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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 25337 was prepared by Technical Committee ISO/TC 61, Plastics, Subcommittee SC 5,
Physical-chemical properties.
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Introduction

Many ISO standard test methods specify that measurements be made in duplicate or even in more than
duplicate. In some cases, repeated operations are also specified. However, for production quality control it is
common practice to carry out single measurements. For many production environments, replicates and/or
repeated operations, as specified in many ISO standards, are time-consuming and expensive and could result
in an undesirable increase in production costs. Furthermore, the laboratory response time could also increase
unacceptably.

This International Standard presents a statistical method for using only single measurements in a production
environment, in accordance with 1SO test method standards which specify at least duplicate measurements
and/or repeated operations. This International Standard is likely to be of interest to companies using ISO test
methods in production quality control and recorded in their quality management system. This International
Standard is not intended to be used for publishing data, for marketing purposes or for the development of
customer specifications/designations.

Provided the statistical computations support the reduction in the number of replicates for a particular test,
reduction from duplicate replicates to a single measurement is possible, as is reduction in the number of
replicates for a test result to half, or even less than half, the specified number of replicates. A reduction in the
variability of a test method might be necessary before a reduction in the number of test replicates can be
considered?).

Technical Committee ISO/TC 61, Plastics, considers that such a model might not only be of importance in the
field of plastics but also of interest-in 6ther-fields-in°which“ISO"test methods are used in production quality
control.

Single measurements, are.often used. for quality. control.tests: The . single-measurement model” presented in
this International Standard forms a basis,for,

— carrying out single measurements for production quality control;

— reducing the number of replicate tests carried out and/or modifying test methods using multiple test
samples in order to reduce laboratory costs and decrease the laboratory response time;

— modifying test methods which specify repeated operations (as is usually the case with, e.g., drying to
constant mass) to give a test method which involves only one operation, leading to shorter response
times and lower laboratory costs;

— handling results that lie outside the production and/or acceptance limits;

— achieving cost savings by harmonizing material production limits with the test methods used, taking into
account the precision of the test method and the production capacity.

Furthermore, when specified by the responsible authority, the single-measurement model described in this
International Standard can be used as a reference in, for example, product specifications, in sales agreements
and in communicating with customers.

1) An Excel-based tool for the calculation of repeatability and reproducibility parameters has been developed by
ISO/TC 61/SC 5 and is expected to become available on the ISO web site for on-line calculations at some future point in
time, initially at a password-protected location reserved for those participating in the development of 1ISO standards. The
calculation model is based on that of ISO 5725 and is applicable to balanced and unbalanced data sets.
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INTERNATIONAL STANDARD ISO 25337:2010(E)

Plastics — Production quality control — Statistical method for
using single measurements

1 Scope

This International Standard describes a statistical, so-called single-measurement, model (SD model) for using
single measurements for production quality control purposes at a producer's manufacturing site, even if a
standard test method specifies replicate measurements. The statistical model is also applicable to test
methods which call for repeated operations. A general approach to the precision statement in test method
standards which produce numerical results is also described. The statistical model is only applicable to test
methods which give results that follow a normal (i.e. Gaussian) distribution.

The principle of the statistical model is based on the determination of upper and lower production limits, taking
into account the accuracy and the reproducibility of the test method, the latter being added to the production
limits in order to define an area outside the production limits in which a test result can fall owing to the nature
of the production process and/or the test method.

This International Standard is designed for project managers, heads of laboratories and production managers.
However, the support of a statisticianis;highly-recommended, and sometimes indispensable, for providing the
necessary technical backup and statistical analysis.

If this International Standard is used in combination“with a test method standard, this needs to be clearly
indicated in all relevant documents; ‘€.g.“product” specifications,“ production process specifications and
contracts.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 5725-1, Accuracy (trueness and precision) of measurement methods and results — Part 1: General
principles and definitions

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5725-1 and the following apply.

31

production process standard deviation

Sp

standard deviation for the production process

3.2
production and test method standard deviation

SP&T
combined standard deviation for the production process and test method

© 1SO 2010 — All rights reserved 1
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3.3
operator standard deviation

So
square root of the operator variance, soz, where the operator variance is the average of the weighted squares
of the individual operator standard deviations

NOTE All operators are assumed to have essentially the same level of variability when following a specified test
procedure. This assumption is more likely if the test results are obtained within a short period of time. Therefore, the
operator variance can be calculated by averaging the squares of the operator standard deviations. The operator standard
deviation can then be calculated as the square root of the operator variance.

34
within-laboratory repeatability standard deviation

SrLab
s'tandard deviation of test results obtained with the same method on identical test items in the same laboratory
within a short interval of time by the same operator using the same equipment

3.5
within-laboratory reproducibility standard deviation

SRLab
standard deviation of test results obtained with the same method on identical test items in the same laboratory

by different operators, preferably using different equipment, over a longer period of time

3.6

k,~factor

factor, taken from a standard normal distribution table;\for determination of thepwarning limits
3.7

ko -factor
factor, taken from a standard normal distribution table, for determination of the acceptance limits

4 Precision of test methods

For ISO standard test methods which produce numerical results, the precision of the test method should
preferably be determined and stated in the applicable International Standard. The complete description of the
statistical method relevant to the determination of the precision of a test method, the relevant definitions, the
responsibilities of the different participants and the statistical evaluation are discussed in the various parts of
ISO 5725.

Knowledge of ISO 5725 is necessary to carry out a repeatability and reproducibility investigation (RRI), but
this mainly concerns the statisticians who normally provide the technical backup for an inter-laboratory test
programme and carry out the statistical analysis.

For standardized test methods which produce numerical results, the precision statement for the test method is
very important for the user regarding, e.g.

— the precision to be expected from the test method;

— communication between the interested parties;

— comparison with (internal) laboratory performance;

— use as a basis for inter-laboratory comparisons;

— harmonization of test methods between interested parties;

— statistical process control.

2 © 1SO 2010 — All rights reserved
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A practical guide, specially designed for project leaders and heads of laboratories, to the determination of the
precision of a test method is given in Reference [9] (see the Bibliography). However, it should be noted that
the support of a statistician is recommended, and sometimes indispensable, for providing the technical backup
necessary for the RRI programme and the statistical analysis of the data obtained.

5 Single measurements for production quality control purposes

5.1 General

Many ISO standards specify that measurements be made twice or even more. In many test method
standards, repeated operations are also specified. The reported test result is the average, or another
appropriate function such as the median, of the individual observations. The object of the procedures of this
International Standard is to use single measurements for production quality control purposes within a
producer's manufacturing site in a considered statistical manner, even if a standard test method specifies
replicate measurements.

For production quality control, it is common practice to carry out single measurements since, in many
production situations, replicate measurements are too time-consuming and expensive and the laboratory
response time could also increase unacceptably.

For production quality control purposes, single measurements based on and with reference to this
International Standard and statistically validated are permitted when specified by the responsible authority,
even if the test method standard specifies replicate measurements.

For test methods where a set of specimens (> 2) is considered as giving a single test result, the model can in
some cases also be used to reduce the number-of speciméns«in;a set. However, it should be noted that, for
test methods where a set of specimens is considered as giving a single test result, the number of test
specimens is, in most cases, the minimum necessary to obtain a reliable test result, due to the spread in
results caused by inhomogeneity in the sample;-preparing’the test specimens, etc.

Reduction in the variability of a test method' might'be necessary before a reduction in the number of test
replicates can be considered. Therefore, any reduction in the number of test specimens in a set that is
considered as giving a single test result shall only be carried out in close cooperation with a statistician.

For test methods which specify repeated procedures or operations carried out on a sample, such as drying to
constant mass, the SD method can also be used to reduce the number of operations to possibly only one
operation. A statistician should preferably be consulted for the necessary statistical guidance.

The effect on production limits of making duplicate and triplicate measurements as opposed to single
measurements is shown by two examples given in Clauses B.2 and B.3 in Annex B.

5.2 Variability of the production process and test method

The variability of measurements made on items from a production process consists of the variability of the
production process itself and the variability of the test method used to check the production process.

The lower and upper production limits, Ly and Up|, which include the variability of the test method, are
calculated for a stable production period.

For a non-standard normal distribution production process, the lower and upper production limits shall be
calculated by a statistician.

For a standard normal distribution production process, the standard deviation, spg1 (the production and test
method standard deviation), can be calculated for a stable production period. spgt can also be determined
from production data over, for example, a period of one year. However, data from production runs in which
irregularities or outliers are known to have occurred shall not be used. For a two-sided precision interval of
99,73 %, the production data will be within the range * 3spg 1 (k-factor = 3) relative to the average value. For

© 1SO 2010 — All rights reserved 3
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other levels of precision, the correct k-factor can be found in tables of the standard normal distribution
function. The data should preferably be evaluated by a statistician.

Other methods of determining or specifying the production limits, e.g. by mutual agreement between customer
and supplier, may also be used, preferably in close consultation with a statistician.

5.3 Within-laboratory reproducibility

The test method needs to be such that it can be used to detect variations in the production process.
Therefore, the precision of the test method should be, at most, 30 % of the combined variability of the
production process and test method (see 5.2), and preferably less than 10 %. The test method precision
necessary will depend on the importance of controlling the production process (see Annex B).

For a standard normal distribution production process, the production and test method standard deviation,

spgT, includes the standard deviation for the production process itself and the standard deviation for the test
method:

SP&T = Sproduction + test method
The precision of the test method is defined here as the within-laboratory reproducibility of the test method. The
within-laboratory reproducibility, sp ., takes into consideration the variability of the measurements made
under the following conditions:
— on the same material;
— by several operators;
— if applicable, using more than one test apparatus;

— at different moments in time.

The within-laboratory reproducibility, s 5, Of‘the!test’method’ can'be determined from a within-laboratory
reproducibility investigation as described in 5.4.

Comparison of the repeatability, s,, of the test method with the within-laboratory reproducibility, s, .., gives
insight into the performance of the test laboratory. s, can be determined under the repeatability conditions

described in Reference [9]. For other calculations, e.g. the calculation of s, ., from series of measurements in
several and/or different production runs, a statistician should be consulted.

5.4 Calculation of sp| 5, from a within-laboratory reproducibility investigation

SpLab €an be calculated from a within-laboratory reproducibility investigation as described below.

[2, 2
SRLab =50 * S;Lab

where

5o is the operator standard deviation;

Sap IS the within-laboratory repeatability;

and where
2 _|(TaxT3)-T 5 T3x(p-1)
S0 = rab [X|— 3
T3x(p-1) T§ Ty
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and

S2L b =—T5

a

: (T3-p)
where

p _ P —5
T1=Z(niXXi) T2=Z(niXXi)

1 1

S0(i) is the individual standard deviation for the ith operator;
P is the number of operators;

n: is the number of measurements for the ith operator;
X, is the mean value for the ith operator.

An example of such a calculation is given in"/Annex A.
A statistician should be consulted for evaluation of the data if 53, is found to be negative.

NOTE An Excel-based tool for the calculation of repeatability and reproducibility parameters has been developed by
ISO/TC 61/SC 5 and is expected to become available on the ISO web site for on-line calculations at some future point in
time, initially at a password-protected location reserved for those participating in the development of ISO standards. The
calculation model is based on that of ISO 5725 and is applicable to balanced and unbalanced data sets. The
within-laboratory reproducibility, sz o, Can also be calculated using the same tool, but instead of the “laboratory” data the
data from the operators is used.

5.5 Interpretation of single-measurement data for production quality control purposes

If the test method is capable of being used to detect variations in the production process, production quality
control can be carried out using single measurements based on the following conditions:

— For a non-standard normal distribution production process, the lower and upper production limits, Lp, and
Up, and the lower and upper warning limits, L\, and Uy, shall be determined by a statistician (see 5.2
and Figure 1).

The method described for determining the production limits by using X + 3spgT is commonly used, but
other methods of determining the production limits may also be used.

— For a standard normal distribution production process, the production limits, Lp, for a two-sided precision
interval of 99,73 % are given by

LP =Xi 3SP&T
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