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Standard Practice for
Conducting Proficiency Tests in the Chemical Analysis of
Metals, Ores, and Related Materials *

This standard is issued under the fixed designation E 2027; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope ments, but does establish a framewaork for particular programs,
1.1 This practice provides direction for organizing andincluding those with either small or large numbers of partici-

conducting proficiency test programs in analytical chemistryP@nts. o _
for metals, ores, and related materials. It is consistent with 4-1.1 WARNING: The data from proficiency testing pro-

ISO/IEC Guide 43 and Guide E 1301. It does not address thg@rams must never be used to assign certification values to the
selection and use of proficiency testing schemes by accreditin@aterials used in the program. The elements of a properly

bodies. conceived and implemented certification program are de-
scribed in detail in Guide E 1724.
2. Referenced Documents 4.2 Most accreditation bodies require that laboratories par-
2.1 ASTM Standards: ticipate regularly in proficiency testing programs that they have
E 826 Practice for Testing Homogeneity of Materials for the@ccepted for the purpose. Therefore, it is essential that each
Development of Reference Materials program comply with accepted principles including technical

E 1187 Terminology Relating to Laboratory Accreditafion requirements, statistical procedures (see Annex Al), and qual-
E 1301 Guide for Proficiency Testing by Interlaboratory ity management (see Annex A2).

Comparison$ - .

E 1724 Guide for Testing and Certification of Metal and 5. Types 9f .Prof|C|enc.y Testlng. )

Metal Related Reference Materials 5.1 Proficiency testing techniques vary depending on the
2.2 I1SO Standard¢: nature of the test item, the method in use and the number of
ISO Guide 25 General Requirements for the Competence dfboratories participating. The most common approach in-

Calibration and Testing Laboratories volves randomly selected sub-samples from a source of mate-
ISO Guide 43 Proficiency Testing by Interlaboratory Com-fial being distributed simultaneously to participating testing

parisons laboratories for concurrent testing. It is essential that all of the
ISO Guide 9000 Quality Management and Quality Systeninaterial from which the participants’ test materials are taken

Elements be sufficiently homogeneous so that any results later identified

as outliers should not be attributed to any significant test item
3. Terminology variability. After completion of the testing, the results are
3.1 Definitions—For formal definitions related to laboratory 'eturned to the coordinating body, and compared with the
accreditation, Terminology E 1187 applies. assigned value(s) to give an indication of the performance of
the individual laboratories and the group as a whole.
4. Significance and Use 5.2 In some cases, separate portions of previously certified

4.1 This practice sets the basic requirements for proficiencjeference materials are circulated.
test programs in the chemical analysis of metals, ores, ang

related materials. It does not set specific procedural require- Organization and Design

6.1 Framework
_ 6.1.1 The design stage of any proficiency testing program
* This practice is under the jurisdiction of ASTM Committee EO1 on Analytical requires the input of technical experts, statisticians and a

Chemistry of Metals, Ores, and Related Materials and is the direct responsibility Obrogram coordinator to ensure its success and smooth opera-
Subcommittee E01.22 on Statistics and Quality Control .

Current edition approved June 10, 1999. Published August 1999. tion. . . . .
2 Annual Book of ASTM Standardéol 03.06. 6.1.2 The coordinator, in consultation with these other
# Annual Book of ASTM Standardéol 14.02. personnel, develops a program appropriate to the particular

4 Available from the American National Standards Institute, 11 West 42nd Street

13" Floor. New York. NY. 10036 proficiency test. A proficiency test program shall be designed to
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avoid any confusion about its objectives. A plan shall be 6.2.2.3 Evaluate proficiency test results of participating
established and documented (see Annex A2) before the start boratories,

the program and shall include the following information: 6.2.2.4 Provide advice to any body assessing the technical
6.1.2.1 The name and the address of the organizationompetence of participating laboratories, both on the results
conducting the proficiency program, obtained during a proficiency test program, and how those

6.1.2.2 The name and address of the coordinator and othégsults should be used with other aspects of laboratory evalu-
personnel involved in the design and operation of the profiations,

ciency program, 6.2.2.5 Provide advice to participants who appear to expe-
6.1.2.3 The nature and the purpose of the proficiencyience problems, and
program, 6.2.2.6 Resolve disputes between the coordinator and par-

6.1.2.4 Aprocedure for the manner in which the participantdicipants.
are selected, or criteria that need to be met before participation 6.3 Data Processing EquipmentEquipment shall be ad-
is allowed, equate to conduct all necessary data entry and statistical
6.1.2.5 The name and address of the laboratory or laboraahalyses and provide timely and valid results. Procedures for
tories performing the various parts of the program (for eX_checki.n.g data entry shall be implemented and all software sha]l
ample, sampling, sample processing, homogeneity testing ale venﬁgd, supported and backed up. The storage and security
assigning values) and a description of the market to be serve8f data f|Ie_s _shaII be_controlled.
6.1.2.6 The nature of the test material(s) and test(s) selected, &-4 Statistical Design

as well as a short description of the considerations underlyin% 6.4.1 The statistical model and data analysis techniques to
these choices, e used shall be documented together with a short description

6.1.2.7 A description of the manner in which the test Of the background to their selection. Further details of common
materials are obtained, processed, checked and transported,Stat'St'Cal procedures and treatment of proficiency testing data

6.1.2.8 The time schedule for the various phases of th&"® discussed in Anngx Al.' . .
proficiency testing, 6.4.2 Careful consideration shall be given to the following

- , atters and their interactions: the repeatability and reproduc-
6.1.2.9 The expected initial and target dates or deadlines ?rEility of the test(s) involved; the smallest differences to be

the proficiency program in.clluding the date(s) for the testing tOdetected between participating laboratories at a desired confi-

be;frznig OFUt by the_ participants, the f t which t dence level; the number of participating laboratories; the
t‘ " .I o(rj_o?gt;m?gdprograms, e frequency at which tesh mper of samples to be tested and the number of repeat tests

materials are distributed, . or measurements to be carried out on each sample; the
6.1.2.11 Information on methods or procedures which parpocedures to be used to estimate the assigned value; proce-

ticipants may need to use to perform the tests or measuremeni§res to be used to identify outliers; and, potential bias in the
(commonly their routine procedures), test methods employed.

6.1.2.12 An outline of the statistical analysis to be used g 5 Test [tem Preparatian

including the determination of assigned value(s) and any g5 1 preparation of test materials may either be outsourced
outlier detection techniques, _ ~or undertaken by the coordinator. The organization preparing
6.1.2.13 The basis for performance evaluation techniqueshe test item shall have demonstrable competence to do so.
and 6.5.2 Any conditions relating to the test materials that may
6.1.2.14 A description of the extent to which the test reSU'tSaffect the integrity of the inter]abora’[ory Comparison, such as
and the conclusions that will be based on the outcome of thgomogeneity, stability, possible damage in transit and effects of
proficiency tests, are to be made public. ambient conditions shall be considered.

6.2 Staft 6.5.3 The test materials or materials to be distributed in the

6.2.1 The staff shall include, or collaborate closely with, program shall be similar in nature to those routinely tested by
those holding adequate qualifications and experience in thgarticipating laboratories.
design, implementation and reporting of interlaboratory com- 6.5.4 The number of test materials to be distributed may
parisons. They shall posess appropriate technical, statisticabpend on whether there is a requirement to cover a range of
and administrative skills. compositions.

6.2.2 The operation of specific interlaboratory comparisons 6.5.5 The assigned value(s) shall not be disclosed to the
requires the guidance of persons with detailed technical knowlparticipants until after the results have been collated. However,
edge and experience of the test methods involved. To this eng some cases it may be appropriate to advise target ranges
the coordinator shall enlist some professionals to act as agrior to testing.
advisory group. The functions of this advisory group may be 6.5.6 Consideration may be given to preparation of addi-
to: tional test materials other than those needed for the proficiency

6.2.2.1 Develop and review procedures for the planningest program. Surplus test materials may be useful as quality
execution, analysis, reporting and monitoring the effectivenessontrol materials, test samples for interlaboratory tests of new

of the proficiency testing program, test methods, or training aids for laboratories after results from
6.2.2.2 Identify and evaluate interlaboratory comparisongarticipants have been evaluated.
organized by other bodies, 6.6 Test Item Management
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6.6.1 Procedures for sampling, randomizing, transportingspecial requirements in the design of the proficiency test which
receiving, identifying, labelling, storing and handling of test may require departure from this principle). They shall also be
materials shall be documented. advised to avoid collusion with other participants.

6.6.2 Where bulk material is prepared for a proficiency test, 7.2.5 Participants shall be advised to ensure that their
it shall be sufficiently homogeneous for each test parameter s@aboratory capabilities are compatible with the protocols and
that all laboratories will receive test materials that do not differtest samples provided by the programs. Incompatibility be-
significantly in the parameters to be measured. The coordinataween the program and its participants’ capabilities can lead to
shall clearly state the procedure used to establish the homogappropriate indicators of poor performance.
neity of the test item (see Al.4). Homogeneity testing shall be 7.3 Packaging and Transportation
carried out prior to the dispatch of the test materials to the 7.3.1 The coordinator of the program shall ensure that
participating laboratories. packaging and methods of transport are adequate and able to

6.6.3 Where applicable, the coordinating laboratory shalprotect the stability and characteristics of the test materials.
also provide evidence that the test materials are sufficientlifhere may be certain restrictions on transportation such as
stable to ensure that they will not undergo any significanidangerous goods regulations, or customs requirements. In
change throughout the conduct of the proficiency test. WheBome cases, the laboratories themselves also take responsibility
unstable analytes need to be assessed, it may be necessaryffirthe transport of the items, particularly in sequential mea-
the coordinating organization to prescribe a date by which thgurement comparisons programs.
testing shall be completed, along with required special pretest- 7,32 All appropriate customs declaration forms shall be
ing procedures. completed by the coordinator to ensure that delays in customs

6.6.4 Coordinators shall consider any hazards that the teé‘earance are minimized. The program shall Comp|y with
materials might pose and take appropriate action to advise amational and international regulations applicable to test item
party that might be at risk (for example, test material distribu+ransport.
tors, testing laboratories, etc.). 7.4 Data Analysis and Records

6.7 Choice of Test Method o 7.4.1 The results received from the participating laborato-

6.7.1 The coordinator may instruct participants t0 US€ gieg shall be entered and analyzed and then reported as soon as
specified test method. Such test methods are usually nationally ticable. It is essential that procedures are put in place to
or internationally-accepted standard test methods, and Witlheck the validity of data entry and transfers and subsequent
have been validated by an appropriate procedure (for examplgyagistical analysis. Data sheets, computer back-up files, print-
collaborative trial). outs, graphs, etc., shall be retained for a specified period.

6.7.2 Participants may be able to use the test method of their ;7 4 5 patg analysis shall generate summary measures and

CﬁQ'C?’bWh'Ch.'S conrsllstent with routine procedures used iy tqrmance statistics and associated information consistent
their laporatories. W ere participants are free to use a efith the program’s statistical model and objectives. The
method of their own choice, coordinators shall request detail§ q ,ence of extreme results on summary statistics shall be

of the test methods used to allow, where appropriate, the use gfinimized by the use of outlier detection tests to identify and

part;]cchjants’ results to compare and comment on the teshen omit them or, preferably, by the use of robust statistics.
methods. Annex Al contains some broad suggestions for statistical

7. Operation and Reporting evaluations.

7.1 Coordination and DocumentatieaThe day-to-day op- 7.4.3 Program coordinators shall have documented criteria

eration of a program shall be the responsibility of a coordinajcor dealing with test results that may be inappropriate for

tor. All practices and procedures shall be documented. Thef(OfiCienCy evaluations. For example, it is recommended that

may be incorporated in, or supplemented by, a quality manu pr analy_tes for which the test material has been shown not to
(see Annex A2). e sufficiently homogeneous or stable for the purposes of a

7.2 Instructions proficiency test, no grading or scoring shall be given for those

7.2.1 Detailed instructions covering all aspects of the pro_analytes.
gram that should be followed by the participating laboratories 7.5 Program Reports

shall be provided. These may be provided, for example, as an 7-5-1 The content of program reports will vary depending
integral part of a program protocol. on the purpose of a particular program, but shall be clear and

7.2.2 Instructions shall include details concerning factoromprehensive and include data on the distribution of results
that could influence the testing of the supplied materials. Sucffom all laboratories together with an indication of individual
factors shall include qualifications of operators, nature of tharticipant's perfor_marjce. _ _ _
materials, equipment status, selection of test procedures and’-5-2 The following information shall be included in reports
timing of testing. of proficiency programs:

7.2.3 Specific instructions on the recording and reporting of 7.5.2.1 Name and address of the organization conducting or
test or calibration results shall also be supplied (for examplegoordinating the program,
units, number of significant figures, reporting basis, result 7.5.2.2 Names and affiliations of persons involved in the
deadlines, etc.). design and conduct of the program,

7.2.4 Participants shall be advised to treat proficiency test- 7.5.2.3 Date of issue of report,
ing items as if they were routine tests (unless there are some 7.5.2.4 Report number and clear identification of program,
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7.5.2.5 Clear description of items or materials used includongoing program. Such summaries can be further analyzed and
ing details of sample preparation and homogeneity testing, trends highlighted, if required.
7.5.2.6 Laboratory participation codes and test results, 7.6.4 Avariety of procedures exist to assess performance of
7.5.2.7 Statistical data and summaries including assignegarticipants. Some examples of procedures are given in Annex
values and range of acceptable results, Al
7.5.2.8 Procedures used to establish any assigned value, 7-6.5 Reporting of performance by ranking laboratories in a
7.5.2.9 Details of the traceability and uncertainty of an table according to their performance is not recommended in
assigned value, proficiency testing. Therefore, ranking shall only be used with
7.5.2.10 Assigned values and summary statistics for te@*{'éme caution, as it can be misleading and open to misinter-
methods or procedures used by other participating laboratorid¥ €tation. o n
(i different test methods are used by different laboratories), /-/ Communication with Participants

7.5.2.11 Comments on laboratory performance by the coor- 7.7.1 Participants shall be provided with a detailed set of
dinator and technical advisers information upon joining a proficiency testing program, such

7.5.2.12 Procedures used to design and implement {H&S a formal program protocol. Subsequent communication with
program (which may include reference to a program protocol)part'c'pants may be by letter, newsletter or reports, or a

L tombination thereof, together with periodic meetings. Partici-
7.5.2.13 Procedures used to statistically analyze the da ; ; . ,
(see Annex A1), and Baants shall be advised immediately of any changes in program

; . . . esign or operation.
h7'5'2'.14. AIdV'CGE’ vyhere appropriate, on the interpretation OP 7.7.2 Participants shall be able to contact the coordinator if
the statistical analysis. . they consider that assessment of their performance in a
7.5.3 For programs operated on a regular basis, it may bﬁroficiency test is in error.
sufficient to have simpler reports such that many of the 773 Feedback from laboratories shall be encouraged, so

recommended elements in 7.5.2 could be excluded fromhat participants actively contribute to the development of a
routine reports, but included in periodic summary reports an‘ﬂ)rogram.

on request from participants. _ o _ _ _
7.5.4 Reports shall be made available quickly within speci8- Confidentiality and Ethical Considerations

fied timetables. All original data supplied shall be reported to 8.1 Confidentiality of Records

participants. In some programs, such as long period measure-8.1.1 Programs shall maintain confidentiality of the identity

ment comparison programs, interim reports shall be issued tof the data associated with individual participants. In some

individual participants. circumstances, a coordinating body may be required to report
7.6 Evaluation of Performance poor performance to a particular authority, but participants
7.6.1 The coordinator shall retain control over the evaluashall be notified of this possibility.

tion of performance as this will help to maintain the credibility 8.1.2 A group of participants may elect to waive confiden-

of the program. tiality within the group, for the purposes of discussion and
7.6.2 The coordinator shall enlist the assistance of technicdnutual assistance in improvement.

advisers to provide expert commentary on performance with 8.2 Collusion and Falsification of Resuits

respect to: 8.2.1 Although proficiency testing programs are intended
7.6.2.1 Overall performance versus prior expectations (takPrimarily to help participants improve their performance, there
ing uncertainties into account) may be a tendency among some participants to provide a

7.6.2.2 Variation within and between laboratories (and comfalsely optimistic impression of their capabilities. For example,

parisons with any previous programs or published precisioﬁonus'on may take place between laboratories, so that truly

data) independent data are not submitted. Laboratories may also give
7.6.2.3 Variation between test methods or procedures ﬁa false impression of their performance if they routinely carry
; ' out single analyses, but report the mean of replicate determi-
applicable, i o . "
nations on the proficiency test materials or conduct additional

7'6'2'4 Possible sources of error and suggestions for Irnr'eplicates to those specified for a particular program. Profi-
proving performance,

. . cjency testing programs shall be designed to ensure that there
7'6'2'5,[ Anycti)ther suggestions, recommendations or gener as little collusion and falsification as possible.
comments, and, 8.2.2 Although all reasonable measures shall be taken by the
7.6.2.6 Conclusions. coordinators to prevent collusion, it shall be understood that it

7.6.3 It may be helpful to provide individual summary s the responsibility of the participating laboratories to avoid it.
sheets for participants periodically during or after a particular

program and these may include updated summaries of perfof- Keywords
mance of individual laboratories over various rounds of an 9.1 practice; proficiency testing; protocol
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ANNEXES
(Mandatory Information)
Al. STATISTICAL METHODS FOR TREATMENT OF PROFICIENCY TEST DATA
INTRODUCTION

Proficiency test results can appear in many forms, spanning a wide range of data types and
underlying statistical distributions. The statistical techniques used to analyze the results need to be
appropriate for each situation, and so are too varied to prescribe. There are, however, three steps
common to all proficiency tests, when participants’ results are to be evaluated: determination of the
assigned value, calculation of performance statistics, evaluation of performance, and, in some cases,
preliminary determination of test item homogeneity.

This Annex gives general criteria for statistical techniques that can be applied as needed to guide
specific applications.

With new interlaboratory comparison programs, agreement is often poor due to new questions, new
forms, artificial test materials, poor agreement of test methods, or variable laboratory procedures.
Coordinators may have to use robust measures of relative performance (such as percentiles) until
agreement improves. Statistical techniques may need to be refined once interlaboratory agreement has
improved and proficiency testing is well established.

Al.1 Determination of the Assigned Value and Its Uncer- A1l.1.4.1 When participants’ results are used to determine
tainty: assigned values, techniques should be in place to minimize the

Al.1.1 There are various procedures available for the estaﬂ')r_wfluence O_f extreme results. This can b_e accomplishe_d with
lishment of assigned values. The most common procedures al}gbUSt _Stat'St'Cal methods_or by removing outliers prior o
listed below in an order that, in most cases, will result incalculatlon. In larger or routine programs, it may be possible to
increasing uncertainty for the assigned value: have automated outlier screens.

Al.1.1.1 Known Values-With results determined by spe- reg%).vléﬁlzorﬂ rp}csjlrjltcsaﬁl:ﬁa:?orrlogfdsf;n?;:lIersst:altﬁgtei)zssrﬁilegg
cific test item formulation (for example, manufacture or y o Yy St )
dilution). results shall still be evaluated within the proficiency program

but be given the lowest performance rating.
A1.1.1.2 Certified Reference ValuesAs determined by 9 St pe g
S T A1.1.5 Other Considerations
definitive methods (for quantitative tests).

) ) Al1.1.5.1 Ideally, if assigned values are determined by
Al.1.1.3 Reference ValuesAs determined by analysis, (eference or participant consensus, the coordinator shall have a

measurement or comparison of the test item alongside grgcedure to establish the trueness of the assigned values, and,
reference material or standard, traceable to a national or A1.1.5.2 The coordinator shall have criteria for the accept-

international standard. ~ability of an assigned value in terms of its uncertainty.
Al.1.1.4 Consensus Values from Expert Laboratories

Expert laboratories shall have demonstrable competence in the a1 2 calculation of Performance Statistics
determination of the analytes under test using validated test
methods known to be highly precise and accurate, and com-
parable to test methods in general use.

Al1.1.1.5 Consensus Values from Participant Laboratories

Performance on Single Test Materials

Al1.2.1 Proficiency test results often need to be transformed
into a performance statistic to aid interpretation and to allow

Al.1.2 Assigned values shall be determined to evaluat@,mnarison with defined goals. The objective is to measure the
participants fairly, yet to encourage interlaboratory and mter%

o . ) eviation from the assigned value in a manner that allows
method agreement. This is accomplished through selection

i h bl dth mparison with performance criteria. Techniques may range
common comparison groups wherever possibie, and the Use i no processing required to complex statistical transforma-
common assigned values.

tions.

Al.1.3 The following statistics may be appropriate when a1 22 performance measures shall be meaningful to pro-
assigned values are determined by consensus techniques: gram participants. Therefore, measures shall relate to the

A1.1.3.1 Qualitative Value—Consensus of a predetermined application needs for the test and be well understood or
majority percentage (usually expressed on a nominal scale).traditional within a particular field.

Al1.1.3.2 Quantitative Value—"Average” for an appropriate Al1.2.3 Variability measures are often used for calculation of
comparison group such as mean, which may be weighted grerformance statistics and in summary reports of proficiency
transformed (for example, trimmed or geometric mean), otesting programs. Common examples of such variability mea-
median, mode or other robust measure. sures for an appropriate comparison group include:

Al.1.4 Extreme Results Al1.2.3.1 Standard deviation (Std Dev),
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. - Std Dev A1.2.7.2 There shall be a check for extreme values that
A)1.2.3(.12 Relative standard deviation (RSD-faan could heavily influence a quantitative composite score.
100), an

A1.2.3.3 Percentiles, median absolute deviation or other A1.3 Evaluation of Performance
robust measure.

Al.2.4 For qualitative results, no calculation is usually Initial Performance
necessary. Commonly used statistics for quantitative results are
listed below in increasing degree of transformation of partici-
pants’ results:

Al.2.4.1 Difference, X—X), wherex is participant’s result
and X is the assigned value,

Al1.3.1 Criteria for performance evaluation should be estab-
lished after taking into account whether the performance
measure involves the following features:

A1.3.1.1 Expert ConsensusWhere the advisory group, or

(x=X) other qualified experts directly determine whether reported
Al.2.4.2 Percent differenceT X 100, results are fit for purpose. Expert consensus is the typical way
A1.2.4.3 Percentile or rank to assess results for qualitative tests.
Al1.2.4.4 Transformed difference, such a&sX)2 or log (1 + Al1.3.1.2 Fitness for Purpose-Considering, for example,
| x=X), and test method performance specifications and participants’ rec-

x—X . . ognized level of operation.
Al.2.4.5 z scores, wherg = —— , ands is an estimate or A1.3.1.3 Statistical Determination for ScoresWhere cri-
measure of variability. This model can be used both in thderia should be appropriate for each score, for examplez for

situation whereX ands are derived from participants’ results or scores:

whenX ands are not derived from all the participant results. |zl = 2 = satisfactory
Al1.2.5 Considerations 2<ig<3 =que_stionab|e
A1.25.1 The simple difference between the participant |2 = 3 = unsatisfactory

result and the assigned value may be adequate to determineAl.3.1.4 Consensus of ParticipartsThe range of scores or
performance, and is most easily understood by participants. results used by some percentage of participants, or from a
Al1.2.5.2 The percent difference adjusts for concentrationfeference group, such as: central percentage (80, 90, or 95 %)
and is well understood by participants. satisfactory, or one-sided percentage (lowest 90 %) satisfac-
Al1.2.5.3 Percentiles or ranks are useful for highly dispersdory.
or skewed results, ordinal responses, or when there are aAl.3.2 For split sample designs, an objective may be to
limited number of different responses. This technique shoulddentify inadequate calibration or large random fluctuation, or
be used with caution. both, in results. In these cases, evaluations should be based on
Al.2.5.4 Transformed results may be preferred, or necesan adequate number of results and across a wide range of
sary, depending on the nature of the test. For examplegoncentrations. Graphical techniques are useful for identifying
dilution—based results are a form of geometric scale, transformand describing these problems. Results can be compared using
able by logarithms. regression analysis, with appropriate parametric or nonpara-
A1.2.5.5 If statistical criteria are used (for example, metric techniques.
scores), the estimates of variability shall be reliable, that is, A1.3.3 Graphs should be used whenever possible to show
based on enough observations to reduce the influence gierformance (for example, histograms, error bar charts, or-

extreme results and achieve low uncertainty. dered z score charts). These charts can be used to show
distributions of participant values, relationship between results
Combined Performance Scores on multiple test materials, and comparative distributions for

A1.2.6 Performance may be evaluated on the basis of mordifferent test methods.
than one result in a single proficiency test round. This might
occur when there is more than one test item for a particular
analyte, or a family of related analytes. This would be done to A1.3.4 A proficiency test program can include techniques to
provide a more comprehensive evaluation of performancemonitor performance over time. The statistical techniques
Examples are: should allow participants to see the variability in their perfor-

Al1.2.6.1 Composite score for the same analyte: number ahance; whether there are general trends or inconsistencies, and
satisfactory results, average absoluteore, average absolute where the performance varies randomly.
difference (in units or percent), summed absolute difference (or A1.3.5 Graphical methods should be used to facilitate
squared difference), rescaled sumzafcores (RSZ), rescaled interpretation by a wider variety of readers. Traditional Sh-
sum of squared scores (RSSZ), and precision. ewhart control charts are useful, particularly for self-

A1.2.6.2 Composite score for different analytes: number (oimprovement purposes. Data listings and summary statistics
percent) of satisfactory results, and average absalst®re.  allow more detailed review. Statistics used to evaluate perfor-

Al1.2.7 Considerations mance should be used for these graphs and tables.

Al1.2.7.1 Scores may be transformed (if necessary) so that
they all follow the same assumed distribution (for example, Al.4 Preliminary Determination of Test Item
Gaussian for scores, or Chi Square for squared differences)Homogeneity—Appropriate statistical techniques shall be used

Monitoring Performance Over Time
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for the evaluation of data from homogeneity testing of test
materials. One suitable approach for metals testing is Practice
E 826.

A2. QUALITY ASSURANCE OF PROFICIENCY TESTING PROGRAMS

A2.1 A quality assurance system shall be established and A2.1.1.6 Aims, scope, statistical design and format of pro-
maintained. This system shall be documented, for example, ificiency testing programs,
a quality manual. It shall outline the policies and procedures A2.1.1.7 Operational procedures, including: sample prepa-
which exist to ensure the quality of the proficiency testingration; homogeneity testing of samples; equipment; procedures
programs, to give confidence to both participants and users dér establishing assigned values; suppliers; including sub-
participants’ data. It is recommended that the organizatiorontractors; logistics; and analysis of data,
conducting a program shall meet the requirements of quality A2.1.1.8 Preparation and issuing of reports,
assurance and technical competence based on the appropriaté&2.1.1.9 Action and feedback by participants,
parts of the 1SO 9000 series and ISO/IEC Guide 25 as A2.1.1.10 Documentation of records,
demonstrated by certification or accreditation, or both, by a A2.1.1.11 Complaint handling procedures,
recognized body, where available. A2.1.1.12 Policies on confidentiality and ethical proce-
A2.1.1 The following topics shall be included in such dures, o ,
quality documentation: A2.1.1.13 Computing |nformat|qn,
A2.1.1.1 Quality policy, A2.1.1.14 Safety and other environmental factors,

o L A2.1.1.1 - i
A2.1.1.2 Organization of coordinating body, A2 11 12 ?gle)scg;t:)ﬁ?irc‘:?p;ation

A2.1.1.3 Staff roles a.nd responsibilities, A2.1.1.17 Scope of availability of programs, and
A2.1.1.4 Documentation control, A2.1.1.18 General policies on participation and on use of
A2.1.1.5 Audit and review procedures, program results.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



