis issued on the PTA website (www.pta.asn.auhatcbnclusion of the program. This
typically contains more information than is prowdde the summary report - including all particigant
results and uncertainties, fing| Bumbers, technical commentary and graphical dyspla

6.10 Measurement Audits

The termmeasurement audt used by PTA to describe a practical test wheeetvell characterised and
calibrated test item (or artefact) is sent to aleinaboratory and the results are compared with a
reference value (usually supplied by NMI).

Procedures are the same as for a normal interlalsgraomparison except that usually only a simple
report is generated
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GLOSSARY OF TERMS

Further details about many of these terms may beddn either Appendix B (testing programs) or
Appendix C (calibration programs). A number ofghare also defined in ISO/IEC 17643

assigned value

consensus value

E,, number

false negative

false positive

interlaboratory
comparison

measurement
uncertainty (MU)

outlier

reference value

robust statistics

z-score (2)

value attributed to a particular property of afjgiency test item

an assigned value obtained from the results sttty participants (e.g. for most
testing programs the medias used as the assigned value)

stands for error normalised and is the internallgraccepted quantitative measure
of laboratory performance for calibration prograisese formula in Appendix C)

failing to report the presence of a parameter. @glyte, organism) which is present
in the sample

erroneously reporting the presence of a paranfetgranalyte, organism) which is
absent from the sample

organisation, performance and evaluation of measemés or tests on the same or
similar items by two or more laboratories in ac@orce with predetermined
conditions

non-negative parameter characterising the dispeisi the quantity values being
attributed to a measurand, based on the informaea

observation in a set of data that appears todmngistent with the remainder of that
set, e.g. absolute z-score greater than or equlafde for testing programs

an assigned value which is provided by a Referéaberatory

statistical method insensitive to small departdires underlying assumptions
surrounding an underlying probabilistic model

a normalised value which assigns a “score” tarésalt(s), relative to the other
numbers in the group - e.g. (result — mefiamormalised IQR

NOTE: ' the median, normalised interquartile range (IQRHather summary statistics are defined
in Appendix B
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B.1 Introduction

This appendix outlines the procedures PTA usesatyae the results of its proficiency testing peogs.

It is important to note that these procedures guglied only totesting programs, nofcalibration
programs (which are covered in Appendix C). Iritgsprograms the evaluation of results is based on
comparison to assigned values which are usuallgimded from all participants’ results (i.e. consensu
values).

The statistical procedures described in this appemave been chosen so that they can be applied to

wide range of testing programs and, whenever [paiait, programs are designed so that these ‘s@indar

procedures can be used to analyse the results. e own some cases a program is run where the
‘standard’ statistical analyses cannot be appligd these cases other, more appropriate, statistica
procedures may be used.

For all programs the statistical analysis is onhe gart of the evaluation of the results. If aules
identified as an outlier, this means that statidfycit is significantly different from the otheiig the
group. However from the point of view of the sfiecgécience involved (e.g. chemistry) there may be
nothing “wrong” with this result. This is why tlaEssessment of the results is always a combinatitireo
statistical analysis and input by Technical Advis@who are experts in the field). In most cases th
Technical Advisor's assessment matches the staistssessment.

Sections B.4, B.5 and B.6 of this appendix outline actual statistical analysis used (including som
examples) - i.e. the statistics, tables and chanish appear in the final report for the prograihe next
section (B.2) examines some background theory, wisiconsidered during the planning of a program,
and Section B.3 describes the collection, entry emecking of results which are carried out prior to
commencing the statistical analysis.

B.2 Statistical Design

Given that any differences between the samples baea minimised, variability in the results for a
program has two main sources - variation betweborédories (which may include variation between
methods) and variation within a laboratory. Itissirable to evaluate and provide feed-back on bbth
these types of variation.

In order to assess both between-laboratories atfdnalaboratory variation, participants must penfior
the same testing more than once (e.g. twice). €fbm, programs are designed such that, whenever
possible, pairs of related results are obtainekis Tan be achieved by using pairs of related sesnmi,

if this is not possible, by requesting two resolisone sample.

If paired samples are used they may be identidalin@d duplicates”) or slightly different (i.e. the
properties to be tested are at different levelB)e pairs of results which are subsequently obthfa#
into two categories: uniforrpairs, where the results are expected to be tine gae. the samples are
identical or the same sample has been tested tvéne) splitpairs, where the results should be slightly
different.

The statistical analysis of the results is the sdoneboth types of pairs (uniform or split), buteth
interpretation is slightly different (see SectiorbB For some programs it is not possible to achjairs

of results - i.e. a single result on a single saniplobtained. In this case the statistical aimlis

simpler, but it is not possible to differentiateveeen the two types of variation.

The other main statistical consideration duringglaaning of a program is that the analysis usdxhsed
on the assumption that the results will be apprexaty normally distributed. This means that theuhes
roughly follow a normal distribution, which is thmost common type of statistical distribution (see
Figure 3).
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68%

95%

/ o \r

Figure 3: The Normal Distribution

The normal distribution is a “bell-shaped” curveyigh is continuous and symmetric, and is definathsu

that about 68% of the values lie within one staddi#®viation of the mean, 95% are within two staddar
deviations and 99% are within three. To ensuré¢ tie results for a program will be approximately
normal the working group (in particular the Teclahiédvisor) must think carefully about the results
which might be obtained for the samples which areg used.

For example, for the results to be continuous,faao®nsideration must be given to the units anchiber

of decimal places/significant figures requestedtheowise the data may contain a large number of
repeated values. Another problem which shouldvoeédad is when the properties to be tested arergt v
low levels - in this case the results are oftenayotmetric (i.e. skewed towards zero).

B.3 DataPreparation

Prior to commencing the statistical analysis, a Ipemmof steps are undertaken to ensure that the data
collected is accurate and appropriate for analysis.

As the results are submitted to PTA, care is takeansure that all of the results are entered ctiyre
Once all of the results have been received (od#aalline for submission has passed), the enteseitse
are carefully double-checked. It is during thigdking phase that gross errors and potential pmzble
with the data in general may be identified.

In some cases the results are then transformeadex&mple, for microbiological count data the statal
analysis is usually carried out on the Jpgf the results, rather than the raw counts. Walenf the
results have been entered and checked (and tramedoif necessary) histograms of the data - which
indicate the distribution of the results - are gatexl to check the assumption of normality.

These histograms are examined to see whethersbks@re continuous and symmetric. If this isthet
case the statistical analysis may not be valide roblem which may arise is that there are twordis
groups of results on the histogram (i.e. a bi-matistribution). This is most commonly due to tvesit
methods giving different results, and in this casmay be possible to separate the results fortwe
methods and then perform the statistical analysisazh group.
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B.4 Summary Statistics

Once the data preparation is complete, summarigtitatare calculated to describe the data. PTes us
seven summary statistics - number of results, medi@rmalised interquartile range (IQR), robust
coefficient of variation (CV), minimum, maximum anahge. All of these are described in detail below

The most important statistics used are the mediahtlae normalised IQR - these are measures of the
centre and spread of the data (respectively), airtil the mean and standard deviation. The mexhdn
normalised IQR are used because they are robuistiss® which means that they are not influenced b
the presence of outliers in the data.

The no. of resultss simply the total number of results received #oparticular test/sample, and is
denoted by N. Most of the other statistics arewdated from the sorted results, i.e. from lowest t
highest, and in this appendix X[i] will be useddenote the"l sorted data value (e.g. X[1] is the lowest
value and X|N] is the highest).

The medians the middle value of the group, i.e. half of tlesults are higher than it and half are lower.
If N is an odd number the median is the single reémalue, i.e. X[(N+1)/2]. If N is even, the mediis
the average of the two central values, i.e. (X[N/2{[(N/2)+1])/2. For example if N is 9 the medi&an
the 8" sorted value and if N is 10 the median is the ayemwf the 8 and &' values.

The normalised IQRs a measure of the variability of the results.islequal to the interquartile range
(IQR) multiplied by a factdr (0.7413), which makes it comparable to a standiediation. The
interquartile range is the difference between tiveer and upper quartiles. The lower quartile (@1he
value below which, as near as possible, a quaftdreoresults lie. Similarly the upper quartile3)Qs
the value above which a quarter of the results liiemost cases Q1 and Q3 are obtained by inteipgla
between the data values. The IQR =Q2 and the normalised IQR = I@BR.7413.

The robust C\Ms a coefficient of variation (which allows forglvariability in different samples/tests to
be compared) and is equal to the normalised IQRI€livby the median, expressed as a percentage - i.e
robust CV = 100 x normalised IQR + median.

The minimumis the lowest value (i.e. X[1]), the maximumthe highest value (X[N]) and the ranige
the difference between them (X[N]-X[1]).

On page 21 is an example of the summary statia8chey appear in a final report. For this program
three samples were used and samples A and C weng¢ical (i.e. a uniform pair), so the summary
statistics for these two samples are very similar.

NOTE: ' The factor comes from the “standard” normal distitton (as described in Section B.2),
which has a mean of zero and a standard devia&) Equal to one. The interquartile
range of such a distribution is [-0.6745, +0.6745]d this is narrower than the familiar +1
SD interval. So, to convert an IQR into a £1 SIhga, it must be scaled up by the ratio of the
interval widths, namely 2/1.3490. To then contleg £1 SD range (whose width is 2
standard deviations) into an amount equivalent ®0, this range is then halved. Hence the
IQR is divided by 1.3490 (or equivalently multigliey 0.7413) to convert it into an estimate
of the standard deviation.
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B.5 Robust Z-scoresand Outliers

To statistically evaluate the participants’ resuRFA uses z-scores based on robust summary ststist
(the median and normalised IQR). Where pairs sifilte have been obtained, two z-scores are cadclilat

- a between-laboratories z-score and a within-latooy z-score. These are based on the sum and
difference of the pair of results, respectively.

Suppose the pair of results are from two samplisdcA and B. The median and normalised IQR of all
the sample A results are denoted by median(A) amthiQR(A), respectively (similarly for sample B).
A simple robust z-score (denoted by Z) for a latargas sample A result would then be:

A — median(A)
normIQR(A)

/ =

The standardised sum (denoted by S) and standddii$erence (D) for the pair of results are:
D = (B—A)/v2 if median(Ax median(B)

S = (A+B)/v2 and
(A-B)/v2 otherwise.

Each laboratory’s standardised sum and differeneeaculated, followed by the median and normellise
IQR of all the S’s and all the D’s - i.e. median(8rmIQR(D), etc.

The between-laboratories z-score (denoted by ZB)da calculated as the robust z-score for S aad th
within-laboratory z-score (ZW) is the robust z-sctor D, i.e.

- S -—median(S) - D —median(D)
z8 normIQR(S) and zZW normlQR(D)

The calculated z-scores are tabulated in the répogt program, alongside the corresponding regséis
example on page 20) and the results are assessed ba their z-scores. An outliesr defined as any
result/pair of results with an absolute z-scoreatgnethan or equal to three, i.e>2.0 or Z<-3.0.
Outliers are identified in the table by a mark&rlfeside the z-score.

This outlier criteria, £|>3.0, has a confidence level of about 99% (relatethé normal distribution) -
i.e. there is a less than 1% chance that the (spidta true member of the population and it isnfi@re
likely that there is a problem with this resultfpaf results. Similarly a z-score cut-off of twasha
confidence level of approximately 95%. Laborateri@hich have a z-score in this region (i.e.
2.0<|Z]<3.0) are encouraged to review their results.

When interpreting results which have been idemtifis outliers, the sign of the z-score and thegdesi
the program must be considered. For both unifanchsplit pairs a positive between-laboratoriesieutl
(i.,e. ZB>3.0) indicates that both results for that pair tve high. Similarly a negative between-
laboratories outlier (i.e. ZB-3.0) indicates that the results are too low.

For uniform pairs, where the results are on idahtsamples, a within-laboratory outlier of eithéyns
(i.e. |ZW|>3.0) indicates that the difference between thelt®essi too large. For split pairs, where the
analyte is at different levels in the two samplaspositive within-laboratory outlier (i.e. ZW3.0)
indicates that the difference between the two tessltoo large and a negative within-laboratorylieu
(i.e. ZW<-3.0) indicates that the difference is too smalihathe ‘opposite direction’ to the medians.

For situations where a program involves a singklteon one sample (X), a simple robust z-score is
calculated as Z = {X—-median(X)}/normIQR(X) and datk are classified as above - values of X for
which |Z|> 3.0. When an outlier is identified the sign oé thrscore indicates whether the result is too
high (positive z-score) or too low (negative z-8)pbut whether this is due to between-laboratasies
within-laboratory variation, or both, is unknown.

In some circumstances it may not be possible toutate a simple robust z-score using the formula:
Z = {X—median(X)}/normIQR(X). For example, if theormalised IQR was equal to zero (which could
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occur if more than 50% of the results submittedobyticipants were identical and equal to the median
then it is not possible to calculate robust z-ssarging this formula. In other circumstances iyrha
possible to calculate a simple robust z-score ugirggformula, but the spread of results (as messby
the normalised IQR) might be so small that everightsdeviation from the median will result in an
outlier. In yet other circumstances the spreacesilts (as measured by the normalised IQR) miglsidb
large that it is extremely unlikely that any resutiuld ever be classified as an outlier.

If the normalised IQR is equal to zero, or if thpesad of results is too large or too small, in dpéion

of the Technical Advisor, then a target coefficientvariation (CV) is used to calculate z-scord@hese
z-scores are calculated by Z = {X—median(X)}/{targeV x median(X)}, where the target CV is
expressed as a decimal. The actual value usdteasrget CV to calculate such z-scores is chasen i
consultation with the Technical Advisor and usudalikes into account historical data (most likely
obtained from previous rounds of the program, milar interlaboratory testing programs).

The example data chosen for this document (seeZi@ge a set of three samples - i.e. a pair asidgle
sample. The results are from the Legionella Pierfiy Testing Program, so the microbiological ceunt
have been transformed (kg prior to analysis. In this case samples A anwee identical (i.e. a
uniform pair), so there are three z-scores - a éetwaboratories and a within-laboratory z-score fo
sample pair A and C and a simple robust z-scoredople B.

Laboratory code 29 has a positive between-labdestautlier and a positive outlier for sample Bist
indicates that all three of its results are tochH(dpeir results are the maximum for each sampléjtee
participants have within-laboratory outliers (cod&% 24 and 33), which shows that the difference
between their results for the identical samplesid @ is too large.

B.6 Graphical Displays

In addition to tables of the results and z-scoaes, summary statistics, a number of graphical dispbf
the data are included in the report for a progrdrne two most commonly used graphs are the ordered
score bar-chart and the Youden diagram - both a¢hvlire described in detail below.

These charts are to assist the Program CoordiaatbiTechnical Advisors with the interpretation toé t
results and are very useful to participants - @gfigd¢hose participants with outliers because thag see
how their results differ from those submitted blestlaboratories.

Ordered Z-score Chart

One of these charts is generated for each typesobee calculated - so for our example data thexe a
three of them (on pages 21 and 22). On thesesckach laboratory’s z-score is shown, in order of
maghnitude, and is marked with its code number. mFthis each laboratory can readily compare its
performance relative to the other laboratories.

These charts contain solid lines at +3.0 and s©Ghe outliers are clearly identifiable as theolalories
whose “bar” extends beyond these cut-off lines.e Ykaxis is usually limited, so in some cases very
large or small (negative) z-scores appear as extgngeyond the limit of the chart - for example,
laboratory 20 on the within-laboratory z-score blaart at the bottom of page 21.

The advantages of these charts are that each tabpraidentified and the outliers are clearlyioated,
however, unlike the Youden diagrams, they are reylgs of the actual results.
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Youden Diagrams

These charts are generated for pairs of resultsud®n two-sample diagrams are presented to highligh
laboratory systematic differences. They are baseda plot of each laboratory’s pair of results,
represented by a black spot ..

These diagrams also feature an approximate 95%demdie ellipse for the bivariate analysis of the
results, and dashed lines which mark the mediameviar each of the samples. The ellipse is eséidhat
by re-scaling an approximate 95% confidence regwanich is a circle) in the bivariate z-scores space
back to the original data space.

All points which lie outside the ellipse are lakellwith the corresponding laboratory’s code number.
Note however that these points may not correspdtidthose identified as outliers. This is becatlme
outlier criterion (|Z | > 3.0) has a confidence level of approximately 9%8hereas the ellipse is an
approximate 95% confidence region.

This means that, if there are no outliers in thiadia can be expected that about 5% (i.e. ongvanty)

of the results will lie outside the ellipse, howevas proficiency testing data usually contains eom
outliers, more than 5% of points will be outside #llipse in most cases. The points outside tiesel

on the Youden diagram will roughly correspond testh with absolute z-scores greater than 2.0.
Laboratories with results outside the ellipse whielve not been identified as outliers (those whiahe
2.0<|Z]<3.0) are encouraged to review their results.

A Youden diagram for the example data, for thequhsamples A and C, is on page 22. For this dita,
of the laboratories with outliers, i.eZ |>3.0, (codes 20, 24, 29 and 33) and those with 4] <3.0
(codes 13, 19 and 26) lie outside the ellipse.

The advantages of these diagrams are that theplai® of the actual data - so the laboratories with
results outside the ellipse can $mavtheir results differ from the others - and resulith an absolute z-
score greater than to 2.0 are highlighted.

As a guide to the interpretation of the Youden diags:

(i) laboratories with significant systematic arrcomponents (i.e. between-laboratories variation)
will be outside the ellipse in either the uppehtigand quadrant (as formed by the median lines)
or the lower left hand quadrant, i.e. inordinateiyh or low results foboth samples;

and

(i)  laboratories with random error components.(within-laboratory variation) significantly gtea
than other participants will be outside the ellipsal (usually) in either the upper left or lower
right quadrants, i.e. an inordinately high resaitdne sample and low for the other.

It is important to note however that Youden diagsare an illustration of the data only, andreweused
to assess the results (this is done by the z-gcores
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B.7 Laboratory Summary Sheets

In addition to the final report, which contains quete details of the statistical analysis, a sunynseet

is prepared for each participant. This laboragugnmary sheet contains all of the participant'siltes
alongside the statistics for that test/sample &edassociated z-scores. Comments about the pragram
general and specific to the laboratory (if necegsarre also included.

An example summary sheet appears on page 23.eAobfhof the page is the title of the program dred t
identity of the laboratory. The main part of teismmary sheet consists of : the test and sampigitigie
the laboratory’s result including its MU (where vegd); the number of results; median and normdlise
IQR for each test/sample; and the z-scores (orztsores for a sample pair) for each test .

Any outliers are again marked with8anext to the z-score. At the bottom of the page &ection for
notes and comments. In this case there are naapeworatory-specific remarks. From this summary
sheet we can see quickly and easily that:

(1) this laboratory submitted results for all of thetse
(2) the laboratory has reported two between-laboratarigliers; and

(3) the laboratory has reported one with-laboratoryieut

Seeing all of a laboratory’s z-scores togetherlmawery useful, even if no outliers were reportéar
example, where a pair of samples is tested, ibfathe between-laboratories z-scores are negative (
positive) this may be indicative of a laboratoradt i.e. all of its results are lower (or highérn the
consensus values.
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B.8 Examples

TOTAL LEGIONELLA - TRANSFORMED RESULTS [log(CFU/mL) ]

Lab Transformed Results Between- Within- Sample B
Laboratories | Laboratory
Code Sample A Sample B Sample ¢  £-Score Z-Score Z-Score
1 2.78 2.00 2.78 0.66 -0.11 0.00
1 3.04 1.90 3.00 1.19 0.11 -0.20
2 261# 1.70 # 2.63#
4 2.58 2.30 2.48 0.12 0.45 0.60
5 <1 1.00 1.00 -1.99
6 2.64 2.00 2.90 0.64 -1.57 0.00
8 2.48 1.30 2.30 -0.18 0.90 -1.39
9 1.30 <1 <1
10 2.85 1.60 2.70 0.65 0.73 -0.80
11 2.30 1.30 2.00 -0.71 1.57 -1.39
12 2.00 2.00 -1.03 -0.11
13 1.30 1.00 1.30 -2.56 -0.11 -1.99
14 2.30 3.29 2.00 -0.71 1.57 2.57
16 2.70 1.90 2.68 0.47 0.00 -0.20
17 2.93 2.00 2.95 1.01 -0.22 0.00
18 2.78 1.30 2.70 0.58 0.34 -1.39
19 151 1.00 1.20 -2.44 1.63 -1.99
20 2.00 1.48 2.95 0.00 -5.458 -1.04
23 2.85 2.00 <1 0.00
24 2.00 2.00 2.70 -0.27 -4.058 0.00
25 <1 <1 1.00
26 2.00 2.00 2.46 -0.53 -2.70 0.00
27 2.60 2.30 2.48 0.14 0.56 0.60
28 2.70 1.70 2.74 0.53 -0.34 -0.60
29 4.20 3.78 4.20 3.7® -0.11 3.548
30 2.90 2.30 2.85 0.87 0.17 0.60
31 2.41 2.30 2.70 0.17 -1.74 0.60
32 2.78 2.00 2.85 0.74 -0.51 0.00
33 2.70 2.59 2.04 -0.23 3.608 1.17
34 2.00 1.48 2.00 -1.03 -0.11 -1.04
35 2.60 2.00 2.43 0.09 0.84 0.00
36 2.34 2.30 -0.34 0.11
37 3.18 2.11 3.00 1.34 0.90 0.22
38 2.08 1.30 1.85 -1.11 1.18 -1.39
39 2.30 2.00 2.60 -0.05 -1.80 0.00
40 2.30 1.70 2.48 -0.18 -1.12 -0.60
41 2.30 2.00 -0.71 1.57
43 2.00 2.48 2.11 -0.91 -0.73 0.96
NOTES: The between-laboratories and within-labasamscores are for the related

pair, samples A and C.

§ denotes an outlier, i.e. |z-scerd|0, # denotes late results.
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TOTAL LEGIONELLA - SUMMARY STATISTICS AND CHARTS [I| og(CFU/mL)]

Statistic Sample A Sample B Sample dii
No. of Results 35 32 35
Median 2.480 2.000 2.480
Normalised IQR 0.549 0.502 0.563
Robust CV 22.1% 25.1% 22.7%
Minimum 1.30 1.00 1.00
Maximum 4.20 3.78 4.20
Range 2.90 2.78 3.20

Total Legionella - Sample Pair A & C

Between-Laboratories Z-Score

-3 4o
-4
-5
Laboratory Code Number
. Total Legionella - Sample Pair A & C
4 &
34

Within-Laboratory Z-Score

Laboratory Code Number

20
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Total Legionella - Sample B

Robust Z-Score

Laboratory Code Number

Total Legionella - log(CFU/mL)

*29

4.0

Sample C
25

2.0

15

*13

*19

1.5 2.0 2.5 3.0 3.5 4.0

Sample A
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PROFICIENCY TESTING AUSTRALIA

Report No. [###] - LABORATORY SUMMARY SHEET -nfonth/yeay

CEMENT PROFICIENCY TESTING PROGRAM ROUND NO. [###]

Laboratory Name[name of Laboratory/company, including Site name

pt:a

roficiency testing australia

Location:[state/country Laboratory Code No.  [##]
Test Sample Lab's MU No.of Median Normalised Between- Within-
Result Results IQR Laboratories Laboratory
Z-Score Z-Score

Al,O; A 5.25 0.16 35 5.250 0.293 -0.26 0.81
(%) B 4.95 0.16 35 4.980 0.208

Fe0s A 2.84 0.10 35 2.840 0.052 0.00 0.00
(%) B 2.64 0.10 35 2.640 0.056

CaO A 64.42 0.78 35 64.530 0.297 -1.14 3.838
(%) B 63.16 0.78 35 63.920 0.360

MgO A 1.49 0.50 35 1.550 0.126 - 0.60 -0.67
(%) B 1.73 0.50 35 1.820 0.107

SG; A 2.47 0.17 34 2.500 0.056 -0.45 0.67
(%) B 2.62 0.17 34 2.645 0.059

Na,O A 0.28 0.01 30 0.255 0.044 0.69 -0.00
(%) B 0.30 0.01 30 0.270 0.035

K,0 A 0.34 0.02 31 0.350 0.015 -0.30 0.00
(%) B 0.31 0.02 31 0.310 0.015

Loss on Ignition A 1.29 0.03 35 0.900 0.048 5847 -0.61
(%) B 1.90 0.03 35 1.570 0.082
Insoluble Residue A 0.10 # 29 0.200 0.089 -3.46 -2.08

(%) B 0.48 # 29 0.800 0.082

NOTES: # - indicates no result returned for thimgke/test.

Each z-score is for the sample p@ie. A and B).

COMMENTS: No. of outliers (i.e. |z-scoret 3.0) is: 3
Each z-score marked with8ds an outlier and should be investigated.
Laboratories are also encouraged to review restilish have an absolute z-score value
between two and three (i.e. 20z | < 3.0).

This summary sheet should be read in conjunctioh thi final report found at www.pta.asn.athe above results are from one
proficiency program and may not be fully represtiveeaof a laboratory's overall performance. Therefore, shimmary sheet shou
not be used solely to evaluate laboratory competenc
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C.1 Introduction

This appendix outlines the procedures PTA usesatuate the results of itsalibration programs and
measurement audit progran(sefer to Appendix B for procedures applicabletéstingprograms). The
procedures used by PTA are consistent with thosd fm international calibration programs run bg th
European Cooperation for Accreditation (EA) andaABiacific Laboratory Accreditation Cooperation
(APLAC).

C.2 Calibration Program

As stated in Section 7.6, PTA uses theneEmber to evaluate each individual result frorat@otatory. E
stands folError normalised and is defined as:-

LAB- REF
En: / 2 + 2
U LAB U REF
where: LAB is the participating laboratory's result

REF is the Reference Laboratory's result
UL is the participating laboratory's reported uncertty
Urer is the Reference Laboratory's reported uncertainty

For a result to be acceptable thenimber should be between -1.0 and +1.0 i §<1©. (The closer to
zero the better.)

In testing interlaboratory comparisons a laboratory's z-sogises an indication of how close the
laboratory's measurement is to the assigned velaerever, incalibration interlaboratory comparisons
the E numbers indicate whether laboratories are withiirtparticular measurement uncertainty of the
reference value (assigned value).

The E numbers do not necessarily indicate which laboy&aesult is closest to the reference value.
Consequently, calibration laboratories reportingalérancertainties may have a similay BEumber to
laboratories working to a much lower level of aegmyr (i.e. larger uncertainties).

In a series of similar measurements a normal digion of & numbers would be expected. So when
considering the significance of any results with fBarginally greater than 1, all the results frdratt
laboratory are evaluated to see if there is a Byaie bias e.g. consistently positive or consisyent
negative values of E

A sample of results from a radio frequency poweeraboratory comparison, their corresponding

reported uncertainties ang BLmbers are tabulated below. The results for ktboy code 2 is considered
unsatisfactory.

16 GHz Power Sensor Alone

Lab Code | Results Ugs E.
REF 0.929 0.011
1 0.936 0.022 0.28
2 0.911 0.012 -1.09
3 0.921 0.054 -0.14
4 0.949 0.018 0.94
5 0.942 0.035 0.35
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C.3 Graphical Displaysfor Calibration Program

Graphs of reported results and their associatedrtmnties are included in final reports falibration
programs. The example graph below shows a plothef results tabulated in Section C.2. Each
laboratory’s result is represented by eark. The bars protruding above and belowstimeark represent
that laboratory's reported measurement uncertaihtyt is, the region in which the laboratory has
statistically calculated (with a 95% confidencedi\hat the "true value" may lie, or in other wertheir
estimate of how accurately they can measure.

16 GHz POWER SENSOR ALONE
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It is important to note however that the graphs amellustration of the data only and allow a broad
comparison of all participant’s results/uncertaatiThey do not represent an assessment of résts
is done by the Enumbers).

C.4 Measurement Audit Programs
A sample of results from a pressure transduneasurement auditthe laboratory’s corresponding

reported uncertainties ang Bumbers are tabulated below. The results for dearg applied pressures at
9.9999 MPa, 7.5000 MPa and 5.0000 MPa are considareatisfactory.

10 MPa Pressure Transducer

APPLIED |REF VALUE | REF Ug | LAB MEAN| LAB Ug| E, NO.
PRESSURH MPa MPa MPa MPa
5.0000 4.8983 0.0014 4.8982 0.002 -0.03
7.5000 7.3478 0.0014 7.3466 0.002 -0.46
9.9999 9.7973 0.0019 9.7970 0.004 -0.08
9.9999 9.8133 0.0025 9.7972 0.004 -3.72
7.5000 7.3605 0.0031 7.3462 0.002 -3.88
5.0000 4.9074 0.0025 4.8971 0.002 -3.51

Graphs of reported results and their associatecertaioties are provided fomeasurement audit
programs when necessary.

C.5 Measurement Uncertainty (MU)
The measurement uncertainty reported by the latiyréd used in the Fhumber. The test items used in

these programs usually have sufficient resolutrepeatability and stability to allow the laboratdroy
report an uncertainty equal to their claimbést measurement capability”
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End of Document
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