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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.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed. fo. the
different types of ISO documents should be noted. This document was drafted in accordance with ti.2
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be 1.2 suuject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Intrc duction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniri.ze ¢“users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and e.vressions related to conformity
assessment, as well as information about ISO’s adherence to the. W' 'O principles in the Technical
Barriers to Trade (TBT) see the following URL: Foreword - Supple mertary information

The committee responsible for this document is ISO/TC A9, Applications of statistical methods,
Subcommittee SC 6, Measurement methods and results.
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Introduction

Uncertainty estimation usually requires the estimation and subsequent combination of uncertainties
arising from random variation. Such random variation may arise within a particular experiment under
repeatability conditions, or over a wider range of conditions. Variation under repeatability conditions
is usually characterized as repeatability standard deviation or coefficient of variation; precision under
wider changes in conditions is generally termed intermediate precision or reproducibility.

The most common experimental design for estimating the long- and short-term components of variai c~
is the classical balanced nested design of the kind used by ISO 5725-2. In this design, a (cons.ang
number of observations are collected under repeatability conditions for each level of some other i2< -or.
Where this additional factor is ‘Laboratory’, the experiment is a balanced inter-laboratory study, and

can be analysed to yield estimates of within-laboratory variance, crrz, the betwee: -lacoratory

component of variance, GE, and hence the reproducibility variance, Uﬁ = crf PON Estimation of

uncertainties based on such a study is considered by ISO 21748. Where the additional ;rouping factor is
another condition of measurement, however, the between-group term can us=fully be taken as the
uncertainty contribution arising from random variation in that factor. For exa. le, if several different
extracts are prepared from a homogeneous material and each is measurea seve -al times, analysis of
variance can provide an estimate of the effect of variations in the (vtraction process. Further
elaboration is also possible by adding successive levels of grouping. . or e.:ample, in an inter-laboratory
study the repeatability variance, between-day variance and betwe --laboratory variance can be
estimated in a single experiment by requiring each laborcto'y to undertake an equal number of
replicated measurements on each of two days.

While nested designs are among the most common«des’en.for estimation of random variation, they
are not the only useful class of design. Consider, for examj le, an experiment intended to characterize
a reference material, conducted by measuring thrze separate units of the material in three separate
instrument runs, with (say) two observations per cnic per run. In this experiment, unit and run are
said to be ‘crossed’; all units are measured in. all runs. This design is often used to investigate variation
in ‘fixed’ effects, by testing for changes :vhich ure larger than expected from the within-group or
‘residual’ term. This particular experimen:, it example, could easily test whether there is evidence
of significant differences between urits or vetween runs. However, the units are likely to have been
selected randomly from a much large - (if ostensibly homogeneous) batch, and the run effects are also
most appropriately treated as raadcem. If the mean of all the observations is taken as the estimate of
the reference material value, it hecomes necessary to consider the uncertainties arising from both run-
to-run and unit-to-unit variat on. rhis can be done in much the same way as for the nested designs
described previously, by 2xu ac’ing the variances of interest using two-way analysis of variance. In the
statistical literature, this ‘s generally described as the use of a random-effects or (if one factor is a fixed
effect) mixed-effects mcel.

Variance comp~nent ex‘raction can be achieved by several methods. For balanced designs, equating
expected mecn sgares from classical analysis of variance is straightforward. Restricted (sometimes
also called 1 »sia ral) maximum likelihood estimation (REML) is also widely recommended for estimation
of variance components, and is applicable to both balanced and unbalanced designs. This Technical
Specification describes the classical ANOVA calculations in detail and permits the use of REML.

1ote “hat random effects rarely include all of the uncertainties affecting a particular measurement
resu't. If using the mean from a crossed design as a measurement result, it is generally necessary
tor consider uncertainties arising from possible systematic effects, including between-laboratory
effects, as well as the random variation visible within the experiment, and these other effects can be
considerably larger than the variation visible within a single experiment.

This present Technical Specification describes the estimation and use of uncertainty contributions
using factorial designs.
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Statistical methods of uncertainty evaluation — Guidance on
evaluation of uncertainty using two-factor crossed designs

1 Scope

This Technical Specification describes the estimation of uncertainties on the mean value in experim *nts
conducted as crossed designs, and the use of variances extracted from such experiments and appiioc to
the results of other measurements (for example, single observations).

This Technical Specification covers balanced two-factor designs with any number of i>vels. The
basic designs covered include the two-way design without replication and the t vo-vay design with
replication, with one or both factors considered as random. Calculations of variance components from
ANOVA tables and their use in uncertainty estimation are given. In addition, br'ef guiaance is given on
the use of restricted maximum likelihood estimates from software, and on thetre \tment of experiments
with small numbers of missing data points.

Methods for review of the data for outliers and approximate norma'ity «re p.ovided.

The use of data obtained from the treatment of relative observations \“or example, apparent recovery
in analytical chemistry) is included.

2 Normative references

The following documents, in whole or in part, ar¢ normn.atively referenced in this document and are
indispensable for its application. For dated refere~czs, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 3534-1, Statistics — Vocabulary and sviniols — Part 1: General statistical terms and terms used
in probability

ISO 3534-3, Statistics — Vocabulary and-cymbols — Part 3: Design of experiments

3 Terms and definitiors

For the purposes of thic. document, the terms and definitions in ISO 3534-1, ISO 3534-3 and the
following apply.

31
factor
predictor variav'e that is varied with the intent of assessing its effect on the response variable

Note 1 to entry: A factor may provide an assignable cause for the outcome of an experiment.
1"ote 2.to e itry: The use of factor here is more specific than its generic use as a synonym for predictor variable.

1’ote 3 to entry: A factor may be associated with the creation of blocks.

[SOURCE: ISO 3534-3:2013, 3.1.5, modified — cross-references within ISO 3534-3 omitted from
Notes to entry]

3.2
level
potential setting, value or assignment of a factor

Note 1 to entry: A synonym is the value of a predictor variable.
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