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Lahoratory Bias

Laboratory-Specific Bias and Its Effect on Precision Statements

BY DAVID M.G. LAWREY

Q. How does laboratory bias in an
interlaboratory study affect precision
statements?

A. The word “bias” has a number of meanings.
In ASTM, two kinds of bias come to mind — test
method bias and bias(es) associated with one
or more laboratories. The focus here will be on
laboratory-specific bias.

Laboratory-specific bias differs from an outly-
ing result because it comes from root causes
that affect all of a particular laboratory's round
robin results, not just one. It becomes particular-
ly visible in interlaboratory studies (round robins)
for precision statement development. Significant
bias exists when data from a laboratory are
always high or always low for all samples in the
ILS (see Figure 1). In some cases, multiple labora-
tories can exhibit this bias behavior. In very rare
instances, they are the closest to the true value.
Ideally, the values for each sample obtained by
a particular lab should vary randomly above and
below the mean of that sample (see Figure 2).

The biases here range up to 6 percent of the
mean. There are other cases where the biased
laboratory differs from the mean by only a few
tenths of a percent.

IS THIS A PROBLEM?
A study of 85 precision calculations in support
of standards developed by ASTM International

The model for obtaining
precision does not anticipate
human activity.

Committee DO2 on Petroleum Products and
Lubricants showed that only 20 percent indicated
no statistically observable lab bias. Another 20
percent could be characterized as having signifi-
cantly high bias.

Having one or more biased laboratories can
inflate the test method reproducibility (as esti-
mated by D6300, Practice for Determination of
Precision and Bias Data for Use in Test Methods
for Petroleum Products and Lubricants). In addi-
tion, this can also have an adverse effect on the
bias of the test method to be recorded in the
standard's precision and bias statement. In the
above example, R was increased by 70 percent
due to the lab bias effect. Also, significant lab
biases reduce the reproducibility degrees of
freedom (a measure of the reliability of the
reproducibility estimate). In the above example,
degrees of freedom decreased from 119 to 1.
This effect is highly undesirable because the
minimum acceptable limit is 30.

WHO IMPACTS BIAS?

The model for obtaining precision does not
anticipate human activity. The party responsible
for minimizing the bias of a given laboratory is
in fact a whole network of people: the individual
sampling the bulk for distribution to coopera-
tors; the bottle washer and the manufacturer

of disposables; the statistician; the building
manager responsible for climate control; chem-
ists at national standards laboratories such as
the National Institute of Standards and Technol-
ogy; the person responsible for administering
the ILS; suppliers of solvents and reagents; the
analyst who prepares and executes the test;
writers of instrument manuals; the ASTM task
group, particularly the writers of the method;
the subcommittee voters and others. Cause and
effect (arrow) diagrams can be used to assemble
sources of bias. Values can be assigned and
worst-case scenarios developed.
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Figure 1 — Round robin results showing extreme
laboratory bias.

Issues of calibration and recovery factor have
been dissected in the literature. Any deficiency
at all that affects only one laboratory can con-
tribute to its bias.

HOW CAN BIAS BE MINIMIZED?

Sources of bias include, but are not limited to,
every step in a test plus sampling plus calcula-
tions plus the environment. Subcommittees want
to move test methods through the standards
development process expeditiously and with
due process and can view repeating a round
robin with a jaundiced eye. Rather than receive
a report about laboratory bias after the conduct
of an ILS, subcommittees should take precau-
tionary steps within their control to ensure that
there are adequate standardization protocols
embedded in the test method that pre-empt this
possibility. A few tools to do this are listed here.
Since the true value is unknown, the concept
presented here is to remove as many sources of
bias in the method as possible, such as:
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Figure 2 — Example without bias.

Test method qualification sample;
Calibration standardization sample;
Recovery factor;

Drift correction;

Alternate or reference method;

Standard addition, spiking;

Least squares calibration;

Blind standard;

Reagent blank;

Surrogate analyte;

(Standard) reference materials;

Internal standards; and

Isotope dilution.

The test method should be written with as
few steps as possible, but no fewer. Laborato-
ries should follow the test method as written.
Explicitly written procedures that do not require
subjective interpretation can reduce time and
errors in sample introduction or testing.
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HOW DO WE MEASURE LABORATORY BIAS?
Occurrences of laboratory bias are seen first by
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the ILS data analyst. It is assumed that there
are no unprocessed checks in the cooperator’s
laboratory. The data analyst (in most cases a
statistician) can make an Excel plot and inspect
the data. If using D6300 to calculate precision,
the analyst can note the lab’s F ratio in the
analysis of variance (ANOVA) calculation with
respect to the critical value. A significant F ratio
should arouse curiosity and lead to a rank sum
test to identify the laboratory. The results of the
analyst's observations will be reported to the
subcommittee sponsor.

SO WHAT IS THE LESSON?
Assuming that a significant bias is observed for a
specific lab, we now engage philosophical beliefs

(or biases?). On the one side, one can take the ap-

proach that “this is the way it is, the real world.”
The precision study is accepted and the subcom-
mittee moves on to other business. On the other
side, the offending laboratory can be dropped and
the statistics rerun because “the laboratory has
had a chance to practice and to run through the
test with a known sample. The laboratory asserts
that it was in control. We expect proper data to
be random normally distributed. The chances of
a laboratory deviating this much by chance are
infinitesimal.” Or, the laboratory is asked to review
their procedures and rerun round robin samples if
they are available.

In the extreme case, where numerous labo-
ratories are observed to exhibit bias behavior,
this is a strong indicator that the test method

lacks sufficient between-laboratory standardiza-
tion protocol. The test method development task
group should be re-engaged and redraft the test
method with additional protocols to mitigate
the observed bias effects. However, this would
introduce delay in test method passage.
Ultimately, the subcommittee will have to
vote on the test method draft. The fundamental
underlying quiding principle should be: Are the
precision and bias adequate for global trade?
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Correction

In Stephen Luko's July/August DataPoints
column, Equation 4 should have the first term
under the radical sign squared. However, the cal-
culation was made as if with the squared value,
and the answer, 3.49, is accurate. The correct
equation is:

5= ﬂ)z_ﬁ_‘/@_mge)z_ )
9—‘/ (dz* nm- (1.912) 0@ " V12T =349

Statistics play an important role in the ASTM International standards you write, and a panel of
experts is ready to answer your questions about how to use statistical principles in ASTM standards.
Please send your questions to SN Editor in Chief Maryann Gorman at mgorman®astm.org or ASTM
International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959.
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