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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

For purposes of setting product specifications, and to check product compliance against these
specifications, standard test methods are usually referenced for specific properties of commercial
petroleum and related products. Two or more measurements of the same property of a specific sample
by a specific test method, or by different test methods that purport to measure the same property,
will not usually give exactly the same result. It is, therefore, necessary to take proper account of this
fact when setting product specifications, assessing if the differences between test results are within
statistical expectation, and making specification compliance decisions based on limited test results.
By using statistically-based estimates of the precision for a test method, the following can be achieved:

— hn objective measure of the reliability of specification limits,
— hspecification compliance decision, and
— fhedegree ofagreement expected between two or more results obtained inspecified cirqumstances.

Thisl/document describes the applications of the precision of test method as derived from IS0|4259-1. Itis
intended to be a companion document to [SO 4259-1. Additional normative/and informative[discussions
on how to use this precision to assess the “in statistical control” status and precision capability of a
spedific laboratory in the execution of a test method are provided:)Also, the general approach to the
agreement between two different test methods that purport to théeasure the same property|are given.

The fwo parts of ISO 4259 encompass both the determinatien‘of precision estimates and the{application
of precision data. It attempts to be aligned with ASTM,D6300[1] regarding the determinftion of the
predision estimates and with ASTM D3244(2] for the utiljization of test data.

A glassary of the variables used in this document and 1SO 4259-1 is included in ISO 4259-1:2(017, Annex L.
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3.1

methods oftest

Scope

document specifies the methodology for the application of precision estimates of a t
Fed from ISO 4259-1. In particular, it defines the procedures for settingthe property s
s based upon test method precision where the property is determinédjusing a specific t
in determining the specification conformance status when there:are conflicting resu
lier and receiver. Other applications of this test method precisioh are briefly described
out the associated procedures.

procedures in this document have been designed specifieally for petroleum and petrolg
ucts, which are normally homogeneous. However, the.procedures described in this do
be applied to other types of homogeneous products: Careful investigations are neces
ying this document to products for which the assuiription of homogeneity can be questi

Normative references
titutes requirements of this documeént. For dated references, only the edition cited

1259-1, Petroleum and related products — Precision of measurement methods and resul
rmination of precision datg-in relation to methods of test

Terms and definitions

ind [EC 1naintain terminological databases for use in standardization at the following a

SOOnline browsing platform: available at https://www.iso.org/obp

est method
pecification
est method,
ts between
in principle

rum-related
cument can
sary before
oned.

following documents are referred to_in the text in such a way that some or all of their content

hpplies. For

ited references, the latest edition.of the referenced document (including any amendments) applies.

ts — Part 1:

he purposes(éfthis document, the terms and definitions in ISO 4259-1 and the followinjg apply.

ddresses:

proficiency testing program

PTP

program designed for the periodic evaluation of participating laboratories’ testing capability of a
Standard Test Method through the statistical analysis of their test results obtained on aliquots prepared
from a single batch of homogeneous material

Note 1 to entry: The frequency of such testing varies in accordance with the program objective. Each execution of
testing involves testing of a single batch of material. Materials typically vary from test to test.

Note

2 to entry: This is also commonly referred to as Inter Laboratory Cross Check Program (ILCP).
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3.2
recipient

individual or organization who receives or accepts a product delivered by the supplier

3.3
supplier

individual or organization responsible for the quality of a product just before it is taken over by the

recipient

4 Application and significance of repeatability, r, and reproducibility, R

4.1 Gene

The value

performed
which diffe
estimated 1

published t
NOTE S

In the follo
statistical ¢

4.2 Repe

ral

f these quantities is estimated from analysis of variance (two-factor with)replica

rent laboratories each test a range of samples. Repeatability and reproducibility v4
n accordance with ISO 4259-1 or other statistical techniques shall be"included in
bst method.

be Annex A for an account of the statistical reasoning underlying the foxrmulae in this clause.

ving clauses, it is assumed that the result(s) are obtained,from a test method that
pntrol. For determination of “in statistical control”, see Annex C.

atability, r

4.2.1 General

Most labor
purposes €}
confirm thg
it is useful
appropriate

itories do not carry out more than one, test on each sample for routine quality col
xcept in some circumstances, such as in cases of dispute or if the test operator wish
t his technique is satisfactory. In.stich circumstances, when multiple results are obta
to check the consistency of repeated results against the repeatability of the method.
procedure is outlined in 4.2.2..It is also useful to know what degree of confidence mg

placed on the average results, and the-method of determining this is given in 4.2.3.

4.2.2 Acd

When only
equaltor, t
the two res

If the two 1
results obt
average of {

eptability of results

fwo results are 6btained under repeatability conditions and their difference is less thg
he test operatormay consider his work as being under control and may take the avera
1lts as the estimated value of the property being tested.

esults«differ by more than r, both shall be considered as suspect and at least three 1
hinedyIncluding the first two, the difference between the most divergent result and
he-remainder shall then be calculated and this difference compared with a new valu

fion)

on the results obtained in a statistically designed inter-laboratory(programmie in

lues
pach

is in

htrol
bs to
ned,
The
y be

n or
e of

nore
the
e, I'1,

instead of r,

r1=r

giverm i Formuta 1)

_k
2(k—1)

where k is the total number of results obtained.

M

If the difference is less than or equal to rq, all the results shall be accepted. If the difference exceeds r1,
the most divergent result shall be rejected and the procedure specified in this section repeated until an
acceptable set of results is obtained.

The average of the acceptable results shall be taken as the estimated value of the property. However, if
two or more results from a total of not more than 20 have been rejected, the operating procedure and
the apparatus shall be checked and a new series of tests made, if possible.
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4.2.3 Confidence limits calculations using results collected under repeatability conditions

When a single test operator, who is working within the precision limits of the method, obtains a series
of k results under repeatability conditions, giving an average, X , and the results meet the repeatability
requirementin 4.2.2, it can be assumed with 95 % confidence that the true value, y, of the characteristic
lies within the following limits:

whe

x-R1 <[ x4+ B2
At

e

(2)

Whd

whe

1
Ry = Rz—rz(l—;J

n k = 1, use the single test result as the value for the X term as follows:

R <u< +R—
o

e R is the published test method reproducibility as discussed. in4.3.

Simiflarly, for the single limit situation, when only one limit i§fiXed (upper or lower), it can

with

or

The

Whse
carr

4.3

4.3.]

The
repr
opeq

95 % confidence that the true value, y, of the characteristic is limited as follows:

(| < ()_(+0,59R1 ) (upper limit)

(> ()_(—0,59R1 ) (lower limit)
factor 0,59 is the ratio 0,84/\/5 , where 0,84 is derived in Annex A.

ying out multiple testing under repeatability conditions.
Reproducibility,’R

| Acceptability of results

pducibility of the test method, of results obtained by different laboratories in normal

3

(4)

be assumed

(5)

(6)

n r is much smaller thafi R, little improvement in the precision of the average is ¢btained by

procedure specified in 4.3 is intended for judging the acceptability, with respect to the

day-to-day

ations and transactions. In cases of dispute between a supplier and a recipient, thg procedure

spec

1r1ed 1n Clauses 5 to / shall be adopted.

When single results are obtained in two laboratories and their difference is less than or equal to R, the

two results shall be considered as acceptable, and used to calculate the average X . The average X ,
rather than either single result separately, shall be used as the estimated value of the tested property.
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The true value u of the characteristic is contained within the following limits with a 95 % confidence:

¥ R

|

2

e

(7)

Similarly for the single limit situation, when only one limit is fixed (upper or lower), the true value u of
the characteristic is contained with the following limits with a 95 % confidence:

U< ()_(+0,42R) (upper limit)

(8)

or
uz()_(—

The factor (

If the twor
obtain atle

In this case
judged for g

0,42R) (lower limit)

,42 is the ratio of 0,59/\/5 as itis an average of two results.

psults differ by more than R, both shall be considered as suspect. Each laboratory shall
ist three other acceptable results (see 4.2.2).

where

R ist

r ist
k1 ist
k2

If the differ

ist

onformity using a new value, R, instead of R, as given by Fotmula (10):
2_,2f;- 1 1
2k1  2k2

he reproducibility of the method;

he repeatability of the method;

he number of results of the firstlaboratory;
he number of results of theSecond laboratory.

ence between the averages is less than or equal to Ry, then these averages are acceptablg

their overall average shall be considered as the estimated value of the tested property. If the differ

between th
tested prop

If circumst
acceptable

erty, then the procedure specified in Clause 7 shall be adopted.

hnces arise/in which there are more than two laboratories, each supplying one or 1
Fesults, the difference between the most divergent laboratory average and the avera

the remaining N taboratory averages shall be compared to Ra:

where

(9)

then

the difference between the averages of all acceptable results-of each laboratory shall be

(10)

and
ence

b averages is greater’than Ry, and there is a dispute on the specification conformance of the

hore
e of

2 2
R3 = &.’_ﬁ
\ 2 2N

Rq is given in Formula (3), and corresponds to the most divergent laboratory average.

(11)

(12)

If this difference is equal to or less than R3 in absolute value, all results shall be regarded as acceptable
and their average taken as the estimated value of the property.
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If the difference is greater than Rz, the most divergent laboratory average shall be rejected and the
comparison using Formulae (11) and (12) repeated until an acceptable set of laboratory averages is
obtained. The average of these laboratory averages shall be taken as the estimated value of the property.
However, if two or more laboratory averages from a total of not more than 20 have been rejected, the
operating procedure and the apparatus shall be checked and a new series of tests made, if possible.

4.3.2 Confidence limits calculations using results collected under reproducibility conditions

When N laboratories obtain one or more results under conditions of repeatability and reproducibility,
giving an average of laboratory averages X, the true value u of the characteristic is contained within

- R - R
N ——% <py<x+——2

2N 2N

Simiflarly for the single limit situation, when only one limit is fixed (upper or lgwer), the trye value u of
the ¢haracteristic is contained with the following limits with 95 % confidence;

(13)

- R
1<| X+0,59—= | (upper limit) (14)
( JN J
or
i >[ X—0,50 84 (lower limit) (15)
> 59T

4.4 | Use of reproducibility to determine bias between two different test methods that
purport to measure the same property

4.4.1 General

For [the situation where two different test methods purport to measure the same property, the
reprpducibility estimates (R) from the respective test methods shall be used in conjunctipn with the
averpges obtained from multiple laboratories for the same material to determine if a biag correction
can pe applied to improve statistically the agreement between the two methods for that material. For
exarhple, results collected through Proficiency Testing Programs (PTP) for different test methods using
the Jame sample can bé-analysed in this fashion.

NOTE Discussion on methodology for this type of assessment for the simultaneous analysi$ of multiple
matdrials / property levels that span the intersecting scope of two different test methods is beyond the scope of
this flocument Triterested readers are encouraged to consult ASTM D6708I[3] for a detailed presentation on the
subjgct. Annex.D provides a brief overview on the general statistical approach for the aforementiongd situation.

4.4.2 ““Process

Assume that Test Method A and Test Method B are test methods that purport to measure property C.

Calculate the following statistic:

7= [Ya-Ve] (16)
R% . R3
7,683L, 7,683Lg
where

© IS0 2017 - All rights reserved 5
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Ya isthe average from L; results for property C for a material using Test Method A, where each

result is a single result obtained under reproducibility conditions;
Lp is the total number of laboratories (results) for Test Method A and should be >20;

Rp is the reproducibility of Test Method A;

Y isthe average from Lp results for property A using Test Method B on the same material tested

by Test Method A, where each result is a single result obtained under reproducibility conditi

Lg is the total number of laboratories (results) for Test Method B, and should be >20;

ons;

Rp is the reproducibility of Test Method B.

If Z > 2, it shipll be concluded, with 95 % confidence, that a constant bias correction statisticallyimprj

the degree ¢f agreement between Test Method 1 and Test Method 2 for property C for this material.

5 Specifications

5.1 Aim of specifications

The purpode of a specification is to specify an acceptable limit or limits to the true value, y, o

oves

F the

property ag determined by a specified test method. In practice, hewever, this true value can never

e or

be established exactly since the results obtained by applying the specified test method in a sing

multiple laoratories can show acceptable scattering as defined by the repeatability and reproduciﬂility.

There is, therefore, always some uncertainty as to the truevalue of the tested property deter
from a finitg number of test results.

Petroleum product compliance with specifications is-assessed in accordance with Clauses 6 and |
prior agreement a supplier and recipient may use thé alternative procedures described in Annex B

It is importfant that the test method specifiedfor the determination of the property governed by
specificatiop limit(s) is sufficiently precise toreliably determine whether or not the product meet
specificatiops.

5.2 Construction of specifications limits in relation to scope and precision of the
specified test method

The specifi¢ation limits shallot be outside the method scope limits as determined in ISO 4259-1.

The lower gpecificationdimit shall not be less than the lower scope limit of the test method, and

upper specification limit shall not be greater than the upper scope limit of the test method (see §6.

ined

/. By

' the
5 the

condition: upp

P P q
2R evaluated at lower method scope limit plus 2R evaluated at upper method scope limit. See Figure 1

for an illustration of this concept.

Usually, specifications deal with limits for the values of the properties. To avoid uncertainty, such li
are normally expressed as “not less than” or “not greater than”. Limits are of two types:

mits

— a double limit, upper and lower, for example viscosity not less than 5 mm?2/s and not greater than

16 mm?2/s; boiling point 100 °C + 0,5 °C;

— a single limit, upper or lower, for example water content not greater than 2 %; sulfur content not

greater than 10 mg/kg ; solubility of bitumen not less than 99 %.

6 © IS0 2017 - All rights reserved
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Lower Method Upper Method
Scope Limit Scope Limit
4 v
A2 Al

Lowest possible Highest possible .

I~ Min Specification Max Specification
Limit Limit

S e i >

Maximum range for specification
Must also meet:
|A1—A2| = (2Ra; + 2Ray )

For Constant R across range,

|A1—A2]| = 4R

e = = e e e >
Maximum range ®f test method scope

Figure 1'=— Specification setting

In cases where, for practical reasons; the value of (A1 — Az) is less than the above minimum range
reqyirement in Figure 1, the results‘obtained will be of doubtful significance in determining whether a
sample does or does not satisfythe requirements of the specification. According to statisticall reasoning,
it is |[desirable for (A1 - A2) to)be considerably greater than the above minimum range reqpiirement. If
not, pne or both of the following courses shall be adopted:

a) the specificatiolimits shall be examined to see whether they can be widened to fit|in with the
precision of the fest method;

b) the test method shall be examined to see whether the precision can be improved, or anl alternative
Lest method adopted with an improved precision, to fit in with the desired specification limits.

Conformity to this document requires specifications to be drawn up in accordance witlr the above
i awloac
prinkiples:

6 Assessment of quality conformance to specification
6.1 General

6.1.1 (lause 6 provides general information to allow the supplier or the recipient to judge the quality
of a product with regard to the specification based on a single test result as obtained by the supplier
or recipient. If both the supplier's and recipient's single test results are available, the estimate of the
true value shall be obtained in accordance with 4.3. Should the recipient decide to dispute the quality

© IS0 2017 - All rights reserved 7
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conformance to specification after examining his single result, or the estimate from 4.3, the procedure
specified in Clause 7 shall be adopted.

As a prerequisite for acceptance for laboratory test results to be used in 6.2, 6.3, Clause 7 and Annex B,
the conditions in 6.1.2 to 6.1.4 shall be satisfied.

6.1.2 Each laboratory's test result shall be obtained from a test method that is in statistical control
in terms of precision and bias, as substantiated by in-house SQC charts or other equivalent statistical

techniques.

NOTE

For a general discussion on the topic of statistical control and control charts, see Annex C.

6.1.3 The
as calculate
separated b

If evidence
statistically
to judge cor

standard deviation from the control charts (or equivalent statistical techniqueshin 6
d from at least 30 most recent results obtained over at least 15 days, with results tha
y at least 6 h, shall not exceed the published test method standard deviation (R,/2,77).

exists from the published results of multiple PTP, that the R for a published test meth
inconsistent with the R actually achieved, the latter may be used inlied of the publish
formance to this clause, provided all of the following conditions are'met:

— iflegall
if the

permissible, and

calculated from multiple PTP have sufficient degrees offreedom (>30) using results

have bgen properly screened for outliers in accordance with GESD protocol in ISO 4259-1 or d
equivalent statistical technique, and

upon

6.1.4 Eac
available, a
test method

utual agreement between disputing parties.

h laboratory shall be able to demonstrate;.by way of results from participation in PT
sustained testing proficiency and a lack of bias relative to PTP averages for the approp
(s)- In the event that a suitable PTP is\not available, proficiency shall be demonstrate

way of testing certified reference materials (CRM) and in-house control charts on quality control

samples, or

6.2 Asse

A supplier ¥
result shall

result, Xy, is
in the ¢

XSSAl-

in the ¢

by other method validation techniques acceptable to both parties.

ssment of quality confermance by the supplier

who has no other sourcéof information on the true value of a characteristic than a s
consider, with 95 &,confidence, that the product meets the specification limit, only i
such that

pse of a singleupper limit, A1:

- 0,59R

nseof a single lower limit, Ap:

[ are

bd is
ed R

that
ther

Ps, if
riate
d by
(QC)

ngle
f the

(17)

Xs=2 Az +0,59R

— inthec

ase of a double limit (41 and A7), both these conditions are satisfied (see 4.2.3).

(18)

The 95 % confidence decision limits as calculated using Formulae (17) and (18) are for the guidance of
the supplier, and are not to be interpreted as an obligation. A reported value between the specification
value and the limit from Formula (17) or (18) is not proof of non-compliance, but is an indication that
the confidence for the product to meet the specification limit is less than 95 %. If the result is exactly
at the specification limit, the probability of a re-test result meeting specification, by either the supplier
or the recipient, is 50 %. A direct consequence of releasing product with a low confidence is that the
probability of the receiver obtaining an off-specification result will be high.
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The supplier shall only release the product if their test result meets specification or by mutual
agreement with the customer.

If multiple results are obtained by the supplier under repeatability conditions, the average of the
acceptable results and R1 as determined in 4.2.2 and 4.2.3 shall be used by the supplier as the basis for

dete

rmination of specification conformance.

In the event of a dispute with the recipient, procedures in Clause 7 shall be followed.

6.3

Assessment of quality conformance by the recipient

6.3.

Figulre 2 is a procedure flowchart that describes steps outlined in this subclause, takingintd

avai

6.3.2

Are
res
res

|  General

able data and requirements of this document.

A

Single batch of product

t shall consider that the product fails the specification limit with 95 % confidence
t, x, is such that:

n the case of an upper limit of the specification 41,

account all

Cipient who has no other source of information on the true valuecf-a characteristic than a single

J

only if the

X¥>A1+0,59R (19)
— In the case of a lower limit of the specification Ay}
¥<A-0,59R (20)

The
the 1
valu
the (
sped
is 50

If m
the
sped

n the case of a double limit (41 and 43), either of these conditions applies.

95 % confidence decision limitstas calculated using Formulae (19) and (20) is for the
ecipient, and is not to be interpreted as an obligation. A reported value between the s
e and the limit from Formula (19) or (20) is not proof of non-conformance, but is an ind
onfidence for the product failing specification limit is less than 95 %. If the result is ey
ification limit, the priobability of a re-test meeting specification, by either the supplier
%.

ultiple results.are obtained by the recipient under repeatability conditions, the
hcceptable results and R1 as determined in 4.2.3 shall be used as the basis for deter
ification‘conformance.

Shot

regayr

1d th€ recipient decide to dispute the specification conformance status for the batch
tless of the recipient's result that was used as a basis for the decision to dispute, the

oguidance of
pecification
ication that
actly at the
br recipient,

average of
mination of

n question,
procedures

in Cl

ause / shall be adhered to.

6.3.3

Multiple batches of product

Persistent results over multiple batches that fail to meet the specification limit, but by an amount not
greater than 0,59R, is a strong indication that the product release confidence by the supplier is less than
95 %. If the latter is not acceptable by the recipient, it is recommended that the recipient contact the
supplier and arrive at a mutually satisfactory resolution.

NOTE Five results in a row that fail to meet the specification limit constitute compelling evidence (greater
than 95 % confidence) that at least one of the batches does not meet specification.
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Section 6.3

Recipient receives product and wishes to
asses compliance vs. specilication

Section 6.1 y

As a prerequisite for acceptance for lab
test results to be used in the dispute
pracess that the conditions prescribed in
6.1.1,6.1.2, 6.1.3 shall be satisfied.
On request the supporting information /
documeniation are to be made available
to the supplier and recipeint

Identify and use laboratories that can
meet the prescribed pre-requisites in this
process

o

Wes
Section 6.3 ¥

Section 6.3.1

Test the product vs. specification,
- In the case of a single upper limit A,

Are both Supplier and Recipient test

Xp > A, + 0,50R (16)
}—No—. - In the case of a single lower limit A,,

Section 6.3.2

have data from multiple

-]

— R —
- <u<
X 2N_,u_X+

2N

for single sided specs follow methad in
431

Droes the recipient still consider the
product as in disputa?

End procaedure. -

Does recipient
results avallable? ™ gamhsg of product? o
Xp < Ay - 0,50R (17)
I - In the case of a double limit (A, and A;), l
- Yes sithar of these condiions applies.
S X | Does the Reciplent wish 1o disputl (with
Does either party wigh to proceed N _ Yes less than 5% confidence)that ploduct |
<{ through mspﬁllgput pmgssses = |X§ XR' =R ‘ vr meets specification?
I There is at least 85% confidence that the
Yes product does not meet specification r
Section 4.3.1 + ] i Daes long term trand of results mest
Delelr%ifne estimate value of tested dD:::I.Imorf rﬁgg?\slpersmmclg;;rt‘;el ihe product confidence requirement of the recipient?
prope: _
- |xo+x ‘
2 1 ves
For double sides Specs use the estimated
value to predict 95% confidenca intarval
in which true valus (p) will reside 0 Section 7

—N‘e&—b{ Into dispute proCedure flowchart }4—

*

Figure 2 — Flowchart for assessment of specification conformance by recipient

6.3.4 Prdcedure for recipient to assess conformance for a single batch of product

In the case
example sh

of assessing the conformance to-specification of a single batch of product, the folloj
bws how to evaluate the process..The Research Octane Number (RON) specification w

EN 228lé] tested by [SO 5164[7l: is used as:an example. The reproducibility of RON using this method i
at the EN 228 specification of 95,0 ON (octane number) and the repeatability at the same level is 0,2 (

In this exa
product at

mple, a supplier sells~a.batch of gasoline as compliant with EN 228 after certifying
heir chosen laboratery as meeting specification. The supplier RON result is 95,1 ON ag:

the specificption of 95,0 ONG@nd the batch is sold Free On Board (FOB). The sales contract specifie
representatjive sample as the shore tank sample which is stored appropriately and in sufficient volume
for any follgw-up testings

The recipiept purehases the batch and takes a sample to check for quality and the result from
chosen labqrateryis determined as 94,7, which is off-specification but within 0,59R. Subclause 6.
indicates that-the product fails the specification limit with 95 % confidence only if it exceeds

specificatio

) )

ving
thin
s 0,7
N.

the
hinst
5 the

test against 0,59R to be the end of the procedure unless data from multiple batches is available.

In this case, despite the guidance in 6.3.1, the recipient is unhappy with their result and contacts the
supplier regarding their result. Both are able to confirm and demonstrate that the results came from
laboratories that have in-house SQC programs that are in control with respect to precision and bias for
testing using ISO 5164 and that they regularly participate in industry PTP schemes to confirm a lack of
bias versus industry averages.

Under this scenario, 4.3.1 is applicable since both the supplier and the recipient results are available.

a) Acceptability of results states that “when single results are obtained in two laboratories and their
difference is less than or equal to R, the two results shall be considered as acceptable, and used to

10
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calculate the average X . The average X , rather than either single result separately, shall be used as
the estimated value of the tested property”.

b) First test the difference of the two values versus reproducibility to determine if the two results can
be considered part of the same population of results.

|Xs — Xr| < R=195,1-94,7| <R=0,4 <0,7 so in this example both results are considered as valid. If
this had not been the case then 4.3.1 gives the process to follow rejecting the suspicious results and
how to gain acceptable results for comparison.

c) After passing the comparison versus reproducibility, we then calculate the average result:

X = (95,1 +94,7)/2 = 94,9 ON

d) Now it is possible to calculate the 95 % confidence limits in which the truesvalue L lies using

Formula (7), (8) or (9) as appropriate.
For a single lower limit, Formula (9) gives:

4= (X - 042R), thatis y > (94,9 - 0,294) or y = 94,6 ON

e) PBased on the outcome from d), it can be concluded, with 95'% confidence, that the trug value is no
iworse than 94,6 ON. If the recipient still considers the preduct as in dispute, see Clause|7.

If onlly the recipient result is available then 6.3.1 guide the*comparison on conformance to specification
and fhe confidence limit from Formula (9) in this examples simplifies to p = (X - 0,59R).

If th recipient had a long-term relationship withithe supplier and had data from multipl¢ batches of
product, 6.3.2 gives guidance on how to assess whether the confidence of product meeting specification
is acceptable.

7 Dispute procedure

7.1 | Resolve dispute by negotiation

Givep the complexity of the-procedures outlined in Clause 7 and Annex B, it is highly re¢ommended
that|the supplier and r€eipient attempt to resolve the dispute through negotiation to arrivelat mutually
acceptable terms for(settlement. Figure 3 is a flowchart summary of the steps outlined in Clause 7.

In order to engagéin this procedure a pre-requisite is that there is sufficient amount of agreed-upon
adjuficationsample available.

7.2 | Use'of the test method or procedure in case of dispute

For a specification document that lists multiple test methods for the same property, or, a test method
standard where multiple procedures for the same property are given, the designated referee method or
procedure shall be given.

NOTE It is the responsibility of the standardization committee supervising either the specification or the
test method standard to ensure a referee method or procedure for adjudication purposes is designated in the
document.

In the event that a referee method or procedure is not specified, supplier and receiver shall agree on a
specific method or procedure prior to execution of the procedures in this clause.

© IS0 2017 - All rights reserved 11
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7.3 Dispute resolution procedure

7.3.1 Ifthe supplier and the recipient cannot reach agreement regarding the specification conformance
for the quality of the product on the basis of their existing results (see 6.3.3), then the dispute resolution
procedures given in either this clause or Annex B shall be adopted. Note that in order to use Annex B, the
degree of criticality, pe, is be agreed upon in advance between supplier and recipient.

7.3.2 Each laboratory shall reject its original results and obtain at least three other acceptable results
on their own check sample to ensure that the work has been carried out correctly under repeatability
conditions. The average of the acceptable results in each laboratory shall then be computed, divergent
results beinfg discarded as indicated in 4.Z.Z. Tf the re-testing does not resolve the dispute, then confinue
as given belpw.

Let
X be the average of the supplier;
Xg be the average of recipient;

A1 be the upper limit of the specification;
Ay be the lower limit of the specification.

Xg and Xgp| shall be compared as follows with A1 and Az:

<Aior=A4p
— product meets specification if |)_(S —)_(R |<0,84R,{for Ry, see 4.3.1);

— it cannjot be stated with confidence whether the product does or does not comply with the

specifidation limit if |Xs — Xp|>0,84R;
In the latter| case, since it cannot be stated.with confidence whether the product does or does not cofnply
with the specification limit, resolution 'of the dispute may be achieved by negotiation.
X +Xp

5 > Ay or< A, disputéwhatever the difference )_(S —)_(R .

If

7.4 Disppite unresolved

741 If ‘i S —)_(R | >0,84R,, and the dispute is unresolved, the two laboratories shall contact each dther

and comparje their operating procedures and apparatus.

7.4.2 If the disagreement on product conformance status still remains and resolution of the dispute
cannot be reached by negotiation, at least one additional third-party laboratory that is neutral, expert
and accepted by the two parties in dispute shall be invited to assist in the dispute resolution. All parties
(supplier, recipient, and third-party laboratory) shall first agree on a common adjudication sample.
Subject to sample volume adequacy, each party shall obtain their own average to be used for adjudication
purposes using at least three acceptable results for the adjudication sample in accordance with 4.2.2. If
there is an insufficient amount of adjudication sample available, all parties shall agree to the number of
test results that each party is to use to calculate their average to be used for adjudication purposes.

Suppose one additional third-party laboratory is used, and )_(E is the adjudication result from the third-
party laboratory. If the difference between the most divergent laboratory adjudication result and the
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average of the two other laboratory adjudication results is less than or equal to R3 (see 4.3.1) the
following procedure shall be adopted.

Kg+Kp ik

Ry g

< Aj or = Ay, product meets specification.

> A, or<A,, product fails specification.

If more than one additional third-party laboratory is involved, and the difference between the most
divergent laboratory adjudication result versus the average of all other laboratories' adjudication
results is less than or equal to R3 (see 4.3.1), then the grand average from all adjudication results shall

beu
Let

XGRA

If XgRAND AvG < A7 or = Ap, product meets specification, else product fails specification.

7.4.3

Sectionf?.1

Recpient and Supplier in Dispute

Hasluse of Annex B been agreed

betwepn Suppher and Recipient with
“p-value”
I
Yes
Annex +

Cdnsult statistician and follow
procedure in Annex B

ced to settle the dispute as follows.

fX < Aj or 2 Ay, product meets specification.

fX> A; or<A,, product fails specification.

Section 7.2

-~

Reject all results to date

Using own check samples, Supplier
and Recipient to obtain minimum of 3
new results under repeatablmy

conditions.

Do results meet repeatability critefia?

N

Can the oot cause for failing the

repegtability cnlena be |den||fed and

1§ there enough Check sample left to

repeat testing?
Do both parties agree to do repeat
testing?

ND AvG be the grand average calculated from all adjudication results.

No for
any step

If the difference between the most divergent laboratory adjudication result and the
of the other adjudication results is more than R3, the following procedure shall be adopted.

2 parties should contgct each other,

compare procedures gnd agree path
forwards which could |nclude (but is
not limited fo):
(a) Settle dispute comrpercially
}b) use existing data toldecide path
forwards

Section 7.4

Can a representativelsample to be
used for Dispute adjidication be
agreed? |s there enpugh volume
available for the disgute testing?

average,

X,

Yes T
Additional Yes
_‘ Doe?htze mﬁg{%’&?ﬂgfm that | 2 parties shoulg mnlac!d each o(helrh testing process v
compare procedures and agree pat hich 3rd Party jab(s) &
ification aﬂ'-( [RMeresults? forwards which oouelg mt):lu e (butis lAgreeagdmonal las?m)é ; (s) olom in
not limited to, Split Sa d prpuide to fabs
Yes [—’ (a) Settle le.)ute commercially Pl mple and prpvide to
3 N (béEnter adarduonal lalsltl’ng process
= o indluding a Party lal
g:k;(uhal:dxi::geexﬁ (c) Calculate average regardless and
8 - use this to decide path forwards Each1abin process 10
FY- -X I <R, obtain minimum of I new results
s Ll B (sample volume aflowing) in
accordance with progedure in 4.2.2
YI S- and calculate averjige results
o, ;‘ l lro more than 1 external lab
folfow procedure identified
(,?_ + }_ ) Does Suppller still Claim the product in7.4
s RI< AOr> 4, [—No-» ison-specbased on their result Test most divergent|lab average
2 2 meeling specification? result from the ged lab
averages of the other 2 labs.
vls Is the divergence diffeqence less than
v No of equal to R3 calculafed from 4.3.1
Product meets specification based on ‘l
average. Product Product by
> Does reciever still claim product is  [No¥|  MEETS FAILS, . ry
1M
offspec No X FX T X]
I % 4 o 24
Section 7.5 = then Product MEETS Specification

Follow procedure to calc average. If
X<4 o X=24,
then Product Meets Specification
Else if
X>d4 o X<4,
Product Falls Specification

7|

g
(£$T—X3RT_X_E_) > Ajor < A,

.

then Product FAILS Specification

Figure 3 — Flowchart for dispute procedure
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7.5 Example of a dispute resolution

In this subclause it is shown how to evaluate the procedure described in 7.1, continuing the earlier
example in 6.3.4. That example uses the RON specification within EN 228I[6] tested by ISO 5164[Z].
In this dispute procedure example, it is assumed that the use of 6.3.4 failed to bring the discussion
between supplier and recipient to closure and that the contract did not specify a designated criticality
level requiring the use of Annex B.

Having already demonstrated the ability of both laboratories to test, be in statistical control and a
lack of persistent bias versus industry as part of 6.3.4, the supplier and recipient enter into the dispute
procedure outlined in Clause 7.

All results taken to date as part of the process in 6.3.4 are rejected and assuming there is spffigient
volume of the supplier and recipient check samples available, each then takes a minimun of 3 [new
results undgr repeatability conditions. Each pair of results taken are compared against method r.
The resultq for the supplier in their testing are 94,9 ON; 95,1 ON and 95,2 giving @ilFaverage when
rounded to fthe reporting precision plus 1 digit of 95,07 ON (this becomes the X result).
The results) for the recipient in their testing are 94,8 ON; 95,0 ON and 94,9giving an average when
rounded to [the reporting precision plus one digit of 94,90 ON (this becomes‘the Xpresult).
The differepces between the )?5 and )?R averaged results shall meet\the reduced reproducibilify R
which is defined in (21) and shown below.

1 1

Ry= |R*-r?1-———— 21
2 \/ d { 2k1 Zkz] (21)

1 1
R, = \/0,72 —0,22 (1 T3 3 = 0,68 ON when rotthded to an extra significant figure.

X
Clearly in this example the difference of 0,17 ON'between supplier and recipient averages meets the R
criteria and thus the results are accepted in-the dispute process. Had this not been the case then the 3
paths forward are outlined in the dispute flow chart.
To determipe whether the product met specification, the )_(S and )_(R averaged results are averpged
and compared against specification: The average of 95,07 ON and 94,90 ON is 94,985 ON whi¢h is
rounded to|the reporting precisien of 95,0 ON. This is compared to the specification of 95,0 ON [thus
passing the|test.

(X5 +4
— <A or,2 A,
2

In this case[theédispute procedure outcome is that there is no dispute as the product meets specification
(95,0 ON = 950 ON).

Had this not been the case, and the receiver refuses to recognize that the product meets specification,
then 7.4 outlines the path forward. This would involve agreeing a representative retained sample for
additional testing, agreeing an external laboratory (E) to engage in the additional testing process
alongside the supplier and recipient nominated laboratories and then repeating the multi testing process
on the new sample. The divergence of averaged lab results is tested against a reduced reproducibility

R3 defined in Formula (11).
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Annex A
(informative)

Explanation of formulae given in Clause 4

Let 002 be the component of variance of results obtained under repeatability conditions.

Let ¢14 be the component of variance due to interaction between laboratories and samples (errors
whigh contribute to reproducibility errors). Then (092 + 012) is the variance of results bbtained under
reprpducibility conditions.
ris dalculated as
720, (A1)
and R is calculated as
Z\/E1[(;02+0'12 (A.2)
where Z is the factorl4] for converting a standard deviation to a confidence limit (see Tahle A.1), and
whig¢h corresponds in this case to a double-sided 95 % probability level, having a value of 1,p6.
Table A.1 — Critical values'of the normal distribution
p 0,70 0,80 0,90 0,95 0,975 0,99 0,995
Z 0,524 0,842 1,282 1,645 1,960 2,326 2,576
21-p) 0,60 0,40 0,20 0,10 0,05 0,02 0,01
NOTE This table is reproduced from ISO 4259-1.
Furthermore, the variance of meéans of k results obtained under repeatability conditions is ¢o2/k.
© IS0 2017 - All rights reserved 15
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In a set of k such results, therefore, the variance of the difference between a single result and the mean

of the remainder is:
2 2
o+ 9% __r o X k (A.3)
(k-1) 1,96% 2(k-1)
and the 95 % confidence limit for the absolute difference is:
2
(o] k
=1,964|¢ 2+—L =r A4
"1 VP01 \2(k—-1 (A-4)
If the mean of k results is obtained in each of several laboratories, these laboratory means have a
variance:
ol 1 1 1
_0+0']2=_X Rz_rz 1-=— AS)
k 2 1,96 k
Let
_ e o4 1
R1=,R*-r°|1-— A.6)
k
The double{sided 95 % confidence limits for such means are:
fG ¢ R4
mean #1,96,—> + g 2=Fhean +—= A.7

Confidence [limits for probability levels other than 95°% may be calculated by selecting the appropriate
Z value from Table A.1 (with single- or double-sided probability as required) and multiplying by the
conversion factor Z/1,96. For a single-sided probability of 95 %, Z = 1,64 and the conversion factor is ),84.
In general, N laboratories obtain average results from k1, kp, ....ky results, respectively. The varianfe of
the average|of N such laboratory averagés.is:
2 2 2
i 294_0-2 + ..+ ﬁ.po-z — 1 RZ_r_ N_i_ _i A.8)
2 1 1 2 N
N°|| kpu kn 2N1,96 k1 kn
Let
2 1 1 i
Ra= |RP-TNP—— - A9)
N k1 kn
The doubleq{sided 95 % confidence limits for such means then becomes:
mean t R4 (A.10)
2N

Confidence limits for probability levels other than 95 %, single- or double-sided as required, can be
calculated by selecting the appropriate value Z from Table A.1, and multiplying by the conversion

factor Z/1,9
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In a set of N + 1 such averages, therefore, the variance of the difference between a single average of k

resu

Its and the mean of the remaining N averages is:

R{ R{

+

2x1,962 2N1,962

The 95 % confidence limit, R3, for the absolute difference is therefore:

po=i[RL RS
3"\ 2 "2N

In th

e case of only two laboratory averages (when N = 1) this formula reduces to:

11
— 2_.72 1o — =
& \/R r [ 2k, 2k2]

© IS0 2017 - All rights reserved

(A.11)

(A.12)

(A.13)

17


https://standardsiso.com/api/?name=429cf7e07853d59bb08fda4097588bf3

ISO 4259-2:2017(E)

Annex B
(informative)

Dispute resolution for specifications based on a specified degree

of criticality

B.1 Genc

This annex
using a spe

B.2 Criticality of specifications

Some specif
that the regq
indicated b
“critical sp¢

Specificatio
by the spec

For this doc
probability
pcissetast
in question
reject a shi
1 - pe. In oy
and, like thd
of the speci

This docun
with pc valy

Execution (
agreed a pr

While p. m3
recommend
(critical spe

bral

ified degree of specification criticality in view of the procedure in 7.3.

ications, because of the product characteristic or the end use of the.product, or both, req
ipient has a high degree of assurance that the product meets(or exceeds the quality

 the specification level(s). For the purpose of this document such specifications are ¢
cifications”.

ns that require assurance only that the quality is not:Sitbstantially poorer than is indid
fication are called “non-critical specifications” forghe purposes of this document.

(risk) that the recipient can tolerate of accepting a shipment which fails specifications.
he maximum probability of accepting a shipment based on the limiting case where prop
is exactly at the specification limit. Thelrisk borne by the supplier, that is, the recipient
bment which marginally meets or. marginally does not meet the specification, will thy
der to use the procedure in thisannex, p. is subject to prior agreement among the pa

specification limits and the test method, shall in that case be considered as an integral
fication.

ent considers specifications with a p. value of < 0,5 as critical specifications, while t
e = 0,5 are consideréd to be non-critical specifications.

f procedures in“this annex assumes the parties in dispute (supplier and recipient)
ori to a p. as-defined above.

s the maximum and minimum values for p. to be 0,95 (non-critical specification) and
cification).

presents an alternate procedure for dispute resolution between the supplier and'recipient

uire
evel
hlled

ated

ument, the degree of criticality of a specification, denoted by p, is defined to be the maxijum

This
erty
will
s be
ties,
part

hose

have

y be selected at any value that is agreed upon between supplier and recipient, this docuinent

0,05

B.3 Construction of specifications

This step is

described in 5.2.

B.4 Product acceptance or rejection to specifications for a pre-specified p.

This subclause provides general procedures to allow the parties in dispute (supplier and recipient) to
accept or reject the product with regard to the specification when one or more acceptable results are
available from one or more laboratories. Results are deemed acceptable if 6.1.2 to 6.1.4 are satisfied. If
it is necessary for the recipient to take action after examining these results, the procedure specified in

B.5 shall be

18
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The procedures of B.5 assume a test method which follows the normal probability distribution, with no
bias, and with repeatability, r, and reproducibility, R. They also assume that a degree of criticality, p,
has been agreed to in advance by supplier and recipient.

B.5 Dispute procedure

B.5.1 When there is no other source of information on the true value of a characteristic other than
a single result, the product shall be considered to meet the specification limit, with confidence
100 (1 - pc) %, if the single result, X, is such that:

in thle case of the upper limit of the specification 41,

X <A, +0,361(ZXR) (B.1)

in the case of a the lower limit of the specification Ay,

> A, -0,361(ZxR) (B.2)

and,|in the case of a double limit (A1 and A3), both these conditions ate satisfied.

The |factor Z in these formulae is the value of the standard siormal distribution corresppnding to a
prolability, p (see Table A.1). Note that for critical specifications (pc < 0,5), Z has a negative value, and
thatfthe confidence 100 (1 - pc)% that the product meets the specification limit is greater than for non-
critifal specifications. The factor 0,361 is the reciprocal of 1,962 (see Formula (A.2) used to convert
reprpducibility to a standard deviation.

If the reproducibility, R, is a function of the true value of the property in question, the value jof R applied
in Fgrmula (B.1) is that which is appropriate fora true value of A1, whereas for Formula (B.4), R shall be
computed assuming the true value is 4.

B.5.2 If it is not possible for the stpplier and the recipient to reach agreement about the quality of
the product on the basis of their, existing results, then the procedures given in B.5.3 to B.5/11 shall be
adopted.

To gngage in this procedure a pre-requisite is that there is a sufficient amount of agreed-upon
adjufication sample available.

B.5.3 Each laboratory shall reject its original results and obtain at least three other accepfable results
on the adjudicatienrsample to ensure that the work has been carried out under repeatability conditions.
Resylt(s) fronreach laboratory is considered to be acceptable if 6.1.2 to 6.1.4 are met, and, i the case of
morg¢ than-enéresult, if 4.2.2 is met. The average of the acceptable results in each laboratorjy shall then
be computed, divergent results being discarded as indicated in 4.2.2. The supplier's and recipient's

averpges will be denoted Xg and Xy, respectively.

B.5.4 If )_(S and )_(R are acceptable in terms of reproducibility (see 4.3.1), and if )_(z()_(s +)_(R )/2

satisfies Formula (B.1) or Formula (B.2) or both, as appropriate, with R replaced by Ry of 4.3.1 if
necessary, then the product meets the specification.

B.5.5 If )_(S and )_(R are acceptable in terms of reproducibility (see 4.3.1) and if )_(z()_(s +)_(R )/2 fails

either Formula (B.1) or Formula (B.2), as appropriate, with R replaced by R; of 4.3.1 if necessary, then
the product fails the specification.
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