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0. INTRODUCTION

This document presents required guidelines for (1) conducting TC45 inter-
laboratory test programs, (2) gives a special nomenclature system needed for the
application of statistical methods to rubber technology with its strong emphasis
on multi-step physical measurement procedures and (3) gives the format for
expressing the results of precision testing as precision clauses in test method
standards. A completely worked out and calculated example is given for the
measurement of rubber viscosity via the Mooney Test.

This document is published as an ISO Technical Report to make it more
readily available to all who require it for background information in the use of
precision results in TC45 test method standards.
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The use of test method standards in science and technology requires careful
consideration in assessing their general precision and, where pertinent, their
accuracy. Clearly outlining the objectives and the uses of test method standards
prior to the determination of test precision is essential. A critical require-
ment for this is the development of a standardized nomenclature system. This
document addresses these, and other issues important in evaluating precision for
ISO TC-45 test method standards.

1. SCOPE

This practice presents guidelines for preparing clear and meaningful preci-
sion statements for ISO/TC-45 test method standards. These guidelines expand
upon the content of ISO 5725-81, they give needed definitions particular to
rubber technology testing, explain the potential uses for standard test methods,

and give the requirements for interlaboratory programs needed in precision
formulation. They also give the format for expressing precision.

2. FIELD OF APPLICATION

This standard practice is devoted to test method precision assessment and is
limited to test method standards that:

Have test results expressed’in 'terms.of a quantitative/continuous variable.

Have been fully developed “and are 'in ' routime 'use in a number of labora-
tories.

3. REFERENCES

ISO 5725-81 - Precision of Test Methods - Determination of Repeatability and
Reproducibility by Interlaboratory Tests.

1SO Standards Handbook #3; Statistical Methods (1981). (This handbook
contains the following ISO Standards: 2602, 2854, 2859, 3207, 3301, 3494,
3534, 3951 and 5725.)

4.  GENERAL PRINCIPLES

4.1 Preliminary Discussion.

4.1.1 This document is prepared to accommodate a broad range of test method stan-
dards and uses of test method standards. As such, it may seem overly
complex to a particular technologist that uses test methed standards in a
rather narrow part of this broad spectrum of uses. The narrow-range user
should make use of those portions of this document that are applicable and
ignore those parts that do not directly apply.

4.1.2 This standard practice is not a substitute for ISO 5725 but is a supple-
ment to it in the field of rubber technology to give guidance in addressing
rubber testing problems. Since ISO 5725 does not address the issue of accu-
racy or bias neither does this TC-45 Standard. However, for purposes of
clarification a paragraph on the meaning of accuracy or bias as compared to
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precision is given in Clause 4.4. Some discussion on the organization of an
interlaboratory precision program is given in this standard, it being mainly
a summarized version of Section Two of ISO 5725.

4.1.3 Although definitions for repeatability and reproducibility are given in
ISO 5725 and in Clause 4.4 of this document, a few words of general discus-
sion are merited at this point.

Repeatability refers to the ability of the same laboratory to obtain similar
(test) results (values) under certain specified conditions. Reproducibility
refers to the ability of different laboratories to obtain similar test

results (values) under certain specified conditions. If test results
closely agree, then good repeatability exists or good reproducibility
exists.

4.1.4 The precision of a test method does not of necessity characterize a test
with regard to how semsitive it is in measuring the basic property it is
intended to measure. Precision may be good simply because the test method
is insensitive to the basic property. A concept called "test sensitivity"
has been defined in the statistical literature as the ratio of (1) the
responsiveness of the test measurement to finite variations in the basic
property in question to (2) the precision of the measurement. This standard
does not address this issue.

4.1.5 Both repeatability ‘and 'reproducibility ‘should be‘determined under realis-
tic or typical laboratory conditions... If extra-ordinary care is excercized
or if extremely homogeneous materials "are used ‘or both, the resulting
precision is overly-optimistic. Secondly as ordinarily determined repeat-
ability has both an inherent test' apparatus'variability as well as a mate-
rial variability. ''The'sum‘of’ these”two'components suitable defined by full
and clear explanations is the ‘repeatability "as normally quoted.

4.1.6 The statistical model for calculating repeatability and reproducibility is
set forth in Clause 5 of Section One and in Section Three respectively of
ISO 5725.

4.1.7 Annex C gives in very brief form the computational formulas for calcula-
ting repeatability and reproducibility.

4.1.8 Although not absolutely necessary for the use of this document, sampling
terms tentatively adopted by WG15 are presented in Annex D for assistance
to those engaged in inter and intra-laboratory testing.

4.2 Interlaboratory Distribution Scheme. (Test Pieces, Materials)

4.2.1 One of the key concepts that must be clearly understood by rubber technol-
ogists when contemplating interlaboratory precision testing is the matter of
"what is distributed" to the participating laboratories. The "what" may be:

I) Fully prepared test pieces (or test portions) requiring no further
processing or action (preparation, adjustments, measurements) prior to
inserting the pieces into (onto) a test machine or apparatus. (Example:
Died out, gaged, dumbbells or rings for stress-strain testing.)

ITI) Intermediate prepared materials, test pieces or items that require some
minimal processing prior to insertion into or action by the test
machine. (Example: Cured rubber sheets that must have dumbbells or
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rings cut from them with subsequent gaging, prior to final stress-
strain testing.)

III) Specified (quantities of) raw materials that must be processed into
final test pieces by a standardized procedure. (Example: Rubber,
curatives, carbon black, oils and antioxidants that must be mixed,
processing steps taken, cured sheets prepared, dumbbell, ring or other
test pieces cut and gaged prior to stress-strain testing.)

4.2.2 The primary purpose of an interlaboratory program dictates whether scheme
I, IT or III is selected. If the attention is on the apparatus or test
machine(s) in the various laboratories--how well these agree when testing
the supplied test pieces--then I or perhaps II would be selected.

If, however, it is the total operational sequence of a test; such as mixing,
processing, curing, die-cutting and gaging that is of interest, then III
would be selected. Material distribution according to III would be called
for in interlaboratory precision programs where producer-user acceptance
testing of raw materials is of direct importance. An example would be
carbon black or synthetic rubber producer-user testing.

In each case i.e. Class I, II, or III, it is necessary that the distribution
of items or materials is made from a uniform source or lot; with a nominally
good uniformity or homogeniety.

4.2.3 The amount of "within-laboratory'" preparation or processing, after arrival
of the circulated itemsqfor ymateridl, rincdreases in the order I, II, III.
Analytical chemistry and other simple physical tests often require no or
very little "within-laboratory" preparation upon arrival of test portions
and therefore make use of a Class T 'distribution scheme. Conversely, what
may be called 'actualor ‘quasi-performance tests require more complex "with-
in-laboratory" preparation or processing and thus require a type III distri-
bution. Performance implies the attainment of a certain minimal level of
some specified or critical property--tensile strength or attained modulus in
a standard compound for a raw material like carbon black or a synthetic
rubber.

4.2.4 When considering a raw material of commerce, the type of test method will
often indicate the scheme of interlaboratory distribution; SBR is a typical
example. The quality of SBR may be ascertained by (a) certain "analytical"
tests such as fatty acid content; (b) certain simple physical tests as such
as Mooney viscosity; or (c) by certain performance tests, (minimum) tensile
strength. Here categories (a), (b) and (c) correspond respectively to
Class I, II, or III distribution schemes.

4.3 Discussion of Repeatability (very short, short, long term).

4.3.1 1In Clause 4.2 attention was mainly focussed on interlaboratory precision.
In this clause within-laboratory precision (repeatability) is discussed.
There are at least three different viewpoints that may be and have been
expressed with regard to repeatability.

View 1: The smallest possible or 'very short" time period is used to esti-
mate the variation. The same material, apparatus and operator is used and
repeat determinations are made within a period measured in minutes or at
most within a period measured in hours.
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View 2: A '"short" time period is used for the repeated operations that
produce test results. The same material and same operator (or set of
operators) is employed but the time period for the repeat operations is most
frequently measured in days.

View 3: A "long term" time period is used for the repeated operations that
produce test results within a laboratory. This may be weeks or months. In
this sense, although it may be possible to use the same material, different
operators are often employed and due to the long-term nature certain other
changes such as recalibration of the test apparatus may have taken place.
These changed conditions produce increased variability.

4.3.2 The time period must be specified as each particular test method standard
is taken up for consideration.

4,4 Definitions.

4.4.1 accuracy, bias, precision. To set the stage for the more specific defini-
tions to follow three general definitions are given. Although this standard
does not address the issue of accuracy or bias its closely allied concept,
definitions are presented to clearly show the difference between these two
and precision.

4.4.1.1 accuracy: A concept that describes the degree of correspondence between
an average measured,value and, an accepted reference or standard value for
the material or phenomenon under ‘test.

NOTE 1: The reference or 'standard“value ‘may be" ‘established by theory, by
reference to an accepted standard, to another test method, or in some cases
the average that could be obtained by lapplying the test method to all of the
sampling units comprisingra lotiorbatch ofithe materiali

NOTE 2: The greater the accuracy the greater the degree of correspondence.

4.4.1.2 bias: The difference between the average measured test result and the
accepted reference value.

NOTE: High accuracy implies a small or negligible bias and when bias exists
increased testing does not increase accuracy but merely enhances the knowl-
edge of the degree of bias.

4.4.1.3 precision: A testing or measurement concept that expresses the ability
to generate (data) test results that agree with each other in absolute
magnitude.

NOTE 1: The degree of agreement is normally measured inversely by the
standard deviation, high precision corresponds to a low (small) standard
deviation.

NOTE 2: High precision may exist simultaneously with a large bias or poor
accuracy.

4.4.2 The following specific definitions are given for terms that will be
required to accomodate test method standards in TC-45.
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The definitions for repeatability and reproducibility are basically the same
as appearing in ISO 5725. However, the wording has been modified to improve
the understanding. The definitions proposed are briefer and one or more
notes have been added to clarify the meaning and differentiate among the
various types of repeatability and reproducibility. The three time scales
of repeatability and reproducibility discussed in 4.3.1 are reduced to two
for the sake of simplification.

Two preliminary definitions, that define the '"numbers" produced by testing
methods, are required. These are given first.

4.4.2.1 etermination: The application of the complete test procedure to one
test piece or test portion to produce one numerical (test) measured value to
be used to form an average or median.

4.4.2.2 test result: The average or median of a specified number of determina-
tions; it is the reported value for a test.

4.4.2.3 repeatability, r: an established value, below which the absolute
difference between two 'within-laboratory'" test results may be expected to
lie, with a specified probability.

NOTE 1: The two test results are obtained with the same method on nominally
identical test :materials;under;, the ysame jconditions-(same operator, appara-
tus, laboratory "and" specified ‘time" period) -and" ‘in’ the absence of other
indications the probability, is 195%.

NOTE 2: The "established value' may be also‘called a "critical difference."

4.4.2.4 reproducibility, R: an'established value, below which the absolute
difference between ' 'two' "between-laboratory" test-results may be expected to
lie, with a specified probability.

NOTE 1: The two test results are obtained with the same method on nominally
identical test materials under different conditions (different laboratories,
operators, apparatus and in a specified time period) and in the absence of
other indications the probability is 95%.

NOTE 2: The essential characteristic of reproducibility is the different
laboratories in which the testing is conducted.

4.4.2.5 (short-term) repeatability, r i @ repeatability estimate obtained
under a short or brief time perioﬁ.

NOTE: The time period may be minutes, hours or days and needs to be speci-
fied for each test method standard.

4.4.2.6 (long-term) repeatability, Tppt @ repeatability estimate obtained over
a long time period.

NOTE 1: The time period may be days, weeks, months and needs to be speci-
fied for each test method standard.

NOTE 2: Events that influence long-term repeatability are the use of
different operators, environmental factors (i.e., seasonal variations in
temperature, humidity, etc.), and the recalibration and/or adjustment of
equipment.
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4.4.2.7 (short-term) reproducibility, RST: a reproducibility estimate obtained

over a short time period.

NOTE: The time period may be minutes, hours, days and needs to be specified
for each test method standard.

4.4.2.8 (Jong-term) reproducibility, RLT: a reproducibility estimate obtained

over a long period of time.

NOTE 1: The time period may be weeks, months, and needs to be specified for
each test method standard.

NOTE 2: Events that influence long-term reproducibility are different
operators, environmental factors (i.e., seasonal variations in temperature,
humidity, etc.), and the recalibration and/or adjustment of equipment.

If additional determinations are made the original (invalid) data are to be
discarded and only the new determinations used for a decision.

4.4.2.9 (type 1) repeatability: Type 1, r, a repeatability estimate obtained in

an interlaboratory program where the material(s) distributed to all labora-
tories is (are) in a prepared state ready for testing (with perhaps some
minimal preparation steps required), i.e. Class I or II.

4.4.2.10 e 1) reproducibility:; Type b Ry 1a) rreproducibility estimate
obtained in an interlaboratory program where the material(s) distributed to
all laboratories 1is (are)(dn. a) prepared (state, ready for testing (with
perhaps some minimal preparation steps required), i.e. Class I or II.

4.4.2.11 (type 2) repeatability: Type 2 r, a repeatability estimate obtained in
an interlaboratory program where some or all 'of the material(s) distributed
to all laboratories require a 'specified operation or series of operations,
to produce the final test samples, portiomns, or test pieces prior to apply-
ing the test method to the material(s) or item(s) under test, to produce one
test result (value), i.e. Class III. '

4.4.2.12 (type 2) reproducibility : Type 2 R, a reproducibility estimate
obtained in an interlaboratory program where some or all of the material(s)
distributed to all laboratories require a specified operation or series of
operations, to produce the final test samples, portions, or test pieces
prior to applying the test method to the material(s) or item(s) under test,
to produce one test result (value), i.e. Class III.

4.4.2.13 relative repeatability and reproducibility: It is often appropriate to
express repeatability and reproducibility on a relative basis--as a percent
of a certain mean value. This is equivalent to a coefficient of varijation.
Such expression is important when r and R vary with the mean level of the
property being measured. Relative values for r and R might be unambigously
expressed as percentages (%) alongside the actual measured values in usual
test result units, thus

r = 0.60 mPa r=1.8%

However, there is one important exception to this that can cause confusion--
many technical properties are expressed as a percentage; i.e., % Cu, %
tensile strength retained, % elongation. To avoid this ambiguity the
following symbols are defined by the use of the parenthesis.
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4.4.2.14 (rST) or (IEE): repeatability estimate expressed as percentage of the
mean of the property for which the estimate was obtained.

4.4.2.15 (RST) or (RLI): reproducibility estimate expressed as percentage of
the mean of the property for which the estimate was obtained.

4.4.2.16 acceptance difference, (duplicate determinations), ADp: An established
value, below which the difference between two '"within laboratory" determina-
tions may be expected to lie, with a specified probability.

NOTE 1: The two test determinations are obtained at the 'same" time (side-
by-side) with identical test material, operators and apparatus and in the
absence of other indications the probability is 95%.

NOTE 2: If the calculated difference lies (below) the acceptance differ-
ence, the two values are accepted for averaging and the average is reported
as the test result; if the calculated difference exceeds the acceptance
difference, additional determinations are made to produce acceptable data.

If additional determinations are made the original (invalid) data are to be
discarded and only the new determinations used for a decision.

4o4.2.17 acceptance difference (x determinations), ADK:

An established value,
below which the maximum range (maximum value-minimum value) of a specified
number of determimatioms (withim,a,given laboratory) may be expected to lie,
with a specified probability.

NOTE 1: The specified ‘number of determinations are obtained at the "same"
time (side-by-side) with identical test material, operators and apparatus
and in the absence of other indicatioms the probability is 95%.

NOTE 2: If the calculated maximum ‘range lies within'the critical range or
below the acceptance difference,'all of the determinations are accepted for
averaging or selection of a median value and the average or median is
reported as the test result; if the maximum range exceeds the acceptance
interval, additional determinations are made to produce acceptable data.

If additional determinations are made the original (invalid) data are to be
discarded and only the new determinations used for a decision.

4.5 Discussion of Annex A.

Annex A is presented as an attempt to clarify the concepts discussed in
Clauses 4.2, 4.3, and the definitions given in Clause 4.4. It puts into
simple flowchart form the various ways repeatability and reproducibility may
be estimated. The way chosen is dictated by the objectives or use of test
method standard in question, or in some circumstances the choice may be made
by the Task Group, Panel, Working Group or Subcommittee. The flowcharts are
intended to present the concepts in a way that can be used by nonstatisti-
cian technologists; to assist in the organization of interlaboratory pro-
grams.

An important added feature not found in ISO 5725 is the concept of "accep-
tance differences" for individual sets of determinations. These may be
called "checking limits." Such "acceptable difference values" can have
useful applications in analytical or other quickly repetitive operations
such as testing individual tensile-strength test specimens (dumbbells or
rings). They permit the exclusion of outliers among the determinations.
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The '"acceptable difference" repeatability will be calculated for determina-
tions in the same way that ordinary repeatability is calculated for test
results. Thus, an extra set of calculations can be performed for individual
determinations to permit estimates of AD, or ADX to be obtained. See Annex
A.

For any given test method standard a given Working Group or Subcommittee
will normally choose one type of repeatability and reproducibility whether
short term or long term. Annex A is structured to accomodate a wide range
of possible standards and uses of standards but only a small subpart of it
applies to any specific standard.

ORGANIZING AN INTERLABORATORY PRECISION PROGRAM

Task Group or Panel. A task group or panel of experts should be organized
to conduct the program. This should consist of a chairman, a statistical
expert and members well-experienced with the standard in question. The
panel chairman should insure that all instructions of the program are
clearly communicated to all laboratories in the program. A supervisor in
each laboratory should be chosen.

Type of Precision. The panel should make the following initial decisions.

a) The type of precision to be obtained; Type 1 or Type 2.

b) The time period ‘ofl the /repeatability '‘and 'reproducibility estimate;
short (minutes, hours,, days) or long (weeks, .months). Define the time
period. '

c) Whether acceptance intervals are desired or needed.

These decisions set: thelstage . for important;ibuti secondary:decisions that
naturally evolve from the structure,of|the program.

Laboratories and Materials. The number of laboratories should be deter-
mined. The number of materials, each comprising a different level of the
measured property, should be selected.

The number of laboratories available is seldom large, and if the test method
is complex, or expensive to run, the problem is complicated further. Thus,
the problem is finding and obtaining the cooperation of enough qualified
laboratories to produce meaningful estimates of precision, rather than
selection from a group of available laboratories.

At least ten participating laboratories are recommended. Practical con-
siderations usually require that fewer than ten laboratories participate in
the study. However, an interlaboratory study that involves fewer than six
participating laboratories may not lead to reliable estimates of the repro-
ducibility of the test method.

The number and type of materials to be included will depend on (1) the
range of the property and how precision varies over that range; (2) the
different types of materials to which the test method is applied; (3) the
difficulty (expense) in performing the tests; (4) the commerical or legal
need for obtaining a reliable estimate of precision.

An interlaboratory study should include at least three materials, and for
development of broadly applicable precision statements, five or more mate-
rials should be included. The term "materials" is used in a broad generic
sense. Materials may be raw or natural substances, manufactured products,
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etc. For each level of material, an adequate quantity (sample) of homo-
geneous material should be available for subdivision and distribution by
random allocation to the participating laboratories. This supply of sample
material should include a reserve of 50% beyond the requirements for possi-
ble later use in retesting in one or more laboratories. When the materi-
al(s) to be tested is (are) not homogeneous, it is important to prepare the
samples in the manner prescribed by the method, preferably starting with one
batch of commerial material for each level. Some modifications may be
necessary to ensure that the amount of material available is sufficient to
cover the experiment and keep a stock in reserve.

At each level, p separate containers (the number of laboratories) should be
used where there is any danger of the material deteriorating when the
container has once been opened. In the case of unstable materials, special
instructions on storage and treatment should be prescribed.

Actual Organization of the Tests. The interlaboratory test plan is as shown
in Figure 1, a table that indicates the laboratories, materials and repli-
cates. With q levels and n replicates, each participating laboratory among
the p total laboratories, has to carry out qn tests. A decision is neces-
sary (for each test standard) as to whether a "replicate" as used in ISO
5725, is to be a "determination" or a 'test result" as defined in this
document. The performance of these tests should be organized and the
operators instructed as follows: '

a) All qn tests should be performed by ome and the same operator or
operator set, using-the’same 'equipment throughout.

b) Each group of n tests belonging to one level must be carried out under
repeatability conditions/-dnla) specified interval of time.

c) It is notp:necessaryh thatoalldqn/ tests 'beperformed strictly within a
short interval, the qligvoupsiofon tests:may be carried out on different
days.

d) It is essential that a group of n tests under repeatability conditions
be performed independently as if they were n tests on different mate-
rials.

e) The number of replicates n, must be specified. Each replicate may be
one test result or one determination according to the requirements of
the test method standard. Normally, n is two. A larger number may be
specified if necessary.

Instructions to Operators. The operators should receive no instructionms

other than those contained in the standard test method; these should suffice.

Prior to testing, the operators should be asked to comment on the standard
and state whether the instructions contained in it are sufficiently clear.

All participating laboratories should report their test results to one more
significant figure than is customary or prescribed in the Standard.

Reporting the Test Results. Each laboratory supervisor should write a full
report on the tests containing the following particulars:

a) The final test results, (avoid transcription and typing errors).

b) The original individual observations or determination values from which
the final results were derived. This 1is required if "acceptable
difference" parameters (AD, or AD_) are to be calculated.

c) Comments and information about irregularities or disturbances that may
have occurred during the test.

"
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d) The date(s) on which the samples were received and the date(s) and
time(s) on which they were tested.
e) Information about the equipment used, and other relevant information.

Additional information on this topic may be found in Clause 6 and Sec-
tion Two of ISO 5725.

Material
Laboratory 1 2 .o q

1
2
3

Y]_ . Yn
P

FIGURE 1
Layout of Uniform Level Precision Program
with:l ip laboratories bel 7 2op))
qdlevels (j>q)

n replicates per cell (k»n)
and Y = test result

Cell (ij) contains D 5 results Yijk (k=1,2 ...mn,.)
ANALYSIS OF INTERLABORATORY PROGRAM TEST DATA

General Comments. Detailed instructions for interlaboratory precision data
analysis are given in Section Three of ISO 5725. Two tasks are recognized:

a) Collecting all the data produced in the program and preparing a report
for use by the statistician. The data should be put into table form as
shown in Figure 1 in the report.

b) The second task is the formal analysis following Section Three of ISO
5725. The flowchart diagrams of Section Three will assist in the
analysis.

FORMAT FOR PRECISION SECTION (CLAUSE) OF STANDARDS

General. The results of the formal analysis according to Section Three of
ISO 5725 should be contained in a specific section or clause of the test
method standard with the heading -- Precision.

Introductory Subclause. This shall consist of one or more paragraphs that
give the pertinent details of the interlaboratory program. Following this
one or more tables of results that give the actual precision parameters are
presented.




7.3

ISO/TR 9272-1986 (E)

These introductory paragraphs should answer the following questions.

a) What type precision was estimated, Type 1 or Type 2?

b) What is the time period for repeatability, reproducibility--short term
(define), long term (define)?

c) What is a test result--how many determinations--average or median?

d) How many laboratories participated? (p)

e) How many materials? (q)

f) How many replicates? (n) What is a replicate?

g) At what time was the interlaboratory program conducted (month, year)?

h) Are there any unusual results that the reader should be aware of.

i) How do r and R vary as the mean level of the measured property varies?
Can these variations be described by a simple mathematical relation-
ship? (Linear, log, etc.) (This information may be given in graphs.)

Table of Precision Parameters. A table with the general format as for
Table I should be prepared. This includes the following information:

a) ISO designation.

b) Type precision, time period used for r and R.

c) Measured property.

d) Materials with mean level and units of measurement.

e) r, (r), R, (R) and for completeness of record the within and between

laboratory standard deviation s and SR' An example follows.

TABLE; 1

ISO XXXX ~ Type 1 - Precision¥*
(Measured'Property = XXXX)

M Within Labs Between Labs
ean 3
Material Level Se r (r) R R (R)
A XX X X X X X X
(mPa)
B XX X X X X X X
C XX X X X X X X
D XX X X X X X X
Pooled or '
Average XX X X X X X . X
Values

within lab standard deviation
standard deviation for total between lab variation

(1]

L

r = repeatability (in measurement units)
(r) = repeatability (in percent)**

R = reproducibility (in measurement units)
(R) = reproducibility (in percent)**

p =X, g=4,n=2

* The time period for precision is days.

*% If actual measurement units are (%), these values represent
percent relative, i.e. percent of a percent.
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