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INTERNATIONAL STANDARD

ISO 5725-1981 (E)

Precision of test methods — Determination of
repeatability and reproducibility by interflaboratory tests

i

0 Introdug

0.1 Tests psg
(see 4.2) in p
general, yield i
random errors
may influence
controlled. In
variability has
ference betwes
may be withir]
which case a

established. Si
of material will
the difference
variation in thg

ttion

rformed on presumably “identical materials”
resumably identical circumstances do not, in
entical results. This is attributed to unavoidable
nherent in every test procedure; the factors that
the outcome of a test cannot all be completely
the practical interpretation of test data, this
o be taken into account. For instance, the dif-
n a test result and a value specified by contract
the scope of unavoidable random errors, in
true deviation from specification has not been
milarly, comparing test results from two batches
not indicate a fundamental quality difference if
between them can be attributedyto-inherent
test procedure.

0.2 Many different factors (apart fromierror due to a lack of
homogeneity of samples) may contribute to the variability of a
test procedure| for example

a) the opgrator;

b) the insfrumentstand equipment used;

c) the calipration of the equipment;

operator, using th€é, same equipment, while r
refers to tests performed in different laboratories,
different operators and different equipment. U
ability conditions, factors a) to d) listed in 0.2 are
constants‘and do not contribute to the variability]

eproducibility
vhich implies
nder repeat-
onsidered as

while under

reproducibility conditions they vary and contgbute to the

variability of the test results.

1 Scope

This International Standard provides practical nur
tions for the repeatability » and the reproducib
results of a standard test method.

It discusses the implications of these definitions,
some practical rules for the interpretation of r an

nerical defini-
lity R of the

and presents
d R.

It also describes the organization and analy:Eis of inter-
laboratory experiments for the numerical determination of r
and R.

2 Field of application

This International Standard is exclusively concerhed with test
methods the results of which are expressed quarntitatively.

d) the environment (temperature, humidity, air pollution),
etc.

The variability will be larger when the tests to be compared
have been performed by different operators and/or with dif-
ferent instruments than when they have been carried out by a
single operator using the same instruments. Hence, many dif-
ferent measures of variability are conceivable according to the
circumstances under which the tests have been performed.

0.3 However, two extreme measures of variability, termed
repeatability and reproducibility, have been found sufficient to
deal with most practical cases. Repeatability refers to tests per-
formed at short intervals (see 4.3) in one laboratory by one

This International Standard is primarily intended to be applied
to test methods that have previously been standardized and
that are used in different laboratories.

With slight modifications this International Standard may also
be applied to test methods in use within a single laboratory {see
3.1.5) but this case has not been dealt with in this document.

Only the simplest type of experiment needed for estimating r
and R is considered. This consists of tests made on samples of
identical material sent to a number of different laboratories for
testing.

This International Standard does not provide measures of the
errors in estimating r and R (see 3.5).
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3 AQuantitat

Section one : General principles

ive definitions of repeatability

and reproducibility of a standard test method

3.1 For

practical

purposes, quantitative definitions are

needed; those given below are according to 1SO 3534.(1]

With slight modifications, however, the same type of experi-
ment can also be used to determine the repeatability of a test
method in use within a single laboratory. If so, it should always
be stated clearly that the value of the repeatability obtained is
only valid within the laboratory in question.

The repeatabilit]
ference between
method on ident
(same operator,

interval of time)
probability; in thg
is 95 %.

y r is the value below which the absolute dif-
two single test results obtained with the same
cal test material, under the same conditions
ame apparatus, same laboratory, and a short

may be expected to lie with a specified
absence of other indications, the probability

The reproducibility R is the value below which the absolute

difference betwe
same method o
ditions (differen
laboratories and/
a specified proba
probability is 95

In the above and

en two single test results obtained with the
identical test material, under different con-
operators, different apparatus, different
pr different time), may be expected to lie with
bility; in the absence of other indications, the
0.

elsewhere in this International Standard, a

single test result is the value obtained by applying the standard

test method fully|
be the mean of
calculation from
method.

3.1.1 The defini
test result is disg
minimum value e

once to a single specimen, and as such may
fwo or more observations or the result of a
a set of observations as specified by the

fions apply to continuous variables.sWhen the
Fete or is rounded off, r and R-are‘each the
hual to or below which the abgselute difference

between two sifgle test results is expected-to lie with a

specified probabi

3.1.2 The sym
reproducibility ar]
recommended fo
the range of a g
however, be no
method, the full
should be used.

ity (95 % in the absence.of other indications).

bols r and R Jox~"the repeatability and
e already in géneral use. In 1SO 3534, r is
the correlation coefficient and R (or w) for
ingle series_of observations. There should,
confusion as, when quoted in a standard
wording repeatability r and reproducibility R

3.1.5 The terms reproducibility and repeatability ag defined in
3.1 cover the conditions of maximum(and minimum variation
respectively. Other intermediate meastires could be pnvisaged,
for example the variability of results‘within a laboratory over a
long period of time when recalibration may have| occurred.
Such measures have not been-dealt with in this dodqument.

3.2 The terms ‘repeatability and reproducibility| are used
because they. have been in common use for several| years, but
according,to “statistical terminology, r and R are ritical dif-
ferences at’'the 95 % probability leve! valid for two|single test
results obtained under repeatability or reproducibility con-
ditions. Also, it is sometimes the practice to carry put two or
fnore tests and a critical difference corresponding to the
average of such tests may be preferred instegd of the
repeatability r or the reproducibility R as defined in 3.1. Critical
differences valid under such modified conditions [can all be
derived from the values of r and R as defined in 3|1. The re-
quisite formulae and conversion factors are given|in section
four.

3.3 r and R may be applied in a variety of ways] They can

serve

— to verify that the experimental technique of allaboratory
is up to standard;

—  to compare tests performed on a sample frdm a batch
of material with a specification;

3.1.3 The statistical analysis of section three aims at the
determination of r and R corresponding to a 95 % probability.
Values for other probabilities can easily be derived from these,
as explained in section four. If required, the probability level
adopted can be attached as a subscript, for example rgg, Rgg, Or

o9, Rgg

3.1.4 The definition of repeatability in 3.1 applies to any test
method within any laboratory. When a test method has been
standardized, it may be expected that the repeatability will be,
at least approximately, the same for all laboratories using the
standard procedure; and the main purpose of this International
Standard is to establish a standard experimental method for
determining the repeatability of a standard test method.

— to compare test results obtained by a supplier and a
consumer on the same batch of material, etc.

Some of these various uses of repeatability and reproducibility
are also discussed in section four.

3.4 Precision is a general term for the closeness of agreement
between replicate test results. Thus, the repeatability r and the
reproducibility R describe the precision of a given test method
under two different circumstances of replication. A series of
inter-laboratory trials organized with the specific purpose of
determining r and R will therefore be referred to in this Inter-
national Standard as a precision experiment.
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3.5 As a consequence of the unavoidable random errors in
the test results, the values of r and R derived from a precision
experiment are estimated values. The method recommended in
this International Standard has, however, been found to yield
values sufficiently precise to satisfy practical requirements, pro-
vided that the laboratories employing the method for normal
purposes are similar to those that participated in the precision
experiment. The precision estimates should be re-estimated if
at some future date evidence is available that the laboratories
which participated in the original precision experiment were not
representative of those currently using the test method.

1ISO 5725-1981 (E)

the results reported by different laboratories may indicate that
the standard is not yet sufficiently detailed and can possibly be
improved. If so, this should be reported to the standards panel
with a request for further investigation. [See 9.6, 17.2 b) and
c), and 17.3.]

4.2 Identical material

4.2.1 According to the definitions of 3.1, tests to determine

4 Practicpl implications of the definitions

4.1 Standard test method

4.1.1 The définition of reproducibility in 3.1 refers to a stan-
dard test method and, as stated in clause 2, it is for these

the rnpna’ahilih’/ and-the roprndnhihilih’l must-be-made on iden-

tical material. In most cases, the material on whigh a test is per-
formed is either destroyed or undergoes @, charlge. In reality,
identical material therefore means that the tests pre performed
on samples taken from a homogenedus, batch ofl material. The
degree of homogeneity of the bateh from which these samples
are taken is then of great importance.

4.2.2 A fluid or a fine\powder can be satisflactorily hom-
ogenized by stirring. If:the material to be tested consists of a
mixture of powders of-different relative density pr of different

methods that

this International Standard is primarily intended.

This means that there must be a standard : that is a written

document thg
carried out, i
tained and pr
tests forming
and R derive
quoted as vali
dard.

4.1.2 The eX
standardizing
standards pan
ment of the s

4.1.3 In this
made betwed
the standards
precision exp

t lays down in full detail how the test should be
cluding how the test specimen should be ob-
bpared. That standard must be applied in all the
part of a precision experiment. The values of r
d from such an experiment should always be
H only for tests carried out according to that stan-

istence of a standard implies the existenceof a
authority {such as ISO), within which there is a
el or working group responsible for the establish-
andard under consideration.

International Standard, an essential distinction is
n standardization experiments carried out by
panel in order to establish the standard, and a
eriment organized (imy'order to determine the

repeatability 3
established.

nd reproducibility once the standard has been

The standardization experiments may provide information on

the value of t
mation will no

he repéatability and reproducibility but this infor-
t be”used in the final determination of precision. It

is assumed th

it 7.and R have to be estimated exclusively from

grain size, somecCare is needed because segrega
from shaking,{forvinstance during transport.

4.2.3 _(When the tests have to be performed on
solid \materials which cannot be homogenized
metals, rubber or textile fabrics — and when thq
be repeated on the same test piece, then the var
test pieces due to the heterogeneity of the mate
separable from the error variability of the test eq
will form an inherent part of both the repeata
reproducibility.

4.2.4 |In practice, r and R are often used in ord
batches of commercial material with a specificati
a comparison between two batches of mater
essential that any heterogeneity in such batches
material be incorporated in the values of r and }
not this is the case will depend on the way the sg
the precision experiment are prepared. The po
carefully considered in planning these experimer]

4.2.5 When the tests have to be performed o

on may result

specimens of

— such as
tests cannot
ability among
rial will be in-
uipment, and
pility and the

Er to compare
n, or to make
al. It is then
bf commercial
£. Whether or
mples used in
nt should be
ts.

h discrete ob-

jects which are not altered by testing, the tests

ould, in prin-

the data resulting from a precision experiment specially
organized for this purpose.

It is further assumed that the planning and organization of a
precision experiment is a separate task to be entrusted to a
precision panel. There is no reason why this should not be the
same as the standards panel.

4.1.4 A precision experiment usually requires the co-
operation of a larger number of {aboratories and the collection
of a larger number of test results than is needed in a standard-
ization experiment. Hence, the standard test method is tried
out on a larger scale than before and a precision experiment
must also be considered as a final test concerning the adequacy
of the standard. In particular, pronounced differences between

ciple at least, be carried out using the same set of objects in
different laboratories. This, however, would necessitate cir-
culating the same set of objects around many laboratories often
situated far apart, in different countries or continents, with a
considerable risk of loss or damage during transport.

4.2.6 Insome circumstances, many of the details of this Inter-
national Standard may need to be modified, but in a large pro-
portion of cases, it should be possible for the essentials of this
International Standard to be complied with.

4.2.7 Special precautions should be taken where samples are
unstable. (See 9.3.)
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4.3 Short intervals of time

According to the definition of 3.1, tests for the determination of
repeatability have to be made under constant operating con-
ditions. This must be interpreted as meaning that, during the
time the tests are made, such factors as listed in 0.2 can be kept
constant. In practice, tests under repeatability conditions
should be conducted in as short a time as possible in order to
minimize changes in these factors, which, particularly in the
case of 0.2 d), cannot always be guaranteed constant. {See

10.4.1.)

variable is assumed to be approximately normal but, in practice,
it is sufficient that it is unimodal. Its variance wiil be denoted by

— 2
var{B) = o7

and called the between-laboratory variance.

of includes the between-operator and between-equipment

variabiiities.

5.3.2 In general, B can be considered as the sum

b Statistical] model

5.1 Definitio
For estimating tH
assume that ever
ponents :

y=m+ B+

where, for the pa

e precision of a test method, it is useful to
y single test result y is the sum of three com-

e (M

rticular material tested, m is the average, Bisa

term representing the deviation of the laboratories from m and

e is a random ery

Other models ar
equation {1) will ¢

5.2 Average,

5.2.1 The averg
level of the test

or occurring in every test.

e sometimes used but it is considered that
over the majority of practical cases. (See 5.6.)

m

ge m of the material tested will be called the
broperty; different materials (for example dif-

ferent compositi
levels.

5.2.2
test property ma
tion of a solution
not necessarily ¢
when it exists, is|

When ror R is

results, a bias wi
when r or R arg
specified in a cof

ns of concrete) will correspond to different

In some situations, the concept of a trie value u of the

hold good, for example(the true concentra-
that is being titrated. The)level m is, however,
qual to the true valQe; a difference (m —u),
called the bias of, the test method.

sed to test~the difference between two test
| have noninfluence and can be ignored. But
used{te compare test results with a value
tract\or in a standard, a bias will have to be

taken into accour

t if_the specification refers to the true value u

B = B, + B

of a random component B, and a systematic:comppnent By.

5.3.3 In a single laboratory, such¢factors as listed|in 0.2 can-
not be kept completely constant-in the long run. Hepce, within
laboratories, long-term variabilities will exist larger than those
accounted for by the repeatibility. These long term variations
will contribute a random €emponent B, to B.

5.3.4 In addition) tilere may exist permanent sysfematic dif-
ferences between laboratories. Serious systematic differences
may result from misreading of the standard for the tpst method
or from the, use of inadequate equipment. They shpuld be in-
vestigated and corrected, and are not considered as|included in
the ferm B. Unavoidably, however, some systématic dif-
ferences will remain between different laboratories. [These may
be due to the use of different measuring instruments or work-
ing in different climatic conditions, but even without|such gross
differences, variation can arise from operator technique and
also from one instrument to another of the same make due to
manufacturing variations. These will all contribute alsystematic
component Bg to B.

5.3.5 |If there are in all N laboratories likely to use fhe method
at any time, B, will take only N discrete values and the term B in
the model (5.1} can only be censidered as a randon variable if
either the systematic differences By are so smali that they can
be ignored, or else if the test results from phich the
reproducibility criterion is obtained were carrigd out by
laboratories that can be considered as selected at rahdom from
all the laboratories likely to use the method.

5.3.6 Therefore, some caution is needed when the ftest results
to be compared are always performed by the |same two

and not to the level m. If a true value exists and is known, the
analysis of a precision experiment may indicate that there is a
bias. {See 19.2.5.)

5.2.3 In many technical situations, however, the level of the
test property is exclusively defined by the test method and the
notion of an independent true value does not apply.

5.3 Term B in the model (5.1}

5.3.1 This term is considered to be constant during any series
of tests performed under repeatability conditions, but to
behave as a random variable in a series of tests performed
under reproducibility conditions. The distribution of this

laboratories. The example on the determination of the soften-
ing point of pitch given in clause 22 provides an illustration of
this in that the results from laboratory 11 are consistently lower,
by about 4 °C, than those from laboratory 1.

5.4 Error term ¢ in the model (5.1)

5.4.1 This term represents a random error occurring in every
single test result. The distribution of this variable is assumed to
be approximately normal but, in practice, it is sufficient that the
distribution is unimodal. Within a single laboratory, its variance
- 42

varle) = ay,

is called the within-laboratory variance.
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5.4.2 It may be expected that ‘73\/ will vary between

laboratories due to differences in the skills of the operators orin
the quality of the equipment used. This International Standard
assumes, however, that when a test method has been properly
standardized, the differences between laboratories should be
small so that it is justifiable to establish a common value for the
within-laboratory variance valid for all laboratories using the

ISO 5725-1981 (E)

statistical tests indicate that the model is unsuitable will be

discussed together with these tests.

6 Design of a precision experiment

standard method.

5.4.3 This common value, which is an average of the
variances taken over the laboratories participating in the pre-
cision experiment, will be called the repeatability variance and

be designated

6.1 One layout is as follows : samples from g batches of
material, representing g different levels of the test property, are
sent to p different laboratories, which are instructed to perform
n tests under repeatability conditions at each level. These n

by

TESTS are thus made o iaentica materiatandthis fype of experi-
ment will be called a uniform-level experiment.

varle) = o

5.5 Relatign between the model (5.1), r and R

When the model (5.1) is adopted, the repeatability r and the
reproducibility] R are given by

r= 774 @
R=f\/§ /02L+O$:f\/§aﬂ .3

where (62 = §Z + ¢?) is called the reproducibility variance.

The coefficienlt /2 is derived from the fact that r and R refer to
the difference|between two single test results, and fis a factor
whose value [depends both on the number of test results
available for gstimating the variances af and azR, and on the
shape of the d}stributions of the random components B and'é4in
the model. Hpwever, if these distributions are approximately
normal {in pragtice unimodal), the number of test results is not

6.2 An alternative, preferred in certaih cases (

tee 10.4.2), is

the split-level experiment; each level is split into two sub-levels
A and B, which are only slightly\different. Each laboratory
receives one sample from each of'these sub-levels for testing.

6.3 These layouts arelfully exemplified by the dase studies in
section five and will.not.be discussed here. Practital considera-
tions in planning.and execution are deferred to gection two.

7 Analysis of the data
7.1 The analysis of the data produced by a pr

ment must be considered as a statistical prob
trusted to a statistical expert. (See 8.2 and 9.2.)

7.2 Three successive stages can be recognize

a) a critical examination of the data in order

bcision experi-
em to be en-

i, namely

o identify and

too small, an
never differ
throughout i

if the probability level is 95 %, the factor f will
uch from the value 2 and the use~of this value
therefore recommended in-this International

Standard. (Taking into account variations“in' f would lead to

considerable
tribute to the

Hence :
r = 2,83 g
R =283

As the values

bility variance
used instead.

5.6 Suitab

It is clear that

complications that would_not effectively con-
bractical value of r and R/{)

r
PR

lof repeatability variance (a2) and the reproduci-

treat outliers or other irregularities, and contipgently to test
the suitability of the model;

b) computation of preliminary values of r apd R for each
level separately;

c) establishment of final values of r and R|including the
establishment of a relation between r, R and m when the
analysis indicates that they depend on the|level m. If r
and/or R are judged to be independent of m, the final
values taken are the simple average over the|levels.

7.2.1 As detailed in sub-clauses 14.8 to 14.11, the analysis of

(oﬁ) are not known, their estimates srzand s‘% are

ility of the model (5.1)

the model presented in 5.1 is an approximation

that, by extensive experience, is known to satisfy practical

requirements

as a working hypothesis for designing the

a precision experiment recommended in this International Stan-
dard first computes for each level estimates, s?and s?, of the
repeatability variance and the between-laboratory variance, as
defined in 5.4.3 and 5.3.1 respectively, and from these derives
the values of the repeatability r and the reproducibility R.

7.3 The analysis, especially stage a) described in 7.2, in-
cludes a systematic application of statistical tests. A great
variety of statistical tests that might be used for the purpose of

experiments and analysing the data. The point of view adopted
in this International Standard is that the model is an acceptable
approximation so long as the experimental requirements of
section two are heeded and the statistical tests of section three
do not vyield significant results and thereby indicate its
unsuitability. What action should be taken when these

this International Standard is available from the

In order to standardize the statistical analysis as f

literature.

ar as possible,

a judicious choice had to be made, and only a limited number of
statistical tests, as explained in section three, has been incor-

porated in this International Standard.
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Section two : Organization of an inter-laboratory precision experiment

General remark

The methods of o

peration within different organizations are not

expected to be identical. Therefore, the contents of this section
are only intended as a guide to be appropriately modified to
cater for a particular situation.

d}  What are suitable materials to represent these levels?

e} Should the material be specially homogenized before
preparing the samples or should the heterogeneity in the
material be included in the values of r and R? (See 10.3.)

8 Personne

8.1 Panel

The actual planni
panel of experts
tion.

requirements

ng of the experiment should be the task of a
amiliar with the test method and its applica-

8.2 Statistical expert

At least one mem
statistical design

ber of the panel should have experience in the
bnd analysis of experiments.

8.3 Executive officer

The actual organ
to a single labo
laboratory shall tg
officer.

zation of the experiment should be entrusted
atory, and a member of the staff of that
ke full responsibility. He will be the executive

8.4 Supervisors

A staff member i
be made respons|
the tests in keef
ecutive officer, a

8.5 Operator

In each laboratd
operator selected
the tests in norm

each of the participating laboratories should
ble for organizing the actual performance of
ing with instructions peceived from the ex-
hd for reporting the test-results.

ry, the_tests shall be carried out by one
as representative of those likely to perform
bl operations. He should be instructed by the

tests have to be carried cut, but the instructions should not
amplify the test method itself.

9 Tasks and problems

9.1 The following questions should be discussed by the

panel :

a) Is a satisfactory standard for the test method available?

b} What is the range of levels encountered in practice?

c) How many levels should be used in the experiment?

(See 10.1.)

fr—vWharnomber 7 of Tepticates shoutd—bespecified and

what amount of material should be sent to the laporatories?
(See 10.1.)

g) Should each laboratory be sent-#/separate gamples for
each level or one sample for n replicaté tests? (Sde 10.3.) Or
is a split-level experiment desirable? (See 10.4.2])

h) Should the laboratotieS be sent additional material for
practical exercises befote the official tests are performed?
(See 10.5.4.)

j} How man¥) laboratories should be recruifed to co-
operate in the experiment? (See 10.1.)

k) Hew should the laboratories be recruited arjd what re-
quirements should they satisfy? (See 10.2.)

m) Which are the details concerning the tept method
when the application is difficult? What kind of prgcisions are
given to minimize these difficuities?

n)  What instructions should be issued to the gupervisors
concerning the execution of the tests, and to how many
significant figures should the test results be repgrted? (See
10.4.1 and 10.5.3.)

p} What information should be requested in addition to
the numerical test results? {See 10.6.)

9.2 The task of the statistical expert is to contribute his
specialized knowledge in designing the experiment,|to analyse
the data and to write a report for submission to| the panel
following the instructions contained in section threg.

9.3 The task of the executive officer is to organize(the experi-

supervisor as to the dates on which, and the order in which, the

a) to enlist the co-operation of the requisite number of
laboratories and see to it that supervisors are appointed;

b} to organize and supervise the preparation of the
materials and samples, and the despatch of the samples.
For each level, a certain quantity of material should be set
aside as a reserve stock;

¢) to give special instructions when samples are unstable;

d) to draft instructions (including the interval of time be-
tween consecutive determinations) and circulate them to
the supervisors early enough in advance for them to raise
comments or queries;
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e) to des
working re

ign suitable forms for the operator to use as a
cord and for reporting the test resuits;

f) to collect the test results and prepare a table suitable for
the statistical analysis.

9.4 The task of the supervisor is

a) to han
with the in

b) to sup|
should not

¢c) to coll
ficulties ex
officer.

9.6 The tasK
ing to the sta
and difficulties

9.6 The fina
statistical exps
reproducibility]

d out the samples to the operators in keeping
structions of the executive officer;

ISO 5725-1981 (E)

If the range of levels is very wide, r and R can b

e expected to

depend on the level m and the use of at least 6 levels seems

desirable in order to establish the relation betwee
tities in a satisfactory manner.

n these quan-

For the example on the determination of the softening point of

pitch given in clause 22 with a range of level

s from 88 to

102 °C, the use of 4 levels may be considered as more than is

strictly needed.

The number of laboratories should to some exte

nt depend o\n—,

brvise the execution of the tests. The supervisor
take part in performing the test;

bct the test results, with any anomalies or dif-
perienced, and to report them to the executive

of the operators is to perform the tests accord-
hdard test method and to report any anomalies
experienced (see 10.5.2 and 10.5.5).

task of the panel is to discuss the report by the
rt, establish final values for the repeatability and
and decide if further actions are required for im-

proving the standard for the test method or with regard to

faboratories th

9.7 As9.2a
statistical anal

10 Comm

10.1 Numb
No hard and f
in a precision
range of levelg
forming tests.

at have been rejected as outliers {see 11.6.4).

hd 9.6 are considered to be the final stages of the
ysis, further details will be given in section three.

ents on clauses 8 and 9

er of laboratories and levels

bst rules can be laid down. The/number of levels
experiment should be chosen in relation to the
to be covered, bearinglin mind the cost of per-

the number of levels. 1T Is recommended that the number of

laboratories should never be less than 8, and if
level is of interest, the number of laboratories sho
be higher, say 15 or more.

Regarding the value of n, the recommended figu

where it is customary to make_a larger number of
example with certain simple ‘physical tests.

10.2 Recruitment of participating labo

10.2.1 From a statistical point of view, the lab
ticipating inya’ precision experiment should be ¢

only a single
uld preferably

-

re is 2 except
replicates, for

ratories

oratories par-
hosen at ran-

dom out of all laboratories likely to use the test fnethod under

investigation. Volunteers may not represent a 1
section of laboratories.

However, in practice, other considerations may
example, the requirement that the participatin
should be evenly distributed over different
climatic regions.

The panel should decide the recruitment polic
quirements for the participating laboratories.

10.2.2 In enlisting the co-operation of the requis
laboratories, their responsibility should be clearly
ample of a questionnaire that may be used fof
follows.

ealistic cross-

intervene; for
; laboratories
Continents or

and the re-

ite number of
Stated. An ex-
this purpose
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Questionnaire on inter-laboratory study

1 OQur labord

2 As a partig

a) all ess
when the

b) specif
must be ri

c} the mg
d) sampl
e} aqual

Having studie
prepared for g

Title of metho[d (Copy attached) t. .. .. .. o i e i i e e

3 Commenty :

tory wishes to participate in the co-operative testing of this method for precision data.

ves [ ] Nno [ ]

ipant, we understand that

bntial apparatus, chemicals, and other requirements specified in"the method must be available in our lak
brogram begins;

ed “‘timing’’ requirements (such as starting date, order of-‘testing specimens, and finishing date) of the g
hidly met;

thod must be strictly adhered to;
bs must be handled in accordance with instructions;
fied operator must perform the tests.

] the method and having made aJfair appraisal of our capabilities and facilities, we feel that we will be add
o-operative testing of this.method.

Signature : ......... ... .. . ..

Company or laboratory : ........................

oratory

rogram

quately
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10.3 Heterogeneity of material

When the material to be tested is not homogeneous, it is impor-
tant to prepare the samples in the manner prescribed by the
method, preferably starting with one batch of commercial
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 certain stock in reserve. For
the samples at each level, n separate containers should be used
where there is any danger of the material deteriorating when
the container has once been opened for example hygroscoplc
material, oxid
of unstable mpterials, special instructions on storage and treat-
ment should be prescribed.

Iin general, it |s recommended that the material used in a pre-

cision experinfent and the range of materials to which r and R
therefore apply be clearly specified.

10.4 Actudl organization of the tests

10.4.1 With| g levels and n replicates, each participating

laboratory hag
tests should
follows :

to carry out gn tests. The performance of these
be organized and the operators instructed as

ISO 5725-1981 (E)

The split-level experiment requires a slight modification in the
statistical analysis which will be discussed in section three.
Also, it should be clearly distinguished which test result
belongs to series A and which to series B; they cannot be inter-
changed as can tests on identical material.

The values of r and R derived from a split-level experiment will
be taken to be valid for the mean level m = (mp + mg)/2.

10.4.3 It may be necessary to limit the time that should be
p 5 are received

and the day the tests are performed

10.4.4 Any preliminary checking of equipment should be as
laid down in the standard method:

10.4.5 All samples should-be_clearly labelled with the name of
the experiment and a sample identification.

10.5 Instructions to operators

10.5.1 Before' performing the tests, the opgrators should

a) All gn|tests should be performed by one and the same
operator using the same equipment throughout.

b) Each group of n tests belonging to one level must be
carried ou{ under repeatability conditions, that is, in a short
interval of|time and the same operator.

c) f, in the course of the tests, the operator should drop
out throuph illness or some other unforeseen —circum-
stances, apother operator may complete the_tests, but this
must be rgported with the test results.

d) Itis ngt necessary that all gn tests\be performed strictly
within a short interval; the g grodps of n tests may be car-
ried out on different days.

e) Itis edsential that a greup of n tests under repeatability
conditions| be performed independently as if they were n
tests on [different \materials. As a rule, however, the
operator Will know,that he is testing identical material. If it is
feared thalt this.knowledge may influence his test results,
and consqquéntly the repeatability variance, then a split-

receive no.nstructions other than those contain

bd in the stan-

dard test method; these should suffice.

10.5.2 The operators should, however, be askgd to comment
on this standard and in particular to state whetHer the instruc-
tions contained in it are sufficiently unambigugus and clear.
Ambiguities may, for example, creep in when the standard has
been translated into a number of different langyages.

10.5.3 It is desirable that all participating laboratories report
their test results to the same number of significgnt figures and
the supervisors should be instructed accordingly. In commer-
cial practice, the test results are often rounded|rather crudely
and in a precision experiment, it may be advisaple to use one
more significant figure than is customary or pré¢scribed in the
Standard.

When r depends on the level m, different ruleg for rounding
may be needed for different levels.

10.5.4 An operator will not as a rule achieve ngrmal precision

level experiment {see 10.4.2) shall be considered as the best
procedure. Randomization of gn tests could be considered
if it would not affect repeatability conditions.

10.4.2 An alternative method sometimes adopted when

= 2 is that of using split-levels. Instead of testing two
samples which the operator has been told should be identical or
of performing two tests on the same specimen of material, two
series of p samples are prepared at slightly different levels ma
and mg, where mp — mg is a small quantity, and each of the p
laboratories receives one sample of series A and one of series B
for testing. Adoption of this method may be considered when it
is feared that the operator, when using identical samples in car-
rying out his second test, may be influenced by the result of his
first test.

wiermr e taries outatestforthe-firsttmmeorafter a Iong inter-
val. In that case, the operators should be instructed to carry out
a few unofficial tests in order to gain experience before they
start testing the official samples of the precision experiment.
Whether this is needed should be decided by the panel or by
the supervisors; material for such preliminary tests should be
supplied by the executive officer.

10.5.5 The operators should be told to report any occasions
on which they are not able to follow their instructions or on
which they accidentally failed to keep to the instructions. They
should also be told that it is better to report a mistake than to
adjust the results, because one or two missing results will not
spoil the experiment and may indicate a deficiency in the stan-
dard.
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10.6 Reporting the test results

The supervisor of each laboratory should write a full report on
the tests; this report should contain the following particulars :

a) the final test results, taking particular care to avoid
transcription and typing errors, for example by using
photocopies of the operator’s results;

¢c) comments by the operator on the standard for the test;

d) information about irregularities or disturbances that
may have occurred during the test;

e) the date(s) on which the samples were received;
f) the date(s) and time(s) on which they were tested;

g) information about the equipment used, when this is
considered relevant;

b) if any, thewwminga frorrwvhich
the final results were derived;

h) other relevant information.

10
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11.1
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Section three : Statistical analysis of results of an
inter-laboratory experiment

Preliminary considerations

Statistical expert

11.6 Recommended practice for investigating

outliers

11.6.1

For this purpose, this International Standard recom-

The analysis - . mends the use of Cochran’s maximum variance test (.see
clause 12] and Dixon's outlier test {see clause |3} in combina-

ment is the tdsk of a statistical expert who is a member of the

panel and ha
and 9.2.)

11.2 Cells

Each combin

L taken part in planning the experiment. (See 8.2

htion of a laboratory and a level will be called a cell

of the precisipn experiment. In the ideal case, the results of an
experiment with p laboratories and ¢ levels will consist of a

table with pgq
all be used
reproducibilit
attained in p
missing data

11.3 Redy

Sometimes

replicates off
8.4 and 9.4)
which are the
all equally val
computation

cells each containing n replicate resuits, that can

for computing the repeatability r and the
v R. This ideal situation is not, however, always
actice. Departures occur due to redundant data,
and outliers.

ndant data

b laboratory may carry out more than the*n
cially prescribed. In that case, the supervisor{see
must report all results, why this was done and

correct test results. If the answer is that-they are
d, they can all be taken into account by using the
| procedure of 14.10.

11.4 Missjng data

In other case
ample due to
etc. The anal
pletely empt
cells can be t
of 14.10. The|

5, some of the test results may be missing, for ex-
the loss of a samiple, a slip in performing the test,
vsis recommended in clause 16 is such that com-
cells can\simply be ignored, while partly empty
bken jrite.account by the computational procedure
regsons for missing test results should be given in

the supervisg

r's_report.

tion with the following procedure :

P > 5 %, that is, Cochran’s or Dixon's tes{ statistic is less

than its 5 % critical value : theyitem tested

is accepted as

correct; the test is said to be statistically ingignificant.

5% > P > 1 %, that s, the test statistic

es between its

5 % and 1 % critical"values : the item tedted is called a

straggler and is marked with a single asterisk
to be statistically significant.

P < 1 % that is, the test statistic is great
critical*Value : the item is called a statisticg
marked” with a double asterisk; the test
statistically highly significant.

£\is the probability of the observed value of th

The 5 % and 1 % critical values for Cochran
tests are given in tables 1 and 2 (pages 17 and

the test is said

pr than its 1 %
| outlier and is
is said to be

b test statistic.

's and Dixon’s
18).

11.6.2 Sometimes the actual application of these statistical

tests may be omitted or other statistical tests
because a statistical expert will see from a cursg
of the data, for example from a graphical presen

nay be chosen
ry examination
tation, that the

test will yield either a non-significant or a highly significant

result. In case of any doubt, however, the test
be applied.

11.6.3
statistical outliers can be explained by some tec
instance a slip in performing the test, a compu

should always

It is next investigated whether the stfagglers and/or

hnical error, for
ational error, a

clerical error in transcribing a test result, the ana

ysis of a wrong

sample, etc. When a reasonable explanation cap be construed,
and preferably confirmed by additional enquirles, the item is

considered as a real outlier, that does not belo

to the experi-

If one of the two test results in a cell of a split-level experiment
{see 10.4.2) is missing, the test result available must be dis-
carded and the cell must be treated as an empty one.

11.56 Outliers

Outliers are entries among the original test results, or in the

tables derived

from them, that deviate so much from com-

parable entries in the same table that they are considered as
irreconcilable with the other data. Experience has taught that

outliers cann

ot always be avoided and have to be taken into

consideration, but great care must be exercised in investigating

them.

ment proper, and is corrected or discarded in keeping with the

explanation obtained.

11.6.4 When several unexplained stragglers and/or statistical
outliers occur at different levels within the same laboratory,

that laboratory may be considered as an outl
high a within-laboratory variance, or too larg

ier, having too
e a systematic

error in the level of its test results, or both. It may then be
reasonable to discard some or all the data from such an outly-
ing laboratory. This International Standard does not provide a

statistical test by which suspected laboratories

can be judged.

The primary decision should be the responsibility of the

statistical expert, but all rejected laboratories m
to the panel for further action. An example

ust be reported
of an outlying

laboratory occurs in the case study of clause 23.

1


https://standardsiso.com/api/?name=55a0cf0d21f356dfe8f30360f300c731

ISO 5725-1981 (E)

11.6.5 When any stragglers and/or statistical outliers remain
that have not been explained or rejected as belonging to an
outlying laboratory, the stragglers are retained as correct items,
and the statistical outliers are discarded, unless the statistician
for good reasons decides to retain them. In any case, the
statistician must report to the panel.

11.7 Computation of r and R

The computation of the repeatability r and the reproducibility R
is carried out, for each level separately, with the data remaining
after elimination f i
(see clause 14).

11.8 Functignal relation between r, R and m

Provided there are several levels and a functional relation be-
tween r (and/of R) and m is expected (see 15.1), it is then
investigated whether r (and/or R} depends on m and if so,
what is the relafionship between these quantities.

11.9 Notatidn, definitions and basic formulae

11.9.1 Ideal case

As stated in 11.2, the ideal case is p laboratories L; (i = 1, 2,
o ploglevels M; j = 1,2, ..., g) and n replicates per L; M;
combination, with a total npq results of the test. As a result of
the existence of redundant (see 11.3), missing (see 11.4) or

Uniform-level experiment

Table A — Original test results

outlying (see 11.5} results, or outlying laboratories (see 11.6.4),
this ideal situation is not always attained. Under these con-
ditions, the notations given in 11.9.2 to 11.9.6 will be used in
the remainder of this International Standard, refering to basic
tables A, B, C hereafter.

11.9.2 Original test results (table A)

11.9.2.1 Case of iform-
n;; is the number of results in celi L; M,
Yijk is any one of these results (k =1, 2..., ny).

When all the results from oné~or more labofatories are
eliminated at a level j (either beCause these laboratpries did not
conduct the tests at this level-ef because they werg considered
to be "outlying laboratoties’” — see 11.6.4), the number of
laboratories for this level is designated by bj

11.9.2.2 QCase of a split-level experiment
Yija @nd y;;5 are the results obtained, respectively @t sub-levels

A and B, level j, laboratory i. The notation pjis alsp applicable
to' this case, where appropriate.

Split-level experiment

L evel 1 2 j q Level 1 2 J q
Laboratory Laboratory A|B|A B A B ArB
1 1
2 2
) Yijt .
1 1 y,-jA yijE
Yijk
p P

Cell (i, j) contains n; results yg (k = 1,2, ... ny).

12


https://standardsiso.com/api/?name=55a0cf0d21f356dfe8f30360f300c731

ISO 5725-1981 (E)

Table B — Measures of cell spread

Uniform-level experiment

Split-level experiment

Level 1 9 j q Level
Laboratory Laboratory J a

1 1

2 2
Sij

i or i d,_'l'
Wij

p p

sjj = cell standard deviation, or if n = 2 for all the cells, use dij = Yija —YiB

wj; = cell range.

Table C — Cell averages

Level ,
1 2 Jj
Laboratory
1
2
i )T,-j
p

¥ = cell average

13
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11.9.3 Measures of cell spread (table B)

These are derived from tabie A (see 11.9.2) and table C (see
11.9.4) as follows :

11.9.5.1 Case of a uniform-level experiment

r
Z (n; ——1)s

2 _
St T
11.9.3.1 Case of a uniform-level experiment Z n;
=1
For the general case, use the intra-cell standard deviations s;;,
given by equation (4} 1 Tpﬂ . ,
1 P AP
7 s2 _ i=1
Sij —1 2 Wik = Vi) L =
k=1
D
PIREL
k=1 with y = >
.. . 2 n;
The standard deYiation should be expressed with one more
significant figure than the results in table A. =1\ _
p
For the particular pase where all n;=n= 2, use the cell range Z ”:2
P :

Pzl =542 ...(8)

wi = | Yin

without regard fdr sign.

11.9.3.2 Case of a split-level experiment
The cell difference dj; is given by equation (6)

dij:yijA_yij3 ...(6)

taking the sign info account.

11.9.4 Cell averages (for the‘two types of experiment)
(table C)

These are derived from table A as follows :

Formulae used for numerical computation are given fin 14.10.2.
For the case where all n; = n, the previous formulae|simplify to

p
1 o s?
XD i

. 1
yij=:2)’ijk ...

The cell averages should be given with one more significant
figure than the test results in table A.

11.9.5 Repeatability variance s? and between-laboratory

variance s?

For a given level j, the values of s and s are given by the

following equations where, for convenience, the index j has
been dropped.

14

p -1 n
i=1
_ 1w
with y =—Z Vi
p
i=1
Formulae used Tor numerical compuration are given in 14.9.2.

For the particular case where all n; = n = 2, the cell range
w; = /2 s; are used, giving

1 p
R

=1

2

S

Ly oot
i=1

Formulae used for numerical computation are given in 14.8.2.
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11.9.5.2 Case of a split-level experiment
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which the variances are based. Moreover, these tests, even if
Nno zeros occur, are very sensitive against the value of the
smallest variance which, again due to rounding, is unreliable.

Cochran’s test applies only to uniform-level experiments as it is
of homogeneity of variance; in a split-level experiment, Dixon's
outlier test (see clause 13) must be applied to the cell dif-

12.2  Given a set of p-standard deviations ¢, all computed

D
52 :_1. v (d: —d)? For these reasons, only Cochran'’s test has been retained.
"2 p-1 !
i=1
P
with d = > d; ferences d;.
i =
1 _ s?

Formulae used for numerical computation are given in 14.11.2.

11.9.6 Simplified notations used in clauses 12, 13 and 14

Clauses 12 and 13 concern statistical tests and clause 14 relates
to procedured for calculating r and R, which are applied
separately at e}ch level {fixed j); in these clauses, for reasons of
clarity of layolit, the index j will be omitted in the notations
defined above| when this index is not indispensable.

11.9.7 Corre[ted or rejected data

As on the basis of the tests outlines in 11.6, some of the data
may be corrected or rejected, the values of y;;, n;; and p;used
for the final determination of r and R may be different from the
values referring to the original test results as \recorded in
tables A, B anfl C. Hence, in reporting the final values of r and
R, it should alyvays be stated what data, if any, have been cor-
rected or discdrded.

12 Cochran’s maximum variance test

12.1 As explained(in 5.4.2, this International Standard
assumes that betiveen laboratories only small differences exist
in the within-I i - } s—tha
this condition is not always satisfied, a test has been included
to investigate the validity of this assumption. Three tests could
be used for this purpose, namely

a) Bartlett's variance homogeneity test;
b) Hartley’s variance ratio test;
c) Cochran’s maximum variance test.
All three are fully explained in the literature.[4]
The first two tests, however, cannot be applied when one of

the variances in a set is zero, which may easily happen as a
result of rounding and of the small number of test results on

from the same number n of replicate test results, Cochran’s
criterion C is given by equation (8)

. (8)

In the case of 2 replicates, the ranges w; can be uged instead of
the standard deviations. Cochran’s criterion theh is given by
equation (9)

2

W,

C =T )]
D

2w2
1

i=1

In these expressions, Spax and W, stand fof the highest
values in the set. If the test is significant, s, (Or W5, is
classified as straggler or statistical outlier according to the pro-
cedure of 11.6.1. Critical values for Cochran’s cfiterion at the
5 % and 1 % levels are given forp = 2to40andln = 2to6in
table 1.

12.3 Cochran’s criterion must be applied to taple B at each
level separately.

12.4 As stated above, Cochran’s criterion appligs strictly only
when all standard deviations are derived from the same number
of test results obtained under conditions of repeafability. In ac-
tual cases, this number may vary due to redundant, missing or
discarded data. This International Standard assumes, however,
that in a properly organized experiment, such vafiations in the

2 ett—wvi imited—and can be ig-
nored, Cochran’s criterion being applied using for n the number
of results occurring in the majority of cells.

U e O coUu o5 Vv e

12.5 Cochran’s criterion tests only the highest value in a set
of standard deviations or ranges and is therefore a one-sided
outlier test. Variance heterogeneity may, of course, also
manifest itself in some of the standard deviations being com-
paratively too low. However, small values of standard deviation
or range may be very strongly influenced by the degree of
rounding of the original test results and are for that reason not
very reliable. Besides, it does not seem recommendable to
reject the data of some laboratory because it has accomplished
a higher precision in its test results than the other laboratories.
Hence, Cochran’s criterion is considered adequate.

15
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12.6 A critical examination of table B may sometimes reveal
that the standard deviations for a particular laboratory are at all
or at most levels lower than those for other laboratories. This
may indicate that the laboratory works with a lower repeatabili-
ty than the other laboratories, which in turn may be due either
to an incorrect application of the standard test method or to a
better technique and equipment. If this occurs, it should be
reported to the panel, which should decide whether the point is
worthy of more detailed investigation.

the two or three highest standard deviations should all be
marked as stragglers or statistical outliers as the case may be.

Thus, in view of the present lack of a statistical test designed
for testing several outliers together, repeated application of
Cochran’s test disregarding the higher standard deviations in
order of magnitude is proposed as a helpful tool. This test is
not, however, designed for this purpose and great caution
should be exercised in drawing conclusions.

In particular, when this technique reveals several stragglers

12.7 When therp is more than one high value among a set of
standard deviations suspect as possible outliers, Cochran’s test
may become insensitive. It may happen that the highest value
produces an insighificant test statistic while the second or third
highest turn out t9 be stragglers or statistical outliers when the
highest or the twq highest values are disregarded. in that case,

and/or statistical outliers only within one of the Teveld, this may
be purely accidental and not really significantt)On|the other
hand, if several stragglers and/or statistical outliers|are found
at different levels within one laboratory, this‘'may bg a strong
indication that that laboratory’s withig=laboratory Jariance is
too high and that its experimental techhique can and|should be
improved.

16
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Table 1 — Critical values for Cochran’s maximum variance test!'2

ISO 5725-1981 (E)

n=2 n=3 n=4 n=25

p

1% 5 % 1 % 5 % 1 % 5% 1 % 5% 1% 5%
2 — — 0,995 0,975 0,979 0,939 0,959 0,906 0,937 0,877
3 0,993 0,967+ 6,942 0874 9-883 8,796 6,834 8746 0793 0,707
4 0,968 0,906 0,864 0,768 0,781 0,684 0,721 0,629 0,676 0,590
5 0,928 0,841 0,788 0,684 0,696 0,598 0,633 0,544 0,588 0,506
6 0,883 0,781 0,722 0,616 0,626 0,532 0,564 0,480 0,520 0,445
7 0,838 0,727 0,664 0,561 0,568 0,480 0,508 0,431 0,466 0,397
8 0,794 0,680 0,615 0,516 0,521 0,438 0,463 0,391 0,423 0,360
9 0,754 0,638 0,573 0,478 0,481 0,403 0,425 0,358 0,387 0,328
10 0,718 0,602 0,536 0,445 0,447 0,373 0,393 0,331 0,357 0,303
1 0,684 0,570 0,504 0,417 0,418 0,348 0,366 0,308 0,332 0,281
12 0,653 0,541 0,475 0,392 0,392 0,326 0,343 0,288 0,310 0,262
13 0,624 0,515 0,450 0,371 0,369 0,307 07322 0,271 0,291 0,246
14 0,599 0,492 0,427 0,352 0,349 0,291 0,304 0,255 0,274 0,232
15 0,575 0,471 0,407 0,335 0,332 0,276 0,288 0,242 0,259 0,220
16 0,553 0,452 0,388 0,319 0,316 0,262 0,274 0,230 0,246 0,208
17 0,532 0,434 0,372 0,305 0,301 0,250 0,261 0,219 0,234 0,198
18 0,514 0,418 0,356 0,293 0,288 0,240 0,249 0,209 0,223 0,189
19 0,496 0,403 0,343 0,281 0,276 0,230 0,238 0,200 0,214 0,181
20 0,480 0,389 0,330 0,270 0,265 0,220 0,229 0,192 0,205 0,174
21 0,465 0,377 0,318 0,261 0,255 0,212 0,220 0,185 0,197 0,167
22 0,450 0,365 0,307 0,252 0,246 0,204 0,212 0,178 0,189 0,160
23 0,437 0,354 0,297 0,243 0,238 0,197 0,204 0,172 0,182 0,155
24 0,425 0,343 0,287 0,235 0,230 0,131 0,197 0,166 0,176 0,149
25 0,413 0,334 0,278 0,228 0,222 0,185 0,190 0,160 0,170 0,144
26 0,402 0,325 0,270 0,221 0,215 0,179 0,184 0,155 0,164 0,140
27 0,391 0,316 0,262 0,215 0,209 0,173 0,179 0,150 0,159 0,135
28 0,382 0,308 0,255 0,209 0,202 0,168 0,173 0,146 0,154 0,131
29 0,372 0,300 0,248 0,203 0,196 0,164 0,168 0,142 0,150 0,127
30 0,363 0,293 0,241 0,198 0,191 0,159 0,164 0,138 0,145 0,124
31 0,355 0,286 0,235 0,193 0,186 0,155 0,159 0,134 0,141 0,120
32 0,347 0,280 0,229 0,188 0,181 0,151 0,155 0,131 0,138 0,117
33 0,339 0,273 0,224 0,184 0,177 0,147 0,151 0,127 0,134 0,114
34 0,332 0,267 0,218 0,179 0,172 0,144 0,147 0,124 0,131 0,111
35 0,325 0,262 0,213 0,175 0,168 0,140 0,144 0,121 0,127 0,108
36 0/318 0,256 0,208 0,172 0,165 0,137 0,140 0,118 0,124 0,106
37 9;312 0,251 0,204 0,168 0,161 0,134 0,137 0,116 0,121 0,103
38 0,306 0,246 0,200 0,164 0,157 0,131 013 0113 07119 0,101
39 0,300 0,242 0,196 0,161 0,154 0,129 0,131 0,111 0,116 0,099
40 0,294 0,237 0,192 0,158 0,151 0,126 0,128 0,108 0,114 0,097

p = the number of laboratories at a given level.

n =

These critical values are those given in table A17[2) rounded and supplemented by interpolation, using the fact that the critical values are

number of results per cell (see 12.4).

closely approximated by a linear function in 1/v/p.

This table contains critical values forn = 7, 8, ..., as well.
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13 Dixon’s outlier test

13.1 Givenasetofdataz (h), h = 1,2,3, ..., H, arranged in
order of magnitude, then Dixon’s test uses the following test
statistics :

13.4 Again, however, as explained in 12.7, great caution
should be exercised in drawing conclusions from the result of
repeated applications of Dixon’s test. If several stragglers
and/or statistical outliers are found at only a single level, this
may not be really significant, but if they occur at differing levels
within a single laboratory, this may be considered as indicating
that that is an outlying laboratory.

H Test statistic
z(2) —z(1) . . . .
3t07 Qj0 = the larger of ————— 13.5 The strategy in dealing with stragglers and/or statistical
H) -2 outliers outlined in 11.6.1 should also be adhered to in the case
TR of Dixon's test.
and ——— 8 ——
H) —z(1)
2(2) —z(N) Table 2 — Critical values for Dixon’s outlier test!)
81to 12 Q49 = the farger of ——————
ZtH —1) —z(1) —
Test criterion2) Critical
2H) —z(H 1) values
e —2 @ H|lg%| 1%
z(2) —z(1)  ziH¢2H —1) 3 | 0j970| 0,994
Q0 = T 20 O~ 4 | ofs29 0,926
z(3) —z(1) whichever is/the\greater 5 1017101 0,821
13 or more Q99 = the larger of ———————— 6 | 0]628¢ 0,740
Z(H -2) —z(1) 7 0[569| 0,680
2 H) —z(H ~2) oz Z(H) —z(H -1) 8 | 0J608| 0,717
and e @ QT E o @ 9 | of504| 0,672
whichever is the greater 10101530 0,635
11 §0[502| 0,605
12 | 0J479| 0,579
Critical values of tf;((a)se test sta:;s'uc;sj at thEISZAa and 1 % level 23 —z() 2H) —2(H - 2) 13 |ols11] 0,697
and for H = 3 tq 40 are reproduced in table 2. Oxp = =2 = i =2 14 | olsss| 0.670
whichever is the greater 15 101565| 0,647
16 | 0]5461 0,627
17 {0]529| 0,610
13.2 In analysing a precision experiment, Dixon’s test can be 18 }0J514| 0,594
applied 19 |0J501| 0,580
20 10J489| 0,567
a) to the tes{ results within a cell of table A.when ny; > 3, 21 {0J478| 0,555
but this procedure should only be used where Cochran’s 22 10468 0,544
test has suggested an outlier or a stcaggler, in order to see 23 | 0J459| 0,535
whether this was due solely to ong-6bservation; in that case 24 10451 0,526
25 |0J443| 0,517
h =k H|= ny and zl#) = yyy, i and j both being 26 |0J436| 0,510
fixed; 27 |0J429| 0,502
28 |0J4231} 0,495
b) to the cell averagés for a given level j in table C, when 29 |0J417| 0,489
in that case 30 |0/412]| 0,483
31 10J407| 0,477
h =i H = p;andz(h) =y, jbeing fixed; 32 0,402 0,472
33 |0,397]| 0,467
c) to the cell differences, d;; = y;;o— y;p, for a given level 34 10,393} 0,462
of a split-level experiment (table B}, when in that case, 35 10,388 0,458
36 |0,38410,454
h =i H = p;andz(h) = dy jbeing fixed. 37 |0,3810,450
38 10,377 | 0,446
39 10,374 | 0,442
40 0,371 0,438

13.3 If Dixon's test reveals one of the extreme values in a
series (the highest or the lowest) as a straggler or statistical
outlier, the test should again be applied to the remaining H — 1
values; and if this once more proves one of the extremes as
suspect, the test should be applied afresh to the remaining set
of H -2 values.

18

1} This is R. S. Gardner’'s version of Dixon’'s test as published in
table 16.[3! This version applies when it is not known at which end of a
series of data an outlier may occur.

2) z(h), h = 1,2, ..., H, is the series of data to be tested arranged in
order of magnitude. The meaning of A, and H in different situations is
explained in 13.2.
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14 Computation of the mean level m, the
repeatability r, and the reproducibility R

14.1 In this International Standard, the method of analysis
adopted involves carrying out the computation of m, r and R
for each level separately. When there are g levels in all, the
results of the computation will be denoted as

mj, 1, R;

j=12..49

ISO 5725-1981 (E)

The number of non-empty cells may be different for different
levels; hence the index j in p;.

14.4 Owing to the rejection of some of the original test
results or to missing data, the number of replicates per cell in
table A (see 11.9.2) need not necessarily all be the same. This
number would therefore be denoted by n;; for laboratory i and

level j.

14.6 The computations described below assume that the in-

Subsequently, it is investigated whether r and/or R depend on
m, and if so| what is the functional relationship.

14.2 The|basic data needed for the computations are
presented i three tables (see pages 12 and 13) :

— table A containing the original test results;

— tablg¢ B containing the measures of within-cell spread,
and;

— table C containing the cell averages.

The construction of these tables is explained in 11.9.

14.3 As alconsequence of the ruling of 16.9, the number of
non-empty [cells to be used in the computation will, for a
specified level, always be the same in tables B and C. An ex-
ception might occur if, owing to missing data, a cell in table A
contains only a single test result, which will entail an empty cell
in table B byt not in table C. In that case, it is possible-gither

a) to discard the solitary test result which willNlead to an
empty cell in both tables B and C, or

b) if this is considered an unwarranted loss of information,
to insert|a nominal value, zero (0),~in table B.

Where optign b) is taken, the comiputations have to be carried
out in accofdance with 14.10,~and for a cell with a single test
result, any Jalue can be introdiiced in table B without influenc-
ing the finalloutcome; a Apminal zero seems most appropriate.

structions for rounding spmwn-a-aw-]. : 1.9.4 have been

observed. No further rounding should be cafried out in the

course of the computations, but anCappro
should be applied to the final results /7). r and

14.6 The computations can’often be simplif

priate rounding
R.

ed, and the risk

of computational errors reduced, by coding the data, in par-

ticular, using
xijk = bj (y,'jk —aj)

whence X;= by —a), we = bwy, s
dy; = bdy, instead of y;y, v, wy, s and dj;.

a; is some arbitrary constant chosen to reduc
digits-to be handled, and bj some power of 10
or'most of the basic data are converted to inte

It should be noted that, except in the trivial d
values of bj must be taken into account wher

ij = bjsijr and

e the number of
hosen so that all
gers.

ase b; = 1, the
computing the

final values of sf and sE from which r and R afe derived.

The procedure is fully illustrated in the exampl

14.7 The computational procedure depend
experiment and on the number of replicates i
different situations are dealt with in 14.8
illustrated by a numerical example. They cove

for convenience the index j has been dr

2 14.11.3.

on the type of
the cells. Four
to 14.11, each
most situations

pped. In these

likely to arise. In each example, only one level 3 considered and

examples, any outliers found have already be
only the acceptable data are quoted.

n discarded and

19
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14.8 Uniform-level experiment with n = 2 replicates per cell

14.8.1 Basic data from tables B and C

14.8.2 Comput

Laboratory Original data
i w; ¥
1 0,5 31,456
2 0,0 30,90
3 0,2 30,80
4 0,4 31,30
5 03 31,45
6 0,2 31,50
7 0,0 31,40
ational formulae and numerical resuits
Number of laboratories : p p=17
Number of replicates : n n=2
Sy = Iy Sy ='218,80
Sy = zy? S5'= 6 839,555 0
S3 = Tw? S3 = 0,58
s ., 058
2= 52 = = 0,041 4
2p 2x7
2 2
Lo | Py <SET s , | 7x68395550-218802 | 00414
st= | —S=— |- s = - = 0,0613
ripv—-1) 2 7 x6 2
S 218,80
A Y. m = = 31,26
D
r=283/s? r = 2,83/0,0414 = 0,58
R =283 +s? + 52 R = 2,83/0,0613 + 0,041 4 = 0,91

*If sE is negative, substitute slz_ = 0 in the expression of R, to give R = r.
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x\:’

14.9 Uniform-level experiment with n > 2 replicates per cell

14.9.1 Basic data (n = 3)
Laboratory Original data
i S; _;,
1 0,82 28,03
2 1,50 21,25
3 3,00 22,47
4 0,58 25,50
5 1,49 33,08
6 0,50 24,23
7 2,38 20,53
8 0,93 30,17
9 1,07 22,40
14.9.2 Computational formulae and numerical results
Number of laboratories : p p=9
Number of replicates : n n=3
Sy = %y, $i = 227,66
Sy = Ly; S, = 5907,243 4
S3 = s S3 = 22,403 1
S: 22,403 1
s? =23 s? = = 2,489 2
P
2 2
PS5 S K 9 x 5907,243 4 — 227,662 2,489 2
*s2 = 272 [ 2 = - = 17,727 4
pip -1 n 9x 8 3
S4 227,66
me=— m = = 25,30
P
— N
r = 2,83 /52 r = 283~24802 = 4,46
R=28+/s? +s? R =28317,7274 + 2,4892 = 12,72

*Hf sf is negative, substitute sE =0in

the expression of R, to give R = r.

ISO 5725-1981 (E)
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14.10 Uniform-level experiment with unequal humbers of replicates per cell

14.10.1 Basic data

Laboratory Original data I:I:;n“t;::et;f
i S; E i
2 0,14 21,50 2
3 0,07 20,75 2
4 0,21 21,75 2
5 0,10 20,90 3
6 0,21 21,05 2
7 0,28 21,50 4
8 0,21 20,85 2
9 0,28 21,10 2

10 0,35 20,85 2
1 {0) 21,30 1

14.10.2 Computational formulae and numerical results

r=2,83\/sr7

R =283 sf+sr2

r=2,83+/0,0486 = 0,62

Number of labofatories : p p=\W
Sy = Iny, S4.'= 508,30
Sy = Iny? S, = 10767, 765 0
S3 = ZIn; S3=24
Sy = In? S, = 58
Sg = Zin; ~1).52 S5 = 0,632 5
S 0,632 5
2= = 2 = 0,486
S3 -p 24 -
, [ sos3-820 [ sap- | [ 24 x 10 767,765 0 —580,302 124011 -1}
*sL = —sf 3 S“_ = —-0,045 6 — | = 0,088 4
S3(p —1) S% -8, J L 24 (11 —1) _J I_ 242 —58 J
5 508,30
m=— m=—— = 21,18
S3 24

R =283-/0,0884 + 0,0486 = 1,05

cuf SE is negative, substitute sf = 0in the expression of R, to give R = r.

—
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14.11 Split-level experiment

14.11.1 Basic data

Laboratory Original data
i d; yi
1 —054 18,770
2 -0,47 18,615
3 -0,43 18,465
4 -0,48 19,660
5 -0,51 18,865
6 -0,49 18,335
7 -0,53 18,895
8 -0,50 18,680
e 9 -0,57 19,105
14.11.2 Computational formulae and numerical results
Number of laboratories : p p =9
Sy = 2)7,- Sy = 169,390
— yy2 =
Sy = Iy S, = 3189,2
- 53 = Zd S3= -452
Sy = xd? Sy = 22838
pSi— 52 9 x 2,2838 —{—4,52)2
s2 = 473 52 = = 0,000 860
2p(p - 1) 18 x 8
Y ‘ips2 —sf‘l 52 5 |—9 x 31892 —169,3902-| 0,000 860
st =| ———— | -— st = -
Ll pp-1 2 L 9 x 8 | 2
= 0,152 050
S 169,39
m=— m = —— = 18,82
D
r =283 s? r = 2,83 /0,000 860 = 0,083
R =28 +s? +s2 R = 2,83 /0,152 050 + 0,000 860 = 1,107

* Jfs?is negative, substitute s2 = 0in the expression of R, to give R = r.
L L
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14.11.3 Computations with coding (see sub-clause 14.6)

Hence, caiculating the decoded mean m, and both r and R,

14.11.3.1 Basic and coded data S 90
m=a+—- m = 18,000 + — — = 18,82
bp 100 x 9
Laboratory Original datrar Coded data 2,83 \/_2_ 2,83
i d; 7 dg X; r= 5 st = —— /8,60 = 0,083
1 -0,54 18,770 —-54 77,0
2 -0,47 18,615 —47 61,5 2,83 2 2 2,83
3 ~0,43 18,465 -43 46,5 =S ——\spts R =—— /1525 + 8,60
4 -0,48 19,660 - 48 166,0 i o
5 —-0,51 18,865 -51 86,5 = 1,107
6 -0,49 18,335 —-49 33,5
7 -0,53 18,895 -53 89,5
8 ~0,50 18,680 ~50 68,0 It can be seen that the final results for ), #/and R are identical
9 ~0,57 19,105 ~57 110,5 to those found using the basic data without coding

14.11.3.2 Compltational formulae with coded data
and numerical reqults

Number of laborgtories : p p=9

Coding constant|: a a = 18,00
Coding factor : 4 b =100
Xi=bly;-a

d.; = bd;

5 = Lx; S, = 738,0

Sy = x? Sy, = 72 878,50
S = Edg; Sy = —452
Sy = =d 2 Sy = 22 838

It can be seen by comparison with~the/uncoded calculation in

15 Establishing a functional relation

between r {or\R) and m

15.1

It gannot always be taken for granted that there exists a

regulanfunctional relation between r (or R) and m. In|particular,
undernthe circumstances of 4.2.3, where material heferogeneity
forms an inseparable part of the variability of the tgst results,
this will only hold good if this heterogeneity is a regular func-
tion of m. With solid materials of different compgsition and

coming from different production processes, this is

in no way

certain. The point should first be decided before the following
procedure is applied. Alternatively, separate values jof r and R

have to be established for each material investigatef.

15.2 The reasoning and computational procedures

presented

below apply to both r and R; they are presented for 7 only. Only
three types of relationship will be considered :

a) a proportionality relation :

14.11.2 that :
r=vm ... (10)
S, = b(Sy —pa)
5 b) a linear relation :
S” = bZSZ —2b‘aS1 + pbzaz
Sy = bS; r=u-+vm BNEEN
m =
Sy = 628, c) a logarithmic relation :
The values of s2 and sZ are then calculated in the normal way : logr =c + dlogm . (12)

,  PSw -s2, , 9 x 22838 - (- 4522

5§ = —04m — s, =

r 2pp -1 r 18 x 8
= 8,60

, pS) - S 52 , 9x7287850-739,02 8,60

sy = - SL= R

Ll pe-n | 2 : 9x8 2
= 15205

24

or its equivalent :

r=Cmd

It is expected that in the majority of cases at least one of these
formulae will give a satisfactory fit. If not, the statistical expert
carrying out the analysis should seek an alternative solution. To

avoid confusion, the constants u, v, ..
equations may be distinguished by suffixes u;, v,, .

., occurring in these

.., forr, and

UR, Vm, ---, for R, but these have been omitted in this clause to

simplify the notations.
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15.3 Equations {10} and also (12) when d > 0 (general case),
will then lead to r = 0 for m = 0, which may seem unaccept-
able from an experimental point of view. However, frequently
the values of m encountered in practice will have a lower limit
larger than zero such that these equations can be used without

introducing serious systematic errors.

15.4 Foru

identical to e
lies near unit
practically eq
preferred bed
mits the simy

"“"Two sin|
when the

15.5 If, in
set of points
line drawn b
for some rea

procedure off

and that of 1

15.6 From
line is compli
But, since thi

= 0 and d = 1, equations (11) and {12) will be
quation (10): and when u lies near zero and/or d

ISO 5725-1981 (E)

15.6.2 The weights W must be proportional to r-2, but since
the values of r; are subject to errors, the same will hold for the
weights. To correct for these and reduce the errors in the final
equation as far as possible, the following iterative procedure is
recommended :

Writing rg; for the original values of r obtained by one of the
procedures of clause 14, we begin by applying the above equa-
tions for ¥ or v with weights :

y, two or all three of these equations may yield
uivalent fits. In that case, equation (10) should be
ause it involves only one parameter and thus per-
le statement :

gle test results must be considered as suspect
differ by more than 100 v %."”

b plot of r; against m;, or log r; against log m;, the
is found to lie reasonably close to a straight line, a
 hand may provide a satisfactory solution; but if
son a numerical method of fitting is preferred, the
15.6 is recommended for equations (10) and (11}
5.8 for equation (12).

a statistical point of view, the fitting of a straight
cated by the fact that both m and r are estimated.
e slope v is usually small — of the order of 0,1 or

less — errofs in m have little influence and the errors in r

predominate
of r for given

Since, moreover, the purpose is‘te\derive values
values of m, a regression of r.on_m is appropriate.

Woj = r6j2
(j=12 .. q

which results in equations

ry = vymorry = uy + vym,asthe case may be.

From these are computed-adjusted values of r;) namely
rU = v1mj or ry s\uy + v1mj
(j=12.58.,)9)

and the computations are then repeated with the adjusted
weights B, = r1‘j2

giving
ry = VomOrry = Uy + vom

The same procedure could now be repeated gnce again with
weights W5, = r{lzderived from these equatio]i, but this will

only lead to unimportant changes. The step from Wy; to W, is
effective in eliminating gross errors in the wagights, and the
equations for r, should be considered as the finjal result.

16.7 The standard error of log r is approximately propor-
tional to V1r), the coefficient of variation of r. [Since the stan-

16.6.1 This| should be a dveighted regression because, dard error of r is proportional to the value of f, the standard
statistically, the standard erfer-cf r is proportional to the vaiue error of log r will be independent of r and Bn unweighted
of r. With weights W, (see\15.6.2) for r;, the computational for- regression of log r on log m is appropriate when equation (12)
mulae are is considered.
_ 2
S]—ZI’/},SZ ?Vijj,S3—§.W)m
19.8 For equation {12) the computational formulae are
S4 = £ Wr;, and S5 = £ Wimy, a ) P

J

Then, for equation {10)

vV = 55/53

and for equation (11),

S35,

5155

— 5,55

<2
5153 — 82

- 5,84

- _<2
$483 - 83

Sy

Zlog m;, S, = X (log m;12,
J J

S3 = ZLlogr; S4 = L (logm (log r)
Jj Jj

and
_ 95 =58
qu —S?

25
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15.9 Examples of fitting equations (10), (11} and (12) to the
same set of data are given in 15.9.1, 15.9.2 and 15.9.3.

15.9.1 Example of fitting equation (10) : r = vm

16 Statistical analysis as a step-by-step
procedure

16.1 Collect all available test results in one table — table A
(see 11.9.1 and 11.9.2).

NOTE — The calcujation of ry; shail be done with m;, ro; and Wy;.

15.9.2 Example of fitting equation (11) : r = v + vm

m, ro; and WOj as in 15.9.1

ry = 0,163 + 0,02552 m
r ope2 0372 052 0556 0,677

Wy, 15 7.2 37 3.2 2.2

rp = 0,086 + 0,0439 m
roj 0.p59 0449 0708 0770 0,982

W, 15 4,9 2,0 1.7 1.0

rg = 0,092 + 0,033 m
r3; 0,p63 0,450 0,706 0,767 0,976
The difference from ryis'pegligible

NOTE — The valugs {in 15.9.1 and 15:9.2) of the weights are not of
critical importance.|Two significant figtres suffice.

15.9.3 Exampld of fitting equation (12} :
logr=c+ dlogm

16.1.1 It is recommended that this table be arranged into p
m; 3,94 828 14,18 15,59 20,41 rows, indexed i = 1, ..., p, representing the p laboratories that
ro; 0,261 0,506 0,359 0,953 1,114 have contributed data, and g columns, indexedj = 1,2, ..., g
Wo; 15 3,8 7,7 1,1 0,81 representing the g levels in increasing order.
G 16.1.2 In a uniform-level experiment (see 6.1), th |
1. n a uniform-level experiment (see 6.1), the tpst results
; 0,166 0,329 0,563 0,619 0,810 . . .
r‘/ within a cell of table A need not be distinguished)and may be
Wi M 9.2 3.2 2,6 15 put in any desired order.
rp = 0,0836m
ry) 0,411 0,444 0,760 0,836 1,094 16.1.3 In a split-level experiment (s€e 6:2), it must|be clearly
Wo, 2 5,1 1.7 1.4 0,84 sta'-(ed which of the two test results belongs to sub-I¢ veI.A and
which to sub-level B, and the results must be entered in that
r3 =0,0836m =ry specific order.

16.2 |Inspect table \A for any obvious irregulgrities; in-
vestigate, and if ‘necessary discard, any obviously lerroneous
data and reporito the panel.

16.2.1 ~Jrlis sometimes immediately evident thaj the test
results of a particular laboratory or in a particular gell lie at a
levelNinconsistent with the other data. Such obviougly discor-
dant data should be discarded straight away, but thg fact must
be reported to the panel for further consideration. (See 17.1.)

16.3 From table A, corrected according to 16.2 when
needed, compute table B containing measures of |within-cell
spread, and table C containing the cell averages. (3ee 11.9.1,
11.9.3 and 11.9.4.)

16.3.1 When a cell in table A of a uniform-level ¢xperiment
contains only a single test result, one of the options of 14.3
should be adopted. A single test result in a cell of g split-level
experiment must be discarded.

16.4 Inspect tables B and C, level by level, for posgible strag-
glers and/or statistical outliers {see 11.6.1).

log m; +059% + 0918 + 1,152 + 1,193 + 1,310
log ro; - 058 -02% - 0445 - 0021 + 0,047
logr = - 1,0632 + 0,767 8 log m

or r = 0,088 m0.77, which yields
0,253 0,448 0,678 0,729 0,898

15.10 The data used in 15.9 are taken from the case study of
clause 23 and have been used here only to illustrate the
numerical procedure. They will be further discussed in
clause 23.

26

Apply-the—statistical-tests—of-olauses—2-and—J3-te-all suspect
items and mark the stragglers with a single, the statistical
outliers with a double, asterisk. If there are no stragglers or
statistical outliers, go to 16.10.

16.5 Investigate whether there is, or may be, some technica!
explanation for the stragglers and/or statistical outliers and, if
possible, verify such explanations.

Correct or discard, as may be required, those stragglers and/or
statistical outliers that have been satisfactorily explained, and
apply corresponding corrections to the other tables.

If there are no stragglers or statistical outliers left that have not
been explained, go to 16.10.
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16.6 |If the
statistical outli

distribution of the unexplained stragglers or
ers in tables B or C does not suggest any outlying

laboratories (see 11.6.4), go to 16.8.

16.7 If the
laboratories is
of some or all

evidence against the suspected outlying
considered strong enough to justify the rejection
data from these laboratories, then discard the re-

quisite data and report to the panel.

ISO 5725-1981 (E)

16.13 Use the averages

—q*Erj: r
1
-q—):Rj-:R

as the final values of the repeatability and reproducibility, and
go to 16.18.

16.7.1

{ - o N Nl £ - fl
The QECIHRIOIT U TEIeTTSU e U ai Uata iTunra patteurat

out the analy
consideration,

16.7.2 A largd
may indicate
nounced diffe
doubt on the
be reported tg

16.8 |If any
have not been
then discard t

16.9 Ifin th
jected, the co

and vice versd.

16.10 From
tables B and
each level sep]

the mean leve

16.11 If onl
decided that
given for eacH
of the level, g

NOTE — The f

laboratory is fe responsibility of the statistical expert carrying

is, but must be reported to the panel for further
(See 17.1.)

e number of stragglers and/or statistical outliers
h pronounced variance in homogeneity or pro-
rences between laboratories, and thereby cast
suitability of the test method. This again should
the panel.

stragglers and/or statistical outliers remain that
explained or attributed to an outlying laboratory,
he statistical outliers but retain the stragglers.

e previous steps any cell in table B has been re-
responding cell in table C must also be rejected,

the entries that have been accepted as correct in
[, compute, by the procedures of.clause 14, for
arately :

m,, the repeatability r; and the reproducibility R ;.

iy a single level’has’been used, or if it has been
the repeatability and reproducibility should be
level sepatately (see 15.1) and not as functions
o to 16.18.

bllowing steps, 16.12 to 16.16, are applied to r and R

16.14 Judge from the plot of 16.12 whether. tH
between r (or R) and m can be represented by 4
and if so whether equation (10) [r = vm for'R =
tion (1) [r = u + vm (or R = u + @ml] is app
15.2.) Determine the parameters v,or alternatively
and/or R by the procedure of 15.6:

If a linear relationship is considered acceptabi
16.16. If not, proceed to 16715.

16.15  Plot log.z;dor log R;) against log m; af
this plot whether the relation between log r {
log m can reasonably be represented by a straigl]
equation (12} llog r = ¢, + d;log m (or

log R = ¢g + drlog m)l.

[See15:2 c).]

If-this is considered acceptable, compute the valy
¢p, dgr) by the procedure of 15.8.

Then the result may be presented either in th
equations given above or as follows :

r=C mélorR = Cqg m™),

If a straight line relation is considered acceptabl
16.16. If not, go to 16.17.

16.16 If a satisfactory relation has been estab
ing to 16.14 or 16.15, then the final values of r

e relationship
straight line,
vm)] or equa-
ropriate. (See
uandyv, forr

b, proceed to

d judge from
br log R) and
t line, namely

es of ¢, d, (or

b form of the

e, proceed to

ished accord-
pnd R are the

smoothed values obtained from this relationship for given

values of m. Go to 16.18.

16.17 If no satisfactory relation according to
has been established, the statistical expert s
whether some other relation between r {(or R)
established or, alternatively, that the data are sd

separately.

6.14 or 16.15
hould decide
and m can be
irregular that

The establishment of a functional relation must
as impossible. Go to 16.18.

be considered

16.12  Plot r; (or R)) against m; and judge from this plot
whether r (or R) depends on m or not.

If r lor R) is judged to depend on m, then go to 16.14.
If r {or R} is judged to be independent of m, go to 16.13.

If in doubt, work out both cases and let the panel decide.

16.12.1 There still exists no statistical test appropriate for the
problem of 16.12. The technical experts familiar with the test
method should have sufficient experience to take a decision.

16.18 When the final values of r and R have been estab-
lished, it is possible to verify that they correspond to a 95 %
probability, as required by the definitions of 3.1, by means of
the data from which they have been computed. Verification
may not be strictly needed, but it may serve as a check on the
correctness of the computations, and it may indicate a fun-
damental discrepancy in the test results. However, the applica-
tion of an appropriate method is difficult and should be done by
a statistician. This type of method has not been dealt with in
this International Standard.

16.19 The following diagram indicates in a stepwise fashion
the procedure given in 16.1 to 16.18.

27


https://standardsiso.com/api/?name=55a0cf0d21f356dfe8f30360f300c731

ISO 5725-1981 (E)

ON

-s19166e13s ulelay

“SJBIINO PIedsIg

(8'9t)
is19ino/siaibbens

paulejdxaun Buiuiewas Aue
aley) a1y

S3aA

—

(L'9L}
-Aioreioge] ey
woy elep |e 1o alios pieasq

9'9L)
iAolesoqe;

BuiApno ue aleapul

Swid) 9SOyl 109L02 10 piedsiq

S3A ssa1no /s19166ens paureld
-X3un o uonnguIsip
Am%% €L _uc%
. ;s19)6Bens Z| sasnejo 01 Buipiodoe
pautejdxas oY1 104 uoneue|dxa 158) “(p'9i) (] 10 g sajqer u
S3A |eo1uy28) B S3A siaIpno/si9)B6ens Aue
8194} S| alay) aiy
(E°9L)
‘2 pue g sa|qes aindwo)
(L9t}
‘ejep 1UepIoasIp pIeasiq JsauuenBaiy snoixqo Aue
S3A anyt a1y

ON

(1'9t)
RAL Y



https://standardsiso.com/api/?name=55a0cf0d21f356dfe8f30360f300c731

1SO 5725-1981 (E)

-\

(LL @sne|])
‘toued 01 synsas Loday

/

‘dfysuonelal 1eyl ysnqeis3

(1oL
paysigelsa aq

‘8'Gl 4O aINpad,
-osd {euoneindwod ayl BulAidde
Ag diysuopetas Jeaun ayl weiqQ

wi pue y 10/pue 4
udamIaq diysuoniejss jBylo
Aue ue)

S3A

{SL91)
¢4e8Ul} passpisuod
aq w B0y pue

'9'G| JO 3INpad
-04d jeuoneindwiod ayy BuAidde
Aq diysuonejas Jeaui ayir ulelqQ

S3IA ¥ Boj s0/pue 1 Boy
UdaMIaq diysuone)as
ayl uen

14%:18]
i1eaulj paiapisuod

{€19L)
‘Wi 40 sanjea e 01 Adde o1

¥ PUB 7 JO sanjea ayl alenoerd

3q it pue y O/pue 4
uaamiaq diysuoiejas
ayl ued

S3X

Zyo1)
¢ Jo.usp,

S3A -uadepur Aplaledde
¥ pue 1 Ay

ON

S3A

(LL'oL)
((19A9) yora
10} Y pue s anb oy
PapIoap udaq 1 sey 10) pasn
uaaq {aAd) 9jbuls e sey

0L°81)
vl
asnejd o sainpasoid ay; Buisn
o Auqonpoadas ayl -
4 Aupqgezeadal ayy -
i uedw ayl
Apaiesedas
{oAa} yoea 104 andwio)

ON

29


https://standardsiso.com/api/?name=55a0cf0d21f356dfe8f30360f300c731

ISO 5725-1981 (E)

17 Report to, and decisions to be taken by,
the panel

17.1 Report

Having completed the statistical analysis, the statistical expert
should write a report to be submitted to the panel. In this
report, the following information should be given :

a) a full account of the observations received from the
operators and/or_supervisors concerning the standard for

b) What action should be taken with respect to rejected
outlying laboratories? (See 17.3.)

¢) Do the results of the outlying laboratories and/or the
comments received from the operators and supervisors
indicate the need to improve the standard for the test
method? If so, what are the improvements required?

d} Do the results of the precision experiment justify the
establishment of final values of the repeatability and the
reproducibility?

the test methofl [see 10.6 c)i;

rejected as o

tlying laboratories in steps 16.2 or 16.7,

b) a full accoimt of the laboratories, if any, that have been

together with

he reasons for their rejection;

c) a full acgount of the stragglers and/or statistical

outliers, if any
were explained

that were discovered, and whether these
and corrected or discarded;

d) a table of the final results m;, r;, and R, (16.10), and an

account of the

conclusions reached in steps 16.12, 16.14 or

16.15, illustratgd by one of the plots recommended in these

steps;

e) tables A,

B and C (see 11.9) used in the statistical

analysis, possibly as an appendix.

17.2 Decisions

The panel should

then discuss this report and take a decision

concerning the following questions :

a) Are the discordant test results of rejected outlying

laboratories, if

any, due to a defect in the description of the

standard for the test method? (See 9.1.)

e) If so, what are the final values for these-para
what form shall they be published, and whatis’th
which the precision data apply?

17.3 Outlying laboratories

All flaboratories rejectedd@s outliers must be informed
and of the reason/for their rejection.

A laboratoryrejected on the basis of stragglers and/
in table B will show too high a repeatability varian|
may be due to poor technique or lack of experier]
operator.” These laboratories should be encouraged 1
theif method, using the established value of the repe
a\guide (see section four).

A laboratory rejected on the basis of stragglers and/|
among the cell averages may be misreading the stang
using some instrument with a serious systematic §

Imeters, in
P region in

bf the fact

or outliers
ce, which
ce of the
o improve
tability as

or outliers
ard, or be
rror in its

readings. This requires further investigation; the panel should

discuss how this can be organized and take corr
action.

esponding
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Section four : Utilization of precision data

18 Publication of repeatability and
reproducibility

18.1 When a standard test method, for which precision data
have been determined, is published, such data shall be included

as much an intggral part of the method as other sections on ap-
paratus, reagernts, etc.

18.2 The repeatability and reproducibility shall normally be
published as a|table of three columns giving respectively the
range of test results {or a typical result), the repeatability for
that range (or Jevel) and the reproducibility for that range (or
level) as illustrgted below.

Range or level r R
From|... to ...
From|... to ...
From|... to ...

18.3 A statement should be added linking the precision\to
the difference between two resuits and to the 95 % probability
level. A suggesgted wording is as follows :

“The difference between two single results found on iden-
tical test material by one analyst using the\same apparatus
within a short time-interval will exceed the repeatability on
average nof more than once in 20 cases in the normal and
correct opefation of the method.

The difference between two,single and independent results
found by two operators working in different laboratories on
identical tept material”will exceed the reproducibility on
average no{ more than '0nce in 20 cases in the normal and
correct opefation of*the method.”

19 Other critical differences derivable from

rand R

19.1 The critical differences, as stated in 3.2,

are for 95 %

probability levels. It is, however, possible to derive the critical
in a section of phemethod-headed—“Preciston~—This-sectiomis—differencesforotherprobabitity tevets,-and-imgeneral, the form

will be used that for a critical difference at P '%
written :

Cr Dp (...) =

19.1.1
other than 95 %

These can be obtained by multiplying the critical d

Critical difference for probability levels

probability is

fferences for

a level of 95 % by“the multiplying factors given| in the table

below.

Multiplying factors for finding critical diffdrences for

probability levels other than 95 9

Probability level, P
%

Multiplying| factor

90 1,645/2 =| 0,82
95 2,000/2 =| 1,00
98 2,326/2 =|1,16
99 2,576/2 =[1,29
99,5 2,807/2 =|1,40

These multiplying factors result from the assumgtion that the
distribution of the components B and e in the model of 5.1 are

normal or approximately normal.

19.2 As defined in 3.1 and 18.3, the uses of
limited to the cases of two single determinations
repeatability or reproducibility conditions. It
however, to derive from r and R critical differen

r and R are
under either
is possible,
res for cases

other than two single determinations. These are derived below

always for the 95 % probability level, and| imply that
laboratories are effectively selected at random |from all the
laborateries—likely—to—use—the—method—For—othér probability

18.4 A statement can optionally be added that both results
shall be considered suspect if the repeatability or reproduci-
bility, as appropriate, is exceeded. Statements regarding
subsequent actions, for example, repetition of the test, may
also be included in the section on precision.

levels, the factors in the table in 19.1.1 can be used.

19.2.1
laboratory

More than two determinations carried out in one

18.5
should be add

In general, a brief mention of the precision experiment

ed to the precision section, possibly as a foot-

note. A suggested wording is as follows :

“The precision data were determined from an experiment

conducted
levels.”

in (year) involving (p) laboratories and (q)

If in one laboratory under repeatability conditions two groups
of tests are performed, the first group on n¢ tests giving an
average of y; and the second group of n, tests giving an
average of y,, then

1 1
CrDgs (1 31 T2 1) = rl/= + o—
95<1 2 2m 2

NOTE — [f nq and ny are both unity, this reduces to r, as expected.

... (138}

31
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19.2.2 Two laboratories each doing more than one

determination

If one laboratory performs 7, determinations with mean value
¥1, while the second laboratory performs n, determinations
with mean value y,, then

In particular, if n
and if ny = ny, =
19.2.3 Compari
laboratory

If n determinati

repeatability cond
compared with a

expected

averages y; and an overall average

_ 1 _
Yy 2;2}’[
i=12 .. p

the critical difference for comparing this overall average with a
reference value m,, assuming that m = m, is

r2

2, this reduces to |/ R2 —7

son with a reference level for one

bns performed by one laboratory under
tions produce a mean value y which is to be
eference value m,, (such as a value specified

in a contract}, asguming that m = m,, then

1 ]/ —1
Cng5<ly—mO|>=ﬁ R2—r2<nn > ... (15)

19.2.4 Compari
laboratories

if p laboratories

son with a reference level for several

have performed n; determinations giving

y 1‘/RZ 2|1 1 [ (16)
Cngsq)T—mol = 2 - g Z;

!
19.2.5 When in comparing two averages or a single average
with a reference value the absolute difference exceeds the cor-
responding critical difference,as_given above, theh the dif-
ference should be considered.as suspect; there npay be an
assignable cause and this should be investigated. In particular,
when the reference valde in"19.2.4 is a true value, a syispect dif-
ference may indicate\that the test method has a|bias (see
5.2.2).

20 Practical applications

Practical applications of repeatability and reprodugibility, in-
cluding procedures to be followed when a differencg between
observations exceeds the repeatability or reprpducibility
criteria, will be the subject of a future International Btandard.
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21.1
details should
test method a
most of the
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Section five : Examples

Introduction

In a report on the results of a precision experiment, full

be given concerning the standard specifying the
nd the way the samples have been prepared. In
examples of this section, that information is

missing. In the literature, data are often used to illustrate the

statistical ana
obtained is im|

Clause 25 : A split-level experiment with 25 laboratories and 1

level.
This is an example where there is no problem.

V51, and The Test method by wWhich They were

Imaterial and not mentioned.

21.2 Thus, the main purpose of the examples of this section

is to show ho
clause 16 wor
amples show
the complete
will notice peqg
tests prescribg
apply some fu

v the analysis by the step-by-step procedure of
s out in practice. In addition, however, these ex-
hat this systematic analysis does not always tell
story. Not infrequently, an attentive statistician
uliarities in the data that are not covered by the
d in clauses 12 and 13 and this will induce him to
rther criteria or graphical presentation. It is im-

possible in a standard like the present one to cover all possible

variations and
why the analy|
cian experiend

21.3 A brief
follows :
Clause 22 : 16

There is one ¢
the ranges po
further investi

Clause 23 : 9

One laborator
data of one o
ditional inforn
been analysed
difficult to deg

Clause 24 : 8|
per cell vary f
There are no

and R on m,
decide on the

a few examples must suffice. They demonstrate
5is should preferably be carried out by a statisti-
ed in the analysis of experimental data.

review of the four case studies presented below

laboratories, 4 levels, duplicate test results.
mpty cell and one missing test result. A tally of
nts to a lack of normality which might warrant
jation.

aboratories, 5 levels, duplicate test\results.

y is rejected as an outlying laboratory, and the
ther cell are rejected because the data and ad-
ation indicate that a wrong* sample may have
r and R are strongly. dependent on m, and it is
ide which is the best-formula to be adopted.

pboratories, 4 levels, the numbers of test results
om 3 to 5,

butliers._The/results indicate a dependence of r
but this.is not quite certain. The panel should
basis\of existing experience.

22 Determination of the softening
pitch

22.1 Background

22.1.1 Source
Standard methods for testing tar and its proaq
edition. STPTC pitch¢section {Method PT3
glycerin). 5]

22.1.2 Matetial

Selectedfrom commercial batches of pitch
prepared, as specified on page 501 of the source

22.1.3 Description

This was the determination of a physical prop
temperature measurement in degrees
laboratories co-operated, and it was intended
specimens at about 87,5 — 92,5 — 97,5 and 102
the normal range of products, but the wrong
chosen for specimen 2 with a mean tempera
96 °C, similiar to specimen 3. Laboratory 5 appili
incorrectly at first on specimen 2 (the first one th
there was then insufficient material left for m
determination. Laboratory 8 found they did not h
1 {they had specimen 4 in duplicate).

Celgius.

point of

ucts. 6th/7th
using neutral

Collected and
manual.

prty involving
Sixteen
to test four
5 °C to cover
material was
ure of about
d the method
by tested) and
ore than one
ave specimen

22.2

There are no obvious stragglers or statistical o
statistical tests are required at this stage.

Inspection of table 22A for suspe[t entries

tliers and no
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Tabie 22A — Original test results (y;;, °C)

Level j 1 2 3 4
Labov;atory Test k 1 2 1 2 1 5 1 5
1 91,0 89,6 97,0 97,2 96,5 97,0 104,0 104,0
2 89,7 89,8 98,5 97,2 97,2 97,0 102,6 103,6
3 88,0 87,5 97.8 94,5 94,2 95,8 103,0 99,5
4 89,2 88,5 96,8 97,5 96,0 98,0 102,5 103,5
5 89,0 90,0 97,2 — 98,2 98,5 101,0 100,2
6 88,5 90,5 97.8 97,2 99,5 103,2 102,2 102,0
7 88,9 88,2 96,6 97,5 98,2 99,0 102,8 102,2
8 — — 96,0 97,5 98,4 97,4 102,6 103,9
9 90,1 88,4 95,5 96,8 98,2 96,7 102,8 102,0
10 86,0 85,8 95,2 95,0 94,8 93,0 99,8 100,8
1" 87,6 84,4 93,2 93,4 93,6 93,9 98,2 97,8
12 88,2 87,4 95,8 95,4 95,8 95,4 101,7 101,2
13 91,0 90,4 98,2 99,5 98,0 97,0 104,5 105,6
14 87,5 87,8 97,0 95,5 97,1 96,6 105,2 101,8
15 87,5 87,6 95,0 95,2 97,8 99,2 101,5 100,9
16 88,8 85,0 95,0 93,2 97,2 97,8 99,5 99,8
22.3 Computation and inspection of cell Comparing with.the critical values of table 1, we fipd that no
variabilities and averages value exceeds 0,452, the 5 % critical value for p = 16 and
n = 2, hehte no stragglers or statistical outliers are| detected.
22.3.1 Celi ranges (table 22B)
22(3,2 Celi averages (table 22C)
In this example there are 2 results per cell and the ranges can be
used to represent| the variability.
Table 22C — Cell averages (y;, °C)
Tal1|e 2B — Cell ranges (wy;, °C)
Level j
T A 1 2 3 4
Level j ] 2 3 4 Laboratory i
Laboratory / 1 90,30 97,10 96,75 104,00
1 1,4 0,2 0.5 0,0 2 89,75 97,85 97,10 103,10
2 0,1 1,3 0,2 1,0 3 87,75 96,15 95,00 101,25
3 0,5 3,3 1,6 3,5 4 88,85 97,15 97,00 103,00
4 0,7 0,7 2,0 1,0 5 89,50 — 98,35 100,60
5 1,0 s 0,3 0,8 6 89,50 97,50 101,35 102,10
6 2,0 0,6 3,7 0,2 7 88,55 97,05 98,60 102,50
7 0,7 0,9 0,8 0,6 8 - 96,75 97,90 103,25
8 £ 1,5 1,0 1,3 9 89,25 96,15 97,45 102,40
9 17 1,3 1,5 0,8 10 85,90 95,10 93,90 100,30
10 0,2 0,2 1,8 1,0 1 86,00 93,30 93,75 98,00
1 3,2 0,2 0,3 0,4 12 87,80 95,60 95,60 101,45
12 0,8 04 04 05 13 90,70 98,85 97,50 105,05
13 0,6 1.3 1,0 1,1 14 87,65 96,25 96,85 103,50
14 0.3 1,5 0,6 3,4 15 87,55 95,10 98,50 101,20
15 0,1 0,2 1,4 0,6 16 86,90 94,10 97,50 99,65
16 3.8 1,8 0.6 0,3 NOTE — The entry for i = 5, j = 2 has been dropped {see 14.3).
Application of Cochran'’s test leads to the following values of Taking j = 3 as an example, Dixon’'s statistic is
the test statistic C :
i = 1; C = 0,391 (15) 05y = thel ¢ 200 7987
j=1C=0, 5, = the larger of ——————
j =2 C = 0,424 (15) 98.50 —93,75
J =3, C = 0,434 (16)
j = 4 C = 0,380 (16) ang 101:35 ~98,%0
101,35 —95,00
The numbers within parentheses indicate the number of ranges
included. s0 Oy = 0,449
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