3ATAJIbHA TA 3AKOHOJIABYA METPOJIOI'TA
GENERAL AND LEGAL METROLOGY

UDC 006.91:053.088

A proposed new definition of measurement uncertainty
W. Bich

Istituto nazionale di ricerca metrologica (INRiM), Convener of JCGM WG1, Strada delle Cacce, 91, 10135 Torino, Italy
w.bich@inrim.it

Abstract

A new definition of the measurement uncertainty (MU) was proposed by the Working Group 1 of the Joint Committee
for Guides in Metrology, JCGM-WG1. This definition avoids any quantitative aspect of the measurement uncertainty and
focuses on its subjective nature.

The proposed new definition reads as follows:

doubt about the true value of the measurand that remains after making a measurement.

Here, MU is no longer quantitative; it is rather a (subjective) state of mind. MU is the concept, and its quantitative
measures, such as the standard measurement uncertainty, are different in nature. This separation greatly contributes to clarity.

Being defined as a state of mind, MU is subjective and reflects the belief of the experimenter in the result. There is
no “true uncertainty” in nature to be estimated. There exists the measurand, and the uncertainty about its true value is
a personal matter. Of course, the state of belief is based on objective data, and a good experiment is conceived in such
a way as to minimise subjectivity. Yet, the hope to eliminate subjectivity from a measurement or from science at large is
just a hope.

The proposed new definition explicitly uses the term “true value”. Perhaps, at the philosophical level, the concept can
be questioned, whereas in the context of parameter estimation, the mathematics behind calculations needs a unique true
value, which is ideally represented by a unique real number.

The doubt is about the unknown value of the measurand, not about the estimate. The estimate is viewed as a realization
of a random variable describing the state of knowledge about the measurand. As such, the estimate is fixed and has no

uncertainty. Randomness is in the variable, not in its realizations.
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Introduction

Measurement uncertainty, hereafter MU, is
still a controversial concept despite the existence of
internationally agreed documents dealing with its
evaluation, propagation and expression. The reason
for the permanence of the controversies is that the
measurement uncertainty is just an aspect, although
fundamental, of the wider field of measurement
and estimation. This broader field is common to
epistemology on the one hand, and mathematics and
probability on the other hand. These two branches
are represented in the framework of international
metrology by two Working Groups of the Joint
Committee for Guides in Metrology, JCGM (see
https://www.bipm.org/en/committees/jc/jcgm). WGI
deals with the measurement uncertainty, and WG2
with the vocabulary of metrology, VIM, that is to say
with concepts and definitions of terms.
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The two Working Groups, of course, aim at
the maximum possible harmonisation of concepts,
yet some discrepancies remain, especially concerning
the common topic of measurement uncertainty.
In this paper, I will outline the joint efforts to fill
the remaining gaps between the viewpoints of the
two WGs.

Current definition(s) of measurement uncertainty
The current VIM3 (JCGM 200:2012) definition of
the measurement uncertainty reads as follows:

measurement uncertainty

uncertainty of measurement

uncertainty

non-negative parameter characterizing the dis-
persion of the quantity values being attributed to a mea-
surand, based on the information used ([1], def 2.26).
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The JCGM 100:2008 (the legacy GUM) definition
is that of the previous edition of the VIM of 1993,
VIM2, reads as follows:

uncertainty (of measurement)

parameter, associated with the result of a mea-
surement, that characterizes the dispersion of the values
that could reasonably be attributed to the measurand
([2], 2.2.3).

The two definitions are very similar, apart from
some specifications added to the VIM3 definition.
The first, “non-negative”, was added in the (vain)
attempt to discourage the use of expressions such as
u=+/—10 mV or similar. It just added perplexity, both
among knowledgeable scientists and in practitioners.

The important term here is “parameter”. It clearly
shows the quantitative nature of MU as defined.
A note in both definitions specifies that the parameter
can be a standard deviation (the standard measure-
ment uncertainty) or something else.

The JCGM-WG?2 is currently working on the
fourth edition of the VIM. A first Committee Draft
(VIM4 CD) was circulated in early 2021 among the
JCGM Member Organisations and National Metrology
Institutes. Some criticisms were formulated by the
readership against the current definition of MU. Other
criticisms came from JCGM-WGI1. Most of them
concerned the term “parameter”, which was considered
too restrictive. More generally, the very nature of MU
as a quantitative concept (thus expressed as a number)
was questioned [3]. JCGM-WGT1 thus endeavoured an
effort, jointly with WG2, to come to a set of agreed
definitions concerning MU-related terms, such as the
standard uncertainty, expanded uncertainty and so on.
Eventually, WG1 elaborated an own definition of MU
and offered it to WG2 for consideration.

Proposed new definition of measurement uncertainty
The proposed new definition reads as follows:
doubt about the true value of the measurand that

remains after making a measurement.

This definition, taken from that of NIST [4],
neatly illustrates most of the current views of JCGM-

WG1 about MU and its nature.

Measurement uncertainty is a (subjective) state of mind

First, measurement uncertainty is no longer a pa-
rameter. More generally, it is no longer quantitative at
all, but rather a (subjective) state of mind. Of course,
it is still possible (and necessary) to express a state of
mind quantitatively using suitable quantitative measures,
such as the standard measurement uncertainty.

The impact of this change is considerable, which
nicely separates the concept from its quantitative
measures. With the current definition(s), MU is a
generic parameter characterising a dispersion and
can be any of several specific parameters, standard
or expanded uncertainty and possibly more. With

the proposed new definition, MU is the concept,
and its measures are different in nature, thus greatly
contributing to clarity.

Examination uncertainty

Incidentally, this conceptual separation has
a further great advantage, as it provides a very
simple definition of the uncertainty associated with
examination of categorical data or nominal properties.
Examination is for nominal properties what
measurement is for quantities. Both aim at determining
the value of the measurand (a quantity) and of the
examinand (a property), respectively. Examples of
nominal properties are the blood group, the tumour
type and a chemical species. Since nominal properties
are intrinsically qualitative, it is not possible to define
a numerical parameter characterising the dispersion of
an examination or attribution. This impossibility makes
it impossible to define the examination uncertainty in
quantitative terms, whilst the proposed new definition
can be ecasily adapted to define the examination
uncertainty as:

doubt about the true value of the examinand that
remains after making an examination.

Of course, finding a suitable quantitative measure
of the amount of doubt remains an open issue. For
example, probability mass functions, describing the
degree of belief in each of the possible values of the
examinand, can be used.

Although the VIM4 CD contains a chapter
devoted to the terms related to the examination, a de-
finition of the examination uncertainty is missing,
presumably because of the above-mentioned difficul-
ty in adapting the current definition of MU to the
field of examination.

A state of mind is necessarily subjective

There is a further and important implication in
the proposed new definition of MU. Being defined as
a state of mind, that is, a subjective or individual state,
MU is in turn subjective and reflects the confidence of
the experimenter in the result. This view of uncertainty
is very different from another view, which still has some
followers, that is, that for a given measurand there is
a sort of corresponding “true uncertainty” in nature
to be estimated by the experimenter to the best of his
capability. We believe that in nature there exists the
measurand with its true value (the subject of the next
chapter), and that the uncertainty about the latter is
a personal matter. A different experimenter confronted
with the measurement of the same measurand would
probably obtain a different estimate and a different
uncertainty. However, even if the estimate were the
same (it may happen with discrete or countable
quantities) the uncertainty would most likely be
different. Of course, the state of belief is based on
objective data, and a good experiment is conceived in
such a way as to minimise subjectivity. Yet, the hope
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to eliminate subjectivity from a measurement or from
science at large is just a hope.

True value

A second, fundamental aspect of the proposed
new definition is the proud resurfacing of “true value”.
This term has been demonised for a very long time,
and even mentioning it was interpreted as a sign of
cultural backwardness. Perhaps at the philosophical
level the concept can legitimately be questioned,
whereas in the context of parameter estimation there
is no doubt that it is indispensable to assume the
existence and uniqueness of the parameter to be
estimated. Uniqueness is the second key word. The
mathematics behind calculations needs a unique true
value, ideally represented by a unique real number.

The GUM of 1993 is utterly ambiguous in this
respect. On the one hand, it pays a tribute to the
views largely widespread at the time it was written.
For example, there is a lengthy discussion in Annex D
concerning the impossibility of a complete description
of the measurand, because an infinite amount of
information would be needed. Hence, the concept of
definitional uncertainty is introduced (and defined in
the VIM, see [1], definition 2.27), which in turn leads
to the existence of a whole set of true values since the
true value is simply defined as a value consistent with
the definition of the quantity (see [1], definition 2.11).
This approach, in the GUM of 1993, is contrasted with
the “conventional” one, based on the “unknowable
values of true value and error” (see [2], E.5). However,
in the Scope, it is clearly stated:

This Guide is primarily concerned with the
expression of uncertainty in the measurement of a well-
defined physical quantity — the measurand — that can
be characterized by an essentially unique value.

Furthermore, in [2], D.3.5, it is stated that:

The term “true value of a measurand” or of a quan-
tity (often truncated to “true value”) is avoided in this
Guide because the word “true” is viewed as redundant.

Therefore, the qualifier “true” is avoided not
because of some diffidence against the concept, but
simply because it is considered as redundant.

In conclusion, it is clear that, despite the
discussions in the Annexes, the GUM of 1993 explicitly
adopts the concept of a unique true value.

The GUM of 1993 also offers a solution to
the situation when the phenomenon of interest is
represented by a distribution of values (a set of true
values, in the VIM language).

If the phenomenon of interest can be represented
only as a distribution of values or is dependent on one
or more parameters, such as time, then the measurands,
required for its description, are the set of quantities

describing that distribution or that dependence (see
[2], 1.2).

The doubt is about the true value of the measurand

Another important concept embedded in the
proposed new definition is that the doubt concerns
the unknown value of the measurand. This view
is to be contrasted with an opposed belief, that is,
that the doubt is about the estimate (or estimates
when, as usually happens, there are more than one
input quantities to the measurement model). The
belief that the uncertainty is about the true value of
the measurand marks a deep conceptual difference
of the subjective view of probability as regards the
“orthodox” frequentist view. In the latter, (most of) the
input estimates and, as a consequence, the measurand
estimate, would be different should the measurement
be repeated, which is absolutely true and to which
nobody would object. We all agree that the indications
from a measuring system can be described by random
variables. The frequentist view of probability uses this
truth to assert that the indications (and thus the input
estimates and the measurand estimate) are random so
that the uncertainty ultimately concerns them. In the
subjective view of probability, on which the proposed
new definition is based, emphasis is given to the
equally unquestionable fact that a particular indication
is a realization of the corresponding random variable
and, as such, is fixed. Randomness is in the variable,
not in its realisations.

What is a measurement?

The last part of the proposed new definition is
“...after making a measurement”. The VIM defines the
measurement as follows:

process of experimentally obtaining one or more
quantity values that can reasonably be attributed to
a quantity (see [1], definition 2.1).

The disturbing term here is “experimentally”.
The reason for the disturbance is that this definition
of the measurement, applied to “measurement
uncertainty”, is too restrictive. The measurement
uncertainty is conceivable, and is actually calculated,
in a much wider range of processes, including virtual
measurements, design, computer simulations and
algorithms in general and so on. Therefore, the concept
of measurement should be interpreted in the wider
sense addressed above. This broader interpretation is
explicitly acknowledged in the GUM of 1993:

This Guide is also applicable to evaluating and
expressing the uncertainty associated with the conceptual
design and theoretical analysis of experiments, methods
of measurement, and complex components and systems.
Because a measurement result and its uncertainty may
be conceptual and based entirely on hypothetical data,
the term “result of a measurement” as used in this
Guide should be interpreted in this broader context
(see [2], 1.3).
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Conclusions matrix and possibly coverage probability and coverage
The JCGM-WGI1 has decided to adopt the pro- factor.

posed new definition of MU in its publications and

is working to define a complete set of MU-related Disclaimer

definitions besides the principal one of MU itself. Such
set would comprise standard measurement uncertainty,
coverage interval, expanded uncertainty, covariance

The author is the Convener of JCGM-WGI. Although the
wording of the definition represents a position of WGI1, some
interpretations are personal and might not be shared by all members.

3anponoHOBaHe HOBE BHM3HAYEHHS HEBHM3HAYEHOCTI
BUMipPIOBAHHS
B. Bik

HauioHanbHul Haykogso-docnioHul iHcmumym memponoeii (INRiM), lonosa JCGM WG, Strada delle Cacce, 91,
10135, TypuH, Imanis
w.bich@inrim.it

AHoTauis

Hose Bu3HaueHHsT HeBM3HaueHOCTi BuMiptoBaHHs (HB) Oyno 3ampormoHoBane PoGouoro rpymoio 1 O6’emHaHOTO
KoMitety 3 HactaHoB y MeTposiorii, JCGM-WGI. lle Bu3HaueHHs YHUKA€E OyIb-SIKOTO KiJIbKICHOTO acreKTy HEBU3HAYEHOCTI
BUMIPIOBaHHSI Ta 30CEPEIKYEThCS Ha il Cy0’€KTUBHIN MpUpPOi.

3anponoHOBaHe BU3HAYEHHS 3BYUUTb TaK: “CYMHI8 w000 iCMUHHO20 3HAYEHHS BUMIPIGAHOI GeAUMUHU, AKUL 3AAUUAEMbC
nicas npoedeHHs BUMIPHGAHHS” .

Tyr HB Oinbiie He € KiJbKiCHOMO, a CKopillle sBJISIE cO00I0 CyO’e€KTMBHMIA cTtaH po3ymy. HB € KoHluernii€ro,
a 1 KUIbKICHI MOKa3HMKHM, TakKi SIK CTaHAApTHA HEBM3HAYEHICTh BUMIPIOBAHHS, BiIpi3HSIOTHCS 3a CBOEIO IPUPOJIOIO.
Lle po3niieHHS 3HAYHOIO MipOIO CIIPUSE SICHOCTI.

Bynyun BuszHaueHolo sik ctaH po3ymy, HB € cyb’ekTuMBHOIO i BimoOpaxkae Bipy eKcliepMMeHTaTopa B pe3yJibTar.
Y npuponi He icHye “iCTUHHOI HEBM3HAUEHOCTI”, SIKy MOXHa OLIHUTU. BuMipioBaHa BelWYMHA iCHYE, i HEBU3HAYEHICTh
1I0J0 ii iICTUHHOIO 3HAYE€HHSI € OCOOMCTOIO CIIpaBOl0. 3BMYAHO, CTaH Bipd 0a3yeTbCs Ha 00 €KTUBHMX JAHUX, i XOPOLIWA
eKCIIepUMEHT 3alyMaHO TaKUM YWHOM, 100 MiHiMi3yBaTH cy0’eKTUBHUIA acriekT. [Ipore Hamiss yCyHYTH Cy0’€KTHUBHICTb
BUMIpPIOBaHHSI YW HayKu B LIJIOMYy — LIe JIMIIE Hamisl.

VY 3ampornoHOBaHOMY HOBOMY BU3HAa4YeHHi SIBHO BUKOPHCTOBYETHCS TEPMiH “iCTUHHE 3Ha4eHHs~. MoxiuBo, 3 dino-
co(cbKOi TOUKM 30pY 1€ MOHSTTS MOXHA MOCTaBUTH IiJi CyMHiB, TOMi $IK Y KOHTEKCTi OLIIHKM MapameTpiB, MaTeMaTuka,
1[0 CTOITh 32 OOYMCIICHHSIMU, NTOTPEOYE YHIKAIbHOIO iICTUHHOIO 3HAYEHHS, iI€aJIbHO MPEACTABIECHOIO YHIKAIbHUM AIMCHUM
YHCJIOM.

CyMHIB CTOCYETbCSI HEBIIOMOTO 3HaUEHHSI BUMipIOBaHOI BEIMYMHM, a He OlliHKK. OIliHKa pO3IIsSaeThes K peastizailis
BUIIAAKOBOI BEJIMUMHU, 1O OMKMCYE CTaH 3HAHb MPO BUMIPIOBaHY BEJMYMHY. TakKUM YMHOM, OLIHKA € (DiKCOBAHOIO Ta He
Ma€ XXOIHOI HeBM3HA4YeHOCTi. BumagkoBicTh moJjisirae y 3MiHHii, a He B ii peasi3aliii.

KmodoBi ciioBa: HeBM3HAYEHICTh BUMIipIOBaHHS; cy0’€KTMBHA iHTeprnperalis iimoBipHocTi; GUM; JCGM-WGI.
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