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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.

The procgdures used to develop this document and those intended for its further maintenance-gre
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed\for the
different fypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document mayybe the subject of
ts. ISO shall not be held responsible for identifying any or all such patént rights. Detailq of
any patenf rights identified during the development of the document will be in the.Introduction andjor
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list of patent declarations received (see www.iso.org/patents).

an endorsement.

name used in this document is information given for the convénience of users and does ot

lanation on the meaning of ISO specific terms and expressiohsrelated to conformity assessment,
information about ISO’s adherence to the World Trade.Organization (WTO) principles in the
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Barriers to Trade (TBT) see the following URL: www:iso.org/iso/for

tion of chemical composition.

hittee responsible for this document is ISO/TEC 17, Steel, Subcommittee SC 1, Methods| of
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TECHNICAL REPORT ISO/TR 21074:2016(E)

Application of ISO 5725 for the determination of
repeatability and reproducibility of precision tests
performed in standardization work for chemical analysis
of steel

1 [ Scope

Thlis document describes how to determine the repeatability and reproducibility,of“precision tests
pefformed within standardization work using the chemical analysis method. Specifically, this document
explains the procedure for calculating precision, using precision test data of [ISO"\5725-3:1994| Table D.2
for] the precision test in ISO 9647:1989 as an example.

Thie procedure of the international test for determining precision is.'described in ISO 5725-2 and
ISQ 5725-3.
2 | Normative references

Thlere are no normative references in this document.

3 | Terms and definitions
No terms and definitions are listed in this docuinent.
ISQ and [EC maintain terminological datahases for use in standardization at the following addiresses:

—| IEC Electropedia: available at http://www.electropedia.org/

—1| ISO Online browsing platform: available at http://www.iso.org/obp

4 | Precision test

4.1 Structure ofthe precision test

Thie structure 6fthe precision test normally used within standardization work using chemicgl analysis
is @ 3-factor-staggered-nested structure, as shown in Figure 1.

Day 1 Day 2

Figure 1 — Structure of the precision test

© IS0 2016 - All rights reserved 1
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b)

Both A and B (Day 1) are obtained under repeatability where independent test results are obtained
with the same method on identical items in the same laboratory by the same operator using the
same equipment within short intervals of time.

C (Day 2) is obtained under time-different intermediate precision conditions, except for the time
factor. The measurement is performed by the same operator and, in addition, the measurements at
a given level are performed using the same sample and equipment throughout.

4.2 Homogeneity of samples

4.3 Nummber of laboratories and number of levels

In principle, the number of laboratories that participate in an international cooperative test is decided
on the badis of the required precision. As this approach is often difficult to implément, the practical rjile
typically flollowed is the selection of 8 to 15 (or more) laboratories see ISO 5725-1:1994, 6.3.4, preferaply
in 5 counfries. The number of levels depends on the range and scope of.the method to be testedl A
minimum|of two levels by decade with the scheme (for example, 1-10) is required, and in the casg of

limited agplication ranges, three or more levels by decade (for example; 1-2-5-10) can be selected.

NOTE Fully-nested experiments offer higher reliability of repeatability than staggered-nested experimerts.
However, if will not improve the reliability of reproducibility significantly. From the standpoint of improvjng

reliability, it is effective to increase the number of participating laboratories.

5

5.1 General

First, on the basis of precision test results;prepare the following tables and graphs.

5.2 Tahle of results and number of decimal places

Prepare allist of precision datal

Representation of the experimental results

In the lis{ of data, the nutmber of decimal places is the number required in the experiment plus qne

according|to the convenor’s requirement.

Table 1 shjows an example of a list of data.

The data ¢btainéd by laboratory i are indicated by Yij (j=123).

The Symlf ol ranracantc tha nuabar of Iobhoratoinc pDarticivatine—in tha avinarimaant (I+ choald be

O P e P T e O Tt T e I T O T O o D O T Ot O I e S pPaT CrC POttt g it e A p T I C e (e oTroTTer

noted that the number changes if outliers are deleted.)

© ISO 2016 - All rights reserved
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Table 1 — Original results

opulation
ral levels,

y 2 (=yi3)

Lab. no. Day 1 Day 2
A B C
1 yl1 y12 y13
i yil yi2 yi3
p ypl yp2 yp3
5.3 Graphical representation of the data
5.3.1 General
All data can be evaluated by graphical representation just to get an overviewrof the data g
didtribution. If there are laboratories which have obviously erroneous<values for seve
eliminating those laboratories as an outlier may be considered if deemed nécessary.
5.3.2 Data plot
Drhw a graph for each of the levels by plotting the data as follows.
a) | For each of the laboratories in Table 1, plot Day 1 tod (= yil), Day 1 to 2 (= yi2) and Daj
using different symbols.
b) | Indicate the average mx for each level.
Anlexample of the graph for the original result§’is shown in Figure 2.
Y
0,015
0,014 L
0,013
0,012
0,011
0,010
0,009
0,008
0,007
0,006 X
01T 23456 7 89101112131415161718192021
Key
X  laboratory no.
Y contents % (mass fraction)
Figure 2 — Original results
© ISO 2016 - All rights reserved
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6 Statistical evaluation
The general flow chart of the statistical evaluation is shown in Figure 3.

Perform Cochran’s test and Grubbs’ test following the procedure shown below to detected the outliers
and delete them. The flow chart diagram of the tests is shown in Figure 4.

Input results

1) List of raw data

2) Plot of raw data

Y A

Cochran's test Grubbs' test

Y

Remove the outliers

Y

Calculate the précisions for

Table 2

Y

List of statistical values in
Table 2

Y

Prepare the equation of
precision data in Table 2

Y

Validate the statistical values
Vr < VRw < VR" (where V=variance)

CVR, AIMCVR, MAXCVR, trueness

v

Determine the precision of

smoothed values in Table 3

|

Determine the scope

Figure 3 — Flow for determining the precision

4 © IS0 2016 - All rights reserved
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Cochran's test START Grubbs' test START

|

One outlying observation for

G-value MAX (or G-value MIN)

Are outliers

present?

Are outliers present?

Delete outliers o TR ; for the

YES

6.
Se

1 Cochran’s test

: 7 y Jelete outliers
two largest and two sfnaflest

v

One outlier observation for

Print out the outlier lab. numbers

with a double asterisk **

v

NO

G-value MIN (or G-value MAX)

\

Are outliers present’

Delete outliers

Are outliers present?

o ) Delete outliers
Remaining data is > Delete outliers
90 % of original v l
Print out the outlier lab. numbers with a double asterisk **
STOP STOP

Figure 4 — Flow diagram of the Cochran’s test and Grubbs’ test

p [SO 5725-2:1994, 7.3.3.

The purpose of the Cochran’s test is to evaluate the interlaboratory repeatability variancg. For that

pu
lah

Fo
an

a)

pose, the intralaboratony Yepeatability variance is calculated and compared with thosg of other
oratories.

- each level j, perfoerm the following calculations on each test data set. The test data sets|are (A, B)
1 [(A+B)/2, C].

Obtain the,standard deviation:

-l

Sij=

b)

©

Paialh | 1 1 pal 1
LdICUI4dlC ULIIC L=V dIUcC,

2
_ Smax

= e
250
i=1

C
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where
i is the identifier for a certain lab;
j is the identifier for a certain level;

p is the number of laboratories of level j (note that the number, p, changes if outliers are
deleted);

S is the highest standard deviation in the set of level ;.
max

c¢) Complare the calculated value with the value for n = 2 in the critical values, taple
(see IO 5725-2:1994, Table 4).

d) If the| calculated value is larger than 1 % critical value, assume it is an outlier @nd delete the
correpponding data. Then, repeat steps a) to c) for the remaining data.

e) Finish the test either when no outliers are detected or the remaining data are‘equal to or not lgss
than 90 % of the original data.

NOTE A piece of statistical data greater than 1 % or 5 % of the critical ¥alue is called an “outlier” gnd
“straggler’] respectively.

6.2 Grybbs’ test

6.2.1 General
See ISO 5725-2:1994, 7.3.4.

The purpgse of the Grubbs’ test is to evaluate the between-laboratory consistency. For that purpdse,
the cell avierage for each laboratory is obtained and evaluated in terms of the deviation from the oveyall
average.

Using (A+B+C)/3 as the test data, perform'the following calculations for each level j.

NOTE The symbols used in this clause'are the same as those in 6.1

a) Obtaip the average value X;)= Vi of A-B-C.

b) Arrar|ge the averagevalues x; = yjjin ascending order.

X (i = 1,2,...p)

NOTE Thenumber, p, changes if outliers are removed.

d) Obtainthe unbiased variance for x. = Vi

_ p 1 & _

x=12x1. S = —12()(1. —x)2

biz p—1i3

6 © IS0 2016 - All rights reserved
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6.2.2 Grubbs’ test for one outlier observation

See ISO 5725-2:1994, 7.3.4.1.

a) Calculate the following G-values and compare them with the appropriate value in the table of
critical values (see ISO 5725-2:1994, Table 5). If the calculated value is larger than 1 % critical
value, assume it is an outlier.

1) Test of the maximum value: G, = (xp - x)/S
_ /
Z) TestTof the mmimum value: Gy = (X — X;)/3

b)| If in a) above the maximum value (minimum value) is an outlier, remove it and apply the Grubb’s
test to the minimum value (maximum value).

c) | Finish the test when no outliers are detected in steps a) and/or b). When no\outliers are detected,
conduct a further test for two outlier observations (6.2.2).

6.2.3 Grubbs’ test for two outlier observations

See IS0 5725-2:1994, 7.3.4.2.

If'1n the above Grubbs’ test [a) to c)] neither the maximum value nor the minimum value is an outlier,

calculate the following G-values and compare them with the appropriate value in the table |of critical

values (see ISO 5725-2:1994, Table 5). If the calculated valué.is smaller, assume it is an outlier.

a) | Test of the two largest observations: G = SIZ?*LP /Sg

b) | Test of the two smallest observations: G = Sf 5 /Sg

where

2 < N2
Sy = Z (x; —x)
i=1
p—2 —
2
Sp_l’p = Z (XI C Xp_lvp)
i=1
-2
— 1 p
Xp-1p D) Z X;
-2
i=1
2 N 2
Si2 = Z(X,- —X12)
i=3
—_ 1 p
X12 =—— ) X;
p-2 ,z; ’
© IS0 2016 - All rights reserved 7
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6.3 Treatment of outlier observations

a) Ifaresultisfound tobe an outlier in one of the tests, the entire laboratory data set of the appropriate
level containing this result is discarded before starting the precision calculation described in 6.4.

b) Ifresults from a laboratory are found to be outliers at several levels, consider removing the whole
results from this laboratory.

¢) Eliminating only a single data (A or B or C as labelled in 6.1) for a specific level of a specific
laboratory is not done, since it influences the statistical calculations.

carried ofit on the data after the elimination of outliers by the Cochran’s test. It is desirable that the
statisticign or convener makes the final judgement after conducting both tests, if necessary, to identify
outliers.

In additic;[i to the method stipulated in the guidelines, there is a method in which the Grubbs’ test is

6.4 Calgulation of precision

b

6.4.1 Cdrry out the calculation of precision data by following the steps deseribed in 6.4.2 to 6.4.
which are|based on ISO 5725-3.

In this prgcedure, pay attention to the following points.

a) Ifthelestimated value of variance becomes negative during the-calculation, it is assumed to be zero.
A negptive estimated variance is due to a small degree of freedom. Therefore, it is desirable that the
numbler of participating laboratories should be as many as.possible. It is desirable that the factprs
causing the negative variance be analysed first in order to ascertain that nothing unusual exists

b) The fqumber of decimal places of the calculated precision data are the number required for the
resul{s of the related precision test plus one. Figutres are not rounded during the calculations.

6.4.2 Mepan value:

1
Yi(1) ZE(J’A +Yi2)
1
Yi(2) Zg(yu +Yip * Viz)

— 1 —
Y= Zyi(z)
R

6.4.3 Rdqnge:

o —
(T) 13|

:lv =y
|

Wi(l) 1T 127 wlu) = !V

6.4.4 Total sum of squares:

=2
55T=ZZ(yU. —y)* =S50+ 551+ SSe
i

8 © IS0 2016 - All rights reserved
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where

Diyide SS0, SS1 and SSe, respectively, by the appropriate degree of freedom (S50 =p-1, S51 =

to

NOTE With the SS0 formula given in [SO 5725-3:1994, C.1, the value of MS0,cafi become negative

of
gu

1 5 1
5oy =5 MSO— = MS1+—MSe
3 12 12
s2. =2 MS1— > Mse
(1) "4 4
2 _
s, = MSe
NOTE Any estimated values that become negative during the calculation are assumed to be zero.

6.4.6 Repeatability varianee:

6.4

6.4.5 Unbiased estimated values ofcr(zo) ,6(21) and crrz :

$S0=3% (yiz) —¥)°

1

2 2
SS1= EZWI.(Z)
i

1 2
i

pbtain mean squares MS0, MS1 and MSe.

mproper rounding when computer processing is performed incorrectly, - Therefore, it is not usg
delines.

2
S, = MSe

1.7 Intermediate variance:

2 2 2
51(1) =S4 +S(1)

p, SSe = p)

as a result
d in these

8 Rpprndnr‘ihi]ifv variance:

2 2, .2 2

6.5 Representation of the results of the statistical evaluations

6.5.1 The results of statistical calculations are shown in Table 2, which contains the eleven items
described in 6.5.2 to 6.5.12.

©lI
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6.5.2 General mean.

Designation: m

Definition: y
6.5.3 Repeatability.

Designation: o(r)

Definition: s,

6.5.4 Wijithin-laboratory reproducibility.
Designatipn: o(R )

Definitior: S1(1)

6.5.5 R¢producibility.

Designatipn: o(R)

Definition: s
6.5.6 Rdpeatability limit.

Designatipn: r

Definition): r = 2,8 x o (r)

6.5.7 Wijithin-laboratory reproducibility limit
Designatipn: R
Definition): R, =2,8xo(R,,)
6.5.8 Rdproducibility limit.
Designatipn: R

Definition): R = 2,8 x 6.(R)

6.5.9 Cqefficientof variation.

Designatipiz-CV (R)

R
Definition: cv(R) = 2% 100
m

6.5.10 Aimed coefficient of variation.

Designation: AIMCV (R)

This is obtained from regression Formula (1), which is derived from the mean line shown in Figure 5:
log CVR = -0,346 6logm + log 1,477 21 (@8]

10 © IS0 2016 - All rights reserved
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6.5.11 Maximum coefficient of variation.

De

signation: MAXCV (R)

This is obtained from regression Formula (2), which is derived from the mean+1s.d. line shown in
Figure 5:

m>0,001% logCVR =-0,3466logm +log3,24670

m<0,001% CVR= 35,71(c0nstant)

(2)

NO
lim
NO
Fig
NO

standard deviation o, is represented by “mean +1¢” in Figure 5.

6.5
Co

If many levels are judged to have a significant bias in trueness, it is advisable to check if the

pr
@

(b)

(©

TE1 Regression Formulae (1) and (2) are based on the experimental data. Note that the'repn
it (R) and unit (pg/g) in Figure 5 are expressed as reproducibility and %, respectively, in this/docu

TE2  Regression Formula (1), which is the regression formula for the value of R, is represented b}
ure 5.

TE3 Regression Formula (2), which is the regression formula for the valte of R plus the v

.12 Trueness.

hcerning trueness, the following method is used.

pblems with test method and procedure (or values ofithe reference materials).

For each level, calculate the difference between the reference material value, u, and the
mean value:

< |

N
S=y—u

N N
Calculate the values of 6%A46, and 6+ Ao, (n = 3, number of measurements, p = 1

o
r= %
Gr

N AN
If 0 is included in the range 6— Ao, <6 < 5+ Ao, judge that the measuring method hg

laboratories):

A=1,96

Otherwise, judge that the method has bias, and enter an asterisk (*) in the TRU line.

oducibility
ment.

y “mean” in

hlue of the

(e are any

measured

iumber of

1S no bias.

Fo

N N

1 (e h La o IR D | [at VAN WaVl iVal L-1.0. A L0000 h s - 1 A | :
SAIpIe > TEPUTted T 1doie 2, y = U, 103 7, T = U, 10, A0 = U,000~ 76 ama U Ts 1ot fmctoded in the

ranged— Ao, <6 <6+ Aop. Hence, it can be judged that there is a positive bias. For the reference

material value, u, however, it is advisable to consider the uncertainty given to it.

©lI

SO 2016 - All rights reserved
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Table 2 — Results of the statistical analysis

Sample 1 2 3 4 5 6
Cochran’stest |C1 Correct 20%* Correct Correct Correct 2%*

C2 20%* Correct Correct Correct 20%* 20%*
Grubbs’s test G Correct Correct Correct Correct Correct Correct
No. discarded 1 1 0 0 1 2
Mean % 0,009 798 0,037 863 0,105 900 0,213 900 0,516 368 0,747 278
o(r) % 0,000 381 0,000 540 0,001 739 0,003 588 0,006 237 0,006 318
o(Rw) % 0,000 603 0,000 848 0,002 305 0,005 693 0,006 436 0,00673[18
a(R) % 0,000 801 0,001 062 0,002 650 0,007 307 0,009 412 0,014 7pR5
r % 0,001 067 0,001 512 0,004 869 0,010 046 0,017 464 0,017 6P0O
Rw % 0,001 688 0,002 374 0,006 454 0,015 940 0,018 020 0,017 6P0O
R % 0,002 243 0,002 974 0,007 420 0,020 460 0,026 354 0,041 2B0
CV(R) % 8,175 138 2,804 849 2,502 361 3,416 082 1822 731 1,970 4B5
AIMCV(R) % 7,340 303 4,594 443 3,216 720 2,521 106 1,857 507 1,634 1p5
MAXCV(R % 16,132 955| 10,097 941 7,069 899 5,541 038 4,082 540 3,591 644
TRU *

NOTE C1 flataset: (A, B), C2 dataset: [(A+B)/2,C]

12
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Figure 5 — Graphical representation of the statistical calculation results
6.6 Functionslinking the level and the precision parameters

the steps descrlbed in 6 6.2 to 6.6.6.

6.6.2 Draw the values of r, Ry, and R for each level.
6.6.3 Indicate the regression lines for r, Ry, and R.
6.6.4 Edit the mathematical expression and correlation coefficient of the regression formula.

6.6.5 It is not appropriate to use a regression formula when the correlation coefficient is less than
0,65. In this case, use the permissible tolerance a:

© IS0 2016 - All rights reserved 13
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