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1. Scope

1.1 This guide covers the analysis and interpretation of
proficiency test (PT) program results. For participants in
interlaboratory proficiency test (or crosscheck, check scheme,
etc.) programs, this guide describes procedures for assessing
participants’ results relative to the PT program results and
potentially improving the laboratory’s testing performance
based on the assessment findings and insights (see 6.1). For the
committees responsible for the test methods included in
interlaboratory proficiency testing programs, this guide de-
scribes procedures for assessing the industry’s ability to
perform test methods, and for potentially identifying needs for
test method improvement (see 6.2).

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:?

D6299 Practice for Applying Statistical Quality Assurance
and Control Charting Techniques to Evaluate Analytical
Measurement System Performance

D6792 Practice for Quality System in Petroleum Products
and Lubricants Testing Laboratories

E177 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods

E456 Terminology Relating to Quality and Statistics

3. Terminology

3.1 Definitions:
3.1.1 accuracy, n—closeness of agreement between an
observed value and an accepted reference value. E177, E456
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3.1.2 assignable cause, n—factor that contributes to varia-
tion and that is feasible to detect and identify. E456
3.1.3 bias, n—systematic error that contributes to the dif-
ference between a population mean of the measurements or test
results and an accepted reference or true value. E177, E456
3.1.4 control limits, n—limits on a control chart that are
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
statistical control. E456
3.1.5 in-statistical-control, adj—process, analytical mea-
surement system, or function that exhibits variations that can
only be attributable to common cause. D6299
3.1.6 proficiency testing, n—determination of a laboratory’s
testing capability by participation in an interlaboratory cross-
check program D6299
3.1.7 Z-score, n—standardized and dimensionless measure
of the difference between an individual result in a data set and
the arithmetic mean of the dataset, re-expressed in units of
standard deviation of the dataset (by dividing the actual
difference from the mean by the standard deviation for the data
set). D6299
3.1.8 Z'-score, n—measure similar to the Z-score except
that the PT program standard deviation is replaced with one
that takes into account the site precision of the laboratory. Z is
a valid approach when the laboratory’s site precision standard
deviation is less than the PT program (that is, these data
standard deviation) or stated otherwise when the TPI > 1.
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where:

A = site precision adjusted Z-Score,

X; = laboratory’s result,

X = PT average value,

s’ = site precision standard deviation estimate,

and
Sthese dara = PT Program standard deviation estimate.

32 Deﬁnmons of Terms Specific to This Standard:

3.2.1 common (chance, random) cause, n—for quality as-
surance programs, one of generally numerous factors, individu-
ally of relatively small importance, that contributes to varia-
tion, and that is not feasible to detect or control. D6299
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3.2.2 these test data, n—term used by the ASTM Interna-
tional D02 PT program to identify statistical results calculated
from the data submitted by program participants.

3.2.3 site precision (R’), n—value below which the absolute
difference between two individual test results obtained under
site precision conditions may be expected to occur with a
probability of approximately 0.95 (95 %). It is defined as 2.77
times the standard deviation of results obtained under site
precision conditions. D6299

3.2.4 site precision conditions, n—conditions under which
test results are obtained by one or more operators in a single
site location practicing the same test method on a single
measurement system which may comprise multiple instru-
ments, using test specimens taken at random from the same
sample of material, over an extended period of time spanning
at least a 15-day interval. D6299

3.3 Symbols:

3.3.1 [—individual observation (as in /-chart).

3.3.2 QC—quality control.

3.3.3 R’—site precision.

4. Summary of Guide

4.1 Petroleum and petroleum product samples are regularly
analyzed by specified standard test methods as part of a
proficiency test program. This guide provides a laboratory with
the tools and procedures for evaluating their results from the
PT program. Techniques are presented to screen, plot, and
interpret test results in accordance with industry-accepted
practices.

5. Significance and Use

5.1 This guide can be used to evaluate the performance of a
laboratory or group of laboratories participating in an inter-
laboratory proficiency test (PT) program involving petroleum
and petroleum products.

5.2 Data accrued, using the techniques included in this
guide, provide the ability to monitor analytical measurement
system precision and bias. These data are useful for updating
standard test methods, as well as for indicating areas of
potential measurement system improvement for action by the
laboratory.

5.3 Reference is made in this standard to the ASTM
International Interlaboratory Cross-Check Program on Petro-
leum Products and Lubricants. Program reports containing
similarly displayed results and statistical treatments may be
available in other PT programs.

6. Procedure

6.1 Analysis and Interpretation by the Participating
Laboratory—The laboratory should review the results pub-
lished for each proficiency test program and for each test
method or parameter for which the laboratory submitted data.
This section covers the evaluations and analyses that the
laboratory should consider during their review of proficiency
test results.

6.1.1 Reported versus Submitted Data—Check to verify
that the values ascribed to the laboratory in the Proficiency Test
(PT) report agree with the values recorded by the laboratory in

its PT records. Verify that the units for the data reported for
your laboratory are the same as that requested by the PT
program. Report discrepancies to the PT program contacts.
Investigate to determine the root cause of the problem.

6.1.2 Missing Data—If data and corresponding results are
not present when they are clearly expected, then investigate to
determine the cause. In some cases it could be an error within
the PT program data entry system, or it could be an omission
on the part of the laboratory.

6.1.3 Rejected Data—Perform an investigation for each
instance where laboratory data are rejected by the PT program
data treatment process. Attempt to determine the root cause and
take corrective actions as needed. Document all such investi-
gations and outcomes. Causes should be shared with the
laboratory staff performing the testing. Guidelines on conduct-
ing these types of investigations are available in Practice
D6299.

6.1.4 Warnings/Alerts on Data—The ASTM International
D02 PT programs provide comments (that is, Notes 1 to 3 in
each Table of Results) that warn participants when their result
is:

Note 1—outside 3-sigma range for these test data
Note 2—outside 3-sigma range for ASTM reproducibility
Note 3—When the Z-score is outside the range -2 to 2

Investigations should also be conducted when any of these
warning situations occur. The priority for conducting investi-
gations should be for Note 1 > Note 2 > Note 3. Note 1
indicates that the laboratory is out-of-control with respect to
the data set (with the rejected data removed), which is a
potentially serious situation with respect to the quality control
performance of the corresponding standard test method. A
similar argument could also be made for Note 2. Note 3 is a
less severe situation, but should be investigated from a con-
tinuous improvement standpoint.

Note 1—If the user notices that the majority of the laboratories have
been cited with a Note 2, then an investigation may not produce any
meaningful corrective actions. This occurrence may be the result of the
precision statement not accurately reflecting the variability of the test
method and should be addressed by the subcommittee responsible for the
method. Also, if the Anderson-Darling statistic is >1.3, then the “Note 2”
flag may not be valid.

6.1.5 Z-score—The Z-score calculated for each datum sub-
mitted by the laboratory should be reviewed with respect to the
following:

6.1.5.1 Sign and Magnitude of Z-score—The sign (“+” or
) of the statistic reflects the relative bias of the individual
result versus the mean of the sample group. Z-score values
falling in the ranges of *£0-1, 1 to 2, 2 to 3, and >3 can be
compared to control chart values falling in the ranges between
the mean and 1-sigma, 1 to 2-sigma, 2 to 3-sigma, and >
3-sigma. For normally distributed data, there is an expectation
that about 68% of the data will lie in the -1 sigma to +1 sigma
range, about 95% in the -2 sigma to +2 sigma range, and 99%
in the -3 to +3 sigma range. The further a laboratory’s Z-score
is from zero, the greater the relative bias and lower the
probability that the data is considered within statistical control.
Conduct investigations to determine the cause of any perceived
bias as needed.
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