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1.0 Executive Summary

Data Qualification (DQ) is a formal, technical process whose objective
" is to affirm that experimental data are suitable for their intended

use. Although it is not possible to develop a fixed recipe for the DQ
, process to cover ali test situations, these general guidelines have

been developed for the Nuclear Engineering Section to establish a
framework for qualifying data from steady-state processing. These
guidelines outline the role of the DQ team providing insight into the
planning and conducting of the DQ process.

t 2.0 Introduction
7

Experimentation is one of the most important learning tools at
Savannah River Site and comprehensive Quality Assurance (QA)
procedures are well established for Nuclear Reactor Technology and
Scientific Computations (NRTSC) to provide guidance throughout the
testing process to ensure its success [1]. QA procedures assist the
experimentalist in planning the experiment. These plans (i.e., task
plan, test procedures, etc.) identify what is to be tested, the test
configuration, the number and location of instruments, the accuracy
of measurements, the test matrix, data acquisition method, and data
reduction method. The review of these topics ensures that they
consistently and effectively promote the objectives of the
experiment.

One objective is common across ali such testing: the customer is
seeking information in the form of data to make decisions or

" evaluate performance of a particular process [2]. Dependin=, on the
intended use, the customer may request that the test control
procedures include a formal review of the experimental data called
data qualification (DQ) [1]. Data qualification is a formal (and
technical) process intended to provide an additional level of

" confidence that data are suitable for their intended use.

. The objective of this document is to provide guidelines for the team
responsible for conducting a data qualification process in support of

= the NRTSC QA test control procedures.
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3.0 Background

The process of qualifying experimental data is usually complex,
requiring expertise from the following areas [3]:

1. Management,
2. Data Management,
3. Engineering,
4. Statistics.

Here, management includes logistical, administrative and quality
assurance concerns for data and document control and approval.
Data management expertise may be required to effectively handle
the data from the testing. Engineering insight provides the means
for identifying behavior that the data should demonstrate over the
various test configurations as well as determining the uncertainty
(see Appendix A) of the measurement systems. Statistics are used to
describe the data and, along with engineering principles, judge the
significance and importance of demonstrated behaviors and
uncertainties.

Although much of the analytical work of DQ is conducted after testing
by the DQ team, some exceptions to this general statement should be
mentioned. Idaho National Engineering Laboratory (INEL) has
explored the development and use of Automated Data Qualification
[4]. The purpose of their program was to develop an "expert system"
which would systematically apply the rules and methods for
qualifying the data and weight the results to provide a quality score
for the data from an experiment. The system would be applied to
the data after testing had been completed but without the need for
the analytical arm of the DQ team. The Babcock & Wilcox Company
suggests using on-line, real-time monitoring of the instrumentation
where possible [5]. The real-time checks are the same as those used
after the tests have been completed in most cases. Checking during
testing provides the opportunity of recognizing a problem in time to
do something about it. The DQ team should weigh the advantage of
real-time checks and consider making them a part of the data "
acquisition system whenever possible.

b

The level of formalism appropriate for the DQ effort is a function of
the intended use of the data which is derived from customer

requirements and is reflected in the level of QA necessary for the
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tests themselves. QA procedures outline the requirements for
various types of technical activities within NRTSC. The methods for
technical investigation and evaluation of data comprising this DQ
process are appropriate for qualifying steady-state data acquired in
support of any type of testing. However, the significance, from an

, engineering or experimental perspective, of the statistical
descriptions and the level of complexity of these descriptions
resulting from the application of the DQ methods will depend on the
intended use for the data. The documentation of this process and the
formality and independence of the review of ali test results,
including the DQ effort, must be commensurate with the test
objectives, customer requirements, and QA procedures.

4.0 Scope

Improvements in measurement technologies and widespread
application of computers for signal processing now make it feasible
to collect and analyze vast quantities of data for each experiment [4].
Good planning, as directed by site QA procedures, is necessary to
obtain data of the desired quality economically and effectively. Good
planning will also make the DQ activity go more smoothly. This
planning should integrate the DQ objectives into the overall test
objectives during the design phase of the test creating a synergistic
effort.

These guidelines assist the DQ team from the test design phase
through the completion of the DQ effort. The discussion primarily
addresses the qualification of data from steady-state testing. Data
acquired under transient test conditions are also addressed, but
within a limited framework.

The DQ methods expounded here are not intended to supersede any
existing QA procedure, but are offered to provide technical guidance

-- in support of the formal DQ process outlined in the Test Control
procedure (QA II1-5) of Reference 1. These methods may also be

. helpful in establishing corroborating data in support of QA procedure
111-2, Qualification of Existing Databases with Incomplete QA Records.

II
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5.0 DQ Philosophy

Bendat and Piersol [6 page 342] state, in their discussion of Data
Qualification, that "correct procedures for analyzing random data, as
well as interpreting the analyzed results, are strongly influenced by
certain basic characteristics, which may or may not be exhibited by
the data." The philosophy underlying this approach to qualifying
data is to let the burden of proof fall on the data. That is, the quality
of the data is not assumed; it must be demonstrated in the behavior
of the data. Identifying opportunities for the data to demonstrate
expected behavior is an important part of planning the test; verifying
the behavior is central to the DQ process.

Mandel [7 page 313] states that a systematic evaluation of a
measuring process "involves an almost constant interlacing of
statistical and non-statistical considerations. By 'non-statisticar we
mean, in this connection, considerations derived from the physical,
chemical, or technological background information about this
problem." Engineering and experimental insights provide much of
the information necessary to identify behavior that should be
demonstrated in the data. The statistical aspects of these
investigations lead to descriptions of the data which are then
reviewed for practical importance from engineering and
experimental perspectives.

Some general areas for such considerations or opportunities are
known for data acquired under steady-state processing. They have
been identified through a study of the DQ process from a statistical
perspective and may be grouped under the headings: range,
stability, consistency, precision, and accuracy [3 & 8]. Working with
the experimentalist, the DQ team should ensure that consideration is
given to each of these issues as the testing is being planned. After
the testing has been completed, these issues are evaluated to
determine the quality of the resulting data.

6.0 Overview of DQ

The objectives of the DQ process include a review of each data stream
(a set of measurements acquired from one instrument while the
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process was in a steady-state), a documented judgement as to its
quality, and the assignment of an appropriate label indicating its
fitness for the intended use.

The review is structured around quality checks for range, stability,
, consistency, precision and accuracy. For some checks such as range

and stability, the individual data stream is usually investigated. For
others, the means and standard deviations of data streams are
compared across various test conditions. Although more detail on
this review process is presented below, often aspects of the review
will be unique to the problem at hand. Understanding the goals of
the review process as presented in this document should help in
planning the development and customization of the DQ activity.

As part of the test design, consideration must be given to instrument
selection and placement so that quality checks can be performed.
Instruments should be calibrated using procedures and standards
appropriate for the intended use o_" the instruments and traceable to
National Institute of Standards and Technology (NIST) standards. An
uncertainty analysis (see Appendix A) must be completed for each
measurement type. These uncertainty analyses are necessary to
assure the data from the tests will meet the customer requirements
and are essential to successful completion of many of the quality
checks. Also, test procedures should include opportunities for in-situ
calibration checks. These steps, taken during the planning phase,
ensure that appropriate information will be available after the data
have been acquired to successfully complete the DQ activity.

The suggested quality labels to be assigned to the data streams are
defined as follows:

Qualified: Data streams which are found to be representative
of the process, have been recorded using
instrumentation with calibrations traceable to NIST,

-. and for which the necessary uncertainties can be
determined and evaluated.

Conditionally Qualified:
Data streams that demonstrate consistent behavior

but have incomplete or unavailable uncertainties,



Data Qualification Guidelines September 2, 1992
WSRC-TR-92-433 Version 0
Task 90-053-0 Page 6 of 26

unconfirmed accuracies, or incomplete or
untraceable instrument calibrations.

Failed" Data streams that have had instrument failures, or
have no retrievable useful information, or
demonstrate that there are significant problems
with the data.

If some useful information is available from FAILED

data streams, as determined by the DQ team, it can
be noted as part of the deliverable. Otherwise, no
information is provided for FAILED data streams.

7.0 DQ Methods

The need for Data Qualification, as well as its level of formality,
should be identified as the test objectives are defined with the
customer. This section provides guidelines that should be followed to
successfully complete the Data Qualification activity for data acquired
under steady-state conditions.

The DQ process is an investigation into the data to confirm that they
are representative of the process under the conditions being tested.
The data must provide evidence that the instrument was working
properly throughout the tests. Pre- and post-test calibrations or
calibration checks for each instrument offer some of the evidence

that is needed. These calibrations address expected instrument
accuracy under conditions thought to be representative of test
conditions. Such calibration information may provide some feel for
measurement precision. However, often a distinguishing feature of a
calibration check is a much better precision than that which can be
obtained under process conditions. Unexpected interactions between
instrument and test conditions must also be investigated. These
interactions introduce bias or systematic errors in the resulting "_
measurements. Engineering and experimental expertise are often
helpful in determining the types of bias that are likely to be
introduced into a test. A number of options, which are discussed
below, may be available to check for such biases.
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7.1 DQ Team

Two important decisions must be addressed at the inception of the
• test: who should comprise the DQ team and who should review the

results of that team. These decisions are geared to the intended use
, of the data and customer requirements. The formation of an

appropriate DQ team is a management decision to ensure that the
team has the necessary technical expertise and experience• The
person or persons who review the DQ results must be sufficiently
independent from both the testing and DQ effort.

The team should be led by an engineer or experimentalist familiar
with the instrumentation and test process. A statistician should be
supporting this effort from its earliest design stage either as a team
member or as an available resource. This team works to review test

design, prepare a plan for the DQ effort, receive the experimental
data, conduct the DQ analysis, assign labels, and document the
process and results.

In many cases, the experimentalist responsible for the testing should
also be responsible for the DQ activity. The experimentalist's
knowledge and control of the testing provide a superior insight that
fosters a unique opportunity for a successful DQ effort. The
independent (of the testing and DQ effort) review of the DQ results
should be as formal as customer requirements and QA dictate.

7.2 Review of Test Design

The DQ team works with the experimentalist to review test
objectives and data acquisition. Instrument type and placement as
well as uncertainty analyses and calibrations (see Appendix A) are
investigated. Also, the sequence of events of the tests and plans for
pre- and post-test calibrations and calibration checks should be

. reviewed• The purpose of these efforts is to gain insight into
expected behavior of the data streams which are crucial in the
development of the quality checks.

Different test objectives and conditions lead to different types of data
streams. The easiest to work with are those acquired under steady-
state conditions. The deliverables for these data streams are usually
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the mean and standard deviation• The DQ methods described here
are primarily directed at these data streams• Two other types of
data streams will also be mentioned•

In some instances, a processing characteristic or factor such as
temperature is controlled during the testing. That is, this
characteristic is monitored and action is taken as required to
maintain its measurement value within a desired range• Stability, as
it is described and used here, is not an expected property for such
controlled data streams• Specifically, if action is taken during the
test to control a process characteristic, then a pattern will be evident
in the corresponding data stream. For the test to be successful (i.e., a
steady-state test), responses of the process which are of interest
should not be overly sensitive to a controlled factor. Otherwise, a
true steady-state cannot be attained.

Transient data streams may be acquired during some tests. No
steady-state condition is reached for such tests, but the behavior of
the data stream during a period of process transition is of interest.
Different types of transient behavior are possible such as a changing
mean, a changing variance, or both. Insight into expected behavior,
based upon expert judgement, if available, can be used to develop
appropriate methods to confirm the quality of the transient data.

For both controlled and transient data streams, it is more difficult to
find meaningful summary statistics than for steady-state data
streams. The common deliverables of mean and standard deviation

will not be appropriate for many of these situations. Care must be
taken in working with the customer t'o define appropriate
deliverables for controlled and transient data.

Some additional comments regarding the qualification of transient
data may be helpful. As the tests are being planned, each transient
period should be framed between two steady-state periods, if
possible• These steady-state periods can be qualified using the "
methods outlined herein• If both steady-state periods are fully
qualified and if no problems are seen in the transient data, then
there is evidence of the quality of the transient data stream•
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7.3 Plan the DQ Activity

The DQ team's investigation during the test design phase is intended
to plan opportunities for defining quality checks to be applied to the
resulting test data streams. This section outlines areas for which

. checks must be determined in order to meet the quality burden of
proof. For each data stream, consideration should be given to each of
the topics discussed in this section.

7.3.1 Range Check

This is a reasonableness check to make sure that the data from

an instrument are within the expected operational range for
that instrument. The instrument used, the unit of measure,
and the appropriate measurement range must be identified for
each measurement type. The range (a lower and upper bound)
is usually the manufacturer's stated operating range for the
instrument or the requested calibration range. This check is
appropriate regardless of the type of data stream (steady-state
or transient).

7.3.2 Stability Check

For steady-state conditions, the data streams should show
evidence of a stable process and instrumentation. Each data
stream should reveal no trend or pattern, a constant mean
level, and a constant standard deviation when plotted over
time.

The test plan should be reviewed to verify test conditions to be
qualified as steady-state. Any exceptions should be noted and
the appropriate data streams identified as discussed earlier in

• S_ction 7.2.

7.3.3 Consistency Check

The response of the measurements to the sequence of events of
the testing should be reviewed fcr consistency with
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expectations. These consistency checks are an investigation
into the relationships among test conditions and data streams.

For consistency checks to be aggressively applied, the
experimentalist must understand their purpose, identify their
potential, plan their occurrence, and document their
importance.

Usually, the expected behavior is investigated through
arithmetic averages and/or standard deviations of the data
streams. For some checks the behavior of a single channel over
a number of tests is examined. For others, multiple channels
over one or more tests are reviewed. For example, if pressure
measurements should be decreasing along a section of pipe
during the testing, measurements taken by pressure
transducers placed along the pipe should demonstrate this
behavior.

The potential for confirming expected behavior begins with
identifying opportunities for checking. During the test design
phase, anticipated measurements need to be reviewed to
identify opportunities for predicting their responses to the
various test conditions. Prior experience of the experimentalist
and scientific principles are the sources from which these
predictions can be drawn.

7.3.4 Precision Check

Precision can be thought of as the amount of mutual agreement
among the measurements comprising a single, steady-state
data stream. As an experiment is being planned, the question
of adequate instrument precision is answered by uncertainty
analyses, MT&E information for this instrument class, and/or
by expert opinion. A measure of precision for a data stream
acquired during the testing is provided by its standard
deviation.

This standard deviation contains process variability
confounded with instrument precision. The uncertainty
analysis for each measurement type provides a pre-test
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i

estimate for instrument precision. Also, certain test conditions
which minimize process variation will allow an accurate,
empirical estimation of instrument precision for comparison to
the pre-test estimate. For planning purposes, the important

. points are these:

1. An uncertainty analysis which provides an estimate of
instrument precision is required for each measurement
type, and

2. The process variability inherent in each data stream
should be explored to determine its expected behavior
over the testing sequence of events.

Actual process variation and instrument precision over the
various test conditions can be determined and compared to
these expected behaviors. For example, if process variability is
expected to be stable over the various test conditions and to be
small relative to instrument variability, then the data streams
can be checked to verify that this behavior is demonstrated.
Identifying and documenting such expectations should be
included in the DQ plan.

7.3.5 Accuracy Check

The accuracy of a data stream is the closeness of the central
tendency of the data to the true value of the entity being
measured. An estimate of measurement accuracy prior to
testing should be available through the instrument uncertainty
analysis. Determining an appropriate accuracy check for each
data stream is sometimes a difficult task and will require some
planning. In-situ calibrations and other situations where
measurements are taken with the true state of nature known
such as zero-checks or checks with known standards offer the

best opportunities for estimating accuracy.

Other opportunities for accuracy checks involve measurement
redundancies. The existence of a redundancy for a value or
parameter of interest implies that there is more than one way
to measure or estimate the value or parameter. Redundancies
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can take several different specific forms. The strongest
redundancy has already been mentioned - measurements
taken with the true state of nature known. Similar instruments
measuring the same entity under the same conditions also form
a redundant group. Instruments, which rely on different first
principles but which measure the same entity under the same
conditions, form a redundant group. For example, consider a
testing situation involving a pipe with both a Pitot-static probe
and mass flowmeter installed. In this case, a redundancy exists
since each of these instruments can be used to determine fluid
velocity within the pipe.

Other redundancies may also exist. Historical redundancies ---
previous measurements of the same entity under the same
conditions --- should be considered. Additionally, a
redundancy relying on the functional relationship between two
different measurements may be available.

Detection of many of the causes that affect measurement
accuracy can be shown to be related to these various types of
redundancy. The term bias is usually used as a measure of the
inaccuracy of a data stream. Thus, accuracy implies the
absence of bias (from a practical standpoint). If an instrument
has no redundancy, then any cause may lead to an undetected
bias. If two similar instruments are redundant, then only
causes that systematically affect both remain undetected. An
example would be a faulty calibration procedure applied to ali
instruments of the same type or an impurity that interferes
with an assay. If two instruments are redundant and behave
according to different first principles, then the class of possibly
undetected biases is shrunk to those that are systematic across
instrument classes. Two assay methods based on different first
principles may both suffer the same bias if both are calibrated
with the same incorrectly labeled standard. The result of this
grouping offers a rational for increasing confidence that no bias
is present, when each instrument cannot be directly tested
against nature.

The important points in this discussion are: the uncertainty
analysis is required for each measurement type to provide an
estimate of the accuracy and during the test design phase some
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attention must be given to establishing redundancies during
testing to provide a check for accuracy in the test results•

The quality checks outlined in this section when applied to the data
• streams provide the evidence that is evaluated and used to assign

the quality label• Determining and documenting the expected
behavior used for these checks is critical to establishing an
aggressive plan for verifying the quality of the data streams•

7.4 Receive the Experimental Results

To begin the application of the DQ plan, the team needs the results of
the tests. During the planning of the DQ activity, an agreement
should be made on an appropriate format for the data streams to be
provided to the DQ team. The data streams should be provided to
the DQ team by the experimentalist in this format. For many
applications, this could be as simple as providing the data on a floppy
diskette in a format for an Apple Macintosh computer.

7.5 Conduct the DQ Analysis

After the data have been received, the DQ team begins execution of
the DQ plan. Some of the checks below are applied to an individual
data stream while others are applied to summary statistics across ali
data streams of a particular type. This distinction will be made
during the discussion of the individual quality check.

The DQ process, outlined in this section, provides a framework within
which a data integrity review can be accomplished and documented•
The integrity of the data is established to the extent justified by the
evidence compiled during this analysis.

7.5.1 Range Check:

The range check can be applied to ali types of data
streams (transient as well as steady-state).
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Purt, ose: Confirm that ali data stream values are within
expected operating range (determined during
planning stage from manufacturer's information or
requested calibration range), confirm feasibility of
measurements, and identify potential data
acquisition system (DAS) problems such as pegged
instruments.

..Method: This is a very straight-forward check which can be
explained using L and U to represent the lower and
upper range limits, respectively, for the instrument
generating the xi, x2, ..., Xn data stream. The check
is conducted by comparing

L < xi < U for ali i= 1,2, ..., n.

If any xi is out-of-range, explanations of likely
causes (spike, drop-out, etc.) need to be explored
and an evaluation of the impact of leaving the value
in the data stream or discarding it should be made
and well documented.

Although the actual check can be accomplished
using either a graphical or analytical approach, it is
strongly recommended these data be graphed.
Graphs will be helpful during this and other checks.
An automated check using a computer code is also
an excellent way to complete the range check. In
fact, incorporating such a routine into the data
acquisition system is encouraged.

Comm,_nts: This is usually a single-channel procedure that
utilizes the raw data (that is, the individual items in
the data stream).

A problem that should not be overlooked is a
pegged instrument: data in the data stream that
indicate process conditions may be outside the
operating range of the instrument. If ali data
appear to be at the extremes of the range, other
measurements should be reviewed to confirm that
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no pegged high or low condition existed for the data
stream of interest• For example, during the review
of the 1989 L-Area tests, it was discovered that
such a situation existed for some of the plenum
level measurements during some of these tests•

Caution must be taken in checking only that the
average of the data stream is within range since
this may mask range problems in the raw data.

7.5.2 Stability Check:

Stability of a steady-state data stream implies a
constant mean and variance and an absence of any
trend or pattern in the data. Once again, this is an
expected characteristic of data from steady-state
processing.

_: Confirm that a steady-state process was attained by
determining appropriate beginning and ending
times, checking for outliers, looking for trends or
patterns, confirming constant mean and standard
deviation for the data stream, and establishing the
mean and standard deviation of the data stream as
representative statistics.

Method: A number of options are available to check for data
stream stability. Options 1-4 are single channel
procedures using the raw data.

1. A time series plot of the data stream is always a
good starting place for the stability check. A plot
should help identify any "fuzzy" data present in the

• data stream. Fuzzy data are data acquired before
steady-state was attained or after steady-state
conditions had ended. Thus, the beginning and/or
end of the steady-state period should be reviewed
for such fuzzy data. A well designated hold-point
should be established for each steady-state data
stream.
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2. Break up the data stream into a number of subsets
where each subset is a contiguous segment of time.

2.1 Approach A.
Each subset can be used to compute a
corresponding mean and standard deviation. This
can be plotted (standard deviations versus means)
and reviewed.

An analysis of _ariance (ANOVA) approach can be
used to check that there are no differences among
the means of the treatments (various subsets).
Residuals should be reviewed for anomalies. Also,
Levene's test can be used to test for equality of
variances. This test is conducted via a one-way
analysis of variance of the absolute deviations of
the values in each subset from the subset mean.

2.2 Approach B.
Conduct an appropriate spectral analysis for each of
the subsets to confirm stability.

3. Cusum/Shewhart control charts can be used to
determine stability. These charts are a device for
describing and evaluating process stability over
time (from a statistical perspective) in a precise
manner, see [9] for details.

4. A Durbin-Watson (or von Neumann) test can be
used to check for serially correlated data. The
presence of serial correlation may or may not be
considered a problem since some correlation can be
induced by the DAS.

5. If multiple data streams are acquired during a
single hold-point from the same instrument, such as
by polling periodically over a collection of channels,
then a more comprehensive check for stability is
attained by plotting normalized values from all the
channels over time as a single time series.



Data Qualification Guidelines September 2, 1992
WSRC-TR-92-433 Version 0
Task 90-053-0 Page 17 of 26

(Normalized values are obtained from the raw data

by subtracting their mean and dividing by their
• standard deviation for each data value in the data

stream).

Comments:

Here are some common problems that should not be
overlooked"

1. Instrument drift (see Chart A).
2. A nonconstant variance (see Chart B).
3. A pattern in the data (see Chart C).

Chart A Chart B Chart C

7.5.3 Consistency Check:

The following checks for consistency are based on
summary statistics: sample averages and standard
deviations. For steady-state data streams, these
statistics are the deliverables established through
the range and stability checks discussed above•

P ..p._: Provide evidence as to the quality of the data by
confirming behavior expected in the data.

Method: The options for confirming consistent behavior
• among data streams are a consequence of the test

setup and run conditions. An example may provide
insight into this situation:

A group of data streams from the same instrument
(either a single channel over a number of tests
and/or multiple channels from the same
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.... instrument) can be investigated using the summary
statistics average and standard deviation.
1. These averages should be plotted over time

(the different hold-point conditions). The
behavior of the plot should be reviewed for
anomalies.

2. A plot of the standard deviations versus the
averages should be prepared and reviewed
for anomalies.

3. Often an ANOVA approach can be used to
investigate the relationships between test
conditions and these averages.

4. Through the use of a suitable transformation,
the standard deviations can also be tested via
an ANOVA approach.

Comment: Any anomaly such as an unexpected increase in the
variability of data from a single channel over two
different tests must be investigated.

7.5.4 Precision Check:

For a steady-state data stream, precision is
investigated via a measure of the spread of the data
--- the standard deviation. The idea of stability of
this statistic for a single data stream has already
been discussed as part of the stability check.
Certain aspects of the consistency check also
revolve around the standard deviations. It is often
just a matter of choice as to how these checks are

classified under the headings of consistency and
precision.

Purpo_¢: Confirm that the precision of the DAS system for
this measurement type is as expected based on the
uncertainty analyses and determine a precision
estimate for each data stream.

Method: There are two main areas of investigation to be
discussed.

I
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1• Comparisons of the standard deviations of the data
streams to the random component of the pre-test
uncertainty analyses should be made. Uncertainty

• analyses conducted at the 95% confidence level
provide a bound on the imprecision that can be

• compared to 2 times the standard deviation of the
data stream. Recall, however, that this standard

deviation is mixture of instrument imprecision and
process variability• Therefore, care should be taken
in making this comparison. For example, in-situ
calibrations often involve special processing
conditions which tend to have better precision than
normal processing conditions• Standard deviations
from these data streams can be used to determine

if the precision attained is comparable to the pre-
test uncertainty estimate of precision•

2. A comparison should also be made between the
precision of pre- and post-test calibrations.

7.5.5 Accuracy Check: !

The methods outlined below are similar to those
identified as part of the consistency checks. In fact,
the appropriate heading (consistency or accuracy
checks) for a given method depends on the DAS
configuration. Assume a pair of data streams
acquired from two channels during a single test
should be very similar. If they are both from the
same instrument (using some sort of polling
mechanism), then their comparison is a consistency
check for this common instrument. If they are
from different (redundant) instruments, the

- comparison is an accuracy check for the two
instruments.

m

Purpose; Verify that the accuracy of the data stream is as
expected by the uncertainty analysis and establish
an estimate for each QUALIFIED data stream.
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Method; Engineering and experimental expertise establishes
the appropriate comparisons that can be made.
These should include frequent tests under well-
known conditions: conditions for which the

resulting data can be compared to the information
from an a priori uncertainty analysis or to the
information supplied from a known state of nature
or scientific principle.

Other opportunities for accuracy checks using
various redundancies have been described in the

planning section.

The closeness of these comparisons is judged based
on the analysis of appropriate uncertainties. The
uncertainty associated with the difference of two
quantities being compared should be computed
using the technique of error or variance
propagation.

For a group of redundant instruments, an ANOVA
approach can be used to investigate instrument
differences across ali of the test conditions. The

model used would include variables representing
the various factors used to control the testing as
well as an instrument factor. The estimated model

would be investigated for a significant instrument
effect. The size of this effect, if statistically
sig:,ificant, should then be judged for its practical
importance in meeting the customer requirements.
Also, the residuals should be reviewed for
anomalies. A plot of the residuals is often helpful
in identifying anomalies.

,.

Additionally, a good look at these relationships can
be quickly provided by a chart of the averages of
these redundant data streams over time (test
conditions). Any anomalies are judged on their
practical importance as well as statistical
significance and are well documented.
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A comparison should also be made between the
accuracies as estimated by the pre- and post- test
instrument calibrations or calibration checks.

Comment: A good example of'a functional redundancy check is
" the investigation of the sum of the differential

pressures around a loop. This sum should be zero
within measurement uncertainty.

8.0 Conclusions & Deliverables

The DQ team should review each data stream in accordance with the
methods outlined herein. The assignment of the quality label should
be based upon the results of that analysis• lt is the responsibility of
the leader of the DQ team to make the final decision as to the label
assigned.

The deliverables to the customer usually include the following for
each steady-state data stream:

- _the average value,
- an estimate of measurement precision (usually,

2 x standard deviation of the data stream),
- an estimate of measurement bias (from the uncertainty

analysis), and
- the label indicating fitness for use.

The uncertainty analysis for each measurement type should also be
included in the deliverable.

The results of the DQ effort should be documented with ali relevant
tests and decisions fully explained. Specifically, if a data stream is
assigned the CONDITIONALLY QUALIFIED or FAILED label, then the

" reasons leading to that assignment should be fully explained. The
results are then reviewed by the appropriate technical review

• process as directed by the customer and QA requirements.
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10.0 Appendix A. Uncertainty Analysis

10.! The Concept of Uncertainty

As a working definition for the term uncertainty, we appeal to Kline
[10] who, in the framework of a measurement system, describes an
uncertainty as "a possible value that the error might take on in a
given measurement. Since the uncertainty can take on various
values over a range, it is inherently a statistical variable."

The purpose of an uncertainty analysis is to estimate this potential
range of error values with an adequate level of confidence. There
are many sources of uncertainty that can contribute to the value of
the error in a given measurement. Excluding gross errors or
mistakes (which are not stochastic in nature), these errors are
usually classified as follows: random (precision) and bias (fixed or
systematic). An uncertainty analysis is an investigation into the
sources and magnitudes of both random and bias errors, the
propagation of these errors into resulting measurements and
parameters, and the reporting of these uncertainties as part of the
experimental results.

10.2 Necessity of Uncertainty Analysis

The question of the necessity for an uncertainty analysis for an
experiment has some parallel to the question regarding the degree of
formalism in the corresponding DQ process. Kline [10] states that an
uncertainty analysis is a necessity in ali but "quick-sort"
experiments. These are exploratory tests whose purpose is to
quickly determine whether something will work or not as more
formal work is being planned. For every experimental situation
where a formal DQ is required, an uncertainty analysis is a pre-
requisite. As the formalism of the DQ process is increased, the level
of completeness and documentation of the corresponding uncertainty
analysis should also be increased.
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10.3 Uses of Uncertainty Analysis

The uses of the uncertainty analysis demonstrate, more than
• adequately, why it's a necessity in many situations. First of all, the

customer often requires a formal statement regarding the reliability
" of the experimental results to ensure their fitness for the intended

use. The uncertainty analysis contributes to such a review for the
experiment. Furthermore, Moffat [11] states that the uncertainty
analysis "can pay big dividends in the planning stage of an
experiment, providing guidance for both the overall plan and for the
execution of the details." From an overall basis, the uncertainty
analysis of a proposed test helps the experimentalist determine a
priori that the customer requirements can be met. Such information
can be helpful in such details as selecting equipment or
instrumentation to be used during the testing.

Another of the details with which the uncertainty analysis is
certainly involved is the DQ process. Moffat [12] states that
"uncertainty analysis is also essential to rational evaluation of data
sets, to comparison of more than one data set, and to checking
computation against data." These activities are central to DQ and the
guidelines have been written to explicitly demonstrate and document
where and how the uncertainty analyses are used.

10.4 Methods of Uncertainty Analysis

Although some standards for uncertainty analysis are emerging,
there still appears to be some difference of opinion on the method
for conducting the uncertainty analysis. A full discussion of the
various methods is beyond the scope of this document. However, the
methods outlined by Abernethy in reference [13] offer a rigorous
and complete approach which is highly recommended. To assist in
the propagation of errors, reference [14] may be helpful in addition

- to references already cited.

. Differences of opinion on the appropriate method for conducting the
uncertainty analysis should not be allowed to cloud the issue. What
is important is that the significant sources of error be identified and
quantified (magnitude and type, i.e., bias or random). If these errors
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are ali independent, then the approach espoused by Abernethy
provides an excellent estimate of the uncertainty.

10.5 Conclusions

As stated by Kline and McClintock [15], "a complete method for
treatment of uncertainties in a given experiment must provide the
answer to three questions" What is a rational way for estimating and
describing the uncertainties in the variables? What is a proper
method for calculating the propagation of these uncertainties into the
results? What must be presented in a report to give a reasonably
complete but concise picture of the reliability of the experiment?"

The discussion here hopefully has touched on the first two questions.
Some comments in response to the last question are probably
needed. The deliverables from the DQ process are more or less the
posterior estimates of the random and bias errors described by the
uncertainty analysis. Recall that the uncertainty analysis is a pre-
test exercise. Post-test interpretation of precision and bias of the
data streams is a part of the DQ process, and these components of the
uncertainty are documented as part of the DQ deliverables.






