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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
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al Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
task of technical committees is to prepare International Standards. Draft International Standa
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Introduction

One step in the development of any new standard test method is to estimate the uncertainty of the method.
This is normally performed in a precision experiment, in which samples are sent to a number of laboratories
and the results are compared. Such a precision experiment is often refered to as "interlaboratory comparative
testing”.

Th
do

Th
in

Th

e procedures for conducting a precision statement are outlined in ISO 5725 (all parts), which\s g
bs not cover the special conditions that apply in the testing of pulp, paper and board.

bre are, however, a number of different standards and publications available for thejestimation @
bulp, paper and board testing. The focuses of these standards differ, depending en\the purpose o

bre are three main purposes identified for testing:

Research, where the main question is whether there is a differencetbetween two samples, fo
papers produced using different pulp mixtures.

independent laboratory

Evaluation of a new test method, where the aim is“to’ verify that the precision of the test
acceptable.

eneral and

f precision
f the test.

r instance,

Testing in order to verify compliance with a specification. This'¢an be both at the production sit¢ and in an

method is

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=77f69b22852189b7e6a8aa6a31bb80dc



https://standardsiso.com/api/?name=77f69b22852189b7e6a8aa6a31bb80dc

TECHNICAL REPORT

ISO/TR 24498:2006(E)

Paper, board and pulps — Estimation of uncertainty for test
methods

Thfs Technical Report presents guidelines for the selection of the best method for the)estima

p

2 | Background information

2.1 General

A "Precision statement" is included in most of the ISO test methods'for pulp, paper and board.
Sugh a "Precision statement” is usually based on collaborative.interlaboratory experiments.
ISQ 5725 (all parts) describes the procedure for generating the numbers for conducting such cg

interlaboratory experiments. However, there are speeific conditions in the testing of pulp, paper
which are not covered by ISO 5725.

2.2 Special conditions in the testing, of pulp, paper and board

Paper and board materials are very sensitive to humidity and temperature. In addition, the varig

p

(mpss per area), for instance, can.increase from 1 % to 10 % if the averaging area is decreased fr

1

In addition, many tests carried out on pulp, paper and board are destructive.

Fol many pulp, paper-and board properties, it is also a reality that there is no "absolute" true value.

e

p
o]

of paper,<alk'the variable circumstances are not taken into account in this Technical Report. Cor

Scope

=

gcision of methods for testing pulp, paper and board.

rgperties increases drastically when_the sample size decreases. The coefficient of variation for

mm2.

xample is thicknéss, which is dependent on such factors as measurement pressure, speed of af
rgssure, air humidity and for how long the sample has been in the measurement climate. This 1
nly the thickngss of paper measured under specific circumstances can be determined. Due to the

ion of the

llaborative
and board

tion in the
grammage
bm 1 m2 to

A simple
plying this
heans that
complexity
sequently,

amples is, in

practice, always requrred in order to achieve sufﬂcrent precrsron Most test methods are therefore based on
10 or more measurements. The result of such a test is generally the average of these measurements.

Another specific feature of paper is that, not only are the surface properties of paper often very important, for
instance for the result of printing, but there is a risk that they can be modified by merely handling the paper.

These reasons make it necessary to have special instructions for precision experiments for pulp, paper and

b

oard.
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2.3 Available publications for estimation of precision

Three different standards and publications have been found that address the task of estimating the precision
in testing of pulp, paper and board.

These are:

e TAPPIT 1200, Interlaboratory evaluation of test methods to determine TAPPI repeatability and
reproducibility [3];

SCAN-G 6:00 has been written to support testing laboratories in providing estimations- of the uncertainty
associated with tests performed in the laboratory. This estimation is a necessity for laboratories that have|an
ISO/IEC 17025 [4] accreditation.

AS/NZS 1801.460s:1998 covers statistics in general for pulp and paper, but it\also contains a section on the
"Organizafjon of an interlaboratory experiment".

3 Terms and definitions
For the pufposes of this document, the following terms and definitions apply:

3.1
variance
moment of order » where r equals 2 in the centred prebability distribution of the random variable

[1SO 353411:2006, 2.36 [3]]

3.2
standard geviation
positive square root of the variance

[ISO 353411:2006, 2.37 [3]]

3.3
two-sided| confidence’interval
when T, gnd T, arevtwo functions of the observed values such that, @ being a population parameter to|be
estimated,|the probability P (T < < T,) is at least equal to (1 — a) [where (1 — «) is a fixed number, posifive
and less than"1, the interval between T, and T, is a two-sided (1 — «) confidence interval for 6

3.4

repeatability conditions

conditions where independent test results are obtained with the same method on identical test items in the
same laboratory by the same operator using the same equipment within a short interval of time

NOTE Adapted from ISO 3534-1:2006, definition 3.3.6.
3.5
repeatability standard deviation

standard deviation of test results obtained under repeatability test conditions

NOTE Adapted from ISO 3534-2:2006, definition 3.3.7.
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3.6

repeatability limit
value less than or equal to which the absolute difference between two test results obtained under repeatability
conditions is expected to be with a probability of 95 %

NOTE Adapted from ISO 3534-2:2006, definition 3.3.9.

3.7

reproducibility conditions
conditions where the test results are obtained with the same method on identical test items in different
laboratories with different operators using different equipment

NQTE Adapted from ISO 3534-2:2006, definition 3.3.11.

3

reproducibility standard deviation
stdndard deviation of test results obtained under reproducibility test conditions

NQTE Adapted from ISO 3534-2:2006, definition 3.3.12.

3.
re
val
req

NG

4

When the uncertainty of a test method is to be expressed, the following aspects have to be conside

Th

conditions.

St
de
ex
Th
refd

roducibility limit
ue less than or equal to which the absolute difference between two test results obtai
roducibility conditions is expected to be with a probability of 95 %

TE Adapted from ISO 3534-2:2006, definition 3.3.14.

Discussion of the definitions

ned under

The uncertainty can be expressed-in different statistical measures, as a standard deviatig
confidence interval.

The uncertainty can be expressed either as a variation in the test results themselves, or as th
difference between twoltest results.

b conditions for the t€st are chosen to be the same as in ISO 3534-1, i.e. repeatability and rep

ndard deviation is the most fundamental expression of a dispersion. The confidence interva
ived from the standard deviation (provided that the variables have a normal distribution) is the fu
pression-of an uncertainty. The confidence interval is incomplete unless it is accompanied by a
s probability is often selected to be 95 %, as, for instance, in the definition of repeat
roducibility limits. 19 values out of 20 are expected to be inside a 95 % confidence interval.

1ed.
The conditions for the tests. Are the conditions as similar as possible, or as different as possibl¢?

n or as a

e absolute

roducibility

, which is
ndamental
probability.
hbility and
The 95 %

co

fiaence Interval IS x* 1,900, where o IS The eslimated standard deviation. Ihe assumpftions a

e that the

variable has a normal distribution and that the standard deviation is known, or that it is estimated on the basis
of a sufficient number of values that the uncertainty in the standard deviation can be neglected.

The uncertainty of a test method can either be expressed as the variation in the test results themselves, or as
the absolute value of the expected difference between test results.

Provided that the test results have a normal distribution, the difference between two test results will also have
a normal distribution, with zero as the expected average, and the standard deviation is increased by a factor

of

J2 =141, compared to the standard deviation of the original test results.

The repeatability and reproducibility limits can thus be calculated as + 1,96 x 1,410 =+ 2,77 o, for test results
that have a normal distribution and when the standard deviation o is based on a large number of tests.
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5 Analysis

The purpose of a precision statement in a test standard is primarily to show that the method is sufficiently

developed to become a standard method. There is also a secondary intention to serve as a first approximat
of what can be expected if the test method is used in different testing laboratories.

ion

In ISO 5725-1, repeatability and reproducibility conditions are the selected conditions for the evaluation of the
precision of test methods. 1SO 5725-2 recommends that the results of collaborative interlaboratory

experiments should be presented as the standard deviations under repeatability and reproducibility conditio
The repeatability and reproducibility limits are not calculated.

ns.

Both TAPPI T 1200 and AS/NZS 1301.460s:1998 describe how to conduct a collaborative interlaberat
experiment applied to the special needs of paper and board products, and they both use the same conditic
as those dgfined in ISO 5725-1, i. e. repeatability and reproducibility conditions.

Both TAHRPIT 1200 and AS/NZS 1301.460s:1998, however, recommend using the repeatability 2
reproducillility limits as the final reported result. This means that the standard deviation )is multiplied b
factor. Theg factor is 2,77 in TAPPI T 1200 and is rounded off to 2,8 in AS/NZS 1301.460§:4998.

At the time of publication of this Technical Report, the current version of.\TAPPIT 1200 was m
comprehemsive than AS/NZS 1301.460s:1998.

SCAN-G g:00 is an instruction for individual laboratories indicating how to- estimate the uncertainties in
delivered [est results. The uncertainties can be either for comparison )with other results from the sa

pry
ns

he
me

laboratory/ or for comparison with results from other laboratories. The ‘€stimations are based on collaborafive

interlaboratory experiments, but SCAN-G 6:00 does not contain anysinstructions as to how such experime
should be performed.

TAPPI T 1R00 contains the following information.

e Definifions complying with ISO 3534-1, although~the exact nomenclature differs in some cases,
instance "TAPPI repeatability" instead of "repeatability limit".

¢ A nomenclature for the multitude of measttements that are often required to obtain a test result for pa
and bpard: specimens, samples, observations, test determinations, test result.

e Plann|ng of the interlaboratory study: test methods and selection of laboratories.
e Conddicting the interlaboratary)study: selection of materials, preparation of samples and specimens.

e Calculation of the resulis)for repeatability and reproducibility conditions, including standard deviation 2
repeatability and reproducibility limits.

e Consistency evaluation to determine whether the data show inconsistent values, general trends
unusyal patterns.

nts

for

per

nd

or

e A desgription of how to write the "Statement of the precision of the test method".

e Examples.

e Instructions for conducting an intra-laboratory test.

6 Recommendation

It is recommended that the current version of TAPPI T 1200 be used for the development of precis
statements within ISO/TC 6.

ion
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The entire content of TAPPI T 1200 is applicable, with the following exceptions.

e The proper ISO nomenclature shall be used in the precision statement. This means that TAPPI
repeatability and reproducibility shall be reported as repeatability and reproducibility limits.

e The explanation suggested in TAPPI T 1200 shall also be included and it will then read: "The repeatability
and reproducibility limits reported are estimates of the maximum difference which should be expected in
19 of 20 instances, when comparing two test results for material similar to those described under similar
test conditions. These estimates may not be valid for different materials or different testing conditions."

° The nvplanafinn that “Dapnafﬂhﬂity and. rnprnnh :r\ihilify limits ara calculated hy mnll’iplying tha 1 peatablllty

and reproducibility standard deviations by 2,77" should also be added, with a note explaining that
2,77 = 1,96/2.

e | In order to produce a precision statement covering both repeatability and reproducibility conditions, a
collaborative interlaboratory experiment is required; so that the parts covering intra=laboratory testing in
TAPPI T 1200 are of secondary interest.
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