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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Conformity assessment is a systematic examination of the extent to which an entity conforms to a
specified criterion. The objective is to provide assurance of conformity, either in the form of a supplier’s
declaration, or of a third-party certification (see ISO/IEC Guide 2, 2004). A specification is usually
formulated as a single limiting value, LV, or as a set of (upper and lower) limiting values for a measurable
characteristic. When the specification refers, e.g. to health-related characteristics, the limiting values
are sometimes termed threshold limit value TLV, or permissible exposure limits, PEL.

Whenever conformity assessment involves measurement or sampling uncertainty, it is common practice
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INTERNATIONAL STANDARD

ISO 10576:2022(E)

Statistical methods — Guidelines for the evaluation of
conformity with specified requirements

1

Scope

This document sets out guidelines for checking conformity with quantifiable characteristics using the

test

QT TIEISUTEMENt TESUIt amd (tS asSociated MEaSUrement uncertaimnty ]

This|document is applicable whenever the uncertainty may be quantified according toth

laid

lown in ISO/IEC Guide-98-3 (GUM). The term uncertainty is thus a descriptor for all

varidtion in the measurement result, including uncertainty due to sampling.

This|document does not give rules for how to act when an inconclusive result-of a conforn
been|obtained.

NOTH There are not limitations on the nature of the entity subject to thérequirements nor on th

chardcteristic. Examples of entities together with quantifiable characteristics are given in Table A.1.

2
The

Normative references

following documents are referred to in the text in, such a way that some or all of t

consfitutes requirements of this document. For datéd references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

ISO

3534-1, Statistics — Vocabulary and symbols — Part 1: General statistical terms and t

probability

ISO 3534-2, Statistics — Vocabulary and:symbols — Part 2: Applied statistics

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3534-1, ISO 353
following apply.

ISO gnd IEC maintainyterminology databases for use in standardization at the following adc

3.1

ISO Online.browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

e principles
elements of

hity test has

b quantifiable

heir content
applies. For
hts) applies.

brms used in

4-2 and the

Iresses:

limiting values
specification limits

L

specified values of the characteristic giving upper and/or lower bounds of the permissible values

[SOURCE: ISO 3534-2:2006, 3.1.5]

3.2

lower specification limit

LSL

lower bound of the permissible values of the characteristic

© IS0 2022 - All rights reserved
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upper specification limit

USL

upper bound of the permissible values of the characteristic

3.4
conformity

assessment

systematic evaluation by means of testing of the extent to which a product, process or service does or
does not fulfil specified requirements

3.5

region Ofp ermissible-values
interval or iptervals of all permissible values of the characteristic

Note 1 to enmtry: Unless otherwise stated in the specification, the limiting values belong to the regi

permissible

3.6

alues.

region of npn-permissible values

interval or i

Note 1 to ent
characteristi

3.7
uncertaint)
interval den
values that

htervals of all values of the characteristic that are not permissible

Iy: Figure 1 displays various possibilities for the partitioning of the fegion of possible values
C in regions of permissible and non-permissible values.

y interval
ived from the actual measurement of the characteristic and its uncertainty, coverin
fould reasonably be attributed to this characteristic at a given probability

Note 1 to enftry: An uncertainty interval may be the symmetric interval around the measurement res

defined in IS

Note 2 to ent

the uncertaifty interval may be in the form of a c¢enfidence interval for the value of the characteristic (sd

[SO 3534-1:2

3.8
two-sided ¢

when T; andl T, are two functions.ofthe observed values such that, 6 being a population paramet

be estimate
positive and

[SOURCE: IS

3.9
confidence
the value (1

/1EC Guide 98-3:2008, 6.2.1.

on of

bf the

o the

11t as

'y: When the uncertainty has been obtained only by Type A evaluations of uncertainty components,

D06, 2.57 and ISO/IEC Guide 98-3:2008, G.3).

onfidence interval

ee.g.

er to

, the probability P(T{ < 6 < T,) is at least equal to (1 - a) [where (1 - @) is a fixed number,

less than 1], thedinterval between T; and T, is a two-sided (1 - a) confidence interval

0/IEC Guide98+¥3:2008, C.2.27]

level
- )'ef the probability associated with a confidence interval or a statistical coverage int

for 0

brval

[SOURCE: IS

O/IEC Guide 98-3:2008, C.2.29]

4 Specification of recommendations

4.1 Recommendations for definition of limiting values

411 The

entity should be clearly and unambiguously specified.

4.1.2 The quantifiable characteristic of the entity should be clearly and unambiguously specified.
The value of the characteristic should be determined by means of a measurement or test procedure
that enables an assessment of the measurement uncertainty to be made. Examples of entities and their
quantifiable characteristics are given in Annex A.

2
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4.1.3 The measurement or test procedure should be a standardized or validated procedure.

4.1.4 The measurement uncertainty should neither explicitly nor implicitly be referred to in the
designation of the limiting values.

R R
a PV I NV
L
b. ‘\NV I I \PV
L
R R R
N NV I PV I N\
Lg;, Us,
Rpy | Ryy | Rpy
d. 1 |
Lq L,

NOTE Rpy denotes region of permissible values while-Ryy denotes region of non-permissible values
The specification limits are denoted L, Lg;, Ug;, L1 and L.

Figure 1 — Divisienof the domain for the characteristic

4.2 | Reporting of limiting values
The reporting of limiting values should be the result of the description given in 4.1.1 and 4.[.2.

The range of permissible)values of a quantifiable characteristic may be limited to only one side or to
both|sides. Limits aretherefore of two kinds:

— dlouble limits,‘consisting of an upper and a lower limit;

— gingle limi€, i.e. either an upper limit or a lower limit.

The possible configuration of limits is illustrated in Figure 1.

EXAMPLE1 Double limits

For a single item in the form of a barrel of motor oil (i.e. the entity) the requirements for the kinematic
viscosity of the oil (i.e. the characteristic) could be

the kinematic viscosity should be not less than 0,5 x 10-5 m2/s and not greater than 1,0 x 105> m?2/s.
EXAMPLE 2 Double limits

For one lot of bottles with frying oil (i.e. the entity) the requirements for the average boiling point at the
atmospheric pressure of 101,6 kPa for the oil in the bottles (i.e. the characteristic) could be

the average boiling point should be within the interval 105,0 °C to 115,0 °C.

EXAMPLE 3  Single upper limit

©1S0 2022 - All rights reserved 3
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For a shipment of crude oil (i.e. the entity) the requirements for the sulfur mass fraction (i.e. the

characterist

ic) in the bulk could be

the sulfur mass fraction should be no greater than 2 %.

EXAMPLE 4

Single upper limit

For an individual (i.e. the entity) the requirements for the concentration of lead in blood (i.e. the

characterist

ic) could be

the concentration of lead should be no greater than 0,97 pmol/1.

EXAMPLE 5 —Singtetower it
For a lot of pitumen (i.e. the entity) the requirements for the solubility of the bitumen in kexosene at
20 °C (i.e. thie characteristic) could be

the solupility of the bitumen in kerosene at 20 °C should be not less than a mass fraction of 99 [%.
EXAMPLE 6 | Single upper limit
For a shipmegnt of apples (i.e. the entity) the requirements for mass fraction of.the apples infected|with
pests (i.e. the characteristic) could be

the mags fraction of apples infected with pests should be less thann0)2 %.
Due to the variation of the mass of the individual apples, the mass fraction of infected apples will usjually
be different|from the number fraction of infected apples.
NOTE In| many cases (e.g. in the environmental field), an additional implied limit such as 0 %, 0,0 kgl and
100 % can be ignored when considering a single limit because they are theoretical and/or physical limits and
therefore nedqd not be specified.
5 Uncertainty of results
5.1 Genefal
When comparing a measurement resultwith the limiting values, itis necessary to take into considerption
the measuregment uncertainty of the result. The uncertainty should be determined according tp the
provisions qf ISO/IEC Guide 98¢3;1S0 5725-1 to ISO 5725-6, may also be consulted to help identify some
of the compgpnents of uncertainty. Examples are shown in Annex B.
NOTE This discussion\iniplies that the contributions to the uncertainty from all stages in the measurgment
procedure is faken inte-ednsideration and also includes any uncertainty due to sampling.
5.2 Reportingthe measurement results and the measurement uncertainty
The measured value of the characteristic ol interest and the measurement uncertainty should be

reported; the measurement uncertainty should be reported as an interval. When this interval is
a confidence interval, the confidence level (1 - ) should be reported together with the interval
(see I1SO 3534-1). Otherwise the coverage factor of the uncertainty interval should be reported (see
ISO/IEC Guide 98-3:2008, 6.2.1).

6 Assessing conformity to requirements

6.1 General

A conformity test is a systematic examination (by means of measurement) of whether or not the entity
fulfils the specified requirements.

© IS0 2022 - All rights reserved
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The objective of the conformity assessment is to provide confidence that the entity does or does not
fulfil the specified requirements.

This document recommends that the conformity assessment be performed as a two-stage procedure.
In the cases where a two-stage procedure either cannot be performed or for other reasons should not
be performed, a one-stage procedure is provided.

When a two-stage procedure is performed, there should be appropriate procedures to evaluate the
consistency of the measurement results from the two stages.

NOTE The advantage of the ‘two-stage procedure over the one- stage procedure is the hlgher probability

i e re close to the
ies with non-
permiissible Value(s) of the quantity of interest, which are close to the limiting values. If this increasgd probability
in de¢laring conformity for non-conforming entities cannot be accepted, a one-stage procedure’is provided.

6.2 | The two-stage conformity assessment

6.2.1 Stagel
Perfgrm the measurement procedure and estimate the measurementiuncertainty of the regult.

Confprmity to the requirements may be assured if, and only if)\the uncertainty interval |s inside the
regign of permissible values.

The gecond stage of the test should be performed if, and only if, the uncertainty interval calqulated after
the flrst stage includes a specification limit.

6.2.71 Stage 2

Perfgrm the measurement procedure once more and determine an appropriate combinatign of the two
meagurement results to form the final mgasurement result together with the uncertainty of that result.

Confprmity to the requirements may_be assured if, and only if, the uncertainty interval| of the final
meagurement result is inside the region of permissible values.

If conformity is assured, either-after the first or after the second stage, the statement givep in 7.2 may
be agserted.

NOTE1  The uncertainty“interval is also considered to be inside the region of permissible value§ when one of
the limits of the uncertainty interval coincides with a limiting value of the specification.

If the uncertainty-interval is entirely included in the region of non-permissible values, either after the
first|or after the second stage, then non-conformity with the requirements may be assured and the
statgment;in.7.3 can be asserted.

NOTHE 220 The uncertainty interval is also considered to be inside the region of non-permissible|values when
one of the limits of the uncertainty interval coincides with a limiting value of the specification.

When the uncertainty interval determined after stage 2 includes a specification limit, the result of the
conformity assessment is inconclusive, and the statement given in 7.4 may be asserted.

NOTE3 The measurement procedures used in the two stages need not be identical. The appropriate
combination of the results from the first and the second stage referred to in stage 2 above also includes situations
where e.g., only the result from stage 2 is used as the final measurement result.

Figure 2 displays a flow diagram for the two-stage conformity assessment.

6.3 The one-stage conformity assessment

Perform the measurement procedure and calculate the measurement uncertainty of the result.

© IS0 2022 - All rights reserved 5
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Conformity to the requirements may be assured if, and only if, the uncertainty interval of the
measurement result is inside the region of permissible values.

NOTE1 The uncertainty interval is also considered to be inside the region of permissible values when one of
the limits of the uncertainty interval coincides with a limiting value of the specification.

If the uncertainty interval of the measurement result is entirely included in the region of non-
permissible values, then non-conformity with the requirements can be declared and the statement in
7.3 may be asserted.

NOTE 2  The uncertainty interval is also considered to be inside the region of non-permissible values when
one of the limits of the uncertainty interval coincides with a limiting value of the specification.

When the uncertainty interval includes a specification limit, the result of the conformity assessment is
inconclusivd, and the statement given in 7.4 may be asserted.

6.4 The yncertainty interval given in the form of a confidence interval

The provisi¢ns in this subclause refer to situations where the uncertainty interyal is given in the [form
of a confidefce interval with confidence level (1 - @) (see 5.2). When the specifi€ation is given in terms
of a single specification limit (case a. or case b. in Figure 1), the probability of an erroneous declarption
of conformify is at most a/2 for the one-stage procedure and at most & for the two-stage procddure
from the Bonferroni inequality. In the case with double limits (case c.c0r'd. in Figure 1), the probability
of an errongous declaration of conformity depends on the averagedlength of the confidence intgrval.
However, when the average length is only a small fraction of the difference between the specifichtion
limits, the apove expression for the probability of an erroneous“declaration of conformity may stjll be
used.

When the measurement uncertainty can be assumed to be'known (i.e. the uncertainty is not calcujated
from the obgervations), the probability of declaring confermity with the requirements can be calcujated
together with the probability of obtaining an inconglusive result from the conformity assessment.

6.5 Incornclusive result of the conformity assessment

Especially when the value of the characteristic is near a specification limit, there is a large probability
that the resplt of the conformity asséssment will be inconclusive. This is in principle undesirable but
is inevitablg if a declaration of conformity with the requirements should justify the assertion df the
statement i} 7.2.

6 © IS0 2022 - All rights reserved
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Yes

Stage 1
— Perform the measurement procedure.
— Calculate the uncertainty interval.

Is the uncertainty interval

inside the region of permissible
values?

ISO 10576:2022(E)

Yes

Does the uncertainty interval

include a specification limit?

Stage 2

— Perform the measurement procedute
once more.

— Determine an appropriate combination of
the two measurement results.

— Calculate the new uncergtaitity interval.

[s'the uncertainty interval

inside the region of permissible
values?

Does the uncertainty interval

include a specification limit?

The uncertainty ipterval
is entirely includ¢d in the
region of non-peymissible

Conformity is
assured.
(7.2)

Yes

Inconclusive test.
(7.4)

1
varaes:

J

Non-conformity is
assured.
(7.3)

Figure 2 — Flow diagram for the two-stage procedure
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7 Reporting the result of the conformity assessment

7.1 General

Due to the variability in measurement, an assertion based upon the measurements may be wrong. The
design of the measurement procedure and the test procedure should therefore take this into account in
the reporting of a conformity assessment.

When reporting the result of a conformity assessment, the qualitative expressions for assurance of
conformity, non-conformity or an inconclusive test given in 7.2, 7.3 and 7.4 should be supplemented
with all the evidence which supports the qualitative expression used.

7.2 Assul

Whenever {
values (see ¢

The assuran

The conform
requirement

7.3 Assul

Whenever t
values (see ¢

The assuran

The conform
the requirent

7.4 Incor

Whenever

with 6.1 or §.2, the result of the conformity assessment is inconclusive.

The report g

The conform
in conformit

rance of conformity

he uncertainty interval of the measurement result lies inside the region o permig
.1 and 6.2), conformity may be assured.

ce of conformity must have the following wording:

ity assessment has demonstrated that the value of the characteristic.is in conformity wit
.

rance of non-conformity

he uncertainty interval of the measurement result istinside the region of non-permig
b.1 and 6.2), non-conformity may be assured.

ce of non-conformity must have the followingWwording:

ity assessment has demonstrated that the.value of the characteristic is not in conformity)
ents.

iclusive result

ither conformity nor non-cenformity with the requirements can be assured in accord

fan inconclusive testresult must have the following wording:

ity assessmenthas’not been able to demonstrate that the value of the characteristic is or
Y with the requirements.

sible

h the

sible

with

ance

S not

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=b59d6d8c1184c101be7c6b1a8b6aec11

Annex A
(informative)

ISO 10576:2022(E)

Examples of entities and quantifiable characteristics

Table A.1 — Examples of entities together with quantifiable characteristics

Quantifiable characteristic of entity

{treatment of a specific
disease}

{the average wait-
ing time from the
reporting of the dis-
ease until the start of
the treatment}

{the standard
deviation of the wait-
ing time from the
reporting of the dis-
ease until the start of
the treatment}

{the pe
waiting
starto

Entit
y Item characteristic Average Homogeneity Rélative frequency
Distinguishable item x — x —
or individual
{weight for a balance} {mass} — — —
Group of distinguish- — x x x
ablelitems (batch or
popylation)
{lot ¢f bags of sugar} — {the average mass | {the standard devi- | {the pefcentage of
per bag} ation of the mass of | bags with conform-
bags} ing masses}
Procgss — x x x
{prodluction of bottles} — {the average volume | {the standard devia- | {the pefcentage of
per bottle praduced} | tion of the volume of | produ¢ed bottles
the bottles pro- with cpnforming
duced} volumes}
Lot ¢f bulk material — x x x
(partficulate material,
liquifl or gas)
{lot ¢f dolomite} {the mass fraction of | {the standard de- | {the mags fraction of
asbestos fibres} viation of the mass | asbestos$ fibres with
fraction of asbestos | conforming length}
between specified
sampling units}
Servjce — x x x

rcentage of
imes for the
f the treat-

ment with conform-

ing

length}

NOTH

1“The symbol “x” in the cell indicates that the characteristic may be considered for the entity in que|

stion. Specific

exa

1es are given I accoldades | j.

NOTE 2 The contents of this table should not be considered exhaustive.

© IS0 2022 - All rights reserved
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Annex B
(informative)

Examples

B.1 General

The following examples cover only some of the combinations of the entities and quantif
characterisfics given in Table A.1. The examples do not represent any specific important combina
of entity angl characteristic of interest. All the examples should be seen as illustrative only.and d
necessarily represent the procedures of any regulatory body.

B.2 Example 1

In a series

for the dianpeter (two point diameter) of each shaft is Lg; = 23,9 mm and Ug; = 24,0 mm. The ent

thus a shaft

The measur
a measuring
uncertainty
ISO 14253-2
each of the s
accordance
around the
(23,962 £ 0,
third shaft {
second shaf;

B.3 Example 2

According t
exceed 0,97
the concent
stage proce
only measu
measureme
standard un

fine turned steel shafts, nominal dimensions @ 24 mm x 150 mm, the specification 1

and the characteristic is the shaft diameter.

ements are performed using an analogue external micrometer with flat measuring a
r range of 0 mm to 25 mm with a Vernier scale intgrval division of 10-3 mm. The stan
of measurement, u, = 3,79 x 103 mm, is calculated from a number of contributorsg
:2011, A.2). For economic reasons a one-stage, conformity assessment was performe
hafts in the series instead of a two-stage test: The uncertainty intervals were calculat]
with ISO Guide 98-3:2008, 6.2.1, using the-coverage factor k = 2. The uncertainty inte
measurements of three shafts were (23,857 + 0,007 6) mm; (23,907 + 0,007 6) mnj
D07 6) mm. In accordance with 6.3, the first shaft is declared to be non-conforming an
s declared to be conforming tothe requirements while the conformity assessment g
F has given an inconclusive result:

iable
kions
b not

mits
ty is

nvils,
dard
(see
d for
ed in
rvals
and
d the
f the

p a list of limiting-values, the concentration of lead in blood for individuals should not

umol/l. The entity is thus the blood of an individual. The characteristic is per defir
ration of trace.metal in the blood at the time the blood sample is taken. When a
dure is used-the blood sample is divided into two subsamples and the second samyj
red if thé.uncertainty interval after the first stage contains a limiting value (see 6.2)
ts are\performed with a standard measurement procedure which gives a result
certainty o, = 0,048 pmol/I[Zl[8l. The uncertainty interval of a measurement result c{

ition
two-
ble is

The
with
in be

expressed in the form of a (1 - a) confidence interval for the value of the characteristicll0l[11], When n

independent measurements each with the uncertainty oy are performed and the arithmetic mean of the
measurements is Y; then the confidence interval is given as:

Zl—

Y, +

a/20Y

Jn

where z; _,/, is the 1 - /2 quantile of the standard normal distribution[1].

The concentration of Pb in the blood for a particular individual is measured. The individual is only
exposed to lead through daily food intake and the exhaust emissions from motor vehicles. The estimate
of the Pb concentration from the measurement of the first subsample (n = 1) of blood is calculated as
Y; = 0,60 umol/l. The uncertainty interval given in the form of a 0,95 confidence interval for the blood
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concentration of Pb is 0,504 pumol/l to 0,693 umol/l. Since this interval is entirely included in the region
of conformity, then, in accordance with 6.3, conformity with the requirements is declared.

The Pb concentration for another individual with a supplementary exposure to lead coming
from his daily work is also measured. The measurement result from the first subsample (n = 1) is
Y; = 1,06 pmol/l and the corresponding 0,95 confidence interval for the Pb concentration is 0,96 pmol/1
to 1,15 pmol/l. Since this interval includes the limiting value, the second subsample is measured (n = 1).
This measurement result is 1,00 pmol/l. The measurements from the two stages are combined to
Y« = (1,06 + 1,00)/2 pmol/1 = 1,03 pmol/l. The confidence interval for the Pb concentration based on
the arithmetic mean of the two estimates is calculated from the formula given above (n = 2) resulting
in the interval 0,96 umol/1 to 1,10 umol/1. The limiting value is inside this interval. Thus, it cannot be
conwmondingly, it
cannjot be concluded that the Pb concentration is not in conformity with the requirements. lf} accordance
with|6.3, the result from the two conformity assessments is therefore inconclusive.

ncentration
sed.

It shg
of led

uld be emphasised that the procedure of performing a conformity assessment for the cq
d in human blood given above is not equivalent to the standard procedure'currently u

ne another.
likely to be

It wd
In pi
COTT{

s assumed in this example that the measurements are statistically independent of
actice, measurements taken in the same laboratory over a shor® time period are
lated. In the next example the effect of the correlation of resultsis illustrated.

B.4 | Example 3

Itis
dena
abbr
Froni
and

devii

Supp

Y, -

inter

perc
with
lowe

fommon to test denatured alcohols to verify that thé.product contains an adequate af
furing agent. Suppose, for example, that the denaturing agent is propan-2-ol (isopr
bviated [PA herein) and IPA is required to be présent in the concentration of at leas
| previous testing, the lab-to-lab standard deviation of the analytical method is o,
he repeatability standard deviation is 05 0,9 mg/g. From ISO 5725-6:1994 4.2.3, t
ition of the average of n measurements.taken in a short period of time is

r=\GF+0% /n

ose the first test result is~32,5 mg/g, then the lower boundary for a 0,95 confidenc
70975 0 =32,5-1,96 X(1,5=29,6 mg/g and the result is inconclusive, since the

val includes 30,0 mg/g. In the equation for the lower confidence boundary, z; 975
entile of a standardormal distribution and o is calculated by substitution in the eqy
n=1. Suppose the/second test result is 33,3 mg/g. Y, is the average of the two readj
I boundary {pr+the confidence interval is Y, -z, 975 0 =30,2mg/g. Since the lowg

nount of the
bpyl alcohol
t 30,0 mg/g.

= 1,2 mg/g
he standard

b interval is
confidence

s the 97,5th
ation above
ngs and the
'r boundary

does|not include(30,0, the sample is shown to be in conformance with the 30 mg/g requirement.

One [of therpurposes of this example was to illustrate the case of having correlated results. When
meagurements are positively correlated (which will typically be the case), the reduction |in variation
of theean-with-additionalreplicates-is-muchless-than-if the resultsare-independent-ef-bne another.
The correlation comes about because all test results are from the same laboratory, often within a very
narrow timeframe under something very close to repeatability conditions. In this example, with more
and more replicates, the standard deviation asymptotes to the lab-to-lab standard deviation 1,2 mg/g
(not zero) and the reduction in uncertainty is disappointingly small with additional test results. For
many naive practitioners, it will be assumed that the values are independent of one another. Further
the user will often take the short-term method variation to be the only component of variance and will
effectively only take the repeatability standard deviation into account and not think to include the
lab-to-lab variability. The effect on the estimated uncertainty associated with different assumptions
is illustrated in Figure B.1. The solid line shows the actual reduction in uncertainty with increased
testing within the same lab over a short time period. The two dashed lines show the reduction that
would result if the testing were independent. It is common to assume independence, but more difficult
to bring it about. Assuming independence will often give a significant underestimate of the uncertainty

associated with the mean of replicated results. One approach to reducing the correlation between
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