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Forewo

rd

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

This document explains the statistical methodology for assessing the expected agreement between
two standardized test methods that purport to measure the same property of a material. Subsequently,
it is investigated whether a linear bias correction can significantly improve the expected agreement.
The degree of agreement is expressed as a between-methods reproducibility after a bias correction (if
necessary) has been applied.

The method uses numerical results from a set of samples that have been analysed independently using
both test methods by different laboratories. The variation associated with each test method result is
usedforassessing the required bias COrTection:

Anngxes A and B give worked out examples showing how the methodology is applied.
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Scope

document specifies statistical methodology for assessing the expeeted agreement b
methods that purport to measure the same property of a material;’and for deciding
r bias correction can further improve the expected agreement.

etroleum products resulting from a multi-sample-multi-lab.study (MSMLS). These typ¢
de but are not limited to interlaboratory studies (ILS) meeting the requirements of]
Juivalent, and proficiency testing programmes (PTR) meeting the requirements of IS

methodology specified in this document establishes the limiting value for the differen
results where each result is obtained by adifferent operator using different apparat

Feen-methods reproducibility. This ¢alue is expected to be exceeded with a probability
orrect and normal operation of both test methods due to random variation.

) Further conditions for application of this methodology are given in 5.1 and 5.2.

Normative referénces

titutes requiséments of this document. For dated references, only the edition cited

125915 Petroleum and related products — Precision of measurement methods and resul
rminhation of precision data in relation to methods of test

e

ptween two
if a simple

document is applicable for analytical methods which measuré quantitative properties of petroleum

s of studies
ISO 4259-1
D 4259-3 or

ce between
us and two
propriately

corrected to agree with the other in accordance with this practice. This limit is designated as the

f5 9% under

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

hpplies. For

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

ts — Part 1:

itoring and verification of published precision data in relation to methods of test

s — Part 3:

ISO 4259-4, Petroleum and related products — Precision of measurement methods and results — Part 4:
Use of statistical control charts to validate 'in-statistical-control’ status for the execution of a standard test
method in a single laboratory

3

Terms and definitions

For the purposes of this document, the terms and definitions in ISO 4259-1 and the following terms and
definitions apply.

© IS0 2023 - All rights reserved
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[SO and IEC

31

maintain terminology databases for use in standardization at the following addresses:

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

IEC Electropedia: available at https://www.electropedia.org/

multi-sample-multi-lab study

MSMLS

study in which one or more performance characteristics are determined on the basis of analytical
results from multiple samples and multiple laboratories

Note 1 to erjtry: Under certain conditions, inter laboratory studies and proficiency testing schemes méef

definition of

3.2
interlabor:
ILS
study speci
achieved at|
results obta

3.3
proficiency
PTP
programmg
standard te
from a sing

Note 1 to en
check progra

3.4

between-n
quantitativ
methods cl:
between th

3.5

multi-sample-multi-lab study.

itory study

fically designed to estimate the repeatability and reproducibility of a standard test me
a fixed point in time by multiple laboratories through the statisticallanalysis of their
ined on aliquots prepared from multiple materials

/ testing programme

designed for the periodic evaluation testing capability of participating laboratories
5t method through the statistical analysis of their testresults obtained on aliquots prep
e batch of homogeneous material

try: PTP is sometimes referred to as a proficiency testing (PT)-study or an interlaboratory
mme (ILCP).

ethods bias correction
e expression of the mathematical\correction, when applied to the outcome of either one of

e expected values of the twe'test methods claiming to measure the same property

correlatio

p
statistical

Note 1 to

coefficient

easure of thestrength and direction of the relationship between two variables

try: Values always range between -1 (strong negative relationship) and +1 (strong pos

relationship}. Values.at'or close to zero imply a weak or nonlinear relationship.

3.6
standard

this

thod
test

of a
ared

[ross

two

iming to measure the sametproperty, can result in a statistically significant improveinent

itive

ror

Ag

statistic estimating the standard deviation of the distribution of the average statistic obtained from the
repeat random sampling of a population

3.7

sample standard deviation

S

estimator of the population standard deviation using the sample mean and sample size

Note 1 to entry: Sample standard deviation is also referred to as standard deviation of the sample.
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between-methods reproducibility

RXY

quantitative expression for the computation of the limiting value that the difference between two single
results is expected to exceed with a probability of 5 % due to random variation, under the correct and
normal operation of both test methods, where each result is obtained by different operators on an
identical test sample using different apparatus and applying the two methods X and Y, respectively;
when the methods have been assessed and an appropriate between-methods bias correction has been
applied to the result from either method (X or Y) in accordance with this practice

39

sum| of squared residuals

ZSR

statistic used to quantify the degree of agreement between the results from two test mdthods after

between-methods bias-correction (3.4) using the methodology of this practice

Note|1 to entry: Xy is used as an optimality criterion in parameter selection and biass€orrection moglel selection.

3.1
total sum of squares
ZST . 0 . - . .
statistic used to quantify the information content from the interlgberatory study (3.2) in teyms of total
varigtion of sample means relative to the standard error (3.6) af'each sample mean
3.11
resdlution
smallest difference in two results that is represented by’a different value
4 BSymbols
Synibol Explanation
XY reference to the X- ahd'Y-methods, respectively
Y I Single kth result onthe ith common material by the jth lab using X-method and Y-method,
e [ ik respectively
X, Y arithmetie mean of the ith sample using X-method and Y-method, respectively
T weighted average across the samples used in the calculation of total sum of squafes X¢; z and
’ Zgrjderithe X-method and Y-method, respectively
I weighted average across the samples used in the calculation of the correlation poefficient p
’ for the X-method and Y-method
Ay 4y absolute deviation of the weighted means of the ith sample results from X and Y, respectively
v predicted Y-method value for a sample by applying the bias correction established from this
practice to an actual X-method result for the same sample
v predicted ith sample Y-method mean, by applying the bias correction establishpd from this
i practice to TtS ToTTESpoding A-mrethod TreaTT
S number of samples in the multi-lab-multi-sample data set
number of laboratories that returned results on the ith sample using the X-method and
Lyy Ly; i
Y-method, respectively
Ny;y Nyjj number of repeated results on the ith sample of jth Iab using the X- and Y-methods, respectively
Ry, Ry reproducibility of the X- and Y-methods, respectively
Ry, Ry, reproducibility of the X- and Y-methods, evaluated at the method X and Y means of the ith sample
Ryy between-methods reproducibility
s s reproducibility standard deviation, evaluated at the ith sample using method X and Y, re-
R Xv 2R Yi spectively
Syxir Sryi repeatability standard deviation, evaluated at the ith sample using method X and Y, respectively

©1S0 2023 - All rights reserved 3
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Symbol
&
Apxi Agyi

2—“.S'R,p

2sro ZsTy

Explanation

weighted residual of Y-method mean values predicted from the corresponding X-method

mean values, ?i and mean of Y-method results, Y; on the ith sample

standard error of the means of the ith sample

weighted sum of squared residuals of the mean results of Y-method and the bias-corrected
mean results of the X-method for a given model p where p = 0, 1a, 1b or 2 over all samples i

total sum of squares, around the weighted averages X and Y over all samples i
test statistic for comparing variances, defined by the quotient of two variances

student t-value at a specified confidence level and specified degrees of freedom

5 Proce

5.1 Gene

The procedures are intended to be executed by an analyst with sufficient working knowledge o
bols and theories described in the document.

statistical t

The statist
absence of §
the two me

If a bias co
is favoured
over the for

dure overview

ral requirements

cal methodology.is“based on the premise that a bias correction is not required. In
tatistical evidenee'that a bias correction would improve the expected agreement bety
hods, a bias eorrection is not made.

rection iSvequired, then the parsimony principle is followed whereby a simple correg
over asmore complex one if the latter does not yield a statistically observable improvement
met. Failure to adhere to this generally results in a model that is over-fitted and doe:s

perform we

11Gn practice.

class number of selected bias correction class

degrees of freedom for reproducibility variances

weight associated with the difference between (corrected) mean results fromthe4th sample

parameter of the bias correction: ¥ = a + bX

leverage of sample i in the set of samples

natural logarithm of the sample mean, averaged over both methods-for sample i
overall average of natural logarithm Z; of all samples

ratio for assessing reductions in sums of squares

standardized difference between Y; and 1?1 sometimes referred to as error

parameters of the quadratic function used for the itefative calculation of the proporti
coefficient b for class 1b and class 2 correction class

difference statistic for confirmation of the correlation

Anderson-Darling test statistic and modified test statistic, respectively

correlation coefficient

onal

f the

the
veen

tion

not

NOTE 1

event is the simplest, involving the fewest entities, assumptions.

The parsimony principle is that the most acceptable explanation of an occurrence, phenomenon, or

The bias corrections of this practice are limited to a constant correction, proportional correction or a
linear (proportional + constant) correction.

The bias-correction methods of this practice are method symmetric, in the sense that equivalent
corrections are obtained regardless of which method is bias-corrected to match the other.

The methodology described in this document is applicable only if the standard error associated with
each mean test result is known or can be calculated and the degrees of freedom associated with all
standard errors are at least 30.

© IS0 2023 - All rights reserved
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This methodology is applied to a data source derived from a MSMLS. The study shall be conducted on at
least 10 independent materials that span the intersecting scopes of the test methods. The results shall
be obtained from at least six (6) laboratories using each method.

The results are obtained on the same comparison set of samples and it is recommended that both test
methods are not performed by the same laboratory. If this is the case, care shall be taken to ensure
independence of test results, for example by double-blind testing of samples in random order.

This methodology shall not be used on the basis of interim or temporary published precision
statements. Interim or temporary statements of accuracy generally lack the magnitude of the amount
of data applied and, as a result, insufficient degrees of freedom are available.

Compining multiple data sources is permissible provided the quality requirements for-the data set as

spedified in this document are met.

The test methods used by each laboratory shall be under statistical control, meetifig the re¢
in IS0 4259-4.

quirements

This| methodology requires data with sufficient resolution to permit variation to be obsg¢rvable in a
statistically meaningful manner. Statistically meaningful variation implies that the tofal number

of upique values in a set of data, i.e. the lab results of each sample*for each test methoc
sufficiently large. If, in the opinion of the analyst, the number of dndividual values in thg
insufficient, the data shall be requested again from the relevantidboratories with sufficient
If the data are only available with insufficient resolution, thig-evaluation should not be cont

, should be
data set is
resolution.
nued.

hall be met
bt apply.

In cé
and

se the data for the procedure originates from an IS, all requirements of ISO 4259-1 {
the additional requirements regarding proficiency testing programme (PTP) data do n

NOT
the o

K 2 Leverage is a measure of how far away the independent variables of an observation are firom those of
ther observations.

NOT ntext of the

refer

£ 3 Cook’s distance is an estimate of thélinfluence of a data point. It is used within the ¢
ence to indicate influential data points thatare particularly worth checking for validity.

5.2 | Additional requirements.for PTP data

5.2.1 General conditions

associated
ISO 4259-3.
brovided by

The
stati
A ch
each

statistical calculatjens/are also applicable for this evaluation, provided the results and
stics for the testmethod are obtained from a PTP, which shall meet the requirements of]
practeristic of-data derived from such a PTP is that for each sample, a single result is |
laboratory for-the test method.

The following.requirements apply when using PTP data:

Lheresults shall be obtained from atleast 10 laboratories using the test method and are e
distributed over the range;

Tuidistantly

— the leverage of each sample in the data set shall not exceed the limiting value of 0,5 (see 5.2.2);

— the Anderson-Darling statistics for the tests on normal distribution of lab results per sample <1,12
shall be used (see 5.2.3);

— the sample standard deviations shall not significantly exceed the published reproducibility standard
deviations for at least 80 % of the samples at the 0,05 significance level (see 5.2.4).

5.2.2 Test on existence of extreme samples

The leverage value h; for each sample i in the data set is examined and may not exceed the limiting
value of 0,5. If a value for h; of a sample exceeds this limiting value, this sample is characterized as

© IS0 2023 - All rights reserved
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extreme. For each of the two methods, the average of the laboratory results is calculated per sample.
Subsequently, each laboratory average per sample is averaged over both test methods.

The leverage value h; is defined by Formula (1):

7\2
1 AR
h=ts d 0
7\2
2 a2k =)

where

hl i t}lC }CVCI GSC Ufaaulp}c l., l. - 1 e S,

S i$ the total number of samples,

Z; i$ the natural logarithm (In) of the sample mean, averaged over both methods,

z i the overall average of all Z,.
If one or mgre samples are characterized as extreme, they shall be removed and the procedure should
be repeated. The minimum number of remaining samples shall be taken into.account. If the minigum
requiremenyt for a number of samples can no longer be met, the procedure ghall be discontinued.
5.2.3 Te1t on distribution of lab results
The distribfition of the lab results for each sample are tested forinormality by confirming the goodness-
of-fit of the pormal distribution using the Anderson-Darling statistic per sample.

NOTE1 T

given probal
probability d

for further d

NOTE2 T

effects of roy

The test staftistic AI-Z* is calculated aceording to Formula (2):

A =4

1

where

A2

1

Fixy)

Xj

he Anderson-Darling test is a statistical test of whether a given sample of data are drawn fr
ility distribution. Within the context of this do¢dment, this test is used as a test on normality,
istribution parameters (mean and standard deviation) estimated from the sample. See Referend
btails.

he critical value of 1,12 is based on a'significance level of approximately 1 %, taking into accour
nding of the input data on the resolution.

(. 0,75

2,25
+

1+ L2
N7

i

is the total number of lab results in the set,

N

bm a
with
e7]

tthe

(2)

_N_%Y(Zi—l){ln[F(x,- ) +In[1—F(xy_ )},

i=1

is the cumulative normal distribution function based on sample average and standard deviation,

is the data sorted in increasing order, x; < X, < X3 ... S Xy,

The distribution of the results is assumed to follow a normal distribution if the corresponding AI-Z*

value <1,12

If this test shows that the distribution of one or more samples does not meet the above criterion, this
sample shall be removed. The minimum number of samples for this procedure should be considered.
If the minimum requirement for a number of samples can no longer be met, the procedure shall be
discontinued.

© IS0 2023 - All rights reserved
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Data with insufficient resolution due to rounding can overestimate the normality assessment statistics.
See 5.1 for resolution provisions.

5.2.4 Comparison of precision

The sample standard deviations s; should not significantly exceed the published reproducibility
standard deviations sp, for at least 80 % of the samples at a significance level of 0,05 using a statistical
F-test for the comparison of two variances s; and s;.

For any sample i where s; is numerically larger than sp;, perform the following F-test specified in

Formula (3):

SZ

i (3)
2
SRi

whete

5 is the standard deviation of the sample i, calculated over the lab\results,

5p;  is the published reproducibility standard deviation evaluatéd at concentration(level of the
average results for sample i.

The number of degrees of freedom associated with s; equals-#~Z, where N equals the numBer of result
for spmple i.

The pumber of degrees of freedom associated with s, is preferably taken from the publish¢d precision
stat¢ment of the test method or underlying research:teport. If sp, is not given as such, it is permitted to
estinate sp; based on the published reproducibility R;, according to sp; = R,-/(t\/Z), where { represents
the gtudent-t value at a confidence level of 0,05:and degrees of freedom associated with R;.

If in|this latter case the degrees of freedom-for R; is unknown, it may be estimated by the minimum
valup of 30, and the published reproducibility standard deviation is estimated by sp; = (R;/2|888).

If the above criterion is not met for~ene or more samples, the failing samples shall be removed. The
minimum number of samples for'this procedure should be considered. If the minimum reqyirement for
a number of samples can no lofiger be met, the procedure shall be discontinued.

5.3 | Brief sequential steps of the procedure

The ffollowing compressed overview summarizes the steps of the procedure. See Figures 1l and 2 for a
flow]diagram of these procedural steps.

1) [heckingthe adequacy of the available data

Ched available data are checked against the general requirements (see 5.1). If apglicable, the
hdditional requirements when using PTP data (see 5.2,5.2.1,5.2.2,5.2.3 and 5.2.4) are also checked.

2) Calculate the means and standard error of the samples

The arithmetic means of the results for each common sample obtained by each method are
calculated (see 6.1.2) and the estimates of the standard errors of these means are computed (see
6.1.3).

3) Test the suitability of the data

Test for sufficient variation in the properties of both methods by computing the weighted sums of
squared residuals for the total variation of the mean results across all common samples for each
method. These sums of squares are assessed against the standard errors of the mean results for
each method to ensure that the samples are sufficiently varied before continuing with the practice
(see 6.2.1).

©1S0 2023 - All rights reserved 7
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4)

5)

6)

7)

8)

9)

10)

Test for sufficient correlation between both methods by assessing the weighted sums of squared
residuals for the linear correction against the total variation in the mean results for both methods

to ensu

re that there is sufficient correlation between the two methods (see 6.2.2).

Calculate the bias correction statistics for each bias correction class

The closeness of agreement of the mean results by each method is evaluated using appropriate
weighted sums of squared residuals. Such sums of squares are computed from the data, first with no
bias correction, then with a constant bias correction, then, when appropriate, with a proportional

correct

Select thesa

ion, and finally, with a linear (proportional + constant) correction (see 6.3).

The mo
from ed

Test on

st parsimonious bias correction is selected based on the weighted sum of squared+esid
ch bias correction and the appropriate t- and F-tests (see 6.4).

distribution of residuals for normality

The (w]

using t

pighted) residuals per sample are tested for normality. The residualsyafe defined by

e Anderson-Darling test for normality. When the weighted residtals are not found t

differe:E‘ce between each individual Y; and bias-corrected X;. The test for_fiormality is perfor

normal
Test for

The we
sources

Any re
method
with a

estimat

Compu

y distributed this practice is considered terminated (see 6.5).

sample-specific biases

of variation remain in the residual data (see 6.6).

maining, unexplained variation is attributed *to sample-specific biases, also know
-material interactions or matrix effects. If sample-specific biases are found to be consis

ed, and accumulated into an all-encompassing between-methods reproducibility estim

e the between-methods reproducibility

Calculafe the between-methods reproducibility taking into account possible sample specific bi

When 1
present

When 1
betwee

Report

The re
standal

esiduals are found to be normally distributed and sample-specific biases are not found {
, the between-methods'reproducibility is defined by Formula (40).

esiduals are found-tp be normally distributed and sample-specific biases are present]
n-methods reproducibility is defined by Formula (41).

ng

bults of-this practice are reported in the precision and bias section of the approp
d(s) (see Clause 7).

uals

the
med
0 be

jghted sum of squared residuals are assessed to deteriiine whether additional unexplained

n as
tent

random-effects model, then their contribution to the between-methods reproducibility is

ate.

HSes.

o be

the

riate

Confir

hation of the correlation

The results of the assessment are periodically confirmed by users of the correlation by monitoring
the difference statistics by means of control charts (see Clause 8).
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5.4 Flow diagram of the procedure

Asses the data set for adequacy according to
the general requirements
Clause 5.1

Additional requirements
applicable?
Yes for PTP, No for ILS data.

y Additional requirements when
using PTP data

Teston existence
of extreme samples.

o0 extreme samples present?
Clause 5.2.2,
Formula(1

No

A 4

Abort

Test on sample
distribution. Samples are
evenly distributed?
Clause 5.2.3,
Formula (2

Abort

Coemparison
ofprecision.
Is the data sufficiently precise?
Clause 5.2.4,
Formula(3)

Abort

Yes

v
Calculate the mean of comhmon

samples for each test method
Clause 6.1.2, Formulae (4) and (5)

v

Calculatethe.standard errors
AE for\each test method
Clause 6:143; Formulae (6) and (7)

Is there sufficient
ariation in the properties of the
common samples relative to the test
method noise? Clause 6.2.1,
Formulae (8).. (11

Abort

Is there sufficient
orrelation between the result:
rom the two methods for the common
samples? Clause 6.2.2,
ormulae (12).. (16

No Abort

continue with selection
of the bias correction

Figure 1 — Flowchart for suitability and applicability of the data
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10

)

Calculate the weighted sum of squared residuals (Xsp)
for each bias correction class.
Clause 6.3, Formulae (17) to (35)

Can any bias
correction improve the
expected agreement between
he two test methods?
Clause 6.4, Formula (36)

ClassO

Yes

Compute t-ratios (¢, t;)
Clause 6.4, Formula (37) and (38)

If [2) >_tcritical:
select proportional + constant
correction (Class 2)

Clause 6.4

Yes

If t_l > Leritical® i
select single term bias
correction (Class 1)
Clause 6.4

Yes
Classi

select proportional
+ constant bias correction
(Class 2) Clause 64

/l\class 2

normally distributed?
Perform Anderson Darling
n weighted residuals
Clause 6.5, Formula (39)

Abort

Is sample
specific bias significant?
Compare selected s, with
x?-percentile.
Clause 6.6

Yes

y
Calculate between-method Calculate between-method
reproducibility Ryy reproducibility Ryy
Clause 6 6 _Formula [41) Clause 6.6 Formula (An)

Prepare outcome report <

Clause 7

!

Confirmation of the results
using additional data
Clause 8

Figure 2 — Procedure for determining the bias correction
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6 Procedure
6.1 Sample mean and standard error

6.1.1 General

Calculate sample means X;and Y;and standard errors from results from the MSMLS. Published precision
estimates are used to estimate the standard errors of these means, 4g x; and 4 y;.

NOTE The ith material is the same for both data sets, but the jth lab in one data set is not generally the same
lab ag-theflab-inthe-other-dataset

—CTIT aca STt

6.1.2 Computation of the means

The prithmetic mean X-method result for the ith sample is shown in Formula (4);
1 Z kXijk
= = “
Ly =) ny,

whefe X; is the average of the cell averages on the ith sample by metheod X.

Simiflarly, the mean Y-method result for the ith sample is given-by)the analogous Formulae ():
1 > ik
(= (5)
LYi J nyi]

6.1.3 Calculation of standard errors
The ptandard errors are assigned to the standard deviations of the means and are calculated as follows.

If sp |; is the reproducibility standard.deviation from the X-method, and s, y; is the repeatability standard
devigtion, then an estimate of the standard error for X; is given by Formula (6):

1, 1 1
Npx, = || SExi —Se [ T-— Y, — 6
E X; \/ Ly { R.Xi r,Xz[ Ly &g ﬂ (6)

The pstimated standard-€rror for Y;, is given by the analogous Formula (7):

15, 1 1
Ny = o SEy —SEy | 1 Y —— 7
EY; \/ o { Ryi r,YI( Ly &gy ﬂ (7)

The [repeatability standard deviations and reproducibility standard deviations are calcfilated from
publiished repeatability and published reproducibility by dividing these by tV2. Here, t rpfers to the
student t-value at a confidence level of 0,05 and the number of degrees of freedom as associated with
the precision figures.

In case the repeatability and reproducibility are known, but the number of degrees of freedom
associated with these precision figures are unknown, a value of 30 for number of degrees of freedom is
permitted.

Since repeatability and reproducibility may vary with the mean X-method results X, even if the Ly, were
the same for all materials and the ny; were the same for all laboratories and all materials, the 4 y; can
still differ from one material to the next. The same is also true for method Y.
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6.2 Suitability of the data

6.2.1 Teston property variation

Calculate the weighted total sum of squares for each method, and determine whether the samples can
be distinguished from each other by both methods. The total sums of squares are given by Formulae (8)

and (9):

EST,)? =

X, —X

23]

A xi

(8)

The weight
and are def

>

X

Compare F
freedom foy

Y

Y, -Y

s

od averages X and Y take into account their corresponding standard erfers Ag i and
ned by Formulae (10) and (11):

Xi
A% xi
|
A% xi
Y,

1
2
A% yi

1
2
Af yi

= Zgrx/(S-1) to the 95th percentile’of Fisher F-distribution with ($-1) and v, degre
the numerator and denominater) respectively, where vy is the degrees of freedom fo

AE,Yi

reproducibility variance for the X-method.

If F doe]
among

If F doe
the S s3

In a similan
degrees of
proceed wit

s not exceed the 95th percentile, then the X-method is not sufficiently precise to disting
the S samples. Do not-proceed with this practice, as meaningful results cannot be prody

s exceed the 95th pefcentile, then the X-method is sufficiently precise to distinguish an
mples. Proceed with the test on correlation in 6.2.2.

manner, compare F = X¢5/(S-1) to the 95th percentile of Fisher's F-distribution, using
reedonnof the reproducibility variance of the Y-method, vy, in place of vy. Similarly, dd
h this;practice if F does not exceed the 95th percentile.

(9)

AS,Yi

(10)

(11)

bs of
" the

uish
iced.

hong

r the
not

6.2.2 Cor

. £l e ' A | |
ITIdUUII UT UIT COU ITITLIIUUS

To test whether both methods are sufficiently correlated the correlation coefficient, p, is calculated by

Formula (12):

2 [wi (X -X) (v -¥)]

S [ 0TS [

The weighted averages X and Y are calculated by Formulae (13) and (14):

X

;2w X;

ZW,'

12

(12)

(13)
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.. Y.
Y= % (14)
Ehﬂi
Where the weights w; are calculated by Formula (15):
1
Wis g (15)
Ag yi +Ag xi
Use the correlation coefficient p to calculate the F-statistic according to Formula (16):
£ pz
= ( > ) (16)
tdom in the

nu

6.3

6.3.
Calc

methodology, as specified in 6.3.2 to6:3.5.

6.3.1

Comlpute the weighted sum-of squared residuals of the mean results for the Class 0 bias

2sr 0l

Whd

Corr?llgare F to the 99th percentile of Fisher's F-distribution with 1 and S-2 degrees.of freg

rator and denominator, respectively.

f F is less than the 99th percentile value, then, this practice concludes _that the test n
foo discordant to permit use of the results from one method to predict those of the o
proceed with this practice.

f Fis greater than the 99th percentile value, then it can be assimed that the two test 1
sufficiently correlated to continue the procedure with the bids correction statistics in §

ata (X;) versus the mean Y-method data (Y;) of the samples.
Bias correction selection statistics

|  General

1late the weighted sum of squared-residuals for each of the following classes of biag

P Class 0—No bias correetion

according to Formula)(17):
2
Esro = D, Wil XY

re the weights w; for each sample i is calculated by Formula (18):
2 1
D AL A2,

nethods are
her. Do not

hethods are
.3.

At this point in the procedure, it can be enlightening.to'graph the data with the mean X-method

-correction

correction,

(17)

(18)

LAt

6.3.3 C(Class 1a—Constant bias correction

Using the weight w; from Class 0 correction from Formula (18), compute the constant bias correction a

acco

rding to Formula (19):

ZW(Y -X;)
Zw

© IS0 2023 - All rights reserved
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Compute the weighted sum of squared residuals of the means results for the Class 1a bias correction,

2gp 15 ACCOT

2sp1a =

ding to Formula (20):
> wilty—(X; +a)]?

6.3.4 Class 1b — Proportional bias correction

(20)

The computations of the proportional bias correction are appropriate only if both of the following
conditions apply:

a) the meg
b) apropg
The comput

Setb=1.

SUTed Property assumes onty positive vatues, and

ations involve iterative calculation of the weights w; and the proportional correction b.

Compute thee weight w; for each sample i, as shown in Formula (21):

W

1

I: 2
A}

Calculate th

A:Zi
B=)
)

Calculate th

2,2
xi D AR yi
e following three sums according to Formulae (22) to (24):

2 2

Wi XiYiAE xi

2 (y2 2 2,2

Wi (Xi Ag xi =Y AE,Yi)
2 2

Wi XiYi AR yi

e interim proportional correction b, according to Formula (25):

VB —4AC

If |b - byl >
stopped, as
iteration.

Calculate th

Calculate th

2A

0,001-b, replace-b*with b, and go back to Formula (21). Otherwise, the iteration ca
further iteration will not produce meaningful improvement. Replace b with b, and abor

e finalsweights w; as in Formula (21).

e-weighted sum of squared residuals of the mean results for the Class 1b bias correc

rty value of zero has a physical significance (e.g. concentrations of specific constituentsg).

(21)

(22)

(23)

(24)

(25)

n be
t the

tion,

2p 11, ACCOL

2SR1b =

I + I~ 1 L0
Ulllg tU 1IUL HITUId [ &UJ.

2
Ziwi (Y; —bX;)

6.3.5 Class 2 — Proportional and constant bias correction

(26)

This involves iterative calculation of the weights w;, the weighted means X and Y, and the proportional

term b.

Setb=1.

14
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Compute the weight w; for each sample i as shown in Formula (27):
1
W= (27)
Af xi +b° A yi
Calculate the weighted averages according to Formula (28):
)_(=2iWiXi ) ?=2iwiyi (28)
Z i i
Calcplate-the-deviationsfremthe weighted means-asshowninFermula{29):
A =X; =X, A=Y, Y (29)
Calcplate the three sums A, B and C according to Formulae (30), (31) and (32):
A= 2 Wi sz ylAE Xi (30)
2( A2 A2 2 A2
B= Wi (4548 yi _AyiAE,Xi) (31)
2
:_z Wi szAylAE Yi (32)
Calcplate the interim proportional correction by according to Formula (33):
-B+vB*-4AC
o = (33)
2A
If b by| > 0,001-b, replace b with by and-go back to Formula (27), computing new values for|the weights
w;, X, a=Y-bX, x;, y, and b,. Otherwise, the iteration can be stopped, as further iteratjon will not

”
prod
weig
Calc
25r,2

uce meaningful improvement. Replace b with b, and abort the iteration and calcula

hts w; as in Formula (27).

1late the weighted sumrof-squared residuals of the means results for the Class 2 bias

according to Formula\(34):

PR 2 = Ziwi (A=b-Ay )2

Comjpute theeenstant bias correction a as shown in Formula (35)

=Y -bX

te the final

correction,

(34)

(35)

6.4

Selection of the appropriate bias correction class

The sum of squared residuals from each class of bias correction is used to select the most parsimonious
bias correction class that can improve the expected degree of agreement between the Y (the predicted
Y-method result using X-method result) and the actual Y-method result on the same material. The
classes of bias correction and the associated weighted sum of squared residuals as calculated in 6.3.2

to 6.

3.5 are repeated in Table 1.

© IS0 2023 - All rights reserved
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Table 1 — Bias correction classes

Bias correction class

Appropriate correction

Weighted sum of squared

residuals
Class 0 no correction Y.SR0O
Class la constant bias correction Y. sR1a
Class 1b proportional bias correction Y. SR 1b
roportional + constant bias
Class 2 prop YSR2

correction

To determi
agreement

(Zs

1 41 i b Iaall 4 11 20 . s 4] H 4]
1T WIICLIICTT dIly UldS CUTTTULIUIT {LIdSS 14, 1U Ul 4 CAll STIgIHITICAIILLy " THHIPIUVE LT TAD

between the two methods, calculate the following ratio according to Formula (36):

R0 —2sr2)/2

F=
>

Compare F
numerator

If the cd
improv|
Procee

Ifthe c4
the twd

t]_:

t2:

4
Y
4
4
Y
4

where )
Compare t,
— Ift,is
improv|

alone (

distribfition with (S-2) degrees of freedom.

If ¢
cor

kr.2 /(S —2)

fo the upper 95th percentile of the F-distribution with 2 and S-2 degrees. of freedom fo
ind denominator, respectively.

Iculated Fis smaller, conclude that a bias correction of Class 1a, ¥b,'or 2 does not sufficig
e the expected agreement between the two methods, relative to-Class 0 (no bias correct]
1 to test for normal distribution of the weighted residual in 6.5.

Iculated Fis larger, conclude that a correction can imprgve the expected agreement bety
methods, and compute the following t-ratios, as shown in Formulae (37) and (38):

FsR,0 ~ 2SR 1

sz /(S—2)

FsR1 2SR 2

sz /(S—2)

sg1 1s the lesser of Xgp 1, or Zgp 7y, provided the latter is appropriate and has been calcul
to the upper 97,5th percentile of the t-distribution with S-2 degrees of freedom.

arger, conclude that\a)bias correction of Class 2 (proportional + constant correction]
e the expected agréement over that of a single term (constant or proportional) corre
[lass 1). Proceed to test for normal distribution of the weighted residual in 6.5.

smaller than the t-percentile, compare t; to the same upper 97,5th percentile of t

, istldrger, conclude that a single term bias correction of Class 1 is preferred to a

cted

(36)

- the

ently
ion).

veen

(37)

(38)

hted.

can
tion

he t-

bias
aller

rection of Class 2. Use the constant correction unless X¢p 4y, is appropriate and is sm

than 2z 1,. Proceed to test for normal distribution of residual in 6.5.

— If t; is smaller, then neither ¢; nor t, is statistically significant. A bias correction of Class 2 is
preferred over single-term (constant or proportional) correction of Class 1.

6.5 Confirming the normal distribution of weighted residuals

In order to make valid inferepces from the selected bias-correction, the weighted residuals should
follow a normal distribution. Y; shall be the Y-method mean values predicted from the corresponding
X-method mean values X, using the bias-correction selected in 6.4.

16
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weighted residuals ¢; are given by Formula (39):

gi:\/wii(yi_{fz\')

where w; is the appropriate weights associated with the appropriate bias correction class.

5:2023(E)

(39)

Perform the Anderson-Darling test for normality on the residuals ¢;. See 5.2.3 for further information
on the calculation and interpretation of this statistic. The distribution of the residuals is assumed to

follow a normal distribution at the 5 % significance level if the corresponding AI-Z* <0,752.

6.6

Sam
valu

the Ly of the bias-correction class selected in 6.4 is compared to the 95th percentile vz
distribution with v degrees of freedom.

whe

fthistestdoes meet theabove criterion, the distributionmr of thre Tesiduatsare cormst
hormal. Proceed to 6.6 for testing for existence of sample-specific biases.

fthis test does not meet the above criterion, the distribution of the residuals is.consider

h single between-methods reproducibility (Ryy) cannot be found that is applicable to a
covered by the intersecting scope of both test methods. It is reasonable toleonclude that]
some materials, the test methods are not measuring the same property. Do not proceed

Sample-specific biases

ple-specific biases are defined by a functional dependency"of (weighted) residuals
. For testing the existence of sample-specific biases, a X2¢test of independence is perfor

e

p  is S for Class 0 (no bias) correction,
P is S -1 for Class 1a or Class 1b (¢onstant or proportional) correction,
y  is S - 2 for Class 2 (linear) correction.

f Zgp < ¥2-percentile, it isreéasonable to conclude that there are no sample-specific biz
fhat there are no other sources of variation that are statistically observable above the m
EITOT.

Che between-methods reproducibility is given by Formula (40):

RE £B2R%
o=\

whére

dered to be

ed not to be

hormal. This practice is considered terminated at this point, as the statistical.evidence stiggests that

11 materials
, at least for
to 6.6.

and sample
med where
\lue of a X2-

ses, that is,
basurement

(40)

Ry isreproducibility of methods Y evaluated at the value of the single results from method Y,

Ry isreproducibility of methods X evaluated at the value of the single results from method X,

b isthe appropriate bias correction coefficient. (For Class 0 and Class 1a bias correct

NOTE 1 For Class 0 and Class 1a bias corrections, b = 1.

ions, b=1.)

— If Xgp > X2-percentile, there is strong evidence that biases between the methods have not been

adequately corrected by the bias-corrections of 6.3. In other words, the biases are no

t consistent

across the S common samples. The user may investigate whether the biases can be attributed to
other observable properties of the samples. The user may restrict attention to a smaller class of
materials to achieve an Xg, that is less than the aforementioned chi-squared percentile for the

© IS0 2023 - All rights reserved
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purpose of establishing a between-methods reproducibility. Such investigations are beyond the
scope of this practice, as the issues typically are not statistical in nature.

If the Zg, exceeds the 95th percentile value of the appropriate X2-distribution, there is strong evidence
that sources other than measurement error are contributing towards the variation of the expected
agreement between the two methods. In this practice, these sources are attributed to sample-specific
effects (also known as matrix effects or method-material interactions). In some cases, these sample-
specific effects can be treated as random effects, and hence can be incorporated as an additional source
of variation into a between-methods reproducibility as described in this subclause. Even when it is
appropriate to treat these sample-specific effects as random, the additional variation can cause the
between-methods reproducibility to be far larger than the root mean square of the reproducibilities of
the methocjg in Formula (40).

If the user decides to retain all samples in the study, the sample-specific bias will be treated as\arandom
variance component and the between-methods reproducibility (Ryy) is calculated by Formula'(41):
b*R: R? 2t% (Zgp —S+k)S
Ryy = | —X+=L |1+ (Zsr ) (41)
2 2 b?R% +RZ
(5"‘)2- 2,2 & };
1
i b*Af xi + AL yi
where
b is the coefficient of the appropriate bias correction,
NOTE 2 For Class 0 and Class 1a, b = 1.

Zsn is the weighted sum of squared residuals of the appropriate bias-correction class,

S is the number of samples,

k is the Class number of selegted Class,

NOTE 3 For Class 0 k = 0, for Class 1a or Class 1b k=1 and for Class 2 k = 2.
Alzz i A% y; are the squared standard errors for method X and Y of the ith sample,
Ry, Ry are the reproducibility of methods X and Y evaluated at the value of the single re$ults
Xandy,

t is the student t-value at a confidence level of 0,05 and infinite degrees of freedom.
Formulae (40) and<(41) both provide an estimate of the limit which about 95 % of the differenceg are
expected td exc¢eéd, under the correct and normal operation of both methods, when one party use§ the
bias-correcféd)X-method while another party uses the Y-method, on materials similar to the sanjples

used for this study. Application of the methods to materials which are substantially different from
the materials used for this study may affect both the average bias and the variance of the random
component. Laboratories which engage in routine substitution of one method for another are advised
to periodically monitor the deviations between-methods, as a regular part of their quality assurance
programme.
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7 Report

When reporting results for predicted method Y (represented by the symbol ¥) from a
corrected result from method X, the calculation shall be as follows:

Y =a+bX

5:2023(E)

single bias-

(42)

An interval that would contain a single result from method Y (if performed on the same sample) about
95 % of the time can be constructed using a single bias-corrected result from method X, used as a

predicted Y (represented by the symbol Y), and between-methods reproducibility Ryy, as fol

lows.

An ipterval bounded by Y # Ryy can be expected to contain a single corresponding Y-1iie
obtdined on the identical material, with approximately 95 % confidence. Here Ryy is~com
Forrphulae (40) or (41), as appropriate, with Ry evaluated as the bias-corrected resultfrom n

The
and

assessment findings are reported in the precision and bias clause of the appropriate
or test method(s).

8 [Lonfirmation of the correlation

User]
(or ¢
the

resullt against their application requirements. For this purpose, control chart techniques ag

s intending to use the bias-corrected test method X results4as a predictor of test meth
ice versa) using the correlation established by this methddology are advised to perio

hgreement between the predicted Y result (Y or bias-corrected X) versus an actugﬁ

thod result,
puted from
ethod X.

standard(s)

bd Y results
ically check

method Y
outlined in

ISO 4259-4 on the prediction error defined as (Y - Y) are used.
Confirmation should be performed using the following difference statistic D as shown in Fgrmula (42),
or other statistically equivalent techniques. For asingle value D, the assessment findings arg considered
validated if the absolute value is less than or equal to 3. For a control chart, the D values are expected to
randomly vary on either side of zero.
(F-7)
D = (43)
2 2
Ap v y * AE Y
where
4 YXY =0%+a
g is the-average of Y method of the same material,
K is the average of X method of the same material,
1, b are the bias correction coefficients from the bias assessment, if applicable,
Ag 7 tsthe-statrdarderrot uf} slvcu b_y OLY — SRV V‘-‘Y' whete SRY T eferstothe publhhed repeat—
' ability standard deviation of method Y according to SRy = RY/(t\/Z)
A% . bs
EY X A2 = R X spxSrx Ryt
El LX
Ry, Ry are the published reproducibilities for methods X and Y,
Ly, Ly are the number of non-rejected results used to calculate the average for methods X and Y,
where the protocol is for a single test result to be reported by each participant,
t represent the student-t value with a confidence level of 0,05 and degrees of freedom from

the published precision statement of the method Y.
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In case the degree of freedom is unknown, the minimum value of 30 may be used.

Sustained values of D on either the positive or negative side of zero should trigger activities for a
reassessment.
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Annex A
(informative)

Worked example using ILS data

General

The [purpose of this annex is to illustrate the methodology using an ILS data set containing results for
the ¢letermination of cetane numbers (CN) of diesel fuel oil in compression ignitioncengings using test
methods ISO 5165 and EN 16906. This data set is a subset of a larger data set thathas b

esta

With
fron

A2

A.2.

Cong

A2

ISO
(CNs
dies

The
prec

blish a precision statements for both test methods.

in this evaluation, the test method from ISO 5165 is indicated as test methrod X and the
EN 16906 is indicated as test method Y.

Relevant property selection

1 General

ider and summarize the relevant properties of both test methods, X and Y.

2 Test method X

5165:20171) establishes the rating of dieselfuel oil in terms of an arbitrary scale of ceta
) using a standard single cylinder, fourtstroke cycle, variable compression ratio, indir
b engine. The application and precision ranges are listed in Table A.1.

Table A.1 — Scope of test method X

Typical application range, CN 30to 65

Precision range 52,4t073,8
Published reproducibility, R 0,125-CN-2,2
Published repeatability, r 0,01-CN+0,42

expression of-repeatability and reproducibility functions are constructed by regress|
ision valuesat specified CN levels as shown in Table A.2.

Table A.2 — Published precision for test method X

ben used to

rest method

ne numbers
ect injected

ion of fixed

Cetanenumber Repeatability— Reproducibility
CN r R
40 0,8 2,8
44 09 3,3
48 09 3,8
52 09 4,3
56 1,0 4,8

In addition, the precision statement in ISO 5165 expresses that the average standard deviation for each
CN level has been multiplied by 2,772 to obtain the respective repeatability and reproducibility values.
This means that for the calculation of the reproducibility standard deviation and repeatability standard
deviation from the reproducibility and repeatability, a factor of 2,772 should be used, not of 2,888.

1) Withdrawn.
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A.2.3 Tes

t method Y

EN 16906 specifies a test method for the determination of numbers (CNs) in diesel fuel in the range from
CN 0 to CN 100 (CN 40 to CN 75 typical), using a standard single cylinder, four-stroke cycle, indirect
injection engine. The cetane number provides a measure of the ignition characteristics of diesel fuels in
compression ignition engines. The relevant scope details are listed in Table A.3.

Table A.3 — Scope of test method Y

Typical application range, CN 0to 100 (40 to 75 typically)
Precision range 44 to 66

Published reproducibility, R 1,5

Published repeatability, r 0,64

A.3 Labgratory data
The laboratory data of all samples are collected and discard all outliers. Since the’entire data se{ has
already beg¢n assessed with a procedure from ISO 4259-1 or an equivalent-standard to genergte a
precision statement, it is fair to assume that no outliers are present in the data-set. The cetane nuipber
data for m¢thod X is given in Table A.4 and for method Y in Table A.5,(where the laboratorieg are
indicated in] vertical columns as ‘L1’, ‘L.2’, etc. and the samples are indi¢dted in horizontal rows ag ‘ST,
‘S2’, etc. The vertical column labelled ‘Repeat no.’ refers to the first.orsecond measurement resulf of a
lab for a sample.
Table A.4 — Cetane number data.for'test method X
Sample no.
Si
Laboratory go. Repeat | s1 | s2 | s3 | s4 | s5 {36 | 57 | s8 | s9 |s10 | s11|s12 | s13 | s14 |[sis
' .
1 52,8 | 52,1 | 67,6 | 61,3 |.54,4 | 49,1 | 43,8 | 539 | 51,9 | 52,1 | 53,8 | 53,5 | 56,5 | 51,4 |[|52,5
L 2 52,6 | 52,8 | 68,6 | 62,7 |)54,9 | 49,4 | 43,5 | 53,3 | 52,1 | 51,7 | 53,2 | 54,0 | 56,5 | 51,2 |[52,1
L 1 52,0 | 52,3 | 659 [460,8 | 53,7 | 479 | 43,4 | 56,5 [ 53,3 | 52,2 | 54,8 | 51,6 | 55,4 | 50,7 |[52,9
2 52,3 | 52,1 | 66;5\N60,1 | 53,1 | 48,0 | 43,6 | 56,8 | 52,9 | 52,3 | 53,8 | 51,2 | 54,9 | 51,2 | [53,4
s 1 51,8 | 53,3 |(66/4 | 60,0 | 53,8 | 49,4 | 44,1 | 56,3 | 52,4 | 51,9 | 52,7 | 51,7 | 55,0 | 51,0 |[53,6
2 52,7 | 5204 ) 657 | 60,6 | 54,2 | 49,7 | 44,2 | 559 | 51,9 | 51,3 | 52,7 | 52,0 | 549 | 50,9 |[53,0
1 52,3-\50/5 | 67,0 | 59,7 | 55,0 | 50,6 | 42,7 | 57,9 | 53,0 | 52,7 | 52,2 | 51,3 | 569 | 51,3 | [54,4
L 2 52,%151,0 | 66,4 | 60,0 | 551 | 50,5 | 41,7 | 56,7 | 53,6 | 53,2 | 52,3 | 51,5 | 57,3 | 51,3 | [54,6
1 51,9 | 51,7 | 657 | 60,5 | 53,7 | 49,7 | 44,4 | 53,8 | 53,2 | 53,3 | 54,0 | 52,0 | 55,4 | 50,2 | [52,4
L 2 51,6 | 51,9 | 64,7 | 61,1 | 54,1 | 49,6 | 44,9 | 53,9 | 52,8 | 53,4 | 53,7 | 52,3 | 55,0 | 49,4 |[52,3
e il 53,0 | 52,6 | 66,9 | 59,5 | 54,1 | 48,6 | 42,5 | 54,2 | 52,8 | 53,5 | 52,3 | 52,4 | 55,5 | 50,7 |[52,8
2 53,7 | 52,6 | 66,4 | 59,9 | 54,3 | 49,2 | 43,5 | 54,5 | 52,0 | 53,6 | 53,0 | 53,3 | 55,7 | 51,6 |[53,0
1 E'),E En'1 AQ'Q An'Q l:’llO A.A,A. A.’),A EA,E |:1'Q EQ,’7 E’2"7 E1,Q EA.") E1"7 54'0
v 2 52,3 | 51,3 | 63,4 | 61,3 | 54,6 | 48,3 | 42,5 | 56,3 | 51,8 | 53,5 | 54,1 | 52,1 | 53,8 | 51,2 | 53,5
1 51,7 | 51,6 | 66,6 | 60,9 | 53,8 | 48,2 | 439 | 55,2 | 52,5 | 529 | 53,8 | 51,8 | 55,1 | 52,6 | 52,4
L8 2 51,1 | 51,7 | 658 | 60,2 | 53,5 | 47,4 | 44,4 | 551 | 52,9 | 52,1 | 54,0 | 52,5 | 54,6 | 52,1 | 52,4
L 1 52,0 | 52,6 | 66,9 | 589 | 52,4 | 489 | 42,4 | 53,8 | 51,2 | 53,4 | 55,0 | 52,5 | 55,0 | 51,0 | 53,3
2 519 | 52,1 | 677 | 58,0 | 51,2 | 47,8 | 429 | 54,9 | 51,5 | 53,8 | 54,5 | 53,2 | 55,9 | 51,6 | 53,8
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Table A.5 — Cetane number for test method Y
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Sample no.
Si
Laboratory no. Repeat | g1 | s2 | s3 | s4 | s5 | s6 | s7 | s8 | s9 | s10 | si1 | s12 | S13 | S14 | 515
; .

1 51,6 | 50,8 | 653 | 60,0 | 53,7 | 48,0 | 44,6 | 53,8 | 52,7 | 52,6 | 53,8 | 51,6 | 55,2 | 51,0 | 53,0

M 2 51,7 | 51,6 | 66,1 | 599 | 53,8 | 48,2 | 44,1 | 54,1 | 52,5 | 52,5 | 53,7 | 51,6 | 549 | 50,9 | 52,8
1 52,3 | 52,2 | 66,1 | 59,2 | 52,8 | 47,9 | 43,4 | 550 | 52,1 | 52,6 | 53,4 | 52,1 | 54,8 | 50,7 | 53,0

b2 2 52,2 | 51,9 | 66,3 | 59,0 | 53,3 | 47,4 | 43,8 | 55,2 | 52,2 | 52,9 | 53,3 | 52,4 | 54,8 | 50,8 | 52,8
1 52,1 | 51,5 | 669 | 599 | 52,8 | 47,7 | 43,3 | 54,5 | 52,1 | 52,8 | 53,7 | 51,2 | 55,4 | 51,8 | 53,0

v 2 52,2 | 52,0 | 674 | 60,1 | 52,8 | 47,8 | 43,3 | 54,7 | 52,3 | 52,6 | 53,0 | 51,2 | 568|| 52,0 | 53,9
1 52,2 | 52,1 | 658 | 59,3 | 54,4 | 48,7 | 43,9 | 539 | 51,8 | 52,3 | 52,8 | 52,8([\34,8|| 50,0 | 52,4

L 2 52,0 | 52,0 | 653 | 59,6 | 54,8 | 48,8 | 44,0 | 54,2 | 51,3 | 53,0 | 52,8 | 52,6/] 55,0|| 49,7 | 52,3
1 51,8 | 52,4 | 655 | 60,0 | 53,2 | 48,0 | 43,6 | 55,0 | 51,1 | 52,7 | 52,9){/52,6 | 55,1[| 50,8 | 52,2

L 2 519 | 52,1 | 654 | 60,1 | 53,0 | 48,4 | 44,1 | 544 | 51,5 | 52,7 |(52,8 | 52,2 | 55,0(| 50,9 | 52,2
e 1 52,6 | 51,0 | 66,1 | 61,3 | 53,4 | 49,2 | 43,5 | 55,6 | 52,8 | 53,3 /53,2 | 52,3 | 56,9|| 52,0 | 52,2
2 52,4 | 50,6 | 658 | 61,1 | 53,2 | 48,3 | 43,4 | 555 | 52,9 |*534 | 53,0 | 52,3 | 56,6(| 52,2 | 52,3

1 519 | 529 | 63,6 | 59,6 | 53,8 | 47,3 | 44,1 | 56,2 | 522 [V52,4 | 51,9 | 51,9 | 56,1f| 51,4 | 52,3

v 2 52,0 | 52,5 | 64,6 | 59,5 | 53,5 | 48,0 | 43,3 | 5594,52;2 | 52,7 | 52,2 | 52,1 | 56,4|| 51,1 | 52,4
1 51,7 | 51,4 | 659 | 59,7 | 54,2 | 48,1 | 42,9 | 5511515 | 51,6 | 53,4 | 51,6 | 55,2|| 51,7 | 53,4

Lo 2 52,0 | 52,0 | 66,4 | 60,2 | 54,7 | 48,0 | 42,24 54,9 | 51,9 | 51,9 | 53,4 | 52,2 | 554|| 51,8 | 53,6
L 1 51,6 | 50,5 | 65,6 | 59,3 | 53,6 | 49,1 | 42:8){ 54,2 | 52,5 | 52,1 | 54,3 | 51,6 | 54,6]| 50,5 | 52,9
2 52,3 | 51,1 | 654 | 59,8 | 53,7 | 49,5 |42,3 | 549 | 53,2 | 51,6 | 53,7 | 52,0 | 55,3|| 50,3 | 52,5

For testing the amount of variation or resolutionof the data, the number of unique valueg within the

datal
ofa
vari

A4

Cons
with

Calculate the averages over the repeats and rearrange

set is counted and evaluated. It is considered to be sufficient to have 117 (43 %) uniqug values out
otal of 270 values for the test method I1SO 5165, and 114 (42 %) unique values out of a tptal 270 the
hition in the data set.

truct new tables with cells presenting the average over the repeats of all lab/sample cqmbinations
one additional decimal._This information is listed in Table A.6 for method X and in Table A.7 for

method Y. For convenient data processing, the table is transposed to display samples horigontally and
labofatories vertically:

Table A.6 — Cetane Number Data for test method X

Laboratory no.
L;
Stand- | v o | Relative stand-
Sample Aver- ard P
lahora-| ard deviation
no. TT T2 T3 Tz 5 o 7 T3 9 age | devia- .
g tories Syi
S; X; tion o
! ! Ly; (%)
Sxi
S1 52,70 | 52,15 | 52,25 | 52,35 | 51,75 | 53,35 | 52,40 | 51,40 | 51,95 | 52,26 | 0,561 9 1,1
S2 52,45 | 52,20 | 52,85 | 50,75 | 51,80 | 52,60 | 50,70 | 51,65 | 52,35 | 51,93 | 0,776 9 1,5
S3 68,10 66,20 66,05 66,70 65,20 66,65 63,35 66,20 67,30 66,19 1,342 9 2,0
S4 61,75 | 60,45 | 60,30 | 59,85 | 60,80 | 59,70 | 61,05 | 60,55 | 58,45 | 60,32 | 0,934 9 1,5
S5 54,65 | 53,40 | 54,00 | 55,05 | 53,90 | 54,20 | 54,25 | 53,65 | 51,80 | 53,88 | 0,924 9 1,7
S6 49,25 4795 49,55 50,55 49,65 48,90 47,35 47,80 48,35 48,82 1,036 9 2,1
S7 43,65 | 43,50 | 44,15 | 42,20 | 44,65 | 43,00 | 42,55 | 44,15 | 42,65 | 43,39 | 0,840 9 1,9
S8 53,60 | 56,65 | 56,10 | 57,30 | 53,85 | 54,35 | 56,40 | 55,15 | 54,35 | 55,31 | 1,346 9 2,4
S9 52,00 | 53,10 | 52,15 | 53,30 | 53,00 | 52,40 | 51,80 | 52,70 | 51,35 | 52,42 | 0,655 9 1,2
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Table A.6 (continued)
Laboratory no.
L;
Stand- | v of | Relative stand-
Sample Aver- | ard | 400 | ard deviation
no. L1 L2 L3 L4 L5 L6 L7 L8 L9 age | devia- .
S, X tion | tories Sy
! ! Ly; (%)
Sxi
S10 | 51,90 | 52,25 | 51,60 | 5295 | 53,35 | 53,55 | 53,60 | 52,50 | 53,60 | 52,81 | 0,775 9 1,5
S11 | 53,50 | 54,30 | 52,70 | 52,25 | 53,85 | 52,65 | 53,90 | 53,90 | 54,75 | 53,53 | 0,834 9 1,6
S12 | 53,75 | 51,40 | 51,85 | 51,40 | 52,15 | 52,85 | 51,95 | 52,15 | 52,85 | 52,26 | 0,765 9 1,5
S13 | 56,50 | 55,15 | 54,95 | 57,10 | 55,20 | 55,60 | 54,00 | 54,85 | 5545 | 5542 | 0,916 9 147
S14 | 51,3p | 5095 | 5095 | 51,30 | 49,80 | 51,15 | 51,45 | 52,35 | 51,30 | 51,17 | 0,661 9 1,3
S15 | 52,30 | 53,15 | 53,30 | 54,50 | 52,35 | 52,90 | 53,75 | 52,40 | 53,55 | 53,13 | 0,737 9 1,4
Table A.7 — Cetane Number Data for test method Y
Laboratory no.
L;
Rel-
ative
Stand- |\ of | sthnd-
Sample Aver- ard labora- drd
no. L L2 L3 L4 L5 L6 L7 L8 L9 age devia- . X
f tories | dgvia-
S; Y; tion L
Yi tjon
Syi A
Yi
Do
s1 51,65 | 52,25 | 52,15 | 52,10 | 51,85 | 52,50 | 51,95 |~&5485 | 51,95 | 52,028 | 0,253 9 ,5
S2 51,0 | 52,05 | 51,75 | 52,05 | 52,25 | 50,80 | 52,70<\ 51,70 | 50,80 | 51,700 | 0,654 9 3
S3 650 | 66,20 | 6715 | 6555 | 6545 | 6595 | 6490 | 66,15 | 6550 | 65750 | 0,812 9 2
S4 5995 | 59,10 | 60,00 | 59,45 | 60,05 | 61,20 {~59,55 | 5995 | 59,55 | 59,867 | 0,592 9 ,0
S5 53,§5 | 53,05 | 52,80 | 54,60 | 53,10 | 53,30 | 53,65 | 54,45 | 53,65 | 53,594 | 0,616 9 1,1
S6 48,0 | 47,65 | 4775 | 4875 | 48,20 | 4875 | 47,65 | 48,05 | 49,30 | 48,244 | 0,574 9 2
7 44,85 | 43,60 | 43,30 | 4395 | 43,85 |~43,45 | 43,70 | 42,55 | 42,55 | 43,478 | 0,606 9 4
S8 53,95 | 5510 | 54,60 | 54,05 | 5470 | 55,55 | 56,05 | 5500 | 54,55 | 54,839 | 0,674 9 2
S9 52,60 | 52,15 | 52,20 | 51,55.~[\.51,30 | 52,85 | 52,20 | 51,70 | 52,85 | 52,156 | 0,556 9 1
S10 52,p5 | 52,75 | 52,70 | 52:65 52,70 | 53,35 | 52,55 | 51,75 | 51,85 | 52,539 | 0,483 9 9
S11 53,75 | 53,35 | 53,35 |(52;80 | 52,85 | 53,10 | 52,05 | 53,40 | 54,00 | 53,183 | 0,574 9 1,1
S12 51,60 | 52,25 | 51,201)'52,70 | 52,40 | 52,30 | 52,00 | 51,90 | 51,80 | 52,017 | 0,454 9 9
S13 5505 | 54,80 | 55,60’ | 5490 | 5505 | 56,75 | 56,25 | 55,30 | 5495 | 55406 | 0,676 9 2
S14 50,05 | 50,75.\’51,90 | 49,85 | 50,85 | 52,10 | 51,25 | 51,75 | 50,40 | 51,089 | 0,737 9 4
S15 52,00 | 52,90 53,45 | 52,35 | 52,20 | 52,25 | 52,35 | 53,50 | 52,70 | 52,733 | 0,496 9 9
From a quality point of view, the data integrity can be assessed somewhat by considering the relative
standard deviati i i i i

A.5 Performing the basic checks on the data set

A.5.1 The data set is made up of 15 samples and nine laboratories presenting averages over the
repeated results. This satisfies the requirements for ILS data that the results originate from at least
10 samples and six laboratories.
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A.5.2 The samples in the data set span the CN range from 43,6 to 66,2 for ISO 5165 and from 43,5 to
65,8 for EN 16906. As shown in Table A.8, these ranges are compared with the published application
and precision ranges of the test methods.

Table A.8 — Application and precision ranges of the test methods compared with data set

Reference for the test method Test method X Test method Y
Typical published application range 30to 65 45to0 63
Published precision range 52,4t073,8 47 to 61
Range of the data set 43,6 to 66,2 43,5t0 65,8

Comlparing these ranges shows that the results of the evaluation are limited to a CN range olf 52,4 to 61.

A.6| The test samples for leverage
Tablk A.9 shows the leverages of the samples, calculated based on the averages’of the methods. In this

case} a leverage is not performed for each sample for both test methods, but the average gver the test
methods is used to determine the leverage per sample.

Table A.9 — Leverage of each sample, averaged aver both methods

Sample no. Sample mean Leverage
S; (X;+Y)/2 h;
S1 52,14 0,07
S2 51,81 0,07
S3 65,97 0,46
S4 60,09 0,19
S5 53,74 0,07
S6 48,53 0,14
S7 43,43 0,42
S8 55,07 0,08
S9 52,29 0,07

S10 52,68 0,07
S11 53,36 0,07
S12 52,14 0,07
S13 55,41 0,08
S14 51,13 0,08
S15 52,93 0,07

For ¢ach sample the calculated leverage value, h;, remains below the critical value of 0,5, so[the test has
pasged.

The
overview table.

and part of the

This test is not required for data originating from an ILS study, which have already gone through an
entire procedure of ISO 4259-1 or an equivalent standard. However, it is recommended to add it for
consistency with the PTP-data set evaluation in Annex B.

A.7 Constructing overview tables with summary statistics per sample

To check the data against the requirements, the data are examined for the distribution of the laboratory
results per sample. For each sample, at least six laboratories returned a result and the precision of
the data are compared to the published precision figures. Only the test for the minimum number of
laboratories returning a result is required for data originating from an ILS study. The results are given
in Table A.10 for test method X and in Table A.11 for test method Y.
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For a few samples of method Y, the standard deviation sy; exceeds the published reproducibility
standard deviation of the method s ,; However, the F-test indicates that it cannot be proved that s; is
significantly larger than Ry;.

The tests on leverage, distribution, minimum number of laboratories and the sample standard
deviation are not required for data originating from an ILS study, which have already gone through an
entire ISO 4259-1 or equivalent procedure. However, for uniformity with the PTP-data set evaluation in
Annex B it is recommended to add those test results anyway.

A.8 Testing on sufficient variation

A test on sgmple variation is performed for each test method to determine whether the sampleg can
be distingujshed from each other by comparing the F-test results with their critical F-test yaliés| The
summary statistics for this test on variation are given in Table A.12.

Table A.12 — Summary statistics for test on variation

Method X Method Y
Weighted average, X, ¥ 52,23 53,24
Total sum of squares, Zsry sty 1215,8 12 476,6
Number of samples, S 15 15
Confidence level, a 0,05 0,05
Calculated F-test value 86,8 891,2
Critical F-test value 2,04 2,04
Result of the F-test pass pass

These statiptics show that the test has passed for bothbmethods, meaning that the test methodg are
sufficiently|precise to distinguish between noise and-sample variation.
A.9 Correlation test

Perform a [test to determine whether the methods are sufficiently correlated by calculating the

correlation |coefficient and perform the:é-test. The summary statistics for this test on correlation are
given in Tahle A.13.

Table A:13 — Summary statistics for correlation test

Weighted average, X 52,36
Weighted average, Y 52,10
Correlation coefficient, p 0,999 4
Number of samples, S 15
F-statistic for significance test, F 10 553,88
Confidence level, a 0,01
Critical value for F 9,07
Result of the F-test pass

The calculated F-value is significantly larger than the critical F-value with which this test passes. This
means that the data from both methods are sufficiently correlated.

A.10 Calculation of bias correction classes

The optimal bias correction shall first be determined. The residuals of this model are then examined for
normal distribution and subsequently tested for the presence of sample specific biases. The residuals
of each of the bias correction model are examined for distribution and each model is tested for the
presence of a sample specific bias. The results are given in Tables A.14 to A.17.

28 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=2fdc5ee3c87bc0c29ccae1b63c783b70

Table A.14 — No bias correction, Class 0

ISO 4259-5:2023(E)

Calculation of Class 0 - No bias correction Test for normal distribution of residuals (AD-test)
Zsro =Y[wp(XY) 2] 51 number of samples, S 15
confidence level, a 0,05
AIZ* calculate 0,47
A’_Z* critical 0,71
p-value 0,24
Are residuals normally distributed? Yes
0
SV
Test for existence of sample-speci/fi hbas
Ry From published test method 0,125-X-2,2 Degree of freedom, v {\p 1 14
Ry From published test method 1,5 confidence level, a A :f) 0,05
Residuals normally distributed yes Zsp v 51
Sample specific bias significant no x2-critical ,.,O 23,7
R p-value \\:) 0,98
= = VI(R?+R?y)/2] X :
Is the sample,sp@%ic bias significant? No
Table A.15 — Constant correc{a);, Class 1a
\
Calcylation of Class 1a - Constant bias correction 5\\ est for normal distribution of residuals|(AD-test)
Zsp14 U [number of samples, S 15
a —Q}gS confidence level, a 0,05
™)
A’\Q Aiz* calculate 0,45
, \O A7 critical 0,71
[N 1
\,\0\‘ p-value 0,28
\)\ Are residuals normally distributed? Yes
-
. Test for existence of sample-specific biag
Ry From published @&\\w?ethod 0,125-X-2,2 Degree of freedom, v 14
Ry From publisl@e’s’t method 1,5 confidence level, a 0,05
-~
Residua%@nally distributed yes Zsp 1,8
Samp cific bias significant no x2-critical 23,7
A
Ryy Q p-value 1,00
< = VI(R2#R2,)/2] .
Is the sample specific bias significant? No

<
7o)

Toall A 1L

1dUIC .19

D 'S 1 v £1
IoUpultiviidl LUT 1TULLIvUILL, GIdoss

4la
pu v

Calculation of Class 1b - Proportional bias correction

Test for normal distribution of residuals (AD-test)

ZsRr1b 1,6 number of samples, S 15
b 0,995 confidence level, a 0,05
A 127 557,9 AD-calculate 0,46
B -113 789,0 AD-critical 0,71
C -13058,8 p-value 0,26
Are residuals normally distributed? Yes

Test for existence of sample-specific bias
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Table A.16 (continued)
Ry From published test method 0,125-X-2,2 Degree of freedom, v 14
Ry From published test method 1,5 confidence level, a 0,05
Residuals normally distributed yes Zsp 1,6
Sample specific bias significant no X2-critical 23,7
Ryy VIR +R,)/2] p-value 1,00
Is the sample specific bias significant? No
Table A.17 — Linear correction, Class 2
Calculation of|Class 2 - Linear bias correction Test for normal distribution of residuals (AD-tést)

Zspa 1,3 number of samples, S 15
X 52,364 confidence level, a 0,05
Y 52,106 AD-calculate 0,62
a 0,801 AD-critical 0,71
b 0,980 p-value 0,11
A 1026,2 Are residuals normally disttibuted? Yes

B -884,9

C -118,2

Test for existeree bf sample-specific bias (y2-test)

Ry From published test method 0,125-X-2,2 Degree of freedom, v 13
Ry From published test method 1,5 confidéneelevel, a 0,05
Residuals normally distributed yes Zsp 1,3
Sample specific bias significant no ¥2*eritical 22,4
Ryy VIR R, p-value 1,00
Is the sample specific bias significant? No

A.11 Sele¢ting the most appropriateclass bias correction

A.11.1 Forhe selection of the appropriate class of correction, the results of each class are summarjzed,
as shown i Table A.18.

Table A.18 & ;Summary of the results of the correction classes

Constant bias~[\Proportional | Weighted sum Crltlc_al v_alue Do residyals
. . . Degrees of for distribu- | Isthe sample
Bias correc- correction correction of squared . AP follow a nor-
. L L b freedom tion param- specific bias .
tion class coefficient coefficient residuals L L mal distrjbu-
\Y eter significant? .
q b Zsn 2 tion?
Class 0 z - 51 15 25,0 no yes
Class 1a -0,258 - 1,8 14 23,7 no yes
Class 1b - 0,995 1,6 14 23,7 no yes
Class 2 0,801 0,980 1,3 13 22,4 no yes
number of 15
samples, S
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A.11.2 The data for the optimal bias correction class is calculated and presented in Table A.19.

Table A.19 — Summarized statistics for the selection of the optimal bias correction

A. Check whether any bias correction can significantly improve the agreement (test Class 2 against Class 0)

F=[(Zsp0-2sr2)/2] / [Zsp 2/ (S-2)] 18,50
confidence level 0,05
F-critical 3,81

A bias correction (1a, 1b or 2) can sufficiently improve the
F-test agreement.
Nextpteptofottow: Festimgomrtlass t{aorbjamdtlass2t€ontinue with B.)

B. Testing on Class 1 (a or b) and Class 2
B.0. Which Class 1 (a or b) is preferred over the other? Class 1b

B.1. Check whether a Class 2 can improve the expected agreement
overfa Class 1 (a orb).

ty= Csp1-Zsp2)/[Zsr,2/(S-2)1} 1,58
confiflence level 0,025
ty-critical 2,53

A Class)T (a or b) is preferred over a Class 2|to improve the
ty-tegt expecfed agreement.

Test if Class 2 can improve the expected agfeement over a
Nextftep to follow Class 1 (qorb).(ToB.2)

B.2. Check whether a Class 2 can improve the expected agreement
overfa Class 1 (aor b).

ty = YH(Zsro-Zsr 1)/ [2sp 2/ (S-2)1} 5,87
confifdence level 0,025
ty-critical 2,53

A Class 1 (aorb) is preferred over a Class 2|to improve the
ti-tedt expecfed agreement.

Select Class 1 (Class 1b in this case) and continjue with test on
Nextftep to follow sample spefific biases. (C)

C. Chleck on sample specific biases

Clasg|selected Class 1b
a -
b 0,995
Do r¢gsiduals folow/a normal distribution? yes
Is thq samplespecific bias significant for Class 1b ? no
Ryy VI(R?y+b?R%y)/2]

A.12 Between-methods reproducibility

The result is that a bias correction Class 1b is optimal, with the residuals having a normal distribution
and a bias sample specific bias absent. The between methods reproducibility is thus given as shown in

Formula (A.1):

RE +b-R%

2 (A1)

Ryy =
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where

b is0,995;
Ry is0,125-CN -2,2;
Ry is1,5.
With a valid CN range of 52,4 up to 61 (see A.5.2).

A.13 Con:rrmaticn

For this example, no additional data are available for confirmation of the results.
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Annex B
(informative)

Worked example using PTP data

General

The
dete)
in A
esta

With
test

B.2

B.2.

Cong

B.2.

The
aron
Only

are listed in Table B.1.

B.2.

purpose of this annex is to illustrate the procedure using a PTP data set containing|rey
rmination of benzene in spark ignition engine fuels by gas chromatography using the t¢
BTM 6839[2] and ASTM D5580.[6] This data set is a subset of a larger data set that has b
blish a precision statements for both test methods.

in this evaluation, the test method from ASTM D6839:2017 is indicated 4s test methg
method from ASTM D5580:2020 indicated as test method Y.

Relevant property selection

1 General

ider and summarize the relevant properties of both test methods.

2 Test method X

test method ASTM D6839:2017 covers-the quantitative determination of satura

hatics, and oxygenates in spark ignition’ engine fuels by multidimensional gas chror
the content benzene is the subject pfithis example. The relevant application and precig

Table:B.1 — Scope for benzene for test method X

Typical appli¢ation range, volume fraction % Oto2
Precision'range, volume fraction % 0,5to 1,6
Published reproducibility, volume fraction % 0,053-xL6
Bublished repeatability, volume fraction % 0,019-x1.6
Key

X measured value

3 Test method Y

The
the

ults for the
bst methods
een used to

d X and the

tes, olefins,
natography:.
ions ranges

xylenes, C9 and heavier aromatics, and total aromatics in finished motor gasol

hylbenzene,
ine by gas

chromatography. Only the content benzene is the subject of this example. The relevant application and

prec

isions ranges are listed in Table B.2.
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Table B.2 — Scope for benzene for test method Y

Typical application range, volume fraction % 0,1to5
Precision range, volume fraction % 0,11to 1,5
Published reproducibility, volume fraction % 0,108 7-x0,64
Published repeatability, volume fraction % 0,025 9-x0.64
Key
x mdasured value
B.3 Labgqratory data
The laboratory data of all samples are collected and all outliers are discarded)According tq the
reporting njethods, the data are presented with 2 decimals. The benzene content data for method X is
given in Taljle B.3 and for method Y in Table B.4 where the laboratories are indicated in vertical columns
as ‘L1, ‘L2’, ptc. and the samples are indicated in horizontal rows as ‘S1’, ‘S2’, ete:
Table B.3 — Benzene content for test methdod X
Sample no.
Si
LaboraLtory no.| S1 | s2 | s3 | S4 | S5 | S6 | S7-|"S8 | S9 | S10 | S11 | S12
i
L1 0,47 0,24 | 1,36 | 0,57 | 0,64}, 0,42 | 0,99 0,5 | 1,61 | 0,57
L2 0,49 | 0,86 | 0,24 | 1,42 | 0,56 | 863 | 0,41 | 0,98 0,48 | 1,59 | 0,58
L3 048 | 0,88 | 0,24 | 1,4 | 0,56~ 0,64 | 0,41 092 | 0,5 | 1,55 | 0,57
L4 0,89 | 0,24 | 1,36 0,55 | 0,64 | 0,41 | 0,99 | 0,92 1,58 | 0,58
L5 0,48 | 0,86 1,42:4-0,58 | 0,64 | 0,42 | 098 | 09 | 0,48 | 1,55 | 0,58
L6 0,48 | 0,88 | 0,24 | 1543 | 0,56 | 0,64 | 0,41 | 1,01 | 0,92 1,55 | 0,57
L7 0,48 | 0,88 | 024N 1,39 0,64 | 0,42 | 1,02 | 0,91 | 0,49 | 1,59 | 0,57
L8 0,48 | 0,86 1,4 | 0,55 0,42 | 099 | 09 | 048 | 1,59 | 0,57
L9 0,48 | 0,861 0,24 | 1,37 | 0,57 0,42 | 1,02 | 0,92 | 0,48 | 1,59 | 0,57
L10 0,49 0,24 | 1,43 | 0,55 | 0,64 | 0,42 | 0,99 | 0,91 | 0,48 0,57
L11 0,86 | 0,24 | 1,35 | 0,55 0,41 | 1,01 | 0,92 | 0,51 | 1,55 | 0,57
L12 0/48 | 0,87 1,41 | 0,57 | 0,63 | 0,42 | 1,03 | 0,92 | 0,49 | 1,56 | 0,58
L13 0,85 | 0,24 | 1,39 | 0,56 | 0,65 | 0,41 | 1,01 | 0,92 1,57 | 0,57
L1% 0,47 | 0,85 | 0,24 | 1,43 0,63 | 0,42 | 1,03 | 0,88 | 0,51 | 1,56 | 0,57
r15 0,47 | 0,86 | 0,24 | 1,41 | 0,55 | 0,65 | 0,42 | 1,03 | 0,93 | 0,49 | 1,58 | 0,58
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Table B.4 — Benzene content by test method Y
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For
datal
of a
130

B.4

A sy
labo
the 1
X an

Sample no.
Laboratory no.

Ly S1 S2 S3 S4 S5 S6 S7 S8 S9 S§10 | S11 | S12
L1 0,44 | 0,87 | 0,24 0,54 | 0,62 | 0,43 | 1,04 | 0,89 1,5 | 0,52
L2 0,47 | 0,82 | 0,25 | 1,36 | 0,54 0,44 | 1,02 | 0,81 | 0,44

L3 0,46 | 0,88 | 0,23 | 1,34 | 0,54 041 | 096 | 0,85 | 0,51 0,54
L4 0,45 | 0,86 1,38 | 0,54 | 0,62 | 0,44 | 1,01 0,47 | 1,55 | 0,57
L5 045 | 081 | 0,25 | 1,35 0,63 | 0,44 1 0,87 1,52 76,56
L6 0,46 0,24 | 1,33 | 0,55 | 0,64 | 0,42 1 0,84 | 0,5 | 146

L7 0,47 | 0,87 | 0,25 | 1,36 | 0,55 0,44 | 1,03 | 0,84 | 0,41 0,55
L8 0,47 | 0,82 | 0,25 0,53 | 0,61 | 0,41 | 1,01 0444 1,6 | 0,55
L9 0,46 | 0,83 1,33 | 0,56 | 0,62 | 0,41 | 1,02 | 0,89 1,49
L10 046 | 0,84 | 0,24 | 1,39 | 0,55 | 0,63 | 0,41 | 1,03 0,5 | 1,58 | 0,56
L11 046 | 0,88 | 0,24 | 1,41 0,63 | 0,41 | 1,01¢| 0,82 1,48 | 0,53
L12 0,84 | 0,25 | 1,43 | 0,58 0,44 1 0,79 | 0,46 | 1,53 | 0,51
L13 047 | 0,84 | 0,24 | 1,35 | 0,55 | 0,63 097 | 0,83 | 0,46 | 1,55 | 0,56
L14 0,82 | 0,23 | 137 | 0,53 | 0,61 [.0,41 | 0,97 0,46 | 1,48 | 0,55
L15 0,45 | 0,89 | 0,25 | 1,41 0,6,4[)0,43 | 098 | 09 | 0,43 0,54

esting the amount of variation or resolution of'the data, the number of unique valueg
set is counted and evaluated. It is consideredto be sufficient to have 119 (74 %) uniqu
otal of 180 values with 20 outliers or missing values for the test method in ASTM D683

(87 %) unique values out of a total 180 values with 30 outliers or missing data.

Rearrange the data set

mmary is presented with statistics per sample, including the average, standard de|
Fatory number for each sample. To gain insight into the extent of the spread over the |
elative standard deviation can also be calculated. This information is listed in Table B.5

d in Table B.6 for method Y.

within the
b values out
9:2017, and

viation and
hboratories,
for method
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From a quality point of view, the data integrity can be assessed somewhat by considering the relative
standard deviations on this point for both test methods. Outliers should be considered further.

B.5 Performing the basic checks on the data set

B.5.1 Thedatasetismadeup of 12 samples and 15 laboratories presenting single results. This satisfies
the requirements for PTP data that the results originate from at least 10 samples and 10 laboratories.

B.5.2 The samples in the data set span the benzene content range from 0,19 to 1,57 for test method
X and from® or-tes how-iTabte B-7theseranges-are-compare ith the
published application and precision ranges of the test methods (see Table B.3).

v O 5 Ot AY ao D o a O wre W

Table B.7 — Application and precision ranges for both test methods

Refefence for the test method Test method X Test method Y
Typidal published application range, volume fraction % Oto2 0,1.t6 5
Published precision range, volume fraction % 0,5to 1,6 0)11to 1,5
Rang of the data set, volume fraction % 0,24 to 1,57 0,4to 1,52

This compdrison shows that the results of the evaluation are limited to a'benzene range of a volume
fraction of (,5 % to 1,5 %.

B.6 Testing the samples for leverage

As part of the additional requirements for PTP data, the leverages of the samples are calculated bpsed
on the averjges of the methods (see Table B.4). In this case, a leverage is not performed for each sapple
for both tegt methods, but the average over the testimethods is used to determine the leveragg per
sample. Detfails are given in Table B.8.

Table B.8 — Leverage of each'sample, averaged over both methods

Sample no. Sample mean Leverage
Si (Xi+ Y)/2 h;
S1 0,469 0,12
S2 0,857 0,10
S3 0,242 0,41
S4 1,384 0,26
S5 0,553 0,09
S6 0,630 0,08
S7 0,420 0,15
S8 1.005 0.14
S9 0,881 0,11
S10 0,476 0,12
S11 1,547 0,32
S12 0,557 0,09

For each sample the calculated leverage value, h;, remains below the critical value of 0,5, so the test has
passed.

B.7 Constructing overview tables with summary statistics per sample

To check the data against the additional requirements, the data are examined for the distribution of
the lab results per sample. For each sample at least 10 laboratories returned a result and the precision
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