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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
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| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’2.
sk of technical committees is to prepare International Standards. Draft International Stand
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3 was prepared by Technical Committee ISO/TC 69, Applications of statistical meth
ee SC 6, Measurement methods and results.

consists of the following parts, under the general title Capability of detection:
Terms and definitions
Methodology in the linear calibration case

Methodology for determination of the-critical value for the response variable when no calibré
e used

Methodology for comparing the.minimum detectable value with a given value
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Introduction

An ideal requirement for the capability of detection with respect to a selected state variable would be that the
actual state of every observed system can be classified with certainty as either equal to or different from its
basic state. However, due to systematic and random variations, this ideal requirement cannot be satisfied
because:

— |In reality, all reference states, including the basic state, are never known in absolute terms’[of the state
variable. Hence, all states can only be characterized correctly in terms of differences fromjthe|basic state,
i.e. in terms of the net state variable.

NOTE In ISO Guide 30 and in ISO 11095, no distinction is made between the statexwariable and [the net state
variable. As a consequence, in those two documents reference states are — without justification — agsumed to be
known with respect to the state variable.

— | Furthermore, the calibration and the processes of sampling and sampl€_preparation add randem variation
to the measurement results.

In this part of ISO 11843, the symbol « is used for the probability. of detecting (erroneously) that ja system is
not |n the basic state when it is in the basic state.

© 1SO 2003 — Al rights reserved \
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part of ISO 11843 gives a method of estimating the critical value of the response variable fro
standard deviation of repeated measurements of the reference state ‘in' certain situations

th the value of the net state variable is zero, for all reasonable and foreseeable purposes. Hen
ded whether values of the response variable in an actual state (orytest sample) are above t
es attributable to the reference state.

eral procedures for determination of critical values of the response variable and the net state

he minimum detectable value have been given in 1SQY11843-2. Those procedures are a
btions in which there is relevant straight-line calibration and the residual standard devic
sured responses is either constant or is a linear funiction of the net state variable. The proced
part of ISO 11843 for the determination of the critical value of the response variable only is req
ituations in which no calibration data are usedJThe distribution of data is assumed to be norr

procedure given in this part of ISO 11843 is recommended for situations in which it is difficul
e amount of the actual states although-a large amount of the basic state can be prepared.

Normative references

following referenced\.documents are indispensable for the application of this document
rences, only the~edition cited applies. For undated references, the latest edition of the
iment (includingany amendments) applies.

3534-1, Statistics — Vocabulary and symbols — Part 1: Probability and general statistical tern

353452, Statistics — Vocabulary and symbols — Part 2: Statistical quality control

ISO

m the mean
see 5.1) in
be, it can be
he range of

ariable and
oplicable in
tion of the
ure given in
ommended
nal or near-

to obtain a

For dated
referenced

IS

3534-3 Statistics — \/nr‘:ahlllnry and. Qymhnle — Part 3: npeign of ny’nnrimpnfe

ISO

5479:1997, Statistical interpretation of data — Tests for departure from normal distribution

ISO 5725-2:1994, Accuracy (frueness and precision) of measurement methods and results — Part 2: Basic
method for the determination of repeatability and reproducibility of a standard measurement method

ISO
ISO
ISO
ISO

11095:1996, Linear calibration using reference materials
11843-1:1997, Capability of detection — Part 1: Terms and definitions
11843-2:2000, Capability of detection — Part 2: Methodology in the linear calibration case

Guide 30, Terms and definitions used in connection with reference materials
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3534 (all parts), 1SO Guide 30,
ISO 5479, ISO 5725-2, ISO 11095 and ISO 11843-1 apply.

4 Experimental design

41

General

The measlrement method is assumed to be standardized and known to have been calibrated

measureme
low levels
measuremse
variable is
value of the

Measuremse

Negative v
negative va

4.2 Choilce of the reference state in which the value of the nét'state variable is zero

One of the
variable is
assertion g
absolute te
part of ISO|
method bei

In cases in
should be 3
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measuremg

nts of a similar type, although calibration under the specific conditions being studied and at
of the net state variable has not been undertaken or is not possible. The samg,"\comy
nt method shall be used for all replicated measurements of the reference state in which the s
vero as well as for actual states (test samples) within the measurement series forwhich a cri
response variable is required.

nts of actual states shall be randomized among the measurements of the basic state.

blues of the response variable shall not be discarded or altered, if\these arise. For exan
ues shall not be replaced by zeros.

assumptions in the procedure described in this part of [ISO 11843 is that the value of the net s
zero in the reference state chosen. The certainty that can be expected in relation to such
discussed in ISO 11843-2:2000, Subclause 4.1:%in reality, reference states are not know,
ms of the state variable but only in terms of differences from a (hypothetical) basic state. For
11843, it is sufficient for the reference levelto’ be well below that likely to be measured byj
g used.

which the basic state is represented_by a preparation of a reference material, the compos
s close as possible to the composition of the material to be measured, i.e. in analytical chem
atrix material chosen should be very similar in every way to, if not identical with, the samples b
h that measurement series. Influences due to the presence of other substances or elementg
physical state of samples, /can be highly significant. In particular, when solutions are b
, the use of pure solvents rather than the solvent extracts normally encountered in
nt method is unacceptable.

4.3 Repljcation

4.31

The responpe ffom the method used on the basic state shall be measured for a sufficient number of replic
J of the entire)procedure so as to give a good estimate of the mean and of the standard deviation.

Number of réplications, J
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It is

important to have sufficient dafa To examine the disiribufion of data o see whether the response variab

eis

normally, or near-normally, distributed. About 30 measurements should usually ensure that the estimate of the
standard deviation will not differ more than 30 % from the true standard deviation with approximately 95 %
probability.

NOTE In some situations, it is not possible to perform the number of measurements outlined above because of
constraints on the amount of material available or for other reasons. In such situations, the estimate of the standard
deviation obtained is markedly uncertain. When such an estimate s (see s, in 5.2) of a true standard deviation o is to be
made, conclusions can be drawn as to the range about the interval based on s within which the estimate of o can be
expected to lie with prespecified probability 1 — «. This is a statistical problem usually solved (if assumption of normality is
valid and s is the sample standard deviation) by the use of the chi-squared distribution for the number of results on which
the estimate of s was based to give a confidence interval for the value of o of
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where v=J-1, values of quantiles of y2-distribution are obtainable from standard tables and « is as defined in the
introduction.

Replications of measurements K on the actual states (test samples) using the entire method will lower the
critical value of the response variable to some extent [see Equation (4)], although cost constraints will have to
be carefully considered.

4.3.2 Uniformity of replication
When taking samples of the basic state in order to measure the response variable, it is essentiall to follow in
evely way the sampling procedure in the overall method.
If standard reference materials are available, they should be used because their homogeneity wil| have been
cargfully studied.
The| possibilities of some surface phenomena, of electrostatic effects, of settling-out, etc., giving non-identical
sanples should always be borne in mind.
4.3.3 Possible disturbing factors
Variation of possible disturbing factors during the runs should:be minimized, as outlined in ISO 11843-2:2000,
Subclause 4.1.
5 |Computation of the critical value of the response variable y.
5.1| Basic method
ISO| 11843-1 defines the critical valug 'y, as the value of the response variable y such that, if it i exceeded,
the decision will be made that the systéem is not in the basic state. The critical value is chosen sq that, when
the pystem is in the basic state, this decision will be made with only a small probability «. In othef words, the
critical value is the minimum significant value of a measurement or signal, applied as a discrimingtor against
background (noise).
The| decision “detected? or “not detected” is made by comparison of the arithmetic mean of the determinations
obtgined for the actualstate y, with the critical value y of the respective distribution. The probabjility that the
arithmetic mean of ‘measured values y, exceeds the critical value y. for the distribution in the|basic state
(x =]0) should berless than or equal to an appropriate pre-selected probability a.
The| critical'value y,, of the response variable can be expressed generally as follows:

Piag>yc|x=0)<sa (1)
NOTE P(y, >y, | x=0) is the probability that y, >y, under the condition that x = 0.

The definition may be stated as an equality, although the inequality accommodates discrete distributions, such
as the Poisson distribution, for which not all values of « are possible.

If
a)
b)

c)

y is normally distributed with standard deviation oy,

samples of actual states are as homogeneous as possible,

the measurements are unbiased,

© 1SO 2003 — Al rights reserved
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the critical value of the response variable is given by the following simplified expression of Equation (1):

_ 17 1
Y= VpEzig 00\/7"?

where
Z1

24

%0

represents the (1 — a)-quantile of the standard normal variable;

is the standard deviation of the net signal (or concentration) under the null hypothesis (true value

NOTE |
sign — is use

If oy is estiated by s, based on v degrees of freedom, z,_,, shall be replaced by the corresponding qua

of Student'g

yc:yt

NOTE |
When the v
to be zero,
latter being
variable in
which an e

5.2 Prac

The replica
distribution
techniques.

For the pur|
made, withi

x =0);
is the number of replicate determinations of the basic state;

is the arithmetic mean of those replications;

is the number of determinations to be made on the actual state.
] when the response variable decreases with increasing level of the net state variable.

t-distribution, i.e.

1.1
l‘1ia(V)S0 7"'?

'he sign + or — is used in the same manner as for Equation (2).

alue of the state variable in the basic statesis known, for all reasonable and foreseeable purpo
i.e. the “baseline” for the response variable is known without significant error, then o = ¢,
estimated through s, the standard-deviation of the replicate determinations of the respg
he basic state. This is the situation*addressed in this part of ISO 11843. It is one of several way
perimental estimate of o, can be obtained.

tical calculation
fed measurements of the response in the basic state should be examined for non-normalit

using such techpiques as are described in I1SO 5479, supplemented by any other avail

boses of\this part of ISO 11843, J replicate measurements of the response of the basic state
N a measurement series, so that the mean value of y, given by

'he sign + is used when the response variable increases with increasing level af-the net state variable and the

ntile

(3)

ses,
the
nse
S in

y of
Able

are

is the estimate of the expectation y; of y, and the sample standard deviation of y, given by
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is the estimate of o,

Thus a good estimate of the critical value of the response variable is given by

whdre the number of degrees of freedom v=.J — 1. The statistical test is one-sided, « is usually ta

as

NOTE The sign + or — is used in the same manner as for Equation (2).

Equation (5) applies directly to the situation in which a single determinationlis;made on the test san

NOTE The sign + or — is used in the same manner as for Equation (2).

5.3| Reporting and use of the critical value

Thel number of measurements of the response variable in the basic state J shall be stated toget!
starjdard deviation s, for that series. The number of replications of the response variable in the ag
sha|l also be reported. The chosen value of & shall be stated (usually 0,05). The critical value ca

the

1

-3:2003(E)

= Lz Li2)
Jec D =% 1=-a\"7°D

\J K

_ 1
Ye=Db itLa(V)Sb\}j”

(4)

ken as 0,05

ecommended in 1ISO 11843-1, and the corresponding quantile of Student's ¢-distribution is obtained from
standard tables.

hple:

(®)

her with the
tual state K
Iculated for

specified number of replications of the(response variable in the basic state and actual state shall be stated.
These are conveniently set out in tabulagform in Table 1.

Table 1 — Critical value of the response variable and its corresponding experimental parameters

Nu
Nu

Me
Me

cal

Vallie of « chosen (defatlt value: 0,05)

Stahdard deviation of the response variable in the basic state

Criticalvalue for the response variable derived by the simplified method of this part of ISO 11843 in which no|

:[:ber of replicates of the response variable in the basic state

ber of replicates of the.response in an actual state

In of the response variable in the basic state

n of the response in the actual state

J
K

ibration data are used

If the average of the K replicate determinations in the actual state is not greater than the critical value, it can
be stated that no difference could be shown between the actual state and the basic state. However, the
average result for the actual state shall be reported as found. It shall not be reported as zero.
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Annex A
(normative)

Symbols used in this part of ISO 11843

kurtosis test statistic

b £ L EH £ 4 £ Ll ikl HP 1 N H ot H IS
O ToCT U T PTCatioTTS UT TITCASUTCTITC TS UT TN T TSP UTTS T VAT TaAuTe T U TC U aSTO - State T vwiol

state variable is zero (blank matrix)

variable identifying the preparations performed on the basic state in which the state yariab
zero (blank matrix)

number of replications of measurements of the responses of the actual state‘(sample)
probability

estimated standard deviation of response variable

estimated standard deviation of the basic state in which the state variable is zero (blank mat

estimated standard deviation of measured response of the basic state
Student's r-distributed test statistic

Shapiro-Wilks test statistic

a value of the net state variable

a value of the response variable

arithmetic mean of measured responses from the basic state

arithmetic mean of measdred responses of an actual state (test sample)
critical value of the response variable

jth measurement,of the response at a particular level and in a particular series
expectation(of the response variable for zero value of state variable
standardized normal random variable with respect to its quantile

significance level (i.e. probability of an error of the first kind)

confidence level
degrees of freedom of ¢-statistic or y2-statistic
actual standard deviation

actual standard deviation at zero level of state variable

the

eis

X)

actual standard deviation of the response variable for zero value of the state variable (blank

matrix or control)

chi-squared random variable
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