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JCGM 106:2012 Evaluation of measurement data – 
The role of measurement uncertainty  

in conformity assessment 

Nuova procedura di approvazione da parte del BIPM: richiesta di un parere 
ai direttori degli Istituti metrologici 

Astensione del NIST, cui pure apparteneva il principale redattore del 
documento! 

Gestazione travagliata, molti commenti nella prima circolazione. 
Approvazione altrettanto travagliata. 
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Conformity assessment , as broadly defined, is any activity  undertaken to 
determine, directly or indirectly, whether a product, process, system, person or 
body meets relevant standards and fulfills specified requirements. 
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In a particular kind of conformity assessment, sometimes called inspection, the 
determination that a product fulfills a specified requirement relies on measurement 
as a principal source of information.  ISO 10576-1:2003 sets out guidelines for 
checking conformity with specified limits in the case where a quantity is measured 
and a resulting coverage interval is compared with a tolerance interval. 
 
 
The present document extends this approach to include explicit consideration of 
risks, and develops general procedures for deciding conformity based on 
measurement results, recognizing the central role of probability distributions as 
expressions  of uncertainty and incomplete information. 
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This document deals with items having a single scalar property with a requirement 
given by one or two tolerance limits, and a binary outcome in which there are only 
two  possible states of the item, conforming or non-conforming, and two  possible 
corresponding decisions, accept or reject. The concepts presented can be 
extended to more general decision problems. 
 
 
 
An assessment of conformity with specified requirements  is a matter of probability, 
based on information available after performing the measurement. 
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Because of uncertainty in measurement, there is always the risk of incorrectly 
deciding whether or not an item conforms to a specified requirement based on the 
measured value of a property of the item. Such incorrect decisions are of two types:  
an item accepted as conforming may actually be non-conforming, and an item 
rejected as non-conforming  may actually be conforming.  
 
 
By defining an acceptance interval of permissible measured values of a measurand, 
the risks of incorrect accept/reject decisions associated with measurement uncertainty 
can be balanced  in such a way as to minimize the costs associated with  such 
incorrect decisions. This document  addresses the technical  problem of calculating 
the conformance probability and the probabilities of the two types of incorrect 
decisions, given a probability density function (PDF) for the measurand, the tolerance 
limits and the limits of the acceptance interval. 
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Binary conformity assessment where  decisions are  based on measured  
quantity values.  The true  value  of a measurable property (the measurand) of 
an item  is specified to lie in a tolerance interval defined  by limits (TL , TU ).  The  
item  is accepted  as conforming if the measured  value  of the  property lies in 
an interval defined  by acceptance limits (AL , AU ), and  rejected as non-
conforming otherwise.  
 
Choosing the tolerance limits and acceptance limits are business or policy 
decisions that depend upon the consequences associated with deviations from 
intended product quality. A general treatment of the nature of such decisions is 
beyond the scope of this document; 
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Tolerance interval with a two-sided tolerance interval. Knowledge of a quantity Y  
(the measurable property of interest) following measurement is characterized by 
a normal PDF with best estimate y and  associated  standard uncertainty u. The  
length, TU  − TL , of the interval is equal  to the  tolerance T .  Conforming values  
of Y lie in the  interval TL ≤ η ≤ TU . 
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Measurement capability  index Cm 
 
 
 

𝐶m =
𝑇U − 𝑇L
4𝑢 =

𝑇
4𝑢

=
𝑇
2𝑈

 

Il fattore 4 è arbitrario ma ragionevole. 
 
Molte altre definizioni in letteratura (Test  Accuracy Ratio, TAR, Test  Uncertainty 
Ratio, TUR,..) 

Quando 𝑇 = 2𝐸max,       𝐶m = 𝐸max
𝑈
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Measurement capability index 
𝐶m = 𝑇

4𝑢
 versus 𝑦 = 𝜂m−𝑇L

𝑇
, 

showing  the  locus of constant 
95 % conformance probability  
pc.  The  curve  separates  
regions of conformity and non-
conformity at  a 95 % level  of 
confidence.  The  post-
measurement distribution for 
the measurand Y  is taken  to 
be the normal PDF 
𝜙 (𝜂;  𝜂m,𝑢2). 
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As suggested in the Introduction, acceptance limits and corresponding decision 
rules are chosen in such a way as to manage the undesired consequences of 
incorrect decisions. There are a number of widely used decision rules that are 
simple to implement. They can be applied when knowledge of a property of  
interest is summarized in terms of a best estimate and corresponding coverage 
interval. Two such decision rules are described in the following subclauses. 
  

Limiti di accettazione e regole di decisione 

Decision rule based on simple acceptance (or shared risk) 
and  
Decision rules based on guard bands 
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Under such a rule, the producer and user (consumer) of the measurement  result 
agree, implicitly  or explicitly,  to accept as conforming (and reject otherwise) an 
item whose property has a measured value in the tolerance interval.   As the 
alternative name ‘shared risk’ implies, with a simple acceptance decision rule the 
producer and user share the consequences of incorrect decisions. 
  

Simple acceptance (shared risk) 

In practice, in order to keep the chances of incorrect decisions to levels acceptable 
to both producer and user, there is usually a requirement that the measurement 
uncertainty has been considered and judged to be acceptable for the intended 
purpose. 

One approach to such consideration is to require, given an estimate of a 
measured quantity, that the associated expanded uncertainty U, for a coverage 
factor k = 2, must satisfy U ≤ Umax, where Umax is a mutually agreed maximum 
acceptable expanded uncertainty. 

Simple acceptance (shared risk) 
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EXAMPLE  In legal metrology, a decision rule based on simple acceptance has 
been used in the verification of measuring instruments.  Consider such an 
instrument that is required to have an error of indication  in the  
interval  [−Emax, Emax].  The instrument is accepted as conforming to the specified 
requirement if it meets the following criteria: 
 
(a)    in measuring a calibrated standard, the best estimate e of the instrument error 
of indication E satisfies 
|e| ≤ Emax, and 
(b)    the expanded uncertainty for a coverage factor k = 2 associated with the 
estimate e satisfies 
U ≤ Umax  = Emax /3. 
In terms of the measurement capability  index, criterion (b) is equivalent to the 
requirement that  

Cm  ≥ 3 

Simple acceptance (shared risk) 
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Simple acceptance decision rule near an upper tolerance limit TU, with four 95 % 
coverage intervals. For such a decision rule, the acceptance limit AU coincides with 
the tolerance limit.  Decisions to accept or reject inspected items are based on 
measured values (triangles); the true values (circles) cannot be known. Cases (b) 
and (c) lead to incorrect decisions called false acceptance and false rejection, 
respectively. In case (c) the true value of the measurand lies (unknowingly) outside  
the 95 % coverage interval. 
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Decision rules based on guard bands 

General considerations 
 
With  a decision rule based on simple acceptance and the common case of a 
symmetric unimodal PDF (such as a normal distribution)  for the measurand, the 
probability of accepting a non-conforming item [figure 8, (b)] or rejecting a 
conforming item [figure 8, (c)] can be as large as 50 %. This  would happen, for 
example, if the measured value of a property lay very close to the tolerance  
limit.   In such a case about 50 % of the PDF for the measurand would lie on either 
side of the limit,  so that whether the item is accepted or rejected, there would be a 
50 % chance of an incorrect decision. 
 
Either of these probabilities can be reduced, at the cost of increasing the other, by 
choosing acceptance limits offset from the tolerance limits, a conformity decision 
strategy called guardbanding. 
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Decision rules based on guard bands 

Guarded  acceptance 
 
The risk of accepting a non-conforming item can be reduced by setting an 
acceptance limit  AU inside the tolerance interval, as shown in figure 9. The 
interval defined by TU  and AU is called a guard band, and the resulting decision 
rule is called guarded acceptance. 
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Decision rules based on guard bands 

Guarded acceptance 
 
Two-sided acceptance interval created by reducing the tolerance interval on 
either side by the k = 2 expanded uncertainty U = 2u.  This is the default 
decision rule established in ISO 14253-1 
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Decision rules based on guard bands 

Guarded rejection 
 
An acceptance limit  outside a tolerance interval can be chosen so as to 
increase the probability that a rejected item is truly non-conforming. Such a 
guarded rejection decision rule is often employed when one wants clear 
evidence that a limit  has been exceeded prior to taking a negative action. 
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Decision rules based on guard bands 

Guarded rejection 
 
Decision rule based on guarded rejection. An upper acceptance limit AU outside 
an upper tolerance limit TU defines an acceptance interval that reduces  the  
probability of falsely rejecting  a conforming item  (producer’s risk).  The length  
parameter w associated with a guarded rejection guard band is 
 

 𝑤 =  𝑇U  −  𝐴U  <  0. 
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Consumer’s and producer’s (global) risks 

If the measuring system were perfectly accurate, all conformance  decisions 
would be correct and all risks would be zero. An increase in measurement 
uncertainty means an increase in the probability of an incorrect decision, and the 
probability is greatest when measured values are close to the tolerance limits.  
 
The risks also depend on the nature of the production process. If the process 
rarely produces an item whose property of interest is near the tolerance limits, 
there is less opportunity for incorrect decisions to be made. Conversely, if a 
process produces items with properties likely to be close to tolerance limits, the 
uncertainties associated with the measurements are brought into play. 
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Consumer’s and producer’s (global) risks 

With a binary decision rule there are four possible outcomes of a conformity 
assessment test that yields a measured quantity value 𝜂m 
Valid acceptance: the item is accepted and conforms with specification.This is a 
desired outcome of the conformity assessment test, leading to acceptance of a 
conforming item. 
False acceptance: the item is accepted but does not conform with specification. 
This is an incorrect decision whose probability is called consumer's risk, 
because the cost associated with such a mistake is often borne by a consumer, 
or user, who accepts the item as fit forits purpose and acts accordingly. 
For a particular measured item accepted as conforming, given a measured 
value, the probability of false acceptance is called the specific consumer's risk. 
For an item chosen at random from the production process, the probability that it 
will be falsely accepted following a measurement is called the global 
consumer's risk, denoted by RC. 
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Consumer’s and producer’s (global) risks 

With a binary decision rule there are four possible outcomes of a conformity 
assessment test that yields a measured quantity value 𝜂m 
Valid rejection: the item is rejected and does not conform with specification. 
This is a desired outcome of the conformity assessment test, leading to rejection 
of a non-conforming item. 
False rejection: the item is rejected (Ym = m 2 eA) but actually conforms with 
specification. This is another incorrect decision whose probability is called 
producer's risk, because the cost associated with such a mistake is often borne 
by a producer who cannot sell an item that has failed a test of conformity. 
For a particular measured item rejected as non-conforming, given a measured 
value, the probability of false rejection is called the specific producer's risk 
For an item chosen at random from the production process, the probability that it 
will be falsely rejected following a measurement is called the global producer's 
risk, denoted RP.  
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Consumer’s and producer’s (global) risks 

Global risks RP vs RC for a binary 
conformity assessment with prior 
standard uncertainty u0  = T/6. The  
five curves correspond to values of 
the measurement capability index 
Cm = T/(4u) in an interval from 2 to 
10.  The solid points locate guard 
bands with length parameters from  
w = −U to w = U.  Positive values 
of w correspond to guarded 
acceptance, with acceptance  
limits inside the tolerance limits as 
in figure  12 on page 24. 
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Discrepanze tra VIM3 e GUM attuale 

 Definitional uncertainty 
 Conseguenza: a set of true values 

 Quantity, quantity value, numerical quantity value, measured quantity 
 value, true quantity value, conventional quantity value 

Altri spunti di riflessione 

GUM nota a 4.1.4 su modelli non lineari, polarizzazione delle 
stime, effetti di ordine superiore al primo. 

 Uncertainty approach vs error approach 
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Evaluating (physicists) vs estimating (chemists) uncertainty - DARK 
UNCERTAINTY 
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Pesi atomici - CIAAW 
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GUM (e VIM) survey 

Eventi e fatti notevoli 

Workshop(s) su GUM 
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