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Japanese Industrial Standard.
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JAPANESE INDUSTRIAL STANDARD JIS Z 8404-1 : 2006
(ISO/TS 21748 : 2004)

Measurement uncertainty—Part 1:
Guidance for the use of repeatability,
reproducibility and trueness estimates in
measurement uncertainty estimation

Introduction This Japanese Industrial Standard has been prepared based on the
first edition of ISO/TS 21748 Guidance for the use of repeatability, reproducibility
and trueness estimates in measurement uncertainty estimation published in 2004 without
modifying the technical contents.

The portions underlined with dots are the matters not stated in the original In-
ternational Standard.

Knowledge of the uncertainty associated with measurement results is essential
to the interpretation of the results. Without quantitative assessments of uncertainty,
it is impossible to decide whether observed differences between results reflect more
than experimental variability, whether test items comply with specifications, or whether
laws based on limits have been broken. Without information on uncertainty, there
is a risk of misinterpretation of results. Incorrect decisions taken on such a basis
may result in unnecessary expenditure in industry, incorrect prosecution in law, or
adverse health or social consequences.

Laboratories operating under JIS Q 17025 accreditation and related systems are
accordingly required to evaluate measurement uncertainty for measurement and test
results and report the uncertainty where relevant. The Guide to the expression of
uncertainty in measurement (GUM), published by ISO, is a widely adopted stan-
dard approach. However, it applies to situations where a model of the measurement
process is available. A very wide range of standard test methods is, however, sub-
jected to collaborative study in accordance with JIS Z 8402-2. This Standard pro-
vides an appropriate and economic methodology for estimating uncertainty associated
with the results of these methods, which complies fully with the relevant principles
of the GUM, whilst taking account of method performance data obtained by collabo-
rative study.

The general approach used in this Standard requires that

— estimates of the repeatability, reproducibility and trueness of the method in use,
obtained by collaborative study as described in JIS Z 8402-2, be available from
published information about the test method in use. These provide estimates of
the intra- and inter-laboratory components of variance, together with an esti-
mate of uncertainty associated with the trueness of the method,;

— the laboratory confirm that its implementation of the test method is consistent
with the established performance of the test method by checking its own bias
and precision. This confirms that the published data are applicable to the re-
sults obtained by the laboratory;

— any influences on the measurement results that were not adequately covered by
the collaborative study be identified and the variance associated with the results
that could arise from these effects be quantified.
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An uncertainty estimate is made by combining the relevant variance estimates
in the manner prescribed by the GUM.

The dispersion of results obtained in a collaborative study is often also usefully
compared with measurement uncertainty estimates obtained using GUM procedures
as a test of full understanding of the method. Such comparisons will be more effec-
tive given a consistent methodology for estimating the same parameter using col-
laborative study data.

1 Scope This part of JIS Z 8404 gives guidance for

— evaluation of measurement uncertainties using data obtained from studies con-
ducted in accordance with JIS Z 8402-2;

— comparison of collaborative study results with measurement uncertainty (MU)
obtained using formal principles of uncertainty propagation (see clause 14).

JIS Z 8402-3 provides additional models for studies of intermediate precision.
However, while the same general approach may be applied to the use of such ex-
tended models, uncertainty evaluation using these models is not incorporated in the
present Standard.

This part of JIS Z 8404 is applicable in all measurement and test fields where
an uncertainty associated with a result has to be determined.

This part of JIS Z 8404 does not describe the application of repeatability data in
the absence of reproducibility data.

This part of JIS Z 8404 assumes that recognized, non-negligible systematic ef-
fects are corrected, either by applying a numerical correction as part of the method
of measurement, or by investigation and removal of the cause of the effect.

The recommendations in this part of JIS Z 8404 are primarily for guidance. It
is recognized that while the recommendations presented do form a valid approach to
the evaluation of uncertainty for many purposes, it is also possible to adopt other
suitable approaches.

In general, references to measurement results, methods and processes in this part
of JIS Z 8404 are normally understood to apply also to testing results, methods and
processes.

NOTE : The International Standard corresponding to this part of JIS Z 8404
as follows.

In addition, symbols which denote the degree of correspondence in
the contents between the relevant International Standard and JIS are
IDT (identical), MOD (modified), and NEQ (not equivalent) according
to ISO/IEC Guide 21.

ISO/TS 21748:2004 Guidance for the use of repeatability, reproduc-
ibility and trueness estimates in measurement
uncertainty estimation (IDT)

2 Normative references The following standards contain provisions which, through
reference in this text, constitute provisions of this Standard. The most recent edi-
tions of the standards (including amendments) indicated below shall be applied.
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JIS Q 0033 Uses of certified reference materials

JIS Z 8101-1 Statistics—Vocabulary and symbols—Part 1: Probability and gen-
eral statistical terms

NOTE : ISO 3534-1 Statistics—Vocabulary and symbols—Part 1: Probability
and general statistical terms is equivalent to the said standard.

JIS Z 8101-2 Statistics—Vocabulary and symbols Part 2: Statistical quality control

NOTE : ISO 3534-2 Statistics—Vocabulary and symbols—Part 2: Statistical

JIS Z 8402-3 Accuracy (trueness and precision) of measurement methods and re-
sults—Part 3: Intermediate measures of the precision of a standard
measurement method

NOTE : ISO 5725-3 Accuracy (trueness and precision) of measurement meth-
ods and results—Part 3: Intermediate measures of the precision of a
standard measurement method of a standard measurement method is
identical with the said standard.

3 Terms and definitions For the purposes of this Standard, the following terms
and definitions apply. In addition, reference is made to “intermediate precision con-
ditions”, which are discussed in detail in JIS Z 8402-3.

3.1 bias value obtained by subtracting the true value from the expectation of the
observed value or the test result

NOTE : An accepted reference value or a conventional true value is actually
used in substitution for the true value (see JIS Z 8101-1).

Information : The term is defined as “difference between the expectation of the

3.2 combined standard uncertainty «(y) standard uncertainty of the result of
a measurement when that result is obtained from the values of a number of other
quantities, equal to the positive square root of a sum of terms, the terms being the
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variances or covariances of these other quantities weighted according to how the
measurement result varies with changes in these quantities (see GUM)

3.3 coverage factor £ numerical factor used as a multiplier of the combined stan-
dard uncertainty in order to obtain an expanded uncertainty

NOTE : A coverage factor, k, is typically in the range 2 to 3 (see GUM).

3.4 expanded uncertainty U quantity defining an interval about a result of a
measurement expected to encompass a large fraction of the distribution of values
that could reasonably be attributed to the measurand

NOTES 1 The fraction may be regarded as the coverage probability or level of
confidence of the interval.

2 To associate a specific level of confidence with the interval defined
by the expanded uncertainty requires explicit or implicit assump-
tions regarding the probability distribution characterised by the mea-
surement result and its combined standard uncertainty. The level
of confidence that may be attributed to this interval can be known
only to the extent to which such assumptions can be justified.

3 Expanded uncertainty is termed overall uncertainty in Recommen-
dation INC-1 (1980), paragraph 5 (see GUM).

3.5 precision a degree of the dispersion of independent observed value and test
result obtained from the same sample under a specified condition

It is said that the smaller dispersion, the better or higher the precision is.

NOTES 1 Precision depends upon the distribution of random errors and does
not relate to the true value or the specified value.

2 Independent observed values means values obtained in a manner not
influenced by any observed values on the same or similar test ob-
ject. The same applies to independent test results. Quantitative
measures of precision depend on the repeatability conditions. Re-
peatability and reproducibility conditions are examples of repeatability
conditions (see JIS Z 8101-2).

Information 1 The term is defined as “closeness of agreement between indepen-

3.6 repeatability precision of the observed values and the test results under the
repeatability conditions
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When expressed with standard deviation, it is called repeatability standard de-
viation and when expressed with variance, it is called repeatability variance.

Information : The term is defined as “precision under repeatability conditions,

3.7 repeatability standard deviation standard deviation of test results obtained
under repeatability conditions

NOTE : This is a measure of dispersion of the distribution of test results un-
der repeatability conditions. Similarly “repeatability variance” and
“repeatability coefficient of variation” can be defined and used as
measures of the dispersion of test results under repeatability condi-
tions (see JIS Z 8101-2).

3.8 reproducibility precision of the test results under the reproducibility condi-
tions

When expressed with standard deviation, it is called reproducibility standard de-
viation and when expressed with variance, it is called reproducibility variance.

Information : The term is defined as “precision under reproducibility conditions,

3.9 reproducibility standard deviation standard deviation of test results ob-
tained under reproducibility conditions

NOTE : This is a measure of dispersion of the distribution of test results un-
der reproducibility conditions. Similarly “reproducibility variance” and
“reproducibility coefficient of variation” could be defined and used as
measures of the dispersion of test results under reproducibility condi-
tions (see JIS Z 8101-2).

3.10 standard uncertainty u(x;) uncertainty of the result of a measurement ex-
pressed as a standard deviation (see GUM)

3.11 trueness degree of bias from the true value
It is said that the smaller bias, the better or higher the trueness is.

NOTE : The reference value or the conventional true value is actually used in
substitution for the true value (see JIS Z 8101-2).

Information : The term is defined as “closeness of agreement between the av-
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3.12 uncertainty (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

NOTES 1 The parameter may be, for example, a standard deviation (or a given
multiple of it), or the half-width of an interval having a stated level
of confidence.

2 Uncertainty of measurement comprises, in general, many components.
Some of these components may be evaluated from the statistical
distribution of the results of a series of measurements and can be
characterized by experimental standard deviations. Other compo-
nents, which also can be characterized by standard deviations, are
evaluated from assumed probability distributions based on experi-
ence or other information.

3 It is understood that the result of the measurement is the best esti-
mate of the value of the measurand, and that all components of
uncertainty, including those arising from systematic effects such as
components associated with corrections and reference standards,
contribute to the dispersion (see GUM).

3.13 uncertainty budget list of sources of uncertainty and their associated stan-
dard uncertainties, compiled with a view to evaluating a combined standard uncer-
tainty associated with a measurement result

NOTE : The list often includes additional information such as sensitivity coef-
ficients (rate of change of result with change in a quantity affecting
the result), degrees of freedom for each standard uncertainty, and an
identification of the means of evaluating each standard uncertainty
in terms of a Type A or Type B evaluation.

4 Symbols

a coefficient indicating an intercept in the empirical relationship Sp=a +bm

B laboratory component of bias

b coefficient indicating a slope in the empirical relationship $z=a +bm

c coefficient in the empirical relationship 8§ =cmd

c; sensitivity coefficient dy/dx;

d coefficient indicating an exponent in the empirical relationship §z=cm?

e random residual error

e, random residual error under repeatability conditions

k numerical factor used as a multiplier of the combined standard uncertainty u
in order to obtain an expanded uncertainty U

l laboratory number

m mean value of the measurements

N number of contributions included in combined uncertainty calculations
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n number of contributions incorporated in combined uncertainty calculations in
addition to collaborative study data

n; number of replicates at one level by laboratory [

n, number of replicate measurements

p number of laboratories

Q number of test items from a larger batch

q number of assigned values by consensus during a collaborative study

ri correlation coefficient between x; and «;, in the range -1 to +1

Sh between-group component of variance expressed as a standard deviation

s between-group component of variance

Sp estimated, or experimental, standard deviation of results obtained by repeated
measurement on a reference material used for checking control of bias

Information : This standard deviation corresponds to the positive square root

s repeatability standard deviation with v; degrees of freedom

sinn uncertainty associated with the inhomogeneity of the sample

sin component of variance associated with the inhomogeneity of the sample
sL experimental or estimated inter-laboratory standard deviation

S adjusted standard deviation associated with B where the contribution is de-
pendent on the response

Information : “Uncertainty” is adopted in the original International Standard

si  the estimated variance of B
S, intra-laboratory standard deviation

s, adjusted estimate of inter-laboratory standard deviation, where the contribu-
tion is dependent on the response

sz estimated variance of e,
Sp estimated reproducibility standard deviation
sk adjusted estimate of the reproducibility standard deviation

Sp adjusted reproducibility standard deviation calculated from an empirical model,
where the contributions are dependent on the response

Sw intra-laboratory standard deviation derived from replicates or other repeatability
studies

intra-group component of variance (often an intra-laboratory component of vari-
ance)

s(A,) laboratory standard deviation of differences during a comparison of a routine
method with a definitive method
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X; value of the ith input value in the determination of a result
x; deviation of the ith input value from the nominal value of x
x; the jth input value in the determination of a result

u(8) uncertainty associated with 6 due to the uncertainty of estimating & by mea-
suring a reference measurement standard or reference material with certified
value [i

u(f®) uncertainty associated with the certified value g

u(y) combined standard uncertainty associated with y where u(y)= Jchuz(xi)

i=1n

u(Y) combined standard uncertainty for the result Y =f(y,, y,, ...) where u(Y)=

E [ciU(yi):F

13

u2(y) combined standard uncertainty associated with y, expressed as a variance
Ui uncertainty associated with sample inhomogeneity
U expanded uncertainty, equal to £ times the standard uncertainty u«

U(y) expanded uncertainty in y where U(y)=ku(y), where k is a coverage factor

vi result for test item i from the definitive method during a comparison of meth-
ods
¥ result for test item ¢ from the routine test method during a comparison of methods

Yo assigned value for proficiency testing
A laboratory bias

A, estimate of bias of laboratory [, equal to the laboratory mean, m, minus the
certified value,

, mean laboratory bias during a comparison of a routine method with a defini-
tive method

0 bias intrinsic to the measurement method in use

5 estimated or measured bias

u unknown expectation of the ideal result (true value)
a certified value of a reference material

o) standard deviation for proficiency testing

op  true value of the standard deviation of results obtained by repeated measure-
ment on a reference material used for checking control of bias

Information : This standard deviation corresponds to the positive square root

o1, inter-laboratory standard deviation; standard deviation of B
oi,  variance of B; inter-laboratory variance
o, intra-laboratory standard deviation; standard deviation of e,

variance of e,; intra-laboratory variance
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o, within-group standard deviation
0w standard deviation required for adequate performance (see JIS Q 0033)

vy effective degrees of freedom for the standard deviation of, or uncertainty asso-
ciated with input value x;

v number of degrees of freedom

5 Principles
5.1 Individual results and measurement process performance

5.1.1 Measurement uncertainty relates to individual results. Repeatability, repro-
ducibility, and bias, by contrast, relate to the performance of a measurement or test-
ing process. For studies under all parts of JIS Z 8402, the measurement or testing
process will be a single measurement method, used by all laboratories taking part in
the study. Note that for the purposes of this Standard, the measurement method is
assumed to be implemented in the form of a single detailed procedure (as defined in
the International Vocabulary of Basic and General Terms in Metrology). It is implicit
in this Standard that process-performance figures derived from method-performance
studies are relevant to all individual measurement results produced by the process.
It will be seen that this assumption requires supporting evidence in the form of ap-
propriate quality control and assurance data for the measurement process (clause 7).

5.1.2 It will be seen below that differences between individual test items may ad-
ditionally need to be taken into account, but, with that caveat, it is unnecessary to
undertake individual and detailed uncertainty studies for every test item for a well
characterized and stable measurement process.

5.2 Applicability of reproducibility data The application of the principles of
this Standard is based on two principles.

— First, the reproducibility standard deviation obtained in a collaborative study is
a valid basis for measurement uncertainty evaluation (see A.2.1 of Annex A).

— Second, effects not observed within the context of the collaborative study must
be demonstrably negligible or explicitly allowed for. The latter principle is imple-
mented by an extension of the basic model used for collaborative study (see A.2.3
of Annex A).

5.3 Basic equations for the statistical model

5.3.1 The statistical model on which this guidance is based is formulated as in Equa-

tion (1):
y=u+5+B+EClxl'+e ..................................................... (1)
where,
y is an observed result, assumed to be calculated from the
equation: y = f(x, x9, ..., Xp);

u is the (unknown) expectation of ideal results;

hy
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