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metrologia

The evaluation of key comparison data: An introduction

M. G. Cox

The Joint Committee for Guides in Metrology
(JCGM) [1] is responsible for the Guide to the
Expression of Uncertainty in Measurement (GUM) [2]
and the International Vocabulary of Basic and General
Terms in Metrology (VIM) [3]. Working Group 1
(JCGM-WG1) of the JCGM has the task of promoting
the use of the GUM and preparing supplementary guides
for its broad application.

The evaluation of key comparison data is a
particularly significant task in the world of metrology,
because of the relevance to global trade [4] and because
such comparisons are intended to test the principal
techniques in the field [5]. Within such an evaluation is
the determination of a key comparison reference value
(KCRV) and its associated uncertainty, and the degrees
of equivalence of and between national measurement
standards.1

Despite the importance of this task, JCGM-WG1
considered it inappropriate to prepare a supplementary
guide on key comparison data evaluation. There were
two reasons for this decision. One reason is that the
intention of the supplementary guides is to provide
generic advice on uncertainty evaluation, rather than
guidance in particular applications or disciplines. The
other reason is that not all member organizations of the
JCGM have a direct interest in key comparisons.

Guidance was nevertheless required to support
the practices that are actually being used by the
Consultative Committees (CCs) of the International
Committee for Weights and Measures (CIPM), the
Bureau International des Poids et Mesures (BIPM)
and the Regional Metrology Organizations (RMOs)
to calculate KCRVs and the consequent degrees of
equivalence. The significance of the requirement is
emphasized by the fact that on average the BIPM now
receives one final report per week of a key comparison.
The Director of the BIPM therefore established in
2001 a small and informal advisory group (BIPM
Director’s Advisory Group on Uncertainties), following
discussions at JCGM-WG1. This group would provide
advice on the questions directed to the BIPM concerning
the evaluation of key comparison data. It would also
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develop guidance documents in the area. The documents
are intended to be as simple as possible consistent with
the degree of rigour demanded by the activity.

The members of the group are drawn from JCGM-
WG1, represent five of the national measurement
institutes (NMIs), have considerable experience in the
field of uncertainties and key comparisons, and are very
familiar with the GUM and its application.

From the inception of the Mutual Recognition
Arrangement (MRA) [4], the analysis of key compar-
isons has been a matter of lively discussion among
metrologists at the NMIs. There have been major
international meetings devoted wholly or partly to
the subject. A particularly influential workshop in
this regard was held one month after the signing of
the MRA, in November 1999. It was attended by
some 120 delegates from twenty-seven countries, with
representation from all the major NMIs and most CCs.
Details of this workshop are available [6].

Of the many key comparisons that have been
completed, with few exceptions the results have been
presented in relation to a KCRV defined as some form of
average or mean (e.g. a weighted mean or the median).
The methods of calculating such KCRVs are generally
well known to the metrology community. The manner
in which the uncertainties associated with KCRVs and
the degrees of equivalence are evaluated is less well
understood, however.

The group is therefore developing guidelines to
support the evaluation of key comparison data in this
regard. The following document [7] constitutes the
first such guidelines. It attempts to reflect closely the
consensus views of the above-mentioned meetings.

The guidelines carry no formal status and thus
are in no sense mandatory. A draft was reviewed
by some forty scientists at the NMIs and several

1. According to the Technical Supplement to the MRA [4, T.2],
“The degree of equivalence of each national measurement
standard is expressed quantitatively by two terms: its deviation
from the key comparison reference value and the uncertainty of
this deviation (at a 95 % level of confidence). The degree of
equivalence between pairs of national measurement standards
is expressed by the difference of their deviations from the
reference value and the uncertainty of this difference (at a
95 % level of confidence).”
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members of the CCs. Although there were exceptions,
considerable support for these guidelines was expressed
by the vast majority of reviewers. As far as possible
within the intended scope of the document, account
was taken of the comments received. The guidelines
will subsequently be improved as necessary as a
consequence of theoretical advances in the area and
feedback on their use in practice.

The commonest review comments concerned the
applicability of the guidelines. The current guidelines
may be said to apply to the simplest situation, viz. the
straightforward circulation around all the participants
of a single travelling standard having good short-
term stability. This limited scope is deliberate for two
reasons. One, a document that addressed a wide range
of eventualities would be more complex and take longer
to produce. Two, the document covers the commonest
type of key comparison.2

It is intended subsequently to develop guidelines
that apply to other types of key comparison, some
of the most important of which have one or more
of the following features: (a) mutual dependencies
among some or all of the institutes’ measurements;
(b) travelling standards not possessing good short-
term stability; (c) patterns for the comparison that are
different from the simple circulation of a travelling
standard; (d) KCRVs provided by information other
than the institutes’ measurements; (e) several travelling
standards circulated (and to be treated) together; and

2. Indeed [5], “... comparisons, in which the standards are not
assumed to have long-term stability, make up the majority
of the key comparisons and are carried out under a strict
time schedule. This enables all the participating institutes to
make their measurements within a fixed period of time. These
comparisons require travelling standards having good short-term
stability and stability during transport.”

(f) travelling standards to be measured at each of a
number of stipulated values of a parameter, such as
wavelength or frequency. It is also intended to provide
guidelines for linking key comparisons carried out under
the auspices of the CIPM and those operated by the
RMOs.

Constructive comments on the guidelines are
warmly welcomed by the authors.
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