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INTERNATIONAL

Standard Practice for
Applying Statistical Quality Assurance Techniques to
Evaluate Analytical Measurement System Performance

This standard is issued under the fixed designation D 6299; 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 D 3764 Practice for Validation of Process Stream Analyzer

1.1 This practice provides information for the design and System$
operation of a program to monitor and control ongoing stability D 5191 Test Method for Vapor Pressure of Petroleum Prod-
and precision and bias performance of selected analytical _ucts (Mini Method§ o o
measurement systems using a collection of generally acceptedE 177 Practice for Use of the Terms Precision and Bias in

statistical quality control (SQC) procedures and tools. ASTM Test Method$ _ _
E 178 Practice for Dealing with Outlying Observatiéns

Note 1—A complete list of criteria for selecting measurement systems £ 456 Terminology Relating to Quality and Statis?ics

to which this practice should be applied and for determining the frequency E 691 Practice for Conducting an Interlaboratory Study to
at which it should be applied is beyond the scope of this practice. . h - f 9 Rod y y
However, some factors to be considered inclublefiequency of use of Determine the Precision of a Test Metho

the analytical measurement syste?), €riticality of the parameter being 3. Terminolo
measured, 3) system stability and precision performance based on“* ay
historical data,4) business economics, an) fegulatory, contractual, or 3.1 Definitions:

test method requirements. 3.1.1 accepted reference value—a value that serves as an
1.2 This practice is applicable to stable analytical measureagreed-upon reference for comparison and that is derivet as (

ment systems that produce results on a continuous numericaitheoretical or established value, based on scientific principles,

scale. (2) an assigned value, based on experimental work of some
1.3 This practice is applicable to laboratory test methods. national or international organization, such as the U.S. Na-
1.4 This practice is applicable to validated process streartional Institute of Standards and Technology (NIST), & 4

analyzers. consensus value, based on collaborative experimental work
I o under the auspices of a scientific or engineering group.
Note 2—TFor validation of univariate process stream analyzers, see also (E A56/E 177)

Practice D 3764.
3.1.2 accuracy n—the closeness of agreement between an

1.5 This practice assumes that the normal (Gaussian) modghserved value and an accepted reference value.(E 456/
is adequate for the description and prediction of measurement E 177)

Note 3—For non-Gaussian processes, transformations of test resuiféariation and that is feasible to detect and identifyE 456)
may permit proper application of these tools. Consult a statistician for 3.1.4 bias n—a systematic error that contributes to the

further guidance and information. difference between a population mean of the measurements or
1.6 This practice does not address statistical techniques fé@st results and an accepted reference or true val(e 456/
comparing two or more analytical measurement systems ap- E177)
p|y|ng different ana]ytica| techniques or equipment compo- 3.1.5 control ||m|t5, n—Iimits on a control chart that are
nents that purport to measure the same property(s). used as criteria for signaling the need for action or for judging
whether a set of data does or does not indicate a state of
2. Referenced Documents statistical control. (E 456)
2.1 ASTM Standards: 3.1.6 lot, n—a definite quantity of a product or material
accumulated under conditions that are considered uniform for
sampling purposes. (E 456)

* This practice is under the jurisdiction of ASTM Committee DO2 on Petroleum 3.17 precision n—the closeness of agreement between test

Products and Lubricants and is the direct responsibility of Subcommittee D02.94 on
Quality Assurance and Statistics. e
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results obtained under prescribed conditions. (E 456) variety of petroleum products and lubricants.
3.1.8 repeatability conditionsn—conditions where mutu- 3.2.9 quality control (QC) samplen—for use in quality
ally independent test results are obtained with the same tesssurance programs to determine and monitor the precision and
method in the same laboratory by the same operator with thetability of a measurement system, a stable and homogeneous
same equipment within short intervals of time, using testmaterial having physical or chemical properties, or both,
specimens taken at random from a single sample of materiasimilar to those of typical samples tested by the analytical
(E 456, E177) measurement system. The material is properly stored to ensure
3.1.9 reproducibility conditionsn—conditions under which  sample integrity, and is available in sufficient quantity for
test results are obtained in different laboratories with the sameéepeated, long term testing.
test method, using test specimens taken at random from the 3.2.10 site precision (R, n—the value below which the
same sample of material. (E 456, E 177)  absolute difference between two individual test results obtained
3.2 Definitions of Terms Specific to This Standard: under site precision conditions may be expected to occur with
3.2.1 analytical measurement system—a collection of one & probability of approximately 0.95 (95 %). Itis defined as 2.77
or more components or subsystems, such as samplers, t&§pes _the star!o_lard deviation of results obtained under site
equipment, instrumentation, display devices, data handler§recision conditions. B - _
printouts or output transmitters, that is used to determine a 3-2.11 site precision conditionsr—conditions under which
guantitative value of a specific property for an unknowntest results are obtained by one or more operators in a single
sample in accordance with a test method. site location practicing the same test method on a single
3.2.1.1 Discussion—An analytical measurement system Mmeasurement system which may comprise multiple instru-
may comprise multiple instruments being used for the sam&€Nts, using test specimens taken at random from the same
test method. sample of material, over an extended period of time spanning
3.2.2 blind submissionn—submission of a check standard &t l€ast a 15 day interval. » N _
or quality control (QC) sample for analysis without revealing 32111 D|scu53|on—S|.te.preC|S|on condl_tlons should in-
the expected value to the person performing the analysis. cluc_ie all sources of variation th_at are typically encountered
3.2.3 check standardn—in QC testing a material having during normal, long term operation of the measurement sys-

an accepted reference value used to determine the accuracytﬁfn' Thus, all op(iratorts Whoharei d'nVOht/PTg Itn Rl rc;;ml:e tL:]se O.I
a measurement system. e measurement system should contribute results to the site

3.2.3.1 Discussior—A check standard is preferably a mate- grezciﬁ)n gﬁ:)edrmtlf?g::oi?.ig rgggﬂ?ngens dueltj ?r:gtotbrfslzi%vt\:g?lgf
rial that is either a certified reference material with traceability P A . : -
; : . results used in site precision calculations be increased to
to a nationally recognized body or a material that has an o
accepted reference value established through interlaborato%‘;jl pture the '°”gef term variation in tr_]e_system.
3.2.12 site precision standard deviatipm—the standard

testing. For some measurement systems, a pure, single com-""."" . : Iy "
g Y P 9 deviation of results obtained under site precision conditions.

ponent material having known value or a simple gravimetric or 3.2.13 validation audit samplen—a QC sample or check

volumetric mixture of pure components having calculable . o : _
standard used to verify precision and bias estimated from
value may serve as a check standard. Users should be aware .. . :
. . Toutine quality assurance testing.
that for measurement systems that show matrix dependenmes,3 3 Symbols:

accuracy determined from pure compounds or simple mixtures 3.3.1 ARV—accepted reference value.

may not be representative of that achieved on actugl samples.:,)_:,()_2 EWMA—exponentially weighted moving average.
3.2.4 common (chance, random) cause—for quality as- 3.3.3 I—individual observation (as ifrchart)
surance programs, one of generally numerous factors, individu- 3'3'4 MR—moving range '
ally of relatively small importance, that contributes to varia- 3'3'5 MR —average of rﬁoving range
tion, and that is not feasible to detect and identify. 3.3.6 QC—quali '
. - - 3. quality control.
3.2.5 double blind submissigm—submission of a check 3.3.7 R—site precision.
standard or QC sample for analysis without revealing the check 3.3.8 or—site precision standard deviation.
standard or QC sample status and expected value to the persorn; 5 g VZ—vaIidation audit.
performing the analysis. 3.3.10 x2—chi squared.
3.2.6 expected valyer—for a QC sample analyzed usingan 3 3 11 \—lambda.
in-statistical control measurement system, the estimate of the
theoretical limiting value to which the average of results tendgt. Summary of Practice
when the number of results approaches infinity. 4.1 QC samples and check standards are regularly analyzed
3.2.7 in-statistical-contro] adj—a process, analytical mea- by the measurement system. Control charts and other statistical
surement system, or function that exhibits variations that cafechniques are presented to screen, plot, and interpret test
only be attributable to common cause. results in accordance with industry-accepted practices to as-
3.2.8 proficiency testingn—determination of a laboratory’s certain the in-statistical-control status of the measurement
testing capability by participation in an interlaboratory cross-system.
check program. 4.2 Statistical estimates of the measurement system preci-
3.2.8.1 Discussior—ASTM Committee D02 conducts pro- sion and bias are calculated and periodically updated using
ficiency testing among hundreds of laboratories, using a widaccrued data.



A8y D 6209 — 02
“afl

4.3 In addition, as part of a separate validation auditanalytical measurement system.
procedure, QC samples and check standards may be submitteds.2.1 A check standard may be a commercial standard
blind or double-blind and randomly to the measurement systerreference material when such material is available in appropri-
for routine testing to verify that the calculated precision andate quantity, quality and composition.
bias are representative of routine measurement system perfor-

. . Note 5—Commercial reference material of appropriate composition
mance when there is no prior knowledge of the expected valu;.?,ay not be available for all measurement systems.
or sample status.

6.2.2 Alternatively, a check standard may be prepared from
5. Significance and Use a material that is analyzed under reproducibility conditions by
5.1 This practice can be used to continuously demonstrat@ultiple measurement systems. The accepted reference value
the proficiency of analytical measurement systems that aréARV) for this check standard shall be the average after
used for establishing and ensuring the quality of petroleum angtatistical examination and outlier treatment has been applied.
petroleum products. 6.2.2.1 Exchange samples circulated as part of an interlabo-
5.2 Data accrued, using the techniques included in thigatory exchange program, or round robin, may be used as check
practice, provide the ability to monitor analytical measuremenstandards. For an exchange sample to be usable as a check
system precision and bias. standard, the standard deviation of the interlaboratory ex-
5.3 These data are useful for updating test methods as wethange program shall not be statistically greater than the

as for indicating areas of potential measurement system infeproducibility standard deviation for the test method. An
provement. F-test should be applied to test acceptability.

6. Reference Materials Note 6—The uncertainty in the ARV is inversely proportional to the

| d blish d . hsquare root of the number of values in the average. This practice
6.1 QC samples are used to establish and monitor t fecommends that a minimum of 16 non-outlier results be used in

precision of the analytical measurement system. _ calculating the ARV to reduce the uncertainty of the ARV by a factor of
6.1.1 Select a stable and homogeneous material havingrelative to the measurement system single value precision. The bias tests
physical or chemical properties, or both, similar to those ofdescribed in this practice assume that the uncertainty in the ARV is

typical samples tested by the analytical measurement systerfiegligible relative to the measurement system precision. If less than 16
values are used in calculating the average, this assumption may not be

Note 4—When the QC sample is to be utilized for monitoring a valid.
process stream analyzer performance, it is often helpful to supplement the Note 7—Examples of exchanges that may be acceptable are ASTM
process analyzer system with a subsystem to automate the extractioD02.CS92 ILCP program; ASTM D02.01 N.E.G.; ASTM D02.01.A
mixing, storage, and delivery functions associated with the QC sample.Regional Exchanges; International Quality Assurance Exchange Program,

6.1.2 Estimate the quantity of the material needed for eacAdministered by Alberta Research Council.
specific lot of QC sample talf accommodate the number of  6.2.3 For some measurement systems, single, pure compo-
analytical measurement systems for which it is to be usedent materials with known value, or simple gravimetric or
(laboratory test apparatuses as well as process stream analyzefumetric mixtures of pure components having calculable
systems) and2j provide determination of QC statistics for a value may serve as a check standard. For example, pure

useful and desirable period of time. solvents, such as 2,2-dimethylbutane, are used as check stan-
6.1.3 Collect the material into a single container and isolatelards for the measurement of Reid vapor pressure by Test
it. Method D 5191. Users should be aware that for measurement

6.1.4 Thoroughly mix the material to ensure homogeneity.systems that show matrix dependencies, accuracy determined

6.1.5 Conduct any testing necessary to ensure that the Qi@m pure compounds or simple mixtures may not be repre-
sample meets the characteristics for its intended use. sentative of that achieved on actual samples.

6.1.6 Package or store QC samples, or both, as appropriate6.3 Validation audit (VA) samples are QC samples and
for the specific analytical measurement system to ensure thaheck standards, which may, at the option of the users, be
all analyses of samples from a given lot are performed orsubmitted to the measurement system in a blind, or double
essentially identical material. If necessary, split the bulkblind, and random fashion to verify precision and bias esti-
material collected in 6.1.3 into separate and smaller containersated from routine quality assurance testing.
to help ensure integrity over timeWarning—Treat the . o
material appropriately to ensure its stability, integrity, and’- Quality Assurance (QA) Program for Individual
homogeneity over the time period for which it is to stored and Measurement Systems
used. For samples that are volatile, such as gasoline, storage in7.1 Overview—A QA program (1)° can consist of five
one large container that is repeatedly opened and closed c@nimary activities: {) monitoring stability and precision
result in loss of light ends. This problem can be avoided bythrough QC sample testing,2)( monitoring accuracy, 3J)
chilling and splitting the bulk sample into smaller containers,
each with a quantity sufficient to conduct the analysis. Simi-
larly, samples prone to oxidation can benefit from splitting the <+ Refer to Research Report RR:D02-1007 and Practices E 178 and E 691 in
bulk sample into smaller containers that can be blanketed withSTM Standards on Precision and Bias for Various Applicatié&TM Interna-

an inert gas pI’iOI’ to being sealed and Ieaving them sealed ungﬁgggggllgwdance in statistical and outlier treatment of data. Request PCN:03-

the Sample is needed') . ® The boldface numbers in parentheses refer to the list of references at the end of
6.2 Check standards are used to estimate the accuracy of thé standard.
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periodic evaluation of system performance in terms of precisuficient quantity, then §eparat_e QC samples are employed. In this case,
sion or bias, or both4) proficiency testing through participa- the accuracy (see 7.3) is monitored less frequently, and the QC sample
tion in interlaboratory exchange programs where such prot_esting (see 7.2) is used to demonstrate the stability of the measurement

grams are available, anfl)(a periodic and independent system system bet"‘,’een aceuracy tests.
validation using VA samples may be conducted to provide 7.4.3 ltis recommended that a QC sample be analyzed at the

additional assurance of the system precision and bias metri®€ginning of any set of measurements and immediately after a

established from the primary testing activities. At minimum, €hange is made to the measurement system.
the QA program must include at least item one. 7.4.4 Establish a protocol for testing so that all persons who

routinely operate the system participate in generating QC test
Note 8—For some measurement systems, suitable check standagtg.
materials may not exist, and there may be no reasonably available 7.4.5 Handle and test the QC and check standard samples in
exchange programs to generate them. For such systems, there is no means P
of verifying the accuracy of the system, and the QA program will only%é Sa,me man,ner and under the same Cond,ltlons as samples or
involve monitoring stability and precision through QC sample testing.  Materials routinely analyzed by the analytical measurement
L . . system.
7.2 Monitoring System Stability and Precision Through QC "7 4 & \when practical, randomize the time of check standard
Sample Testing-QC test specimen samples from a specific Iotyng additional QC sample testing over the normal hours of

are introduced and tested in the analytical measurement systeibasyrement system operation, unless otherwise prescribed in
on a regular basis to establish system performance history e specific test method.

terms of both stability and precision.

7.3 Monitoring Accuracy

7.3.1 Check standards can be tested in the analytical m
surement system on a regular basis to establish system perf
mance history in terms of accuracy.

7.3.2 For measurement systems where calibration is esta
lished by using multiple standards of known values, such as
materials certified by or traceable to the national certificatiorf ; i .
bodies such as NIST, JIS, BSI. and so forth, and where the totgretreated data to identify erroneous data. Plot appropriately

number of standards used exceed the number of parameté? treated d.at"’.l on control charts.
% .5.2 Periodically analyze results from control charts, ex-

Note 11—Avoid special treatment of QC samples designed to get a
eg«_attgr_result._ Special treatment seriously undermines the integrity of
8}’_9CISIOI’] estimates.

7.5 Evaluation of System Performance in Terms of Precision
gnd Bias
7.5.1 Pretreat and screen results accumulated from QC and
heck standard testing. Apply statistical techniques to the

estimated by the calibration equation, an alternative approac ; . . ) )
y q PP uding those data points with assignable causes, to quantify

(instead of check standard testing) to infer system accuracy | bi d - timates for th i "
to compare the statistics associated with the calibration equ:!\—e 1as and precision estimates for the measurement system.
7.6 Proficiency Testing

tion to previously established measurement system precision

and to standard errors of the calibration standards used, 51 Participation i.n regularly 'conducted interlaboratory
Coverage of this type of statistical techniques for accurac xchanges where typical production samples are tested by

inference is beyond the scope of this practice. Users ar ultiple measurement systems, using a specified _(ASTM) test
advised to enlist the services of a statistician when using thig"°10col. provide a cost-effective means of assessing measure-

approach to infer system accuracy instead of check standafjeNt system accuracy relat.|ve to average |_ndustry perfor-
testing. mance. Such proficiency testing can be used instead of check

7.4 Test Program Conditions/Frequency standard testing_ for systems Whe_re the ti_meliness of the
7.4.1 Conduct both QC sample and check standard testiri ccuracy check is not critical. Prof|C|_enc_y testing may be used
under site precision conditions. a supplement to accuracy monitoring by way of check
standard testing.
Note 9—Itis inappropriate to use test data collected under repeatability 7.6.2 Participants plot their signed deviations from the
conditions to estimate the long term precision achievable by the sitgonsensus values (exchange averages) on control charts in the
because the majority of the long term measurement system variance is dggame fashion described below for check standards, to ascertain

to common cause yarlat|ons a.SSOCIat.ed Wlth the combination of t|njeﬁ their measurement processes are non-biased relative to
operator, reagents, instrumentation calibration factors, and so forth, whic;

would not be observable in data obtained under repeatability conditionéndUStry average. o o .
7.7 Independent System ValidatiesPeriodically, at the dis-

7.4.2 Test the QC and check standard samples on a regulgfetion of users, VA samples may be submitted blind or double
schedule, as appropriate. Principal factors to be considered f@fing for analysis. Precision and bias estimates calculated using
determining the frequency of testing afig frequency of use of /A samples test data can be used as an independent validation
rameter being measured) (established system stability and
precision performance based on historical da#},business Note 12—For measurement systems susceptible to human influence,

economics, and5 regulatory, contractual, or test method the precision and bias estimates calculated from data where the analyst is
aware of the sample status (QC or check standard) or expected values, or

requirements. both, may underestimate the precision and bias achievable under routine
Note 10—At the discretion of the laboratory, check standards may pePperation. At the discretion of the users, and depending on the cnﬂcghty

used as QC samples. In this case, the results for the check standards hese measurement systems, the QA program may include periodic

be used to monitor both stability (see 7.2) and accuracy (see 7.3)iind or double-blind testing of VA samples.

simultaneously. If check standards are expensive, or not available in 7.7.1 The specific design and approach to the VA testing
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program will depend on features specific to the measuremenmthere the standard deviation at the ARV level is the published reproduc-
system and organizational requirements, and is beyond tHaility standard deviation. In the event that no published reproducibility
intended scope of this practice. Some possible approaches Eg)élsts and the ARV was established through round robin testing, standard
noted as follows eviations determined from round robin testing may be used.

7.7.1.1 If all QC samples or check standards, or both, are 8.2.2.3 If there is no published reproducibility standard
submitted blind or double blind and the results are promptlydeviation and the ARV was not arrived at by round robin

evaluated, then additional VA sample testing may not bdesting, a standard deviation should be determined by users in
necessary. a technically acceptable manner.

7.7.1.2 QC samples or check standards, or both, may benqre 141t is recommended that the method used to determine the
submitted as unknown samples at a specific frequency. Sudandard deviation be developed under the guidance of a statistician.
submissions should not be so regular as to compromise theirNorte 15—To calculate the reproducibility standard deviations from
blind status. published reproducibilities, divide the accepted reproducibility value at

7.7.1.3 Retains of previously analyzed samples may bgach level by 2.77.
resubmitted as unknown samples under site precision condi- 8.2.3 Pretreatment of results for VA samples is done in the
tions. Generally, data from this approach can only yieldsame manner as described in 8.2.1 and 8.2.2.
precision estimates as retain samples do not have ARVs. 8.3 Assessment of Initial ResultsAssessment techniques
Typically, the differences between the replicate analyses arare applied to test results collected during the startup phase of
plotted on control charts to estimate the precision of theor after significant modifications to a measurement system.
measurement system. If precision is level dependent, thBerform the following assessment after at least 15 pretreated
differences are scaled by the standard deviation of the medesults have become available. The purpose of this assessment
surement system precision at the level of the average of the twis to ensure that these results are suitable for deployment of

results. control charts (described in A1.4).
8. Procedure for Pretreatment, Assessment, and Note 16—These techniques can also be applied as diagnostic tools to
Interpretation of Test Results investigate out-of-control situations.

8.1 Overview—Results accumulated from QC, check stan- 8.3.1 Screen for Suspicious Resuitfretreated results
dard, and VA sample testing are pretreated and screenedhould first be visually screened for values that are inconsistent
Statistical techniques are applied to the pretreated data wwith the remainder of the data set, such as those that could have

achieve the following objectives: been caused by transcription errors. Those flagged as suspi-
8.1.1 Identify erroneous data, cious should be investigated. Discarding data at this stage must
8.1.2 Assess initial results, be supported by evidence gathered from the investigation. If,

8.1.3 Deploy, interpret and maintain of control charts, andafter discarding suspicious pretreated results there are less than

8.1.4 Quantify long term measurement precision and bias19 values remaining, collect additional data and start over.
8.3.2 Screen for Unusual PatterasThe next step is to

Nore 13—Refer to the annex for examples of the application of thegyamine the pretreated results for non-random patterns such as
techniques that are discussed below and described in Section 9. continuous trending in either direction, unusual clustering, and
8.2 Pretreatment of Test ResultsAssessment, control cycles. One way to do this is to plot the results on a run chart
charting, and evaluation are applied only to appropriatelysee A1.3) and examine the plot. If any non-random pattern is
pretreated test results. The purpose of pretreatment is i@etected, investigate for and eliminate the root cause(s).
standardize the control chart scales so as to allow for data fromiscard the data set and start the procedure again.
multiple check standards to be compared on the same chart. g8 3.3 Test “Normality” Assumptior-For measurement sys-
8.2.1 For QC sample test results, no data pretreatment ¥{&ms with no prior performance history, or as a diagnostic tool,
typically used since results for different QC samples arqt is useful to test that the results from the measurement are
generally not plotted on the same chart. adequately described by a normal distribution. One way to do
8.2.2 For check standard sample test results, two casehis is to use a normal probability plot and the Anderson-
apply, depending on the measurement system precision:  Darling Statistic (see Al.4). If the results show obvious
8.2.2.1 Case tIf either (1) all of the check standard test deviation from normality, then the statistical control charting

results are from one or more lots of check standard materiakchniques described are not directly applicable to the mea-
having the same ARV(s), o2] the precision of the measure- surement system.

ment system is constant across levels, then pretreatment ) o

consists of calculating the difference between the test result aqﬂggieg];ﬂa”Sformat'o."s may lead to normally distributed data, but
the ARV ques are outside the scope of this practice.

8.4 Control Charts(1, 2}—Individual (I) and moving range
Pretreated result test result— ARV(for the sample (1) of qyo (MR) control charts are the recommended tools &r (

8.2.2.2 Case 2—Test results are for multiple lots of check routine recording of QC sample and check standard test results,
standards with different ARVs, and the precision of theand p) immediate assessment of the “in statistical cont(8)”

measurement system is known to vary with level, status of the system that generated the data. Optionally, the
[test result— ARV (for the samplg] exponentially weighted moving averageéWMA (4, 5)may be
Pretreated resukt <o deviation atthe ARVIevel (@ overlaid on thel chart to enhance detection power for small
level shifts.
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Note 18—The control charts and statistical techniques described in thiproduced by a measurement system that is in statistical control.

practice are chosen for their simplicity and ease of use. Itis not the intenfhjs practice presents two procedures to be selected at the
of this practice to preclude use of other statistically equivalent or morg sers’ discretion

advanced techniques, or both. 8.7.2 Procedure 1-Concurrent Testing

8.4.1 Construction of Control Charts-If no obvious un- 8.7.2.1 Collect and prepare a new batch of QC material
usual patterns are detected from the run charts, and no obviowhen the current QC material supply remaining can support no
deviation from normality is detected, proceed with construc-more than 20 analyses.
tion of the control charts 8.7.2.2 Concurrently test and record data for the new

8.4.1.1 MR Chart—Construct atMR plot and examine it for material each time a current QC sample is tested. The result for
unusual patterns. If no unusual patterns are found inMRe  the new material is deemed valid if the measurement process
plot, calculate and overlay the control limits on tM& plot to  in-control status is validated by the current QC material and

complete theMR chart. control chart.
8.4.1.21 Chart—Calculate control limits and overlay them  8.7.2.3 Optionally, to provide an early indication of the
on the “run chart” to produce thlechart. status of the new batch of QC material, immediately start a run

8.4.1.3 EWMA Overlay—Optionally, calculate th&&aWMA  chart and anMR plot for the new material. After five valid
values and plot them on the chart. Calculate th&WMA  results become available for the new material, convert the run
control limits and overlay them on tHechart. chart into anl chart with trial control limits by adding a center
8.4.2 Control Chart Deploymenrt-Put these control charts line based on the average of the five results and control limits
into operation by regularly plotting the pretreated test resultbased on théR from previous control charts for materials at
on the charts and immediately interpreting the charts. the same nominal level. Set trial control limits for tkikR chart
8.5 Control Chart Interpretation based on limits from previous charts for materials at the same
8.5.1 Apply control chart rules (see A1.5) to determine if thenominal level.
data supports the hypothesis that the measurement system is8.7.2.4 After a minimum of 15 in-control data points are
under the influence of common causes variation only (ircollected on the new material, perform &ntest of sample
statistical control). variances for the new data set versus the historical variance
8.5.2 Investigate Out-of-Control Points in Deta#lExclude  demonstrated at nominal level of the new material. If the
from further data analysis those associated with assignableutcome of theF test is not significant then the precision
causes, provided the assignable causes are deemed not todstimate is updated by statistically pooling both sample vari-
part of the normal process. ances. A significanF test should trigger an investigation for
Note 19—All data, regardless of in-control or out-of-control status, root Gause(s). .
needs to be recorded. 8.7.25 Cons_truct neWandMR charts (and qptlonaEEW!\/IA
) o ) overlay) for this new material as per Section 8, using the
8.6 Scenario 1 for Periodic Updating of Control Charts pooled VIR .
Parameters . 8.7.2.6 Switch over to the new and MR charts upon
8.6.1 Scenario 1 covers)(control charts for a QC material depletion of current QC material.
where there had been no change in the system, but more datag 7 3 procedure 2—Q Procedure (see A1(8):

of the same level has been accrued; lrdontrol charts for 8.7.3.1 This procedure is designed to alleviate the need for
check standard pretreated results. ~ concurrent testing of two materials. A priori knowledge of the
8.6.2 When a minimum of 15 new in-control data points measurement process historical standard deviation applicable

becomes available, the precision estimate used to calculate the he new QC material composition and property level is
control limits can be updated to incorporate the informationrequired_

from this new data. Update calculations that involve pooling of

old and new data sets shall be preceded biy-tst (see A1.8) Note 20—It is recommend(_ed that this standard deviation estimate be

of sample variances for the new data set versus the existirfgf:s€d on at least 50 data points.

in-control data set. 8.7.3.2 When the&) procedure is operational (minimum of
8.6.3 If the outcome of thE-test is not significant, then the two data points), it can be used in conjunction withlR chart

precision estimate is updated by statistically pooling bothconstructed using the observations to provide QA of the

sample variances. A significaRttest should trigger an inves- measurement process.

tlggtéog for aS.SIQZna;bIe;al.Jsgs' Updati f Control Chart Note 21—TheQ procedure is not suitable for monitoring measurement
: CENaiio OF Feriodic Upaating ol L-oNtro Bl system bias relative to an external value. It is designed to monitor the

Parameters stability of the system mean. When used in conjunction wittMRechart,
8.7.1 Scenario 2 covers control chart for QC materialsin statistical control” status of the measurement system can be ascer-

where an assignable cause change in the system had occurteided.

due to a change in the level for the QC material. Minor or ) )

major differences may exist between QC material batches): Evaluation of System Performance in Terms of

Since control limit calculations for thechart require a center Precision and Bias

value established by the measurement system, a special tran9.1 Site Precision Estimated from Testing of QC Samples

sition procedure is required to ensure that the center value for 9.1.1 Estimate the site precision of the measurement system

a new batch of QC material is established using resultsit the level corresponding to a specific lot of QC sample as
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2.46 times theMR from the MR chart for that specific lot. corresponding ARVs. Examine the plot for patterns indicative
R = 2.46% MR @) of Ievel—dependent b|a§. _
) o o _ ) 9.3.2 If there is no discernible pattern, perform thest as
Note 22—The site precision standard deviatiof is estimated from  gagcribed in 9.2 to determine if the average of all the pretreated

the MR chart afv/2.77 =MR /1.128. differences plotted on thechart is statistically different from
9.1.1.1 AlternativelyR’" many be estimated using the root- zero.

mean-square formula for standard deviation: 9.3.2.1 If the outcome of thetest is that the average is not
n - statistically different from zero, then the bias in the measure-
2 (i -1y ment process is negligible.
og = =1 4) 9.3.2.2 If the outcome of theé test is that the average is
statistically different from zero, then there is evidence that the
R =2.77X g (5) Measurement system is biased. The bias may be level depen-

dent. However, the statistical methodology for estimating the
ias/level relationship is beyond the scope of this practice.
9.3.3 Ifthereis a discernible pattern in the plot in 9.3.1, then
e measurement system may exhibit a level dependent bias.
he statistical methodology for estimating the bias/level rela-

9.1.1.2 For estimate of site precision standard deviatio
(o) using retain results, first obtain the standard deviation o
differences by applying the root-mean-square formula below t?h
the differences between the original and retest results f
samples with same nominal property level. If measurement .. o bevond the scoe of this practice
process precision is known to be level independent, retest 93 4|0 If a b)i/as i detectepd in 9.3 2p2 or if .the lot in 9.3.3
results from samples with different property levels can be used. h.'b"t di bl it L t ) t f tp .-
Divide the standard deviation of differences by 1.414 to obtajrt XIPILS discernible patterns, investigate for roo cause(s).

the estimate for site precision standard deviatiof X 10. Validation of System Performance Estimates Using

standard deviation of differences (6) VA Samples
> (individual difference — average differenée 10.1 If the users decide to include VA sample testing as part
total number of differences of their QA program, then they should periodically evaluate the
results obtained on the VA samples. The purpose of the
or = (standard deviation of differences 1.414 (7)  evaluation is to establish whether the system performance

9.1.2 CompareR’ to published reproducibility of the test estimates described in Section 9 are reasonably applicable to

method at the same level, if availabR.is expected to be less routinely tested samples.

than or equal to the published value. Use ffidest described ~ 10.2 VA sample test results should be evaluated indepen-
in A1.7. dently through an internal or external audit system, or both. It

9.2 Measurement System Bias Estimated from MultipldS recommended that the internal audit team not be limited to

Measurements of a Single Check Standattia minimum of the operators of the measurement system and their immediate
15 test results is obtained on a single check standard materigyPervisors.
under site precision conditions, then calculate the average of all 10.3 Insofar as possible, analyze the results obtained on the
the in-control individual differences plotted on thechart. VA samples separately and in the same manner as those from
Perform at test (see A1.6) to determine if the average isthe routine QC and check standard testing program.
statistically different from zero. 10.4 UsingF or t tests, or both (see A1.8 and Al.6),
9.2.1 If the outcome of thétest is that the average is not statistically compare the system performance estimates ob-
statistically different from zero, then the bias in the measuretained from the VA sample testing program to the measurement
ment process is negligible. system accuracy and precision estimates from the QC sample
9.2.2 If the outcome of thé test is that the average is testing program.
statistically different from zero, then the best estimate of the 10.5 If the comparison reveals that the two estimates of the
measurement process bias at the level of the check standardneasurement system performance are not statistically equiva-
the average. lent, there is cause for concern that the actual performance of
9.3 Measurement System Bias Estimated from Measurghe measurement system may be significantly worse than
ments of Multiple Check StandarddVhen using multiple estimated. Investigate thoroughly for the assignable cause(s) of
check standards, determine if there is a relationship betweehis inconsistency, and eliminate it. Until the causes are
the bias and the measurement level. identified and eliminated, the lab precision estimates of Section
9.3.1 Plot the pretreated results as per Section 8 versus thélrshould be considered suspect.
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ANNEX
(Mandatory Information)
Al. STATISTICAL QUALITY CONTROL TOOLS

Al.1 Purpose of this Annex TABLE A1.2 Example of a Sequence of Results from a Single

. . . . Check Standard
Al1.1.1 The purpose of this annex is to provide guidance te Ser ~aneer

. : - Check Standard Accepted Difference
practitioners, mclu_dmg worked examples,. for t_he proper ex-Sequence Number Result Reference Value  Result - ARV
ecution of the statistical procedures described in this practice. ) (ARV = X) I

1 55.3 55.88 -0.58

Al.2 Pretreatment of Test Results (8.1 to 8.2.4) 2 55.8 55.88 -0.08
: . 3 56.3 55.88 0.42

A1.2.1 Throughout this annex,Y{fi=1. . n} denotes a 4 56.1 55.88 0.22
sequence of as measured test resulig={L. . n} will signify 5 55.8 55.88 -0.08
a sequence of test results after pretreatment, if necessary. o s P o
A1.2.2 If{Y;ii=1.. n}is a sequence of results from a single 8 55.4 55.88 -0.48
QC Samp|e’ then 9 56.6 55.88 0.72
10 56.1 55.88 0.22

i =Y, (A1.1) 1 55.0 55.88 -0.88

. : . 12 55.5 55.88 -0.38
with no pretreatment being required. 13 55.5 55.88 0.38
A1.2.2.1 An example of a sequence of results,from a 14 55.2 55.88 -0.68
single QC sample is given in Columns 2 and 4 of Table A1.1. b o i oo
A1.2.3 If{Y;ii=1.. n}is a sequence of results from a single 17 55.6 55.88 -0.28
check standard, from multiple check standards having nomi- 13 223 gggg -8-?2
nally the same ARV, or from r_nl_JItlpIe check standards having 20 o1 ce 88 0.22
different ARVs where the precision of the measurement system 21 56.3 55.88 0.42
does not vary with level, and if ¥;:i=1. . n} is the sequence ;g ggi gggg -8-22
of corresponding ARVSs, then 4 e o5 88 048
L =Y, —X (A1.2) 25 55.6 55.88 -0.28

The reproducibility standard deviation of the measurement
process must be essentia”y the same for all Vah)eb { . Al1.2.4.1 Table A1.3 shows an exa-l"n-ple of results for mul-
A1.2.3.1 An example of a sequence of results from a sing|é|ple check standards where the precision of the measurement
check standard is given in Table A1.2. The preprocessed resuftyStém is level dependent.

li, s given in quumn 4 of Table Al.2. . TABLE A1.3 Example of Results for Multiple Check Standards
Al.2.4 If{Y} is a sequence of results from different check  \ynere the Precision of the Measurement System Is Level

standards, and if the reproducibility varies with the level of the Dependent

accepted reference valuesx{}, then Rosult Prepracessed

= (Y, =X)/ A1.3 Sequence Raw ARV . Raw o; Result

i = (Y, = X)lo; (A1.3) Number, 7 Result Y; X; Difference I

whereg; are estimates of the reproducibility standard devia- 1 71.0 714 0.40 114 035

tion of the measurement process at levetg { 2 65.8 64.9 0.90 1.10 0.82

3 70.3 70.2 0.10 1.13 0.09

4 66.2 67.7 -1.50 1.1 -1.35

5 93.8 93.4 0.40 1.26 0.32

TABLE Al1.1 Example of a Sequence of Results from a Single QC 6 102.9 104.0 -1.10 1.33 -0.83

Sample 7 102.2 101.8 0.40 1.31 0.30

8 103.2 103.9 -0.70 1.32 -0.53

Sequence Number QC/CheRceI;jtandard Sequence Number QC/CheRceI;jtandard 9 100 99.8 0.20 1.30 0.15

i v i v 10 716 715 0.10 1.14 0.09

r r 11 76.7 76.4 0.30 1.16 0.26

1 55.3 14 55.2 12 61.2 61.8 -0.60 1.08 -0.56

2 55.8 15 56.5 13 44.1 43.9 0.20 0.98 0.20

3 56.3 16 55.7 14 69.71 69.7 0.01 1.13 0.01

4 56.1 17 55.6 15 59.5 59.19 0.31 1.06 0.29

5 55.8 18 55.2 16 99.63 98.87 0.76 1.30 0.59

6 555 19 55.7 17 93.7 95.21 -1.51 1.27 -1.19

7 55.3 20 56.1 18 103.77 103.94 -0.17 1.32 -0.13

8 55.4 21 56.3 19 96.18 96.7 -0.52 1.28 -0.41

9 56.6 22 55.2 20 99.7 100.65 -0.95 1.31 -0.73

10 56.1 23 55.4 21 84.32 84.15 0.17 1.21 0.14

1 55.0 24 55.4 22 83.29 83.75 -0.46 1.21 -0.38

12 55.5 25 55.6 23 65.16 65.93 -0.77 1.10 -0.70

13 55.5 24 68.19 68.0 0.19 1.12 0.17
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Al1.3 The Run Chart S

14 ;

Al1.3.1 Arun chartis a plot of results in chronological order < 18-

that can be used to screen data for unusual patterns. Preferab, ;.
pretreated results are plotted. Use a run chart to screen data fgr

unusual patterns such as continuous trending in either direcg 05 - \ f
tion, unusual clustering, and cycles. Several non-random pat. . /\// 4 /
[ |

i 4

terns are described in control chart literature. When contro§ " /

parameters have been added to a run chart, it becomes a contgol,, 5 L / .\‘/

chart of individual valuesl(chart). g \/ ;
A1.3.2 Plot results on the chart. Plot the first result at the -1 ‘

left, and plot each subsequent point one increment to the rigi‘g

of its predecessor. The points may be connected in sequence o' J . \ ‘

facilitate interpretation of the run chart. & o 5 10 15 20 2
A1.3.3 Allow sufficient space in the-axis direction to Result Sequence Number

accommodate as many results as should be obtained from aFIG. A1.2 Run Chart for Multiple Results from a Single Check

eprocessed

consistent batch of material. Allow enough space inytaxis Standard
direction to accommodate the expected minimum and maxi-
mum of the data.
Al1.3.4 Example of a Run Chart for QC Resufd he first
15 results from Column 2 of Table Al.1 are plotted in sequence:
as they are collected as shown in Fig. A1.1. The data would b& 1 -
examined for unusual patterns. © |
A1.3.5 Example of a Run Chart for Multiple Results froma @ ¢ |- ’\
Single Check StandardThe first 15 preprocessed results | \ /
(differences) from Column 4 of Table Al.2 are plotted in \\ ,/ \
sequence as they are collected as shown in Fig. A1.2. The da@@™ | Y
would be examined for unusual patterns. I
A1.3.6 Example of a Run Chart for Results from Multiple -2+ ‘
Check StandardsThe first 15 preprocessed results (differ- . ; : 5 B TR 2\5
ences scaled by,) from Table A1.3 are plotted in sequence as Result Sequence Number

they are collected as shown in Fig. AL.3. The data would beFIG. A1.3 Run Chart for Results from Multiple Check Standards
examined for unusual patterns.

) (2) Select the appropriate column from Fig. Al.4, based on
Al.4 Normality Checks the number of observationg)(

Al.4.1 A normal probability plot (a special case ofgay (3) Plot each observation in the sorted colunyavélue)
plot) is used to test the assumption that the observations aegainst its corresponding value from Fig. Alzv@lue).
normally distributed. Since the control chart and limits pre- A1.4.1.2 Visually inspect the plot for an approximately
scribed in this practice are based on the assumption that thmear relationship. If the results are normally distributed, the
data behavior is adequately modeled by the normal distribuplot should be approximately linear. Major deviations from
tion, it is recommended that a test of this normality assumptioriinearity are an indication of nonnormal distributions of the
be conducted. differences.

AL.4.1.1 To construct a normal propablllty p|0t.. . Note Al.1—The assessment methodology of the normal probability

(1) Create a column of the observations sorted in asce”d'”&ot advocated in this practice is strictly visual due to its simplicity. For
order. statistically more rigorous assessment techniques, users are advised to

58 . consult a statistician.

1 Al1.4.2 Anderson-Darling Statistie-The Anderson-Darling
: statistic is used to test for normality. The test involves the
57 following steps:
/,\ . ‘ Al1.4.2.1 Order the non-outlying results such thats x, =

%6 - / Al1.4.2.2 Obtain standardized variate from thQesalues as

.\ follows:
55 |- / | W = (5 —X)/s (A1.4)

for (i=1...n), wheresis sample standard deviation of the
| results, andk is the average of the results.

Result Value

ST 10 15 20 25" 30 Al1.4.2.3 Convert thev, values to standard normal cumula-
Result Sequence Number tive probabilitiesp; values using the cumulative probability
FIG. A1.1 Example of a Run Chart for QC Results table for the standardized normal variatésee Fig. A1.5):
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=

[Order 15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

-1.83

-1.86

-1.89

-1.91

-1.94

-1.96

-1.98

-2.00

-2.02

-2.04

-2.05

-2.07

-2.09

-2.10

-2.11

-2.13

-2.14

-2.15

-1.28

-1.32

-1.35

-1.38

-1.41

-1.44

147

-1.49

-1.51

-1.53

-1.55

-1.57

-1.59

-1.61

-1.63

-1.64

-1.66

-1.68

-0.97

-1.01

-1.05

-1.09

-1.12

-1.15

-1.18

-1.21

-1.23

-1.26

-1.28

-1.30

-1.32

-1.35

-1.36

-1.38

-1.40

-1.42

-0.73

-0.78

-0.82

-0.86

-0.90

-0.93

-0.97

-1.00

-1.03

-1.05

-1.08

-1.10

-1.13

-1.15

-1.17

-1.19

-1.21

-1.23

-0.52

-0.58

-0.63

-0.67

-0.72

-0.76

-0.79

-0.83

-0.86

-0.89

-0.92

-0.94

-0.97

-0.99

-1.01

-1.04

-1.06

-1.08

-0.34

-0.40

-0.46

-0.51

-0.55

-0.60

-0.64

-0.67

-0.71

-0.74

-0.77

-0.80

-0.83

-0.85

-0.88

-0.90

-0.93

-0.95

-0.17

-0.24

-0.30

-0.36

-0.41

-0.45

-0.50

-0.54

-0.58

-0.61

-0.64

-0.67

-0.70

-0.73

-0.76

-0.78

-0.81

-0.83

0.00

-0.08

-0.15

-0.21

-0.27

-0.32

-0.37

-0.41

-0.45

-0.49

-0.52

-0.56

-0.59

-0.62

-0.65

-0.67

-0.70

-0.72

0.17

0.08

0.00

-0.07

-0.13

-0.19

-0.24

-0.29

-0.33

-0.37

-0.41

-0.45

-0.48

-0.51

-0.54

-0.57

-0.60

-0.63

0.34

0.24

0.15

0.07

0.00

-0.06

-0.12

-0.17

-0.22

-0.26

-0.31

-0.34

-0.38

-0.41

-0.45

-0.48

-0.51

-0.53

—| —
—| O] O 0| 2] O\ W] B} W] NOf =

0.52

0.40

0.30

0.21

0.13

0.06

0.00

-0.06

-0.11

-0.16

-0.20

-0.24

-0.28

-0.32

-0.35

-0.39

-0.42

-0.45

—
[\*)

0.73

0.58

0.46

0.36

0.27

0.19

0.12

0.06

0.00

-0.05

-0.10

-0.15

-0.19

-0.23

-0.26

-0.30

-0.33

-0.36

—
w

0.97

0.78

0.63

0.51

0.41

0.32

0.24

0.17

0.11

0.05

0.00

-0.05

-0.09

-0.13

-0.17

-0.21

-0.25

-0.28

—
b

1.28

1.01

0.82

0.67

0.55

0.45

0.37

0.29

0.22

0.16

0.10

0.05

0.00

-0.04

-0.09

-0.13

-0.16

-0.20

—
w

1.83

1.32

1.05

0.86

0.72

0.60

0.50

0.41

0.33

0.26

0.20

0.15

0.09

0.04

0.00

-0.04

-0.08

-0.12

—
N

1.86

1.35

1.09

0.90

0.76

0.64

0.54

0.45

0.37

0.31

0.24

0.19

0.13

0.09

0.04

0.00

-0.04

—
~

1.89

1.38

1.12

0.93

0.79

0.67

0.58

0.49

0.41

0.34

0.28

0.23

0.17

0.13

0.08

0.04

—
[

1.91

1.41

1.15

0.97

0.83

0.71

0.61

0.52

0.45

0.38

0.32

0.26

0.21

0.16

0.12

—
o

1.94

1.44

1.18

1.00

0.86

0.74

0.64

0.56

0.48

0.41

0.35

0.30

0.25

0.20

[ 8]
(=]

1.96

1.47

1.21

1.03

0.89

0.77

0.67

0.59

0.51

0.45

0.39

0.33

0.28

[ (%)
—

1.98

1.49

1.23

1.05

0.92

0.80

0.70

0.62

0.54

0.48

0.42

0.36

[
(%)

2.00

L.51

1.26

1.08

0.94

0.83

0.73

0.65

0.57

0.51

0.45

[
w

2.02

1.53

1.28

1.10

0.97

0.85

0.76

0.67

0.60

0.53

N
o

2.04

1.55

1.30

1.13

0.99

0.88

0.78

0.70

0.63

(34
wn

2.05

1.57

1.32

1.15

1.01

0.90

0.81

0.72

[\o]
(=)

2.07

1.59

1.35

1.17

1.04

093

0.83

(]
-~

2.09

1.61

1.36

1.19

1.06

0.95

™
=

2.10

1.63

1.38

1.21

1.08

[ 33
\O

2.11

1.64

1.40

1.23

)
(=]

2.13

1.66

1.42

(9%
—

2.14

1.68

(98]
(o

2.15

A2 =—

p; = Probability (z < w;)
Al1.4.2.4 Compute\? as:

Z’l (2i =D [In(p) + In(1 —p, 4 1-9)]

Al.4.2.5 Computed** as:

A1.4.2.6 If the computed value @¥* exceeds 0.752, then
the hypothesis of normality is rejected for a 5 % level test.
Al1.4.3 Example of Normal Probability Plot for QC

A = A2<

n

0.75 2.25
1+——+

I,]2

-Nn

FIG. Al1.4 z-Values

(A1.5)

(A1.6)

(AL.7)

the calculation of the Anderson-Darling statistic are shown in
Table Al.4, as is the individual terms in the summation/@r
The value forA? is 0.415, and the value f@* is 0.440. Since
this value is less than 0.752, the hypothesis of normality is
accepted at the 95 % confidence level.

Al.4.4 Example of Normal Probability Plot for Multiple
Results from a Single Check Standafiihe first 15 prepro-
cessed results (Table A1.2, Column 4) are sorted in ascending
order and paired with the correspondimgalues from Fig.
Al.4. The paired results (Table A1.5) are plottedkaspoints
(Fig. A1.7). A line can be added to the plot to facilitate
examination of the data for deviations from linearity.

Results—Once 15 results have been obtained (Table A1.1), Al.4.4.1 For this example, the, andp; values used in the
they are sorted in ascending order and paired with thé&alculation of the Anderson-Darling statistic are shown in
corresponding-values from Fig. A1.4. The paired results (see Table A1.6, as are the individual terms in the summatiorfor
Table A14) are p|0tted as(,@ points (See F|g A16) A line The value fOfA\z is 0.415, and the value fd’&z* is 0.440. Since
can be added to the plot to facilitate examination of the data fothis value is less than 0.752, the hypothesis of normality is
deviations from linearity.

A1.4.3.1 Forthe above example, tlyeandp; values used in

accepted at the 95 % confidence level.
Al1.4.5 Example of Normal Probability Plot for Results from
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Order 33 34 35| 36] 37| 38 39 40| 41 42 43| 44| 45| 46| 47| 48] 49| 50
-2.17{ -2.18 -2.19] -2.20{ -2.21| -2.22{ -2.23] -2.24| -2.25| -2.26| -2.27| -2.28] -2.29| -2.29| -2.30| -2.31] -2.32| -2.33
-1.69] -1.70} -1.72} -1.73} -1.74] -1.76| -1.77{ -1.78| -1.79( -1.80] -1.81| -1.82| -1.83| -1.84] -1.85| -1.86 -1.87| -1.88
-1.43] -1.45] -1.47] -1.48 -1.49} -1.51] -1.52{ -1.53| -1.55} -1.56| -1.57| -1.58] -1.59| -1.60} -1.61| -1.62| -1.64| -1.64
-1.25] -1.26| -1.28] -1.30[ -1.31] -1.33| -1.34| -1.36{ -1.37{ -1.38] -1.40| -1.41] -1.42| -1.43| -1.44] -1.45] -1.47| -1.48
-1.10[ -1.12[ -1.13] -1.15] -1.17| -1.18] -1.20{ -1.21] -1.23| -1.24| -1.26} -1.27] -1.28| -1.29| -1.31] -1.32| -1.33| -1.34
-0.97| -0.99| -1.01] -1.02 -1.04 -1.06] -1.08] -1.09| -1.11] -1.12] -1.14| -1.15] -1.16] -1.18] -1.19] -1.20] -1.21} -1.23
-0.85] -0.87| -0.89] -0.91] -0.93| -0.95| -0.97| -0.98| -1.00 -1.02| -1.03| -1.05} -1.06| -1.07| -1.09| -1.10} -1.11| -1.13
-0.75] -0.77] -0.79] -0.81] -0.83] -0.85| -0.87| -0.89/ -0.90] -0.92| -0.94] -0.95[ -0.97{ -0.98| -1.00] -1.01} -1.02{ -1.04
-0.65[ -0.67{ -0.70 -0.72} -0.74| -0.76 -0.78] -0.80| -0.82| -0.83| -0.85| -0.87| -0.88] -0.90| -0.91] -0.93| -0.94| -0.95
10] -0.56] -0.58| -0.61| -0.63] -0.65| -0.67] -0.69 -0.71] -0.73] -0.75] -0.77] -0.79| -0.80{ -0.82 -0.83] -0.85| -0.86| -0.88
11] -0.47} -0.50{ -0.52{ -0.55] -0.57| -0.59| -0.62| -0.64| -0.66| -0.67] -0.69] -0.71| -0.73} -0.74| -0.76| -0.78 -0.79| -0.81
12[ -0.39] -0.42] -0.44] -0.47| -0.49( -0.52] -0.54 -0.56] -0.58| -0.60| -0.62| -0.64| -0.66] -0.67( -0.69] -0.71] -0.72}| -0.74
13] -0.31} -0.34{ -0.37{ -0.39] -0.42| -0.44} -0.47| -0.49| -0.51| -0.53} -0.55] -0.57| -0.59} -0.61| -0.63| -0.64| -0.66| -0.67
14] -0.23} -0.26] -0.29{ -0.32| -0.35] -0.37] -0.40} -0.42| -0.44| -0.46] -0.48] -0.50| -0.52| -0.54 -0.56] -0.58| -0.60| -0.61
15] -0.15] -0.19} -0.22] -0.25] -0.27| -0.30{ -0.33 -0.35| -0.38( -0.40] -0.42| -0.44| -0.46| -0.48| -0.50| -0.52| -0.54| -0.55
16 -0.08] -0.11} -0.14} -0.17] -0.20[ -0.23] -0.26[ -0.29| -0.31[ -0.33] -0.36] -0.38| -0.40} -0.42{ -0.44| -0.46} -0.48| -0.50]
17} 0.00] -0.04] -0.07] -0.10| -0.14 -0.17| -0.19] -0.22 -0.25[ -0.27] -0.30[ -0.32] -0.34] -0.36] -0.38| -0.40] -0.42] -0.44]
18] 0.08] 0.04] 0.00] -0.03] -0.07[ -0.10} -0.13] -0.16] -0.18] -0.21] -0.24| -0.26] -0.28] -0.30 -0.33] -0.35} -0.37| -0.39]
19] 0.15] 0.11} 0.07[ 0.03] 0.00] -0.03] -0.06[ -0.09 -0.12] -0.15] -0.18] -0.20] -0.22| -0.25] -0.27{ -0.29| -0.31] -0.33
20[ 0.23] 0.19{ 0.14] 0.10] 0.07[ 0.03] 0.00] -0.03| -0.06 -0.09} -0.12| -0.14| -0.17| -0.19] -0.21] -0.24} -0.26{ -0.28
211 0.31] 0.26f 0.22] 0.17| 0.14[ 0.10] 0.06] 0.03| 0.00[ -0.03] -0.06 -0.09| -0.11] -0.14| -0.16| -0.18} -0.21] -0.23
22 0.39] 0.34] 0.29] 0.25] 0.20[ 0.17 0.13] 0.09| 0.06| 0.03] 0.00]| -0.03| -0.06] -0.08| -0.11| -0.13] -0.15] -0.18
23[ 0.47] 0.42] 0.37] 0.32] 0.27[ 0.23] 0.19] 0.16] 0.12 0.09] 0.06] 0.03| 0.00] -0.03| -0.05| -0.08} -0.10{ -0.13
24] 0.56] 0.50[ 0.44] 0.39] 0.35[ 0.30| 0.26] 0.22| 0.18] 0.15] 0.12] 0.09] 0.06] 0.03] 0.00| -0.03| -0.05[ -0.08
25] 0.65] 0.58] 0.52{ 0.47| 0.42| 0.37| 0.33j 0.29| 0.25] 0.21} 0.18] 0.14[ 0.11; 0.08] 0.05] 0.03| 0.00{ -0.03
26] 0.75| 0.67{ 0.61| 0.55] 0.49{ 0.44] 0.40{ 0.35] 0.31] 0.27] 0.24] 0.20| 0.17| 0.14f 0.11} 0.08{ 0.05] 0.03
27] 0.85] 0.77] 0.70] 0.63] 0.57{ 0.52| 0.47| 0.42] 0.38;{ 0.33] 0.30] 0.26] 0.22| 0.19{ 0.16] 0.13] 0.10{ 0.08
28] 0.97| 0.87| 0.79| 0.72| 0.65| 0.59| 0.54| 0.49| 0.44| 0.40| 0.36{ 0.32{ 0.28] 0.25( 0.21] 0.18] 0.15{ 0.13
29[ 1.10] 0.99] 0.89] 0.81] 0.74[ 0.67] 0.62] 0.56] 0.51f 0.46] 0.42] 0.38] 0.34] 0.30| 0.27] 0.24] 0.21| 0.18
30[ 1.25] 1.12] 1.01} 0.91] 0.83[ 0.76] 0.69 0.64| 0.58 0.53| 0.48] 0.44| 0.40{ 0.36| 0.33] 0.29{ 0.26 0.23
311 1.43} 1.26f 1.13] 1.02] 0.93| 0.85] 0.78] 0.71] 0.66] 0.60] 0.55| 0.50| 0.46] 0.42] 038} 035/ 0.31} 0.28
321 1.69] 1.45| 1.28| 1.15] 1.04] 0.95] 0.87 0.80{ 0.73] 0.67| 0.62f 0.57| 0.52] 0.48{ 0.44{ 0.40| 0.37| 0.33
33] 2.17] 1.70] 1.47f 1.30{ 1.17[ 1.06] 0.97| 0.89| 0.82| 0.75[ 0.69| 0.64] 0.59| 0.54| 0.50| 0.46] 0.42| 0.39

0] ~3| ] Wl B W ] —

\O

34 2.18| 1.72| 1.48] 1.31] 1.18] 1.08] 0.98] 0.90] 0.83] 0.77] 0.71] 0.66] 0.61] 0.56] 0.52] 0.48| 0.44
35 2.19] 1.731 1.49] 1.33| 1.20] 1.09] 1.00] 0.92] 0.85 0.79] 0.73] 0.67| 0.63] 0.58] 0.54] 0.50]
36 220 1.74] 1.51] 1.34] 1.21] 1.11] 1.02] 0.94] 0.87] 0.80] 0.74] 0.69] 0.64] 0.60] 0.55
37 221 1.76] 1.52| 1.36] 1.23| 1.12| 1.03| 0.95] 0.88] 0.82[ 0.76] 0.71] 0.66] 0.61
38 222| 1.77] 1.53] 1.37] 1.24] 1.14] 1.05] 0.97 0.90] 0.83] 0.78] 0.72] 0.67
39] 223 1.78 1.55] 1.38] 1.26] 1.15] 1.06] 0.98] 0.91] 0.85[ 0.79] 0.74
20| 2.24] 1.79] 1.56] 1.40] 1.27] 1.16] 1.07] 1.00] 0.93] 0.86] 0.81
a1 225 1.80] 1.57] 1.41] 1.28] 1.18] 1.09] 1.01] 0.94] 0.88
a2 226| 1.81] 1.58] 1.42] 1.29] 1.19] 1.10] 1.02] 0.95
13 227| 1.82] 1.59] 1.43| 1.31] 1.20[ 1.11] 1.04
v 228 1.83] 1.60| 1.44] 1.32] 1.21] 1.13
15 229 1.84] 1.61] 145 133] 1.23
16 229 1.85] 1.62] 1.47] 134
474 230 1.86] 1.64] 1.48
48 231| 1.87] 1.64
49| 2.32] 1.88
50 2.33

FIG. Al.4 z-Values (continued)

Multiple Check StandardsThe first 15 preprocessed results data for deviations from linearity.

(Table Al1.3, Column 6) are sorted in ascending order and

paired with the correspondingvalues from Fig. Al.4. The Al1.5 The Control Chart

paired results (Table A1.7) are plottedxagpoints (Fig. A1.8). A1.5.1 | Chart—Thel chart is a run chart to which control
Aline can be added to the plot to facilitate examination of thelimits and center line have been added. To establish placement
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-0.09 -0.08 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01 0.00
-3.5] 0.0002( 0.0002f 0.0002f 0.0002( 0.0002( 0.0002( 0.0002| 0.0002( 0.0002{ 0.0002
-3.4] 0.0002| 0.0003] 0.0003] 0.0003] 0.0003] 0.0003f 0.0003] 0.0003( 0.0003( 0.0003
-3.3] 0.0003( 0.0004( 0.0004( 0.0004] 0.0004f 0.0004f 0.0004; 0.0005[ 0.0005] 0.0005
-3.2| 0.0005] 0.0005] 0.0005| 0.0006] 0.0006) 0.0006] 0.0006) 0.0006; 0.0007| 0.0007
-3.1{ 0.0007] 0.0007) 0.0008; 0.0008] 0.0008] 0.0008) 0.0009] 0.0009| 0.0009| 0.0010
-3.0] 0.0010{ 0.0010/ 0.0011| 0.0011f 0.0011} 0.0012; 0.0012f 0.0013( 0.0013( 0.0013
-29] 0.0014| 0.0014] 0.0015| 0.0015| 0.0016) 0.0016; 0.0017} 0.0018 0.0018| 0.0019
-2.8] 0.0019] 0.0020; 0.0021| 0.0021} 0.0022| 0.0023] 0.0023] 0.0024| 0.0025| 0.0026
-2.7§ 0.0026] 0.0027) 0.0028] 0.0029| 0.0030] 0.0031| 0.0032] 0.0033; 0.0034| 0.0035
-2.6] 0.0036( 0.0037; 0.0038f 0.0039{ 0.0040| 0.0041| 0.0043] 0.0044| 0.0045| 0.0047
-2.5] 0.0048; 0.0049] 0.0051| 0.0052| 0.0054| 0.0055| 0.0057| 0.0059| 0.0060| 0.0062
24| 0.0064] 0.0066] 0.0068] 0.0069| 0.0071} 0.0073] 0.0075| 0.0078| 0.0080| 0.0082
-2.3] 0.0084 0.0087( 0.0089( 0.0091| 0.0094] 0.0096{ 0.0099( 0.0102( 0.0104| 0.0107
-2.2§ 0.0110| 0.0113} 0.0116] 0.0119( 0.0122f 0.0125f 0.0129{ 0.0132( 0.0136] 0.0139
-2.1] 0.0143| 0.0146] 0.0150| 0.0154{ 0.0158 0.0162| 0.0166] 0.0170; 0.0174| 0.0179
-2.0] 0.0183| 0.0188 0.0192] 0.0197( 0.0202| 0.0207| 0.0212| 0.0217[ 0.0222{ 0.0228
-1.9] 0.0233} 0.0239] 0.0244| 0.0250| 0.0256| 0.0262| 0.0268 0.0274| 0.0281| 0.0287
-1.8] 0.0294] 0.0301] 0.0307] 0.0314| 0.0322} 0.0329} 0.0336] 0.0344| 0.0351| 0.0359
-1.7y 0.0367] 0.0375] 0.0384] 0.0392] 0.0401] 0.0409] 0.0418] 0.0427] 0.0436] 0.0446
-1.6] 0.0455] 0.0465] 0.0475] 0.0485] 0.0495] 0.0505] 0.0516] 0.0526] 0.0537| 0.0548
-1.5] 0.0559] 0.0571] 0.0582 0.0594| 0.0606] 0.0618; 0.0630] 0.0643] 0.0655] 0.0668
-1.4] 0.0681] 0.0694; 0.0708] 0.0721; 0.0735] 0.0749| 0.0764 0.0778] 0.0793] 0.0808
-1.3p 0.0823| 0.0838( 0.0853| 0.0869| 0.0885| 0.0901| 0.0918] 0.0934| 0.0951| 0.0968
-1.2§ 0.0985| 0.1003] 0.1020| 0.1038 0.1056; 0.1075] 0.1093] 0.1112| 0.1131} 0.1151
-1.1} 0.1170f 0.1190| 0.1210{ 0.1230; 0.1251| 0.1271| 0.1292{ 0.1314f 0.1335 0.1357
-1} 0.1379] 0.1401{ 0.1423| 0.1446( 0.1469| 0.1492( 0.1515( 0.1539| 0.1562 0.1587
-0.9] 0.1611] 0.1635] 0.1660| 0.1685 0.1711f 0.1736] 0.1762 0.1788| 0.1814| 0.1841
-0.8] 0.1867| 0.1894| 0.1922 0.1949{ 0.1977( 0.2005{ 0.2033f 0.2061| 0.2090( 0.2119
-0.7] 02148 0.2177) 02206 0.2236[ 0.2266| 0.2296 0.2327| 0.2358] 0.2389| 0.2420
-0.6] 0.2451] 0.2483] 0.2514] 0.2546| 0.2578| 0.2611| 0.2643( 0.2676] 0.2709 0.2743
-0.5) 02776/ 02810 0.2843| 0.2877[ 0.2912f 0.2946{ 0.2981 0.3015( 0.3050| 0.3085
-04f 0.3121) 0.3156] 03192 0.3228 0.3264] 0.3300f 0.3336] 0.3372| 0.3409| 0.3446
-0.3] 0.3483] 0.3520; 0.3557] 0.3594] 0.3632| 0.3669| 0.3707] 03745 0.3783] 0.3821
-0.2] 0.3859| 0.3897| 0.3936f 0.3974( 0.4013| 0.4052( 0.4090{ 0.4129] 0.4168 0.4207
-0.1] 0.4247| 04286 0.4325| 04364 0.4404] 0.4443| 0.4483| 0.4522| 0.4562| 0.4602
0.0] 04641 0.4681( 0.4721| 04761 0.4801] 0.4840] 0.4880] 0.4920| 0.4960; 0.5000

Note—Probability € < w ), wherew, is the sum of the number in the left column and top row.
FIG. A1.5 p, Values

positions of the control limits for thechart, an estimate of the _
process variability will need to be obtained from the data. ==
While there are several statistical techniques that can be used
for this purpose, this practice advocates use ofvéof two
chart for its simplicity and robustness to outliers. Produce an
chart only after a minimum of 15 preprocessed results have S o P
been obtained from the measurement system, and the data have R=""Hn-1 (AL.9)
been screened (see 8.3.1 and 8.3.2) and tested for normality
(see Al1.4). _T S

A1.5.1.1 Ahorizontal center line is added at the level of the UeL =1 2.06MR (AL10)
mean of all the resultd;

n
i:1|i

(A1.8)

Al1.5.1.2 Upper and lower control limits are added, also,
pomputed from theMR of two:
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0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.0} 0.5000{ 0.5040] 0.5080{ 0.5120{ 0.5160( 0.5199] 0.5239] 0.5279| 0.5319 0.5359
0.1] 0.5398( 0.5438| 0.5478] 0.5517| 0.5557| 0.5596] 0.5636] 0.5675| 0.5714| 0.5753
0.2} 0.5793| 0.5832] 0.5871| 0.5910] 0.5948[ 0.5987| 0.6026] 0.6064| 0.6103| 0.6141
03] 0.6179( 0.6217] 0.6255] 0.6293] 0.6331| 0.6368| 0.6406] 0.6443| 0.6480| 0.6517
04] 0.6554| 0.6591] 0.6628] 0.6664] 0.6700[ 0.6736] 0.6772) 0.6808| 0.6844| 0.6879
0.5] 0.6915| 0.6950] 0.6985] 0.7019y 0.7054 0.7088| 0.7123] 0.7157| 0.7190( 0.7224
0.6] 0.7257 0.7291] 0.7324] 0.7357{ 0.7389 0.7422| 0.7454] 0.7486| 0.7517 0.7549
0.7] 0.7580] 0.7611] 0.7642} 0.7673] 0.7704 0.7734] 0.7764] 0.7794] 0.7823( 0.7852
0.8] 0.7881] 0.7910] 0.7939; 0.7967| 0.7995 0.8023} 0.8051| 0.8078] 0.8106 0.8133
0.9] 0.8159] 0.8186| 0.8212] 0.8238| 0.8264| 0.8289| 0.8315] 0.8340[ 0.8365| 0.8389
1.0] 0.8413] 0.8438] 0.8461| 0.8485| 0.8508] 0.8531] 0.8554| 0.8577[ 0.8599 0.8621
1.1] 0.8643| 0.8665| 0.8686] 0.8708] 0.8729; 0.8749| 0.8770; 0.8790{ 0.8810( 0.8830
1.2] 0.8849( 0.8869| 0.8888] 0.8907| 0.8925| 0.8944| 0.8962| 0.8980] 0.8997( 0.9015
1.3] 0.9032 0.9049; 0.9066] 0.9082] 0.9099| 0.9115| 0.9131] 09147} 0.9162 0.9177
1.4 09192 0.9207) 0.9222] 0.9236] 0.9251| 0.9265| 0.9279] 0.9292] 0.9306| 0.9319
1.5 09332 0.9345] 0.9357} 0.9370; 0.9382( 0.9394] 0.9406] 0.9418[ 0.9429 0.9441
1.6] 0.9452| 0.9463] 0.9474] 0.9484| 0.9495( 09505} 0.9515] 0.9525( 0.9535 0.9545
1.7] 09554 0.9564] 0.9573| 0.9582 0.9591] 0.9599] 0.9608| 0.9616{ 0.9625| 0.9633
1.8] 096411 0.9649; 0.9656] 0.9664| 0.9671| 0.9678] 0.9686] 0.9693( 0.9699( 0.9706
1.9f 09713} 09719 09726] 0.9732f 0.9738] 0.9744] 0.9750] 0.9756| 0.9761 0.9767
2.0 09772 09778 09783} 0.9788] 0.9793] 0.9798| 0.9803] 0.9808] 0.9812| 0.9817
2.1} 09821 0.9826] 0.9830] 0.9834] 0.9838( 0.9842f 0.9846| 0.9850| 0.9854] 0.9857
22] 09861f 0.9864] 0.9868] 0.9871] 0.9875( 0.9878 0.9881| 0.9884| 0.9887| 0.9890
23] 0.9893f 0.9896] 0.98987 0.9901] 0.9904| 0.9906] 0.9909] 09911} 0.9913} 0.9916
2.4 09918 0.9920[ 0.9922| 0.9925| 0.9927{ 0.9929| 0.9931} 0.9932] 0.9934| 0.9936
2.5] 09938 0.9940f 0.9941] 0.9943] 0.9945] 0.9946| 0.9948| 0.9949| 0.9951| 0.9952
2.6] 0.9953] 0.9955; 0.9956] 0.9957} 0.9959| 0.9960[ 0.9961| 0.9962| 0.9963| 0.9964
271 0.9965( 0.9966] 09967, 0.9968; 0.9969 0.9970| 0.9971| 0.9972] 0.9973! 0.9974
2.8f 09974 0.9975 09976/ 09977 0.9977] 0.9978] 0.9979| 0.9979] 0.9980| 0.9981
29| 0.9981 0.9982| 09982 09983 0.9984] 0.9984( 0.9985] 0.9985| 0.9986, 0.9986
3.0 0.9987) 0.9987] 0.9987| 0.9988] 0.9988] 0.9989| 0.9989 0.9989] 0.9990| 0.9990
3.1 09990 09991 0.9991] 0.9991; 0.9992{ 0.9992| 0.9992] 0.9992] 0.9993| 0.9993
32 0.9993] 099931 0.9994] 0.9994; 0.9994 0.9994| 0.9994] 0.9995] 0.9995[ 0.9995
33] 0.9995] 0.9995| 0.9995] 0.9996] 09996 0.9996] 0.9996| 0.9996] 0.9996| 0.9997
3.4) 09997 0.9997] 0.9997] 0.9997{ 0.9997( 0.9997} 0.9997] 0.9997| 0.9997; 0.9998
3.5] 0.9998] 0.9998; 0.9998| 0.9998| 09998/ 0.9998| 0.9998] 0.9998] 0.9998 0.9998

FIG. A1.5 p; Values (continued)

LCL, = 1-2.66MR (A1.11) Al1.5.2 MR Chart—A MR of two chart is obtained by
A1.5.1.3 Individual values that are outside the upper orpIOttIng the sequential range of two values given by:
lower control limits are indications of an unstable system, and MR =1l; =14 (AL.12)

efforts should be made to determine the cause. Optionally, any and connecting each point.
one of the following occurrences should be considered as A1.5.2.1 The upper control limit for the MR chart is given
potential signs of instability:

(1) Two out of three consecutive results on thehart that _
are more than 1.7MR distant from the center line in the same UCLyg = 327 MR (AL.13)
direction; A1.5.2.2 There is no lower control limit for adR chart.

(2) Five consecutive results on thehart that are more than ~ A1.5.3 EWMA Overlay-A EWMA overlay is a trend line
0.89 MR distant from the center line in the same direction; constructed fronEWMAvalues calculated using tHevalues.

(3) Eight or more consecutive points in thehart that fallon  The EWMA trend line is typically overlaid on thé chart to
the same side of the center line. enhance its sensitivity in detecting mean shifts that are small

13



A8y D 6299 — 02
“afl

TABLE Al.4 Example Data for a Normal Probability Plot for QC S g
Results o
<
Original h i +_'-'
Sequence z-value Sorted Result w; pi i Term in Eq 2
Al.6 f o050
No., / @
14
1 -1.83 55.0 -1.47 0.07 -5.91 z
14 -1.28 55.2 -1.07 0.14 -14.35 ¥
1 -0.97 55.3 -0.86 0.19 -18.70 = oL
7 -0.73 55.3 -0.86 0.19 -21.94 2
8 -0.52 55.4 -0.66 0.25 -25.77 g
6 -0.34 55.5 -0.46 0.32 -21.44 -
12 -0.17 55.5 -0.46 0.32 -25.34 8 o5l
13 0.00 55.5 -0.46 0.32 -22.80 @
2 0.17 55.8 0.15 0.56 -16.52 g
5 0.34 55.8 0.15 0.56 -18.46 5
10 0.52 56.1 0.76 0.78 -11.50 e 4 o
4 0.73 56.1 0.76 0.78 -10.80 & 3 3
3 0.97 56.3 1.16 0.88 -8.65 z-value
15 1.28 56.5 157 0.94 5.79 FIG. A1.7 Example of a Normal Probability Plot for Multiple
9 183 56.6 177 0.96 -3.25 Results from a Single Check Standard
TABLE A1.6 Example Data for a Normal Probability Plot for
Results from Multiple Check Standards
Sort No Sgrigtiennzzzle Sorted z-value w, " Term in
’ qNo Result ! bi Eq Al.6
o 1 1 -1.83 -1.35 3.12 0.00 -10.41
3 2 14 -1.28 -0.83 -1.94 0.03 -15.11
g 3 1 -0.97 -0.56 -1.32 0.09 -18.58
= 4 7 -0.73 -0.53 -1.25 0.11 -24.98
2 5 8 -0.52 -0.35 -0.84 0.20 -25.59
o 6 6 -0.34 0.01 -0.02 0.49 -19.68
O 7 12 -0.17 0.09 0.16 0.56 -19.93
(e} 8 13 0 0.09 0.16 0.56 -21.05
9 2 0.17 0.15 0.30 0.62 -22.33
10 5 0.34 0.2 0.41 0.66 -20.75
1 10 0.52 0.26 0.55 0.71 -11.91
12 4 0.73 0.29 0.62 0.73 -9.73
13 3 0.97 0.3 0.64 0.74 -9.99
14 15 1.28 0.32 0.69 0.75 -8.34
z-values 15 9 1.83 0.82 1.83 0.97 -1.02
FIG. A1.6 Example of a Normal Probability Plot for QC Results
TABLE Al1.5 Example Data for a Normal Probability Plot for overlaid on thel chart and connected. Use the following
Multiple Results from a Slngle Check Standard recurs|0n equatlon
Original h . _
Sort No. Sequence Sorted e W, 5, " Term in EWMA =1, (A1.14)
No. Result Eq Al.6
1 1 -0.88 -1.83 -1.47 0.07 -5.91 EWMA = (1 -MEWMA_; + A (A1.15)
2 14 -0.68 -1.28 -1.07 0.14 -14.35 . . s S
3 1 058 097 086 019 1870 wh_ere)\ |s_the exponential we|_ght|ng factor. For application
4 7 -0.58 -0.73 -0.86 0.19 -21.94 of this practice, a\ value of 0.4 is recommended.
5 8 -0.48 -0.52 -0.66 0.25 -25.77
6 6 -0.38 .0.34 -0.46 0.32 21.44 Note Al.2—For theEWMALtrend, a\ value of 0.4 closely emulates the
7 12 -0.38 -0.17 -0.46 0.32 -25.34 run rule effects of conventional control charts, while a value of 0.2 has
8 13 -0.38 0 -0.46 0.32 -22.80 optimal prediction properties for the next expected value. In addition,
190 g ‘8-82 8-;‘71 g-ig 8-22 ‘igig these\ values also conveniently places the control limits (3-sigma) for the
1 10 0.22 0.52 0.76 0.78 1150 EWMATtrend at the 1 (fom=0.2) to 1.5-sigma (fon=0.4) values for
12 4 0.22 0.73 0.76 0.78 -10.80 chart.
13 3 0.42 0.97 116 0.88 -8.65 A1.5.3.2 The control limits for th&€WMA chart are calcu-
14 15 0.62 1.28 157 0.94 -5.79 . .
15 9 072 183 177 096 395 lated using a weight\) as follows:
UCL, =1+ 266 MR /5 (A1.16)
relative to the measurement system precision. ER®YMA
. . . . o X
value is a weighted average of the current result and previous LCL, = 1-2.66 MRy |y (A1.17)
results, with the weights decreasing exponentially with the age
of the reading. Al1.5.4 Examples of Control Charts for QC and Check

A1.5.3.1 Asequence of valuesYWMA,, are calculated, and Standard Results

14
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TABLE Al.7 Example Data for | Chart and EWMA Overlay for QC 2 -
Results ‘
Seq“encel NUMDET, - ¢ Result (Y,=) Moving Range MR, EWMA, UCLyg |
1.5 1 !
1 55.3 55.3
2 55.8 0.5 55.50
3 56.3 0.5 55.82
4 56.1 0.2 55.93 oy
5 55.8 0.3 55.88 =
6 55.5 0.3 55.73
7 55.3 0.2 55.56
8 55.4 0.1 55.49 05 L
9 56.6 12 55.94 '
10 56.1 0.5 56.00
1 55 1.1 55.60
12 55.5 0.5 55.56 0 |
ii ggg g-g gg-ig 0 5 10 15 20 “25 30
15 56.5 13 55.84 Result Sequence Number
FIG. A1.9 Example of a MR Chart for QC Results
Average 55.73 0.500
57.5 :
16 55.7 0.8 55.78 :
17 55.6 01 55.71 o Result Value o EWMA Value
18 55.2 0.4 55.51 57 - UCL,
19 55.7 0.5 55.58
20 56.1 0.4 55.79 56.5 |
21 56.3 0.2 55.99 B e UCL
22 55.2 1.1 55.68 kS #\ EHMA
23 55.4 0.2 55.57 g S6r . & '\
24 55.4 0.0 55.50 = ls 2 A 7
25 55.6 0.2 55.54 7 555 Lo, &
8 e 7% % v
14 \
55 - -~ - LCL mnia
1
545 - ICL, ‘
54 0 : DS S | J,%
0 5 10 15 20 25 30

Result Sequence Number

FIG. A1.10 Example of an I-Chart with EWMA Overlay for QC
Results

Preprocessed Result

plotted in sequence. After 15 results are obtained (Table Al1.2),
the MR value is calculated and added to the plotU&Lyx is
BT ] added to produce thiEIR chart (see Fig. A1.11).

Z_vgwe ! 2 3 Al.5.4.4 Example of | Chart and EWMA Overlay for
FIG. A1.8 Example of a Normal Probability Plot for Results from Mumple_ReSUIts from a Single Check Standaftihe average _
Multiple Check Standards of the first 15 QC results (see Table A1.2, Column 4) is

Al1.5.4.1 Example of a MR Chart for QC ResufsvIR 5
values for the data from Table Al.1 are calculated and plotted ‘ ‘
in sequence. After 15 results are obtained, T& = 0.500
value is calculated and added to the plot. Computations are
shown in Table A1.7. AJCL,x=1.64 is added to produce the
MR chart (Fig. A1.9).

Al1.5.4.2 Example of | Chart and EWMA Overlay for QC
Results—The average of the first 15 QC results (Table A1.7,=
Column 2) is calculated and plotted on the run chartl as
=55.73. The upper and lower control limits are calculated from
Eq A1.10 and Eq Al.11 as 54.40 and 57.06 and added to the 5 =&
run chart to produce the chart (Fig. A1.10).EWMA values
(Table A1.7, Column 4) an&WMA control limits, 55.06 and
56.39, are overlaid on thé chart. Additional results and o5 s 10 15 20 25 20
calculatedEWMAVvalues are added as they are determined. Result Sequence Number

Al1.5.4.3 Example of a MR Chart for Multiple Results from  FiG. A1.11 Example of a MR Chart for Multiple Results from a
a Single Check StandardMR, values are calculated and Single Check Standard

UCLyg |

10

15
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calculated and plotted on the run chartlas’he upper and TABLE A1.8 Example Data for | Chart and EWMA Overlay for

lower control limits are calculated from Eq A1.6 and Eq A1.7 Multiple Results from a Single Check Standard
and added to the run chart to produce tebart. EWMAvalues  sequence Number  CeCk Standard o e ange, MR, EWMA,
and EWMA control limits may be overlaid on thechart (Fig. Result (1)
Al1.12). Additional results and calculatdeWMA values are ; :g-gg 05 :8'32
added as they are determined. TWR values for this example 3 042 05 0.06
are shown in Table A1.8, Column 3.) 4 0.22 0.2 0.05
A1.5.4.5 Example of a MR Chart for Results from Multiple 5 -0.08 0.3 -0.00
. 6 -0.38 0.3 -0.15
Check Standards-MR; values are calculated and plotted in 7 0.58 02 0.32
sequence. After 15 results are obtained (Table A1.3, Column 6, 8 -0.48 0.1 -0.39
displayed again in Table A1.9), thdR value is calculated and 190 8-;3 ég 8-22
added to the plot. AJCL is added to produce tHdR chart 11 0.88 11 0.28
(see Fig. A1.13). 12 -0.38 05 -0.32
A1.5.4.6 Example of | Chart and EWMA Overlay for = oo o o
Results from Multiple Check Standaré§he average of the 15 062 13 004
first 15 QC results (see Table A1.3, Column 6) is calculated and
plotted on the run chart dsThe upper and lower control limits Average -0.153 0.500
are calculated from Eq A1.10 and Eq Al1.11 and added to the 16 018 0.8 0.10
run chart to produce thé chart. EWMA values andEWMA 17 -0.28 0.1 -0.17
control limits may be overlaid on the chart (Fig. A1.14). b oo o o3
Additional results and calculatdBWMA values are added as 20 022 04 0.09
they are determined. 21 0.42 0.2 0.11
22 -0.68 11 -0.20
A16 t Test 23 -0.48 0.2 -0.31
24 -0.48 0.0 -0.38
Al1.6.1 A two sidedt test is used to check if a sample of 25 -0.28 0.2 -0.34

values comes from a population with a mean different from an

hypothesized value, gut In this practice, at test may be

performed on pretreated check standard test results to check for TABLE A1.9 Example Data for a MR Chart for Results from
bias relative to the ARVs. Since during pretreatment, accepted Multiple Check Standards

reference value(s) have been subtracted from the raw resultsﬁ‘esﬁ'ﬁ n?{igt‘e,-me P“ERF’;‘S)SESTG" Moving Range, MR, EWMA,
the hypothesized mean value is zero. : —

: 1 -0.35 -0.35
Al1.6.1.1 For the purpose of performing thetest, two > 0.82 117 012
methods for calculating thievalue are presented: 3 0.09 0.73 0.11
(1) By the root-mean square method, the standard deviation ‘51 (1)22 i-g‘; -8-1112
of the pretreated results is calculated as: 6 083 115 043
n _ 7 0.30 1.13 -0.14
I ]2 8 -0.53 0.83 -0.29
-~ Z&( = A11 9 0.15 0.68 -0.12
§ = -1 (A1.18) 10 0.09 0.06 -0.03
, 11 0.26 0.17 0.08
(2)Thet value is calculated as: 12 -0.56 0.82 -0.17
— 13 0.20 0.76 -0.02
t=/nl-y /S (A1.19) 14 0.01 0.19 0.01
15 0.29 0.28 0.11
15 —
i o Result Value « EWMA Value ; Average -0.073 0.791
UCL
1+ 16 0.59 03 0.30
- 17 -1.19 1.78 -0.29
5050 - - oo h oo UCL 18 -0.13 1.06 -0.23
) | 19 -0.41 0.28 -0.30
x . . 20 -0.73 0.32 -0.47
B . \ v, /o T 21 0.14 0.87 -0.23
@ Sod \\ \/ . \\‘ ., 22 0.38 0.52 -0.29
8- | Vj 23 0.7 0.32 -0.45
o \ 24 0.17 0.87 -0.20
§ g LCLgpm
o
16| LCL, . _ o
: where |4 is the hypothesized mean, which is zero (see
2 o ‘ J J | Al1.6.1).
0 s 10 s 20 25 30 3) Alternatively, by theMR approach, compute the alternate
Result Sequence Number (3) X Y. By PP ' P
) ) t value as:
FIG. A1.12 Example of an I-Chart with EWMA Overlay for Multiple _ .
Results from a Single Check Standard tyr = VNIl =g / (MR/1.128 (A1.20)
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3 - e

~ ucL

0.5 k
. |
0 20 25 30
Result Sequence Number

FIG. A1.13 Example of a MR Chart for Results from Multiple
Check Standards

MR

5

- Result Value « EWMA Value

Preprocessed Result
o
T

L - s
10 15 20 25 30
Result Sequence Number
FIG. A1.14 Example of an I-Chart with EWMA Overlay for Results
from Multiple Check Standards

o
o

where |4 is the hypothesized mean, which is zero (seefreedom. Ifty,z from Eq A1.20 is used, the appropriate degrees
Al1.6.1). of freedom arerg-1)/2.

Al1.6.1.2 Compare the computddvalue from Eq A1.19
with the criticalt values in Table A1.10 forn-1) degrees of

TABLE A1.10 95th Percentile of Student's I Distribution

Degrees ¢
of Freedom
1 12.7062
2 4.3027
3 3.1824
4 2.7764
5 2.5706
6 2.4469
7 2.3646
8 2.3060
9 2.2622
10 2.2281
11 2.2010
12 2.1788
13 2.1604
14 2.1448
15 2.1314
16 2.1199
17 2.1098
18 2.1009
19 2.0930
20 2.0860
21 2.0796

17
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TABLE A1.10 Continued

Degrees ¢
of Freedom
22 2.0739
23 2.0687
24 2.0639
25 2.0595
26 2.0555
27 2.0518
28 2.0484
29 2.0452
30 2.0423
31 2.0395
32 2.0369
33 2.0345
34 2.0322
35 2.0301
36 2.0281
37 2.0262
38 2.0244
39 2.0227
40 2.0211
41 2.0195
42 2.0181
43 2.0167
44 2.0154
45 2.0141
46 2.0129
47 2.0117
48 2.0106
49 2.0096
50 2.0086
55 2.0040
60 2.0003
65 1.9971
70 1.9944
75 1.9921
80 1.99006
85 1.98827
90 1.98667
95 1.98525
100 1.98397
105 1.98282
110 1.98177
115 1.98081
120 1.97993
125 1.97912
130 1.97838
135 1.97769
140 1.97705
145 1.97646
150 1.97591
155 1.97539
160 1.97490
165 1.97445
170 1.97402
175 1.97361
180 1.97323
185 1.97287
190 1.97253
195 1.97220
200 1.97190

A1.6.1.3 If the absolute value of the calculate¢or t,,z)  bias in the measurement system.
value is less than or equal to the critidavalue, then g is Al1.6.2 Example of t Test Applied to Multiple Results from a
statistically indistinguishable from the mean of the distribution.Single Check StandardFor the first 15 preprocessed results in
For the case of check standard testing, this would indicate th&@olumn 4 of Table Al1.2| is —0.153. Since the results being
there is no statistically identifiable bias. analyzed are the difference relative to the ARYijsizero. The
Al1.6.1.4 If the absolute value bfs greater than the critical standard deviation of the first 15 preprocessed results is 0.493,
t value, then yis statistically distinguishable from the mean of and thet value is 1.2034. Thé value is less than the critical
the distribution, with 95 % confidence. For the case of checkalue for 14 degrees of freedom) /= 2.1448), so the average
standard testing, this would indicate a statistically identifiabledifference between the check standard results and the accepted

18
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reference value is statistically indistinguishable from zero. Al.7.4 Example—The site precision calculated frolR'=
Al.6.3 Example of t Test Applied to Results from Multiple 2.46 MR for the first 15 QC results in Table A1.1 is 1.23. The

Check Standards-For the first 15 preprocessed results inpublished reproducibility for the measurement method at the

Column 6 of Table A1.3| is —0.0719. Since the results being 58.88 level is 1.05x2 is therefore 14-1.28-1.0% = 11.57.

analyzed are the difference relative to the ARYjgizero. The  This value is less than the criticgf value of 14.1 for 7 degrees

standard deviation of the first 15 preprocessed results is 0.556f freedom, so the site precision is not statistically greater than

and thet value is 0.506. The value is less than the critical the published reproducibility of the method.

v_alue for 14 degrees of freedomy = 2.1448), so the average 5q g Approximate F Test

difference between the check standard results and the accepted

reference value is statistically indistinguishable from zero. Al.8.1 In th's_ p_ract|ce,_ an approximate test is used to
compare the variation exhibited by a measurement system over

A1.7 Approximate Chi-Square Test two different time periods. It can also be used to compare the
site precision estimated from a series of results from one QC

AL7.1 The chi-squarex() test is used to compare the sample with that estimated using a different QC sample (see

estimated site precision to a published reproducibility value, a8 5 1)
instructed in 9.1.2. . L A1.8.2 Compute thé& value as:
Al1.7.2 Compute the chi-square statistic:
(N— YR’ 2 F=MR,’ /MR (A1.22)
X = o (A1.21) whereMR; is the larger of the two average moving ranges,

andMR, is the smaller.

A1.8.3 Compare the computdd value to the criticalF
value read from Table A1.12, witm{-1)/2 degrees of freedom
for the numerator andng-1)/2 degrees of freedom for the
denominator.

A1.8.3.1 If the computed value exceeds the tabled value,

en the two precisions are statistically distinguishable. We can
e 95 % confident that the process that gave rise to the moving
rangeMR; is less precise (has larger site precision) than the

whereR’ is the estimated site precisioR’'€2.46 MR ) and
R is the published reproducibility of the method.

A1.7.3 Compare the computegf value to the criticaly?
value in Table A1.11, withr-1)/2 degrees of freedom. iifis
even, interpolate.

A1.7.3.1 If the computeq? value exceeds the tabled value, t
then the site precision exceeds the published reproducibility
the method, with 95 % confidence.

A1.7.3.2 If the computeg? value is less than or equal to the process that producedR, .

tabled value, then the site precision is either less than or A1.8.3.2 If the compute® value is smaller than the tabled
statistically indistinguishable from the published reproducibil-value' ih.en the precisions of the two samplings of the mea-

ity of the test method. surement process are statistically indistinguishable.

Note Al.3—Although the approximate-test is conducted at the 95 %

TABLE Al1.11 95th Percentiles of the Chi Square Distribution probability level, the criticaF values against which the calculatEdis
Degrees X compared come from the 97.5 percentiles of Erstatistic. If the ratio
Freedom MR,? / MR,? is calculated without requiring that the larger variance is in

7 14.1 the numerator, the ratio would have to be compared against both the lower
8 15.5 2.5 percentile point and the upper 97.5 percentile point of the
9 16.9 F-distribution to determine if the two variances were statistically distin-
10 183 guishable. Because of the nature of thelistribution, comparindiR,? /

E ;% MRy to the 2.5 percentile point wheMR,? / MR;? is equivalent to

13 294 comparingViR,?/ MR,? to the 97.5 percentile point. Requiring that larger
14 23.7 variance is always in the numerator allows the* two-tailed” test to be
15 25.0 accomplished in one step. If the variance of the two populations were
16 26.3 equal, then there would be only a 2.5 % chance k@’ > MR, by more

1573 g'g than the tabulated amount, and a 2.5 % chanceMiit > MR,% by more

19 301 than the tabulated amount with degrees of freedom reversed.

20 31.4 A1.8.4 If two precision estimates are statistically indistin-
gé 33; guishable, they may be pooled into a single estimate. For
23 35.2 example, ifMR,; was obtained from measurements on a single
24 36.4 lot of QC sample material, whildMR, was obtained from

22 g;:; measurements on a different lot of material, and, if they are not
27 40.1 statistically distinguishable, they may be pooled. The appro-
gg :‘é-g priate pooled precision estimate is

35 49.8 n, —1)MR; + (n, —1) MR

40 55.8 MRoooled - )nl = ni_zz Al (A1.23)

45 61.7

50 67.5 A1.8.5 Example—Table A1.13 contains QC results for a
60 79.1 second QC sample measured by the same measurement system
70 90.5 .

80 101.9 used to generate the results in Table A1.1. Wivalue for the

25 results from the original QC sample (Table A1.1) was 0.454.
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TABLE A1.12 97.5 Percentiles of the F Statistic

Denominator, Numerator
dfegrees of 7 8 9 10 12 14 16 18 20 25 30 40 50 100
reedom
7 4.99 4.90 4.82 4.76 4.67 4.60 4.54 4.50 4.47 4.40 4.36 4.31 4.28 4.21
8 4.53 4.43 4.36 4.30 4.20 4.13 4.08 4.03 4.00 3.94 3.89 3.84 3.81 3.74
9 4.20 4.10 4.03 3.96 3.87 3.80 3.74 3.70 3.67 3.60 3.56 3.51 3.47 3.40
10 3.95 3.85 3.78 3.72 3.62 3.55 3.50 3.45 3.42 335 331 3.26 3.22 3.15
11 3.76 3.66 3.59 3.53 3.43 3.36 3.30 3.26 3.23 316  3.12 3.06 3.03 2.96
12 3.61 3.51 3.44 3.37 3.28 3.21 3.15 3.11 3.07 3.01 2.96 2.91 2.87 2.80
13 3.48 3.39 331 3.25 3.15 3.08 3.03 2.98 2.95 2.88 2.84 2.78 2.74 2.67
14 3.38 3.29 3.21 3.15 3.05 2.98 2.92 2.88 2.84 2.78 2.73 2.67 2.64 2.56
15 3.29 3.20 3.12 3.06 2.96 2.89 2.84 2.79 2.76 2.69 2.64 2.59 2.55 2.47
16 3.22 3.12 3.05 2.99 2.89 2.82 2.76 2.72 2.68 2.61 2.57 2.51 2.47 2.40
17 3.16 3.06 2.98 2.92 2.82 2.75 2.70 2.65 2.62 2.55 2.50 2.44 2.41 2.33
18 3.10 3.01 2.93 2.87 2.77 2.70 2.64 2.60 2.56 2.49 2.44 2.38 2.35 2.27
19 3.05 2.96 2.88 2.82 2.72 2.65 2.59 2.55 2.51 2.44 2.39 2.33 2.30 2.22
20 3.01 2.91 2.84 2.77 2.68 2.60 2.55 2.50 2.46 2.40 2.35 2.29 2.25 2.17
25 2.85 2.75 2.68 2.61 2.51 2.44 2.38 2.34 2.30 2.23 2.18 2.12 2.08 2.00
30 2.75 2.65 257 251 2.41 2.34 2.28 2.23 2.20 2.12 2.07 2.01 1.97 1.88
35 2.68 2.58 2.50 2.44 2.34 2.27 2.21 2.16 2.12 2.05 2.00 1.93 1.89 1.80
40 2.62 2.53 2.45 2.39 2.29 2.21 2.15 211 2.07 1.99 1.94 1.88 1.83 1.74
45 2.58 2.49 2.41 2.35 2.25 2.17 2.11 2.07 2.03 1.95 1.90 1.83 1.79 1.69
50 2.55 2.46 2.38 2.32 2.22 2.14 2.08 2.03 1.99 1.92 1.87 1.80 1.75 1.66
60 2.51 2.41 2.33 2.27 2.17 2.09 2.03 1.98 1.94 1.87 1.82 1.74 1.70 1.60
70 2.47 2.38 2.30 2.24 2.14 2.06 2.00 1.95 1.91 1.83 1.78 1.71 1.66 1.56
80 2.45 2.35 2.28 2.21 211 2.03 1.97 1.92 1.88 1.81 1.75 1.68 1.63 1.53
90 2.43 2.34 2.26 2.19 2.09 2.02 1.95 1.91 1.86 1.79 1.73 1.66 1.61 1.50
100 2.42 2.32 2.24 2.18 2.08 2.00 1.94 1.89 1.85 1.77 1.71 1.64 1.59 1.48
TABLE A1.13 Example of QC Results for a Second QC Sample Plot the result from the old material on ikschart, MR chart,
Measured by the Same Measurement System EWMA chart, orQ chart, or a combination of these. If no
Sﬁgumeblcre QC Result MR c, LcL ucL specia_tl—cguse s?gnals are noteq, then the result for the new
material is considered to be valid.
1 54.2 A1.9.3 Plot the result from the new material as the first point
2 56.1 1.9 55.15 54.21 56.09
3 55.2 0.9 55.17 54.08 56.25 on theQ chart.
g gg% é:i 22:22 221? gg:gg Note Al.4—The Q chart is essentially a control chart of transformed
6 54 0.3 54.55 53.34 55.76 statistics calculated from the conventional statistics normally plotted on
7 54.3 0.3 54.51 53.28 55.75 control charts (for example, mean, range). This transformed statistics
8 54.8 0.5 54.55 5331 55.79 retains the information from the conventional statistics, but has the
9 58.9 09 54.48 58.22 55.73 advantage of permitting plotting of all points on one standardized control
10 53.2 0.7 54.35 53.09 55.61 chart
11 525 0.7 54.18 52.91 55.45 )
12 52.8 0.3 54.07 52.79 56.34 A1.9.3.1 Center this value on theaxis of the new chart.
= e e P i P Scale they-axis to allow room for the initial result plus and
15 53.4 0.7 53.95 52.66 55.23 minus five historical standard deviations, where the standard
ig 5;-11 8-3 gggg 2221 ggig deviations are appropriate to the level of the first result.
18 530 o8 o3 86 007 oo 1s A1.9.3.2 No c_enyer line, nor upper or lower control limits,
19 52.8 0.4 53.81 5251 55.10 are plotted at this time.
20 53.2 0.4 53.78 52.48 55.07 A1.9.4 Subsequent QC sample testing may be done only on
21 53.1 0.1 53.74 52.44 55.04 the new material
22 53.3 0.2 53.72 52.42 55.02 : )
23 52.8 05 53.68 52.38 54.98 A1.9.5 Plot subsequent QC results as points on the Qew

chart. Do not connect the points.

A1.9.6 As each point (the" point) is plotted, compute and
plot the center value and the upper and lower control limits
pplicable for this result.

A1.9.6.1 Center valueC, = X1, /n , Where the sum
cludes the latest result,. Optionally plot and connect the
sequence of points@,.} with a broken line. (Alternatively,
A1.9 Q-Procedure replace any previous center line with a new line at the latest

A1.9.1 Collect and prepare a new batch of QC materiaV@ue ofCy) o
while the current QC material supply remaining can support at A1.9-6.2 Upper  control  limit, UCL,= C, +
least two additional analyses. 307/ (n-1) /n , whereo is the historical standard deviation
A1.9.2 Concurrently test the first sample of the new materiabppropriate for test leveC,. For example, if the standard
with a routine analysis of the soon-to-be-depleted QC materialleviation is unchanged from the exhausted QC sample,¢hen

The MR value for the 23 results for the new QC sample is
0.700. TheF value is 2.38, which is less than the critical value
of 3.33 for 11 and 12 degrees of freedom in the numerator ang
denominator, respectively. The precision of the measuremen}ﬁ
for the two QC batches is statistically indistinguishable.
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= MR /1.128. Connect the sequence of pointsGL;} with a EWMA = (1-NEWMA_; + Al (A1.25)
broken line. (Alternatively, replace any previous upper control \yhere\ is the exponential weighting factor, typically set to
limit lines with a new line at the latesiCL,,. 0.4.

A1.9.6.3 Lower control limitL.CL,=C,— 3a"\/(n-1) /n A1.9.9.2 The upper control limit for thEWMA chart is
. Connect the sequence of pointsdL;} with a broken line. X Y 1
(Alternatively, replace any previous lower control limit lines UCLewma = Cy + 30\/(ﬂ) + 2<ﬂ>(l—>\)2"“)—ﬁ
with a new line at the latedtCL,,.) (A1.26)

A1.9.7 Individual values, current or earlier, which are out-
side the current upper or lower control limits, are indications of
an unstable system, and efforts should be made to determine LClayns = C, _30\/<L>+2(1_—>\>(1_Mz<m1> 1
the cause. Optional run rules (corresponding to A1.51).® 2\ 22\ n
(3)) may also be applied to sequences of points using the (AL27)
currentUCL andLCL, as early indicators of instability: A1.9.10 Example—It is assumed that the collection of the

A1.9.7.1 Two consecutive results on tichart that are QC results in Table A1.13 was started when there was sufficient

A/ . quantity of QC batch 1 (Table Al.1) for two analyses. The
\Ta%(z tganir?rth 4 s(g;nlé/d?r egtlisc;{r?-m from the current expected individual values are plotted as they are collected, (squares in
’ ns 1

. . Fig. A1.15), and theC, and UCL, and LCL,, values are
AL.9.7.2 Five consecutive results on tiechart that are calculated and added for each new result. RecallMfafrom
more thano™\/ (n-1) /n distant from the current expected the first 15 measurements on batch 1 was 0.500. The new
value in the same direction. control limits (Table A1.13, Columns 5 and 6) are compared to
A1.9.7.3 Eight consecutive results on Qehart thatare on  the current and previous results. Note that, for this example, the
the same side of the current expected value. second result is considered “out of control” whelCL is
A1.9.8 Continue or replace the MR chart, as appropriate. calculated. The “out-of-control” character of this result is
A1.9.8.1 If the standard deviation for the new QC materialconfirmed asJCL is updated with additional data. Tigchart
is the same as for the old material, continue theMR chart  clearly shows that the results for the new QC sample trend
beginning withMR,, that is, the second result from the new downward with time.
material.
A1.9.8.2 If the standard deviation appropriate to the level of 57 —— : ey
the new material is different from the old, begin a n&R |
chart, starting withMR,. The upper control limit for the new "
chart should be placed at 3®9 P o0
A1.9.8.3 After 15 results have been obtained with the newy Pre-0 ‘
material, use a chi-square (see Al.7)Fotest (see A1.8) to 8- 17 g Toeee UCL
check thats is appropriate for the new material. !
A1.9.9 EWMA Overlay a a Q Chart—An EWMA chart
may be overlaid on aQ chart, although it will not be =
meaningful untiln > 5. sl AN ) . W Eg
A1.9.9.1 The sequence GEWMA values, EWMA, are ‘Wog, = " e
calculated, and overlaid on thechart and connected. Use the " oo, n

1 H . [ L 1 L L
following recursion: 52, 5 10 15 20 25

EWMA =1, (A1.24) Result Sequence Number
FIG. A1.15 Example of a Q-Chart for a New QC Sample

A1.9.9.3 The lower control limit for th&EWMA chart is

540 oW g et . o m

Result Valu
n
@
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