TECHNICAL ISO/TR
REPORT 14468

First edition
2010-12-15

Selected illustrations of attribute
agreement analysis

lllustrations choisies d'une analyse @*accord d'attribut

e Reference number
= — ISO/TR 14468:2010(E)

© S0 2010


https://standardsiso.com/api/?name=37588b36e9fb97012447ecfb24c8bb8a

ISO/TR 14468:2010(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1SO 2010

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either 1SO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢« CH-1211 Geneva 20
Tel. +41227490111

Fax +4122 74909 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © IS0 2010 - All rights reserved



https://standardsiso.com/api/?name=37588b36e9fb97012447ecfb24c8bb8a

ISO/TR 14468:2010(E)

Contents Page
0T =1V o O PRSPPI iv
e L d oo 1T 1o 4]0 o OSSR PRP %
1 ] 6] 0 01 TR TUUPPPPPTTINN 1
2 N o] g0 F= LA SN ] =T =T o] = UURRRSPPEPE . St FETRR 1
3 Terms and defiNitioONS . ... o @ e Enneneee e 1
4 Symbols and abbreviated terms ... D T, 3
5 Generic description of attribute agreement analysis ...t e, 3
5.1 Overview of the structure of attribute agreement analysiS............... e8¢ e, 3
5.2 Overall objectives of attribute agreement analysis ..o NN e, 3
5.3 Measurement ProCess deSCIIPLION ... s T b e e e e e e s e e e e e e e s s esrnnn b e e e e e e e ernees 4
5.4 Agreement analysis Methodology ... e e b 4
5.5 Sampling plan for attribute agreement analysis ......ccccccoe e e 5
5.6 D= L= T T T= 1)V R SRRSO FESRRRR 6
5.7 Conclusions and SUQQESTIONS .....cccoivciiiiiiiieeec s i S e e e e e e s st er e e e s s s snnnnnneeeeeesssshonnnenenennns 6
6 Description 0f ANNEXES A 10 E..eeeeiiiiiiicc e st e e e e s r e e e e e s s e e e e e e e e s nnnnnn b ereesnnnnnnees 7
Annex A (informative) Liquid crystal display manufactre .........ccoceeeeiiiviieiiiienenniieee e sseeee e 8
Anjnex B (informative) Technical support centre triage Of iISSUES ......ccccoviiiiiiiieiiiiiniiiiiiiieeeeeeeeees e, 14
Annex C (informative) Tasting differences in WALEr ..o 20
Annex D (informative) Thermistor def@CtS (e e e ab e 26
Annex E (informative) Assessment of level of disability following a stroke .........cccocceeeeiivniiiiiiinbenns 34
BilliOgraphy ..o e e e e 42
© 1SO 2010 — All rights reserved iii


https://standardsiso.com/api/?name=37588b36e9fb97012447ecfb24c8bb8a

ISO/TR 14468:2010(E)

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 1SO
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 a
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hmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with
al Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

al Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
task of technical committees is to prepare International Standards. Draft Interpational Standa
y the technical committees are circulated to the member bodies for voting. Publication as

al Standard requires approval by at least 75 % of the member bodies casting.a-vote.

pbnal circumstances, when a technical committee has collected data ©fya different kind from t
prmally published as an International Standard (“state of the art”, for example), it may decide b

in nature and does not have to be reviewed until the datarit,provides are considered to be
1 or useful.

5 drawn to the possibility that some of the elements of this document may be the subject of pat
shall not be held responsible for identifying any or all'such patent rights.

168 was prepared by Technical Committee;-ISO/TC 69, Applications of statistical metho
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he

rds

an

hat
y a

ority vote of its participating members to publish a Technical Report! A Technical Report is entifely

no

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=37588b36e9fb97012447ecfb24c8bb8a

ISO/TR 14468:2010(E)

Introduction

The Six Sigmal) and statistical International Standards communities share a philosophy of continuous
improvement and many analytical tools. The statistical International Standards community arrives at rigorous
documents through long-term consensus. The disparities in time pressures, mathematical rigour, and
statistical software usage have inhibited exchanges, syner and mutual appreciation between the two

This Technical Report takes one specific statistical tool, attribute agreement analysis, develops the topic
somewhat generically (in the spirit of International Standards), then illustrates it through the yse of five
defailed and distinct applications. The generic description focuses on the commonalities across studies
designed to assess the agreement of attribute measurements. The annexes, containing five ilfustrations,
follow the basic framework, but also identify the nuances and peculiarities in the specific applications.

1) Six Sigma is a trademark of Motorola, Inc.
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Selected illustrations of attribute agreement analysis

1

Th

oo
YLVUMYLT

s Technical Report assesses a measurement process where the characteristic(s) being measu

in the form of attribute data (including nominal and ordinal data).

Th

s Technical Report provides examples of attribute agreement analysis (AAA) and defives variou

ed is (are)

5 results to
hgreement
sers vs. a

For dated
Feferenced

asgess closeness of agreement amongst appraisers, such as agreement within® appraisers,

befween appraisers, agreement of each appraiser vs. a standard, and agreement of all appra

standard.

2 | Normative references

The following referenced documents are indispensable for ¢he”application of this document.
references, only the edition cited applies. For undated references, the latest edition of the

do¢ument (including any amendments) applies.

ISQ 3534-1, Statistics — Vocabulary and symbols =<>Part 1. General statistical terms and ternps used in
pragbability

ISO 3534-2, Statistics — Vocabulary and symbols — Part 2: Applied statistics

3

Fo
foll

3.1
me

col
val

[IW

NG

Terms and definitions
the purposes of this docuiment, the terms and definitions given in 1SO 3534-1, I1SO 3534-
pwing apply.

asurement systém
ection of operations, procedures, devices and other equipment, software, and personnel used 1
Lie to the characteristic being measured

A 1:2005[4, 3.1.9]

TE In the context of this Technical Report, the personnel refer to the appraiser.

P and the

0 assign a

3.2
nominal data
categorical variables that have two or more levels with no natural ordering

3.3
ordinal data
categorical variables that have three or more levels with a natural ordering

34
binary data
categorical variables that have two levels with no natural ordering
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35
agreemen

t within appraiser

extent to which each appraiser agrees with himself or herself on all trials when each appraiser conducts more
than one trial

3.6
agreemen

t between appraisers

extent to which all appraisers agree with each other on all trials when more than one appraiser makes one or
more appraisals

3.7

agreemen't of each appraiser vs. standard

extent to
standard i

3.8

agreementt of all appraisers vs. standard

extent to
standard is

3.9

percentage of agreement

P %
agreemen

3.10
kappa
K
statistic in
appraisers|

NOTE
analysis.

3.11

Fleiss's kappa

statistic us
of availabl

3.12
Cohen's K
statistic us
fixed

3.13
p-value
probability

vhich each appraiser agrees with himself or herself as well as with the standard when @ knag
specified

hich all appraisers agree with each other on all trials as well as with the standard when a kno
specified

, expressed as a percentage, for multiple appraisals by one appraiser or among different apprais

dicating the degree of agreement of the nominal or ordinal assessments made by multi
when evaluating the same samples

Kappa statistics are commonly used in cross-tabulation (table) applications and in attribute agreem

ed for assessing the reliability~of agreement when appraiser(s) are selected at random from a grd
b appraisers

appa
ed for assessing'the reliability of agreement when the appraiser(s) are specifically chosen and

wWn

\Wn

ent

up

are

hypothesis

of-observing the observed test statistic value or any other value at least as unfavourable to the |I1ull

[ISO 3534-1:2006, 1.49]

NOTE

3.14
Z-statistic
test statisti

This concept is used in hypothesis tests to help in deciding whether to reject or fail to reject a null hypothesi

¢ which follows the standard normal distribution

S.
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4 Symbols and abbreviated terms

95% CI 95 % confidence Interval

AAA attribute agreement analysis

MSA measurement system analysis

o, standard error (SE) of kappa statistic

n sample size

P % percentage of agreement

z value of the Z-statistic

5 | Generic description of attribute agreement analysis
5.1 Overview of the structure of attribute agreement analysis
This Technical Report provides general guidelines on the design, copduct and analysis of studied

evdaluating the agreement amongst appraisers when classifying an item into two or more categ
od” or “bad”). It describes a procedure with five steps and illustrates the steps with five distinct ajpplications

‘g
giv
Th

the
Sp

en in Annexes A to E.
b steps given in Table 1 are generic and apply to design-and analysis of AAA studies in gener

five steps as well as general agreement analysis~-methodology are explained in general in
bcific explanations of the substance of these steps are provided in the examples in Annexes A to

Table 1 — Basic steps in attribute agreement analysis

aiming at
ories (e.g.

hl. Each of
b.2 to 5.7.
E.

State the overall objectives

Describe the measufement process

Design the sampling plan

Analyse theresult

Gl |]WI[IN]|PF

Provide-a ¢conclusion with suggestions

Overall objectives of attribute agreement analysis

dies sheuld be clearly stated and agreed upon by all parties. The main purpose of AAA is to e

text ‘of making

A is oftep~used in Six Sigma projects and quality improvement projects. The primary motivatid

n for AAA
aluate the

pability”of a measurement system based on attribute data and to judge whether it is acceptable in the

pgreement

correct decisions within a given monitored process. AAA determines how good

AAA is conducted for a variety of reasons, which include, but are not limited to:

a) a lack of consistency in the assessment of a part or unit determined by one appraiser during different

b)

c)

d)

trials;
a lack of consistency in the assessment of a part or unit determined by different appraisers;

the measurement results of a part or unit determined by an appraiser or appraisers
disagreement with a known standard value for that part or unit;

a requirement of quality management standards, e.g. ISO/TS 16949[51,

© 1SO 2010 — All rights reserved
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5.3 Measurement process description

This Technical Report focuses on processes where the characteristic(s) being measured consist(s) of attribute

data.

The measurement process should be clearly described before conducting AAA, including appraise
procedures, the quality characteristic(s) to be measured, measurement conditions, and attribute data type (i
nominal, ordinal or binary).

5.4 Agreement analysis methodology

Many measurement processes in industry rely on gauges, weighing instruments, micrometers or other devi
that make fairly direct physical measurements of a product characteristic. There are, however, many.-situatio

rs,
.e.

es
ns

in which quality characteristics are difficult to define and assess, e.g. automobile performance’ ratings,

classificatipn of fabric quality as “good” or “bad”, and ratings of wine colour, aroma and taste-on a 1 to
scale.

In cases when physical measurements are not possible, subjective classifications or(ratings are made
people. In these situations, an AAA is needed where more than one appraiser gives arating and an evalua:l‘
of the agr¢ement between appraisers is made. If the appraisers agree, the possihility exists that the rati

are accurate. If the appraisers disagree, rating usefulness is limited.

10

by
on

gs

The assigned ratings can be nominal, ordinal or binary. Nominal data are categorical variables that have fwo
or more lejels with no natural ordering. For example, the levels in a foed\tasting study may include crunchy,

mushy, arnd crispy. Ordinal data are categorical variables that have/three or more levels with a natu
ordering, such as strongly disagree, disagree, neutral, agree, and strongly agree. However, distan
between categories are unknown. Binary data are categorical variables that only have two levels. For instaf

ral
es
ce,

appraisers| classify items as “good/bad”, or “go/no go”. It should-bé noted that binary data actually constitute a
special cage of nominal data with only two levels. Binary data are widely used in industry and when a standgrd

exists givihg the correct value of the unit being measured; misclassification rates can also be employed
assess th¢ performance of a measurement system. A\binary measurement system is discussed furthe

to
in

Annex A. Thus, in this Technical Report, nominal data refer to a variable that has three or more possiple

levels.

No matter] what the data type is, percentage" of assessment agreement can be utilized to evaluate

he

agreemeni of an attribute measurement system. Percentage of agreement quantifies the agreement [for

multiple re:ﬂngs within one appraiser or.among different appraisers. The percentage of assessment agreement,

P %, is actually the point estimate for a_population proportion, and is given by

P o5 4 Mmatch 100 g4
n

where
Nmatchl 1S the Aumber of agreements among multiple ratings;
n iS\the number of samples.

For nominal data, the kappa statistic, x, is most appropriate. It is defined as the proportion of agreement

between appraisals after agreement by chance has been removed.

F)obs - I:)exp
1-Peyp

where

P is the observed proportion of agreement;

obs

Pexp is the expected proportion due to chance agreement.

4 © 1SO 2010 — All rights reserved
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The value of kappa ranges from -1 to +1. Generally speaking, the higher the value of kappa, the stronger the
agreement. If kappa has the value 1, the ratings show perfect agreement (consistency). If kappa is 0, the
agreement of the ratings is the same as that expected by chance. In general, kappa values above 0,9 are
considered excellent.

Kappa values less than 0,7 indicate that the rating system needs improvement, whereas those less than 0,4
indicate the measurement system capability is inadequate. Typically a kappa value of at least 0,7 is required.

The two most popular kappa statistics are Cohen's kappa, based on the two-way contingency table, and
Fleiss's kappa, based on matched pairs. They treat the selection of appraisers differently when calculating the
probabilinof-agreemen pce ‘s kappa hat-the ise e Hi ghosen and
a group of
; pa, and its
ndard error (SE), o,, can be calculated with either Fleiss's method or Cohen's method. The test ptatistic for
kappa is

Wi

th the null hypothesis Hy:x = 0 and the alternative hypothesis Hq:x > 0.

This is a one-sided test. Under the null hypothesis, Z follows the standard normal distribution. Rejgct the null
hypothesis if the p-value is less than the prespecified value, comntonly taken to be 0,05.

Sirjce binary data are a special case of nominal data withhonly two levels, kappa statistics can also be
en|ployed to deal with a binary measurement system.

Kappa statistics do not take into account the magnitude of differences observed in ordinal ¢ata. They
regresent absolute agreement among ratings. Therefore, when examining ordinal data, Kendall's ¢oefficients
arg the best choice. Two types of Kendall's coefficients are mentioned in this Technical Report, Kendall's
cogfficient of concordance (also known as (Kendall's W) and Kendall's correlation coefficient (also called
Kepdall's tau). Both of these coefficients_are non-parametric statistics. The former, ranging frgm 0 to 1,
expresses the degree of associationnamong multiple ratings, whereas the latter, ranging from -1 to 1,
expresses the degree of association)between the known standard and a single rating. Thus| Kendall's
cogfficient of concordance should be used to evaluate the consistency within appraisers anfl between
appraisers. Furthermore, when-the true standard is known, Kendall's correlation coefficient can bg employed
to gssess the following two types of agreements: agreement of each appraiser vs. standard and agfeement of
all pppraisers vs. standargk:

5.8 Sampling planfor attribute agreement analysis

In the sampling;plan for AAA studies, the subgroup size of parts, the number of appraisers, and the|number of
trigls should. be determined. Generally speaking, three to five appraisers are selected to rate moye than 20
parfts (for“multiple attributes, more samples are required to cover all the attributes) with two or three trials.
Note that the selected samples should represent the entire production process. For nominal| data, the
appraiser selection method also determines which kappa statistic should be calculated. If the appfaisers are
specifically chosen and are iixed, Cohen's Kappa IS more appropriaie. If appraisers are selected at random
from a group of available appraisers, Fleiss's kappa is preferred. It is also worth mentioning that Cohen's
kappa is based on the two-way contingency table. When the standard is not known, Cohen's kappa can only
be calculated if and only if the data satisfy the conditions:

a) within appraiser — there are exactly two trials with an appraiser;
b) between appraisers — there are exactly two appraisers each having one trial.

In the process of measurement for AAA, randomization is a very important consideration. Randomization
means the parts should be measured by the appraiser in a random order.

© 1SO 2010 — All rights reserved 5
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Table 2 shows a basic layout of an AAA with three appraisers, three repetitions, and 20 items measured by
each appraiser.

Table 2 — Layout of a generic attribute agreement analysis design

Appraiser A Appraiser B Appraiser C
Item number Standard
Trial 1 | Trial2 | Trial 3 | Trial 1 | Trial 2 Trial 3 | Trial1 | Trial2 | Trial 3
1
2
3
20
5.6 Data analysis
The follow|ng four types of agreement need be taken into consideration:
a) withinjappraisers, which means that each appraiser agrees'with himself or herself on all trials;
b) betwegn appraisers, which means that all appraiserstagree with each other on all trials;
c) each @ppraiser vs. standard, which means that each appraiser agrees with himself or herself as well|as
with the standard;
d) all appraisers vs. standard, which means that all appraisers agree with each other on all trials as wellfas
with the standard.
It is quite pbvious that the type,of agreement c) is no less than the first one a) since it adds a constrajnt,
namely, agreeing with the standard. The condition is quite similar for the fourth and the second typeq of
agreements. Obviously, the_fourth kind of agreement is the smallest of the four. And for each type| of
agreement, two types of Kappa statistics are generally adopted, those of Cohen and Fleiss. Also, for nominal
data with three or more“categories, two types of kappa coefficients can be calculated. First, one can complte
an overall| kappa, which is an assessment of raters' agreement across all categories. Second, one ¢an
compute individual:keppa values for each category. This reveals the categories in which raters have trouple
agreeing.
In additionkte-the-AAA+eper-AAA-graphics-are-also-useful—Fhey-can-be-used-to-reflectthe-agreementeledrly

and directly. Generally, the percentages of assessment agreement within and between appraisers, kappa
coefficient tables, and Kendall's coefficient (ordinal data only) tables are calculated. Moreover, a graph of the
matched proportions for each appraiser can be displayed when the number of trials for each appraiser is more
than one. Additionally, another graph of the matched proportions between the ratings of each appraiser and
the attribute can be displayed only when the attribute is known and provided for each sample.

5.7 Conclusions and suggestions

Based on the results of the AAA, a judgement can be made about the adequacy of the attribute measurement
process. Generally the disagreement within an appraiser shows the appraiser cannot make consistent
measurement results (possibly because the appraiser did not follow the measurement procedure exactly at

© 1SO 2010 — All rights reser
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different trials). The disagreement between appraisers means the appraisers' procedures are not exactly the
same or the appraisers' capabilities of measurement are different (possibly due to their different experiences
or physical reasons, e.g. eyesight for visual inspection). Actions shall be taken after the root cause(s) is (are)
found for the inadequate attribute measurement process.

After certain actions have been taken to improve the measurement system, e.g. effective training has been
done for the operators, the AAA needs to be repeated to validate whether the improved measurement system

is acceptable.

6 PescripttonofAnnmexesAtoE
Five distinct examples of AAA are illustrated in Annexes A to E, which have been summarizedjin Thble 3 with
thqg different aspects indicated.
Table 3 — Example summaries listed by annex
Annex Example AAA details
Three appraisers, randomly selected among the grpup of
A LCD manufacture appraisers, Judggd LCD quality on 20 sgmples t\Nlce gy visual
inspection. The inspection results are binary. Minitab
software package was used to perform the analysig
Nominal response with 6 categories encountered iff Service
Sector; 4. appraisers, no repetition, 48 issues evalupted by
B Technical support triage of issues each@ppraiser. SAS JMPP software package was lised to
perform the analysis. “Truth” on correct categorizatjon of
issue is known
Nominal response with 4 categories; 3 testers, 3 rét)etitions,
. . . leading to 12 cups of water evaluated by each testgr. SAS
C Tasting differences in water b )
JMPP software package was used to perform the apalysis.
“Truth” on correct categorization of brand of water is known
Three appraisers, randomly selected among the grpup of
appraisers, judged 20 thermistor samples twice by isual
D Thermistor defects inspection. The inspection results are nominal data), falling
into 8 categories and without natural ordering. Minitab2
software package was used to perform the analysig
Ordinal response with 5 ordered categories encourjtered in
. - the medical sector; 2 appraisers, no repetition, 46 ¢ases
Assessment of level of disability . b
E \ evaluated by each appraiser. SAS JMP” software package
following a stroke i »
was used to perform the analysis. “Truth” on correqt
categorization of issue is known
2 | Minitab s the trade name of a product supplied by Minitab, Inc. This information is given for the convenience of {isers of this
dofument and:does not constitute an endorsement by ISO of the product named.
b | sAS JMP is the trade name of a product supplied by the SAS Institute, Inc. This information is given for the conveniende of users of
thi$ doCument and does not constitute an endorsement by ISO of the product named.

© 1SO 2010 — All rights reserved
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Annex A
(informative)

Liquid crystal display manufacture

A.1 General

In a liquid crystal display (LCD) manufacturer, the display feature is judged by operators through visual
inspection| All the samples are tested under video graphics array (VGA) mode. The results can be either
normal colour (marked as good) or deflected colour (bad). In the measurement phase, visuallinspectipn,
leading to pubjective classification, is mainly employed by the appraisers to judge whether a sample is good or
bad. Thergfore, the experience of the appraisers and the training they have been givén are of hyge
importance. The objective of this study is to evaluate the consistency and accuracy of the attribpte
measurement system.

A.2 Reslponse variable

The respo

A.3 Stampdard attribute

Standard §

A.4 Pos
Failing to f
the apprais
A.5 San
To assess
quality on
to the thre

similar exy

The inspeq

se variable is binary data (two levels with no natural ordering):

ttribute (the correct rating) is given in this case.

Sible reasons for incorrect judgement

pllow work instructions could lead to’/incorrect judgement. Another factor could be the experienced
ers and the training they havetheen given.

pling plan

the consistency.and accuracy of ratings, three appraisers, Carol, Fiona, and Kaka, judged L
PO samples (model: LCD40b66) twice by visual inspection. LCD samples were randomly presen
e appraisefs;-who were randomly selected from a group with the same introductory training 4§
erience:

tionesults are binary.

of

CD
led
ind

A.6 Raw data

Table A.1 lists the raw data used in the AAA.

© 1SO 2010 — All rights reserved
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Table A.1 — Inspection results of LCD and standard attribute

A.

AA

Part Standard Carol Fiona Kaka
1st Trial 2nd Trial 1st Trial 2nd Trial 1st Trial 2nd Trial
1 Good Good Good Good Good Good Good
2 Good Good Good Good Good Good Good
3 Good Good Good Good Good Good Good
4 Bad Bad Bad Bad Bad Bad Bad
5 Bad Bad Bad Good Good Bad Bad
6 Bad Bad Bad Bad Bad Bad Bad
7 Good Good Good Good Good Good Goog
8 Good Good Good Good Good Good Goog
9 Good Good Good Good Good Good Gooqg
10 Good Good Good Good Good Good Gooqg
11 Good Good Good Good Good Good Gooqg
12 Good Good Good Good Good Good Gooqg
13 Good Good Good Good Good Good Gooq
14 Good Good Good Good Good Bad Bad
15 Good Good Good Good Good Good Gooqg
16 Good Good Good Good Good Good Good
17 Good Good Good Goad Good Good Gooqg
18 Good Good Good Good Good Good Gooqg
19 Bad Bad Bad Bad Bad Bad Bad
20 Bad Bad Bad Bad Bad Bad Bad

7 Attribute agreement analysis

A in Minitab 152) is adopted to ;assess the consistency and accuracy of subjective classifi
exgamining the results within appraisers; between appraisers, and against the standard. AAA output

cations by
consists of

sesgsion window and graph windowsresults.

The session window includes the following types of agreement:

a) | within appraiser: itcshews the consistency with which an appraiser rates the same sample acrogs different
trials;

b) | between appraisers: it shows whether appraisers' ratings agree with each other, i.e. wheth¢r different
appraisersgive the same rating to the same sample.

Sirjce the_standard attribute (the correct rating) is given in this case, the session window output infludes two

adgitional types of agreement:

C) —eaciT appraiser vs. standard: it Shows how wWell each appraiser's assessment of eacit sample matches
with the standard, in other words, whether each rating of the same appraiser agrees with the standard
rating;

d) all appraisers vs. standard: it shows how well responses of all appraisers agree with the known standard

when they are combined.

For each type of agreement, the session window output includes assessment agreement and Fleiss’s kappa

statistics to assess the consistency and accuracy of the appraisers' responses.

2) Minitab is the trade name of a product supplied by Minitab, Inc. This information is given for the convenience of users

of this document and does not constitute an endorsement by ISO of the product named.
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A.7.1 Ag

reement within appraisers

The within appraisers table in the session window assists in answering whether each appraiser rated the LCD
consistently across trials.

As shown in Table A.2, each appraiser rated 20 LCDs (number inspected). Carol, Fiona and Kaka evaluated
20 out of 20 LCDs the same across trials (number matched), for 100 % matched. And the 95 % confidence

interval (C

1) for percentage matched is 86,09 % to 100 %.

Table A.2 — Percentages of the assessment agreement within appraisers

Appraiser | Number inspected? | Number matched? | Percentage 95 % ClI
Carol 20 20 100,00 (86,09, 100,00)
Fiona 20 20 100,00 (86,09, 100,00)
Kaka 20 20 100,00 (86,09, 100,00)

Number of LCDs which have been rated.

Number of times appraisers agree with themselves across all trials.

To evaluate the consistency of each appraiser's ratings across trials, the kappa statistic can be used within

appraisers|

There are
Fleiss's kg
when calc
specifically
random frd
In this cas
employ Cd

Generally
indicates
agreemen
considered

improvement and those less than 0,4 indicate the measurement system capability is inadequate. Typicall

kappa valu

The p-valu
agreemen

ppa is based on matched pairs. The two approachesctreat the selection of appraisers differe
ilating the probability of agreement by chance. Cohen's kappa assumes that the appraiser(s)
chosen and are fixed, whereas Fleiss's kappasassumes that the appraiser(s) are selected
m a group of available appraisers. This leads to two different methods of estimating the probabi
e, three appraisers were randomly selected.ffom the whole group, thus it is not appropriate
hen's kappa to assess agreement. In the following, only Fleiss's kappa is considered.

berfect agreement (consistency).-If\x= -1, this indicates perfect disagreement. If x=0,
of the ratings is the same as that‘expected by chance. In general, kappa values above 0,9
excellent. Kappa values less than 0,7 indicate that the rating system (or the service quality) neg

e of at least 0,70 is requifed; but kappa values close to 0,90 are preferred.

e represents the prabability of making a Type | error, which is rejecting the null hypothesis (k=0
within appraiserds,due to chance) when the null hypothesis is true. If the p-value of a test stati

two main types of kappa statistic: Cohen's kappa is based.on the two-way contingency table, Wmile

tly
bre
at
ity.
to

speaking, the higher the value of kappai-the stronger the agreement within appraisers. If k=1, this

he
are
pds
y a

or
tic

is less thgn the prespecified significance level (alpha), for which a commonly used value is 0,05, the pull

hypothesis
than 0,05,
different fr
in Table A

should be rejected. Because the p-values for the three overall values of Fleiss's kappa are I
the choiceto reject the null hypothesis has to be made. The response agreements are significa
bm thosesexpected by chance. The p-values for specific categories and appraisers are also shg
3.

PSS

ntly
Wwn
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Table A.3 — Fleiss's kappa statistics within appraisers

Appraiser Response Kappa SE kappa z p-Value (vs. >0)
Bad 1 0,223 607 4,472 14 0,000 0
Carol
Good 1 0,223 607 4,472 14 0,0000
) Bad 1 0,223 607 4,472 14 0,000 0
Fiona
Good 1 0,223 607 4,472 14 0,000 0
Bad 1 0,223 607 4,472 14 0,000 0
Kaka
Good 1 0,223 607 4,472 14 0,000 0
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It is necessary to determine how well each appraiser's assessment of each sample matches with the standard,
in other words, whether each rating of the same appraiser agrees with the standard rating (see Table A.4).

Table A.4 — Assessment agreement and disagreement of each appraiser vs. standard

Assessment agreement

Appraiser | Number inspected Number matched? Percentage 95 % ClI
Carot 20 20 166,00 (86;09,-166;90)
Fiona 20 19 95,00 (75,13, 99,87)
Kaka 20 19 95,00 (75,18¢99,8Y)

Assessment disagreement

Appraiser | Number good/bad® | Percentage | Number bad/good® | Percentage | Number mixed® | Percentage
Carol 0 0,00 0 0,00 0 0,00
Fiona 1 20,00 0 0,00 0 0,00
Kaka 0 0,00 1 6,67. 0 0,00

2 | Number of times that an appraiser's assessment across trials agrees with the known standard.

b | Ratio of good assessments across trials to bad standard assessments.

¢ | Ratio of bad assessments across trials to good standard assessments.

d | Number of non-identical assessments across trials.

The results in Table A.5 show that kappa for ,each appraiser is greater than 0,7, indicating|that each

appraiser's assessment matches well with the standard.

Table A.5 — Fleiss's-Kappa statistics (each appraiser vs. standard)

Appraiser Response Kappa SE kappa z p-Value (vs. >0
Carol Bad 1,000 00 0,158 114 6,324 56 0,000 0
Good 1,000 00 0,158 114 6,324 56 0,000 0
) Bad 0,856 63 0,158 114 5,417 81 0,000 0
Flona Good 0,856 63 0,158 114 5,417 81 0,000 0
KafQ Bad 0,874 61 0,158 114 5,631 51 0,000 0
Good 0,874 61 0,158 114 5,53151 0,000 0

A.Y 3 Agreement between appraisers

The results are listed in Table A.6. The kappa value of 0,858 in Table A.7 indicates that the agreement
between appraisers is acceptable.

Table A.6 — Percentages of the assessment agreement between appraisers

Number inspected | Number matched? | Percentage 95 % ClI

20 18 90,00 (68,30, 98,77)

& Number of times that all appraisers' assessments agree with each other.

© 1SO 2010 — All rights reserved 11
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Table A.7 — Fleiss's kappa statistics between appraisers

Response Kappa SE kappa z p-Value (vs. >0)
Bad 0,857 778 0,057 7350 14,857 1 0,000 0
Good 0,857 778 0,057 7350 14,857 1 0,000 0

A.7.4 Agreement of all appraisers vs. standard

The result$ in Tables A.8 and A.9 show the agreement with standard when the assessments of all apprais

are combied. The results indicate good match with the standard.

able A.8 — Percentages of the assessment agreement of all appraisers vs. standard

Number inspected | Number matched?

Percentage

95 % ClI

20 18

90,00

(68,30, 98.%7)

a

Number of times that all appraisers’ assessments agree with the known standard.

Table A.9 — Fleiss's kappa statistics of all appraisers vs. standard

Response Kappa SE kappa Z p-Value (vs. >0)
Bad 0,910 413 0,091 287 1 9,973 07 0,0000
Good 0,910 413 0,091 287 1 9,973 07 0,0000

A.7.5 Figures of agreement assessment

The graph
appraisers|

standard gn the right (see Figure A.1).

Figure A.1

1)
=
2

window also outputs two graphs{ percentages of the assessment agreement and 95 % CI within
on the left-hand side, percentages of the assessment agreement and 95 % CI of all appraisers

VS.

a) shows the consistency-of each appraiser's ratings, while Figure A.1 b) also shows consistefcy

and accurgcy. The filled circles-indicate the percentage matched and the lines joining the data points indicpte
a 95,0 % donfidence interval

A.8 Conclusions

Since all

acceptablg

Kaka. It m

12

pf the\'Fleiss's kappa statistics are greater than 0,7, the attribute data measurement systeny is
.(Bor continuous improvement, the standards should be reviewed with the appraisers, Fiona and

14 + 1l +la +. H=
y T ||Cbc°°a|y (A} 'JlUVIuC aIcTirriorc llallllllu.
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Figure A.1 — Percentage agreement of the assessment and 95 % CI
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B.1 Ge

Annex B
(informative)

Technical support centre triage of issues

eral

A softwarg
diagnose ¢

At this cor
speaks wi
customer

b technical support centre wanted to test the ability of their first-line call receivers to corre
ustomer software issues into several broad categories.

npany when a customer has an issue and places a call to technical support, the customer initi
h a first-line call receiver. The first-line call receivers are trained to ask questions and listen
Answers to correctly categorize the issue into several broad categories. Qnce the first-line

receiver cqtegorizes a customer issue, the call is forwarded to a technical support €xpert for that partict

category d
can attem
categorize
calls for st

The objec

f issues. If the first-line call receiver incorrectly categorizes an issue, the)current category exp
pt to diagnose the problem or send the caller back to a first-line ‘eall receiver. Having to
a call wastes time and can frustrate the customer. It is standard_practice to record these phdg
Idy and training purposes.

ives of the study were to determine how well the first-line’ call receivers categorized custor

issues and to identify any areas where the first-line call receiverssmight need more training to determ

categories

B.2 Des

The exper
first-line ca
period of

by evaluating the answers to a set of standard questions.

cription of the experiment

1l receivers all had the same level of introductory training and had worked in the call centre fd
| year to 1,5 years. Each of the feur first-line call receivers listened to 48 different recordings

customer phone calls with various issues. They were not told how the calls were categorized at the end of

conversati
problems

bns. The four first-line call receivers listened to the phone call recordings and tried to categorize
pased on the answers to thie\standard questions. The true category for each of these phone ¢

was known to the experimenters.

B.3 Res

The respo
levels are

ponse variable

nse variable s the category of the customer issue. It is a nominal response with six levels. The
hctivationycalculations, data display, graphics, spreadsheet, and windows.

Ctly

hlly
to

call
lar
ert
re-
ne

ner
ne

ment involved tracking the categorizations-of four randomly selected first-line call receivers. These

ra

of
the
he
lls

SiX

B.4 Standard-attribute

The standard attribute is known and refers to the actual customer issue category for each phone call.

B.5 Measurement method

Each first-line call receiver was allowed to listen to each recorded phone call all the way through one time.
They were not allowed to replay any part of the phone call. Once they had listened to the call, they had 30 s to

choose an

14

issue category.
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The first-line call receivers may not have had enough training on how to categorize certain types of phone

cal

Is.

B.7 Sampling plan

Four first-line call receivers (Debbie, Mark, Barbara, and Jim) were randomly selected from a group of first-line
call receivers with the same introductory training and similar experience (between 1 year and 1,5 years) as the

tegters for the experiment.
The experimenters explained to the testers that each tester would be listening to 48 recorded.custpmer issue
phone calls. After listening carefully to each phone call they were asked to categorize the phone|call within
30(s of it ending. No recorded phone calls were repeated. There were eight recordedphone calls for each
isspe category.
The tester categorization results and the true customer issue category are shown n Table B.1.
B.B Raw data
The results from the experiment are shown in Table B.1.
Table B.1 — Results from-tfte experiment

Call Actual Debbie Mark Barbara Jirp

1 Activation Windows Activation Activation Activ+tion

2 Activation Activation Windows Activation ActiveLtion

3 Graphics Graphics Windows Windows Graphics

4 Calculations Caleulations Calculations Calculations Calculftions

5 Calculations Calculations Calculations Calculations Calcullitions

6 Windows Windows Windows Windows Windows

7 Spreadsheet Spreadsheet Spreadsheet Spreadsheet Spreadsheet

8 Data display: Spreadsheet Data display Data display Calculations

9 Data.display Data display Data display Data display Data d|splay

10 Graphics Graphics Graphics Graphics Graphics

11 Spreadsheet Spreadsheet Spreadsheet Spreadsheet Spreadsheet

12 Activation Activation Activation Activation Activation

13 Graphics Graphics Graphics Graphics Graphics

14 Activation Activation Activation Activation Activation

15 Spreadsheet Spreadsheet Spreadsheet Spreadsheet Spreadsheet

16 Graphics Graphics Calculations Graphics Graphics

17 Spreadsheet Spreadsheet Spreadsheet Spreadsheet Spreadsheet

18 Activation Activation Activation Windows Windows

19 Graphics Graphics Windows Graphics Graphics

20 Windows Graphics Windows Windows Windows

21 Activation Activation Activation Activation Activation
© 1SO 2010 — All rights reserved 15
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Table B.1 (continued)

Call Actual Debbie Mark Barbara Jim
22 Data display Windows Data display Data display Data display
23 Windows Activation Windows Windows Windows
24 Data display Data display Data display Data display Data display
25 Activation Activation Activation Activation Activation
26 Graphics Graphics Graphics Graphics Graphics
27 Windows Windows Windows Windows Windows
28 Calculations Spreadsheet Calculations Calculations Calculations
29 Data display Data display Data display Data display Calculatiens
30 Windows Windows Windows Windows Windows
31 Spreadsheet Spreadsheet Spreadsheet Spreadsheet Spreadsheet
32 Windows Windows Windows Windows Windows
33 Spreadsheet Data display Spreadsheet Spreadsheet Spreadsheet
34 Windows Windows Windows Windows Windows
35 Data display Spreadsheet Spreadsheet Spreadsheet Spreadsheet
36 Calculations Data display Calculations Calculations Calculations
37 Calculations Calculations Calculations Calculations Data display
38 Windows Windows Windows Windows Windows
39 Spreadsheet Spreadsheet Calculations Calculations Spreadsheet
40 Spreadsheet Spreadsheet Spreadsheet Data display Spreadsheet
41 Graphics Graphics Graphics Graphics Graphics
42 Data display Spreadsheet Data display Data display Data display
43 Calculations Calculations Calculations Calculations Calculations
44 Activation Activation Activation Activation Activation
45 Calculations Data display Data display Calculations Calculations
46 Calculations Data display Calculations Calculations Calculations
47 Data display Data display Data display Data display Data display
48 Graphics Graphics Graphics Graphics Graphics

B.9 Attrjbute agreement analysis — Within testers

B.9.1 General

AAA in SASZIMP 93) is adopted to assess the consistency and accuracy of subjective classifications|by

examining the results within testers, between testers, and against the standard.

B.9.2 Consistency of each tester across trials

Figure B.1 and Table B.2 provide information on the percentage agreement for each tester.

3) SAS JMP is the trade name of a product supplied by the SAS Institute, Inc. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of the product named.
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Figure B A~"Percentage agreement for each tester

Table B.2 — Percentage agreement for each tester with confidence intervals

Rater Percentage 95 % 95 %
agreement Lower CI Upper CI
Debbie 69,444 4 66,554 9 72,188 7
Mark 78,472 2 76,138 2 80,636 0
Barbara 81,250 0 79,1355 83,1957
Jim 79,166 7 76,884 0 81,278 8

B.9p3)Effectiveness of each tester across trials (against standard)

The ability to effectively categorize a customer issue is shown in Table B.3.

Table B.3 — Effectiveness of each tester

Rater | Effectiveness Lo?/f/SeOrA]CI U[?SeorA)CI
Debbie 75,000 0 61,2156 | 85,0794
Mark 85,416 7 72,8328 | 92,751 8
Barbara 89,583 3 77,8326 | 95,467 8
Jim 89,583 3 77,8326 | 95,467 8

© 1SO 2010 — All rights reserved

17


https://standardsiso.com/api/?name=37588b36e9fb97012447ecfb24c8bb8a

ISO/TR 14468:2010(E)

The kappa statistics in Table B.4 compare each tester with the standard. Note that all testers seem to do at
least an adequate job of identifying the phone call issue categories correctly. Debbie appears to struggle the

most, however.

Table B.4 — Kappa statistics of each tester against standard

Rater Compared with standard | Kappa |Standard error
Debbie Truth 0,7000 0,074 4
Mark Truth 0,825 0 0,060 8
Barbara Truth 0,8750 0,052 8
Jim Truth 0,8750 0,052 7

B.10 Aftribute agreement analysis — Between testers

B.10.1 Consistency across testers (not against standard)

Table B.5 |ndicates that around 58 % of the phone calls were correctly categorized by all testers.

Table B.5 — Agreement across testers

Nymber inspected | Number matched Percentage 95 % Lower CI 95 % Upper CI
agreement
48 28 58,333 44,281 71,150

Figure B.2[shows the percentage agreement between testers for each recorded phone call.
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Figure B.2 — Percentage agreement between testers

Table B.6 shows the kappa statistics between each pair of testers. Debbie shows the least agreement with the

other testers. The other testers have considerably better agreement with each other.

18
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Table B.6 — Kappa statistics of each tester against another tester

Rater Compared with rater Kappa Standard error
Debbie Mark 0,626 4 0,078 8
Debbie Barbara 0,626 6 0,0790
Debbie Jim 0,650 2 0,077 2

Mark Barbara 0,849 1 0,057 5

Mark Jim 0,749 3 0,070 2
Barbara Jim 0,849 8 0,057 2

Ta
iss

Ta
areg
as

=

Table B.7 — Kappa statistics across categories

Category Kappa Error
Activition 0,824 0 0,058 9
Calculations 0,628 1 0,058 9
Data display 0,578 6 0,058 9
Graphics 0,824 0 0,058 9
Spreadsheet 0,778 7 0,058 9
Windows 0,715% 0,058 9
Overall 0,724 4 0,026 5

.10.2 Accuracy of testers against standard

Table B.8 — Misclassifications

ble B.7 shows the kappa statistics for agreement across the issue categories. Activation an
Lles have the most agreement. Issues about data display have the least agreement.

 graphics

ble B.8 shows the counts of category misclassifications across testers. This shows that data display issues
frequently being categorized as spreadsheet issues. Calculations issues are frequently being g
data display issues. Also, it appears‘that activation issues are sometimes misclassified as a wind

ategorized
oWS issue.

Standard level] Activation | Calculations | Data display | Graphics | Spreadsheet | Windows
Activation — 0 0 0 0 1
Caleulations 0 — 2 1 2 0
Bata display 0 5 — 0 2 0
Graphics 0 0 0 — 0 1
Spreadsheet 0 1 6 0 — 0
Windows 4 ¢ + 3 8 —

Other 0 0 0 0 0 0

B.11 Conclusions

The AAA study indicates that perhaps some targeted training could help improve the first-line call receivers'
ability to categorize customer issues. It appears that some training to help them to differentiate between
calculation, data display, and spreadsheet issues would be helpful. It also might be helpful to train the first-line
call receivers in distinguishing between activation and windows issues. Overall, it seems that the first-line call
receivers are doing an adequate job of categorizing the customer issues from incoming calls.

© 1SO 2010 — All rights reserved
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Annex C
(informative)

Tasting differences in water4

C.1 General

A training prganization uses the ability of people to recognize the taste of different brands of bottled water &
means to lemonstrate the benefits of an agreement attribute analysis (AAA).

The objective of the study consists in having students:

a) recoghize when an AAA is needed;

b) design an experiment that can be executed in class;

c) collect the data;

d) analyge and interpret the results;

e) make|recommendations based on the information extracted from'the analysis.
The followjng question was posed to the students: Can people‘detect differences among specific brands

bottled water as well as between these brands and tap water? To answer such a question, it is necessary
first assess$ the ability of people to recognize water from.similar sources.

C.2 Desgription of the experiment

The exper|ment consists of selecting three-different brands of bottled water (referred to as brand A, brand
and brand| C) and filling unmarked cups.with water from the bottles of water or from the tap. Then “testg

S a

of
to

Bl
rs”

blindly drirfk water from these cups and record the type of water (brand A, brand B, brand C, or tap water) they

believed they tasted.

The purpoke of the analysis is.to’ quantify the ability of the testers to recognize consistently and effectively
various brands of bottled watet or tap water.

C.3 Responsewariable

The respopse variable is the type of water tasted by a “tester”. This type of data has a nominal type with f

he

Dur

levelsin o

C.4 Standard attribute

The standard attribute is known and refers to the actual type of water used to fill the cups in the experiment.

4) This example was supplied by Quality Management Systems Solutions (QMSS). This information is given for
convenience of users of this document and does not constitute an endorsement by ISO of this supplier.
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C.5 Measurement method

All testers were given marked samples of each of one of the four types of water at the beginning of the
experiment, so they were “trained” in recognizing each type of water. At any time during the experiment, they
were allowed to go back to the marked samples and re-taste them before recording their answer as to the

typ

e of water they were drinking in an unmarked cup.

C.6 Possible reasons for incorrect judgement

Th
to

samples of water.

C.

Th
“te

Aft
wal

of the four types of water was provided three times in the study, leading to 12 cups tested by all test

Th
teg

Th
Ta

.B Raw data

bre may not be enough difference In taste or smell amongst the various brands of water to allo
Jetect that difference, and thus to identify correctly the origin of the water, even in the presenee-g

7 Sampling plan

ee students were randomly selected from the population of students in thé.classroom and des
sters” for the experiment.

br getting their training by tasting marked samples of water, the testers were given 12 unmark|
ter, and asked to select the brand of water (or tap water) in each cup based upon its taste and S

b actual identification of the unmarked cups of water, aleng with the responses from each o
ters, is listed in Table C.1.

ple C.1.

Table C.1 — Results from the experiment

v a person
f identified

ignated as

bd cups of
mell. Each
brs.

the three

b results from the experiment of the fourtrials of each type of water tested by each tester ar¢ shown in

Cup Actual Tester 1 Tester 2 Tester 3 Correct percentage
1 Brand A Brand A | Tap water [ Brand B 33
2 \|"Tap water | Brand C Brand A | Tap water 33
3 Brand B Brand B Brand B Brand A 67
4 Brand C Brand B Brand B Brand A 0
5 Brand B | Tap water | Tap water | Brand C 0
6 Tap water | Brand C Brand C | Tap water 33
7 Brand A Brand B Brand B Brand C 0
8 Brand C | Tap water | Brand A Brand B 0
9 Tap water | Tap water | Tap water | Brand C 67
10 Brand A Brand A Brand A Brand A 100
11 Brand B Brand A Brand C Brand C 0
12 Brand C Brand B Brand B Brand C 33

© 1SO 2010 — All rights reserved
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C.9 Attribute agreement analysis — Within testers

C.9.1 General

AAA in SAS JMP 95) is adopted to assess the consistency and accuracy of subjective classifications by
examining the results within testers, between testers, and against the standard.

C.9.2 Consistency of each tester across trials

Table C.2 shaws that none of the four types of water was recognized consistently by any tester

Table C.2 — Agreement within testers

Rater Number inspected | Number matched | Rater score LOQVSeOf)CI Up?SeOrA)CI
Tester 1 4 0 0,0000 0,000 0 48,989 1
Tester 2 4 0 0,0000 0,000 0 48,989 1
Tester 3 4 0 0,000 0 0,000 0 48,989 1

Figure C.1
testers seq

and Table C.3 provide information on the percentage agreement within each tester. None of

ms to be consistent in their ability to identify a specific type of water.
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1 testerl
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Figure C.1 — Percentage agreement within each tester

5) SAS JMP is the trade name of a product supplied by the SAS Institute, Inc. This information is given for the

convenience of users of this document and does not constitute an endorsement by ISO of the product named.

22

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=37588b36e9fb97012447ecfb24c8bb8a

C.9 3 Effectivenessof eachtesteracrosstrials (against standard)}———

ISO/TR 14468:2010(E)

Table C.3 — Percentage agreement within each tester with confidence intervals

Rater Percentage agreement 95 % Lower CI 95 % Upper CI
Tester 1 29,7619 23,3337 37,104 0
Tester 2 27,3810 21,649 3 33,9722
Tester 3 26,190 5 20,619 4 32,6477

The ability to effectively recognize a specific type of water is indicated in Table C.4.

Kappa statistics are given in Table C.5 for a comparison of each tester with the standard. None of

Table C.4 — Effectiveness of each tester

Rater Effectiveness 95 % Lower Cl |95 % Upper Cl| _Error rate
Tester 1 33,3333 13,8120 60,937 8 0,666 7
Tester 2 25,000 0 8,894 2 53,2305 0,750 0
Tester 3 33,3333 13,8120 60,937 8 0,666 7

is ¢ffective in recognizing a type of water accurately.

C.

Ta

Table C.5 — Kappa statistics of each tester against standard

Rater | Compared with-standard | Kappa | Standard error
Tester 1 Actual 0,1111 0,177 5
Tester 2 Actual 0,000 0 0,162 0
Tester 3 Actual 0,1111 0,184 8

Tahle C 6
e -5

JLO Attribute agreement analysis — Between testers

0.1 Consistency across testers (not against standard)

ple C.6 indicates that none of the four water types are identified consistently across testers.
sufprising as none of the water types had been identified consistently by any single tester in Table ¢.

Aagraamant acrncc tactarc
Gt ttcTroOooteSterS

cTrTreTT

the testers

This is not

2.

Number inspected

Number matched

Percentage agreement

95 % Lower ClI

95 % Upper CI

4

0

0,0000

0,0000

48,989

Figure C.2 provides the percentage agreement between testers on identifying each type of water. The highest
percentage agreement is on the tap water, but it is still a low number (below 35 %). The average agreement
for all types of water combined is 26 %.
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Figure C.2 — Percentage agreement’between testers

provides kappa statistics between pairs.of) testers. Tester 1 and tester 2 identify eight unmarked

cups out ¢f 12 in a similar manner, leading to‘d-kappa statistic of 0,547 2. This is better than the kappa

statistics a

Table C.8

Table C.7 — Kappa:statistics of each tester against another tester

gainst tester 3, but still quite poor.

Rater Compared with rater | Kappa |Standard error
Testert Tester 2 0,547 2 0,177 0
Tester 2 Tester 3 -0,189 0,1115
Tester 3 Tester 3 -0,081 0,131 4

water perf<|)rm poorly.

provides kappa statistics to assess the agreement across types of water and testers. All typeg of

24

Table C.8 — Kappa statistics of each tester against each other

Category Kappa Standard error
Brand A -0,037 0,083 3
Brand B 0,100 0 0,083 3
Brand C 0,000 0 0,083 3

Tap water -0,004 0,083 3
Overall 0,016 5 0,048 2
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0.2 Accuracy of testers against standard

Table C.9 provides counts of misclassification of types of water across trials and testers. Brand A and tap
water perform better than brand B and brand C, but all types of water offer challenges to the testers and lead
to a high percentage of misclassification.

Table C.9 — Misclassifications

C.1.1 Conclusions

AAA indicates that students are not able to consistently recognize the taste and smell of tap water ¢

thg

AAA in the first place, namely whether people can detect differences among specific brands of bo
as|well as between these brands and tap water. If thexbrands of bottled water selected for the expe
“representative” of the population of brands, then it\is”unlikely that people can differentiate betwe
waler and tap water.

Standard
Level
Brand Al Brand B | Brand C Tnlr_\ water

Brand A — 2 2 1
Brand B 3 — 5 0
Brand C 1 3 — 4
Tap water 1 2 1 —
Other 0 0 0 0

brands of bottled water. This conclusion has a big impact on answering the question that prg
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D.1 Ge

Annex D
(informative)

Thermistor defects

eral

In order to
attack, andg
in assuring
there are
(CT); bubhb

phase, appraisers inspect the thermistor chips and subjectively classify them as passing)or failing due to ¢

of the defe
given are
attribute m

D.2 Res

The respo

D.3 Stampdard attribute

Standard §

D.4 Pos

Because j
Con, GC 4

D.5 San

To assess
same intrd
Thermisto

protect a thermistor (heat-sensitive resistance) from its operating atmosphere, humidity, chem
contact corrosion, the thermistor chip is often coated with protective conformal coatings‘that as
good mechanical integrity of the device. The coating is vitreous. During the encapsulation proce
even potential defects: lead outside (LO); glass crack (GC); high temperature (HT); chip turno
le inside glass (Bub); incomplete sealing (PS); contamination inside unit (Con). In the measurem

cts mentioned above. Therefore, the experience of the appraisers and the/training they have be

bf huge importance. The objective of this study is to evaluate the consistéency and accuracy of
easurement system.

ponse variable

Nse variable is nominal data, which fall into eight categories*and have no natural ordering.

ttribute (the correct rating) is given in this case.

Sible reasons for incorrect'judgement

iIdgement is based on visual\inspection, sometimes testers confuse similar defects, e.g. PS 4§
nd HT.

pling plan

the consistency and accuracy of ratings, three appraisers, randomly selected from a group with
ductory-training and similar experience, judged thermistor quality on two series of 20 sampl
samples were randomly presented.

cal
bist
ss,
ver
ent
ne
en
he

ind

he

D.6 Raw data

Table D.1 lists the raw data used in the AAA.

D.7 Attr

ibute agreement analysis

AAA in Minitab 15 is adopted to assess the consistency and accuracy of subjective classifications by
examining the results within appraisers, between appraisers, and against the standard. AAA output consists of
session window and graph window results.

26
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The session window includes the following types of agreement:

a) within appraiser: it shows whether each appraiser judges samples consistently across trials, in other
words, whether the appraiser gives the same rating to the same sample each time;

b) between appraisers: it shows whether appraisers' ratings agree with each other, i.e. whether different
appraisers give the same rating to the same sample.

Table D.1 — Inspection results of thermistors and standard attribute

Sample | Standard Appraiser A Appraiser B Appraiser C

Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Triah 2
1 Pass Pass Pass Pass Pass Pass Pass
2 Pass Pass Pass Pass Pass Pass Pass
3 PS PS PS PS PS Con PS
4 GC GC GC GC GC GC GC
5 Pass Pass Pass Pass Pass Pass Pass
6 HT GC GC HT HT HT HT
7 Pass Pass Pass Pass Pass Pass Pass
8 GC GC GC GC HT GC GC
9 Pass Pass Pass Rass Pass Pass Pass
10 CT CT CT Pass CT CT CT
11 Pass Pass Pass Pass Pass Pass Pass
12 LO LO LO LO Pass LO LO
13 Pass Pass Pass Pass Pass Pass Pass
14 Con Con Con Con Pass Con PS
15 Pass Pass Pass Pass Pass Pass Pass
16 Pass Pass Pass Pass Pass Pass Pass
17 GC GC GC Pass GC GC GC
18 RS PS PS PS PS PS PS
19 Pass Pass Pass Pass Pass PS Pass
20 Bub Bub Pass Bub Bub Bub Bub

Sinjce the’standard attribute (the correct rating) is given in this case, the session window output algo includes
tW(r additional types of agreement:

c) each appraiser vs. standard: it shows how well each appraiser's assessment of each sample matches
with the standard, i.e. whether each rating of the same appraiser agrees with the standard rating;

d) all appraisers vs. standard: it shows how well responses of all appraisers agree with the known standard
when they are combined.

For each type of agreement, the session window output includes assessment agreement and Fleiss's kappa
statistics to assess the consistency and accuracy of the appraisers' responses.
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D.7.1 Agreement within appraisers

The within appraisers table in the session window assists in answering whether each appraiser rated the
thermistors consistently across trials.

Each appraiser inspected 20 thermistors (number inspected) twice. Table D.2 shows how well each appraiser
agreed with himself/herself during two trials. Appraiser 1 matched 19 out of 20 thermistors (95 %). Appraiser 2
matched 15 out of 20 thermistors (75 %), and appraiser 3 matched 17 out of 20 thermistors (85 %).

For appraiser 1, the 95 % confidence interval (Cl) for percentage matched is 75,13 % to 99,87 %. For the
other two appraisers, the 95 % confidence interval for percentage matched is 50,90 % to 91,34 % and
62,11 % td 96,79 % respectively.

Table D.2 — Percentages of the assessment agreement within appraisers

Appraiser | Number inspected | Number matched? | Percentage 95 % ClI
1 20 19 95,00 (75,13, 99,87)
2 20 15 75,00 (50,90,791,34)
3 20 17 85,00 (62,11, 96,79)
@ Number of times that an appraiser agrees with him/herself across trials.

To evaluafe the consistency of each appraiser's ratings across trials, ‘the kappa statistic can also be uged
within appraisers.

There are fwo main types of kappa statistic: Cohen's kappa isbased on the two-way contingency table; Wmile
Fleiss's kgppa is based on matched pairs. The two approaches treat the selection of appraisers differemtly
when calcfllating the probability of agreement by chance/,Cohen's kappa assumes that the appraiser(s) are
specifically chosen and are fixed, whereas Fleiss's_kappa assumes that the appraiser(s) are selected at
random frgm a group of available appraisers. This leads to two different methods of estimating the probability.
In this cage, three appraisers were randomly selected from the whole group, thus it is not appropriate to
employ Cdhen's kappa to assess agreementIn.the following, only Fleiss's kappa is considered.

Generally peaking, the higher the valuetef kappa, the stronger the agreement within appraisers. If x=1, this
indicates perfect agreement (consistency). If x=-1, this indicates perfect disagreement. If =0, fhe
agreement of the ratings is the same-as that expected by chance. In general, kappa values above 0,9 are
considered excellent. Kappa values less than 0,7 indicate that the rating system (or the service quality) ne¢ds
improvemegnt and those less than 0,4 indicate the measurement system capability is inadequate. Typically a
kappa valye of at least 0,704syrequired, but kappa values close to 0,90 are preferred.

According |to Table D,3;<0;924 95 is the overall Fleiss's kappa statistic for appraiser 1, which is considefed
good; for appraiser 2\the overall kappa is 0,59, which is not acceptable. The overall kappa for appraiser 3 is
0,79, which is acceptable.

Table D.3 |also provides kappa statistics for each appraiser by defect. For example, the kappa value |for
appraiser 1l far defect categary “Bub” is —0 02 which indicates alnlnraiqpr 1 was not consistent acrass hbth
trials when he/she categorized this defect category. Further observation reveals that appraiser 1 categorized
the same unit as “Bub” and “Pass” in the two series of samples. This indicates appraiser 1 may be confused
between categories “Bub” and “Pass”. This information would be helpful to an analyst wanting to improve the
measurement system.

The p-value represents the probability of making a Type | error, which is rejecting the null hypothesis (x= 0, or
agreement within appraiser is due to chance) when the null hypothesis is true. If the p-value of a test statistic
is less than the prespecified significance level (alpha), for which a commonly used value is 0,05, the null
hypothesis should be rejected. Because the p-values for the three overall Fleiss's kappa are less than 0,05,
the choice to reject the null hypothesis has to be made. The response agreements are significantly different
from those expected by chance. The p-values for specific categories and appraisers are also shown in
Table D.3.
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Table D.3 — Fleiss's kappa statistics within appraisers

Appraiser Response Kappa SE Kappa z p-Value (vs. >0)

Bub —-0,025 64 0,223 607 -0,114 67 0,545 6
Con 1,000 00 0,223 607 4,472 14 0,000 0
CT 1,000 00 0,223 607 4,472 14 0,000 0
GC 1,000 00 0,223 607 4,472 14 0,000 0

1 HT _a _a _a _a
LO 1,000 00 0,223 607 4,472 14 0,000 0
Pass 0,899 75 0,223 607 4,023 80 0,000 @
PS 1,000 00 0,223 607 4,472 14 0,000-0
Overall 0,924 95 0,124 203 7,447 12 0;000 O
Bub 1,000 00 0,223 607 4,472 14 0,000 0
Con —-0,025 64 0,223 607 -0,114(67 0,545 6
CT —-0,025 64 0,223 607 -0,114°67 0,545 6
GC 0,444 44 0,223 607 1,987 62 0,023 4
2 HT 0,639 64 0,223 607 2,860 56 0,002 1
LO —-0,025 64 0,223-607 -0,114 67 0,545 6
Pass 0,583 33 0i223 607 2,608 75 0,004 5
PS 1,000 00 0,223 607 4,472 14 0,000 0
Overall 0,590 16 0,118 732 4,970 54 0,000 0
Bub 1,000 00 0,223 607 4,472 14 0,000 0
Con +0,052 63 0,223 607 —-0,235 38 0,593 0
CT 1,000 00 0,223 607 4,472 14 0,000 0
GE 1,000 00 0,223 607 4,472 14 0,000 0
3 HT 1,000 00 0,223 607 4,472 14 0,000 0
LO 1,000 00 0,223 607 4,472 14 0,000 0
Pass 0,899 75 0,223 607 4,023 80 0,000 0
PS 0,314 29 0,223 607 1,405 53 0,079 9
Overall 0,792 75 0,109 805 7,219 58 0,000 0

2 No or all responses across the trials equal the value, thus kappa cannot be computed.

D.7.2 Agreement of each appraiser vs. standard

It is necessary to determine how well each appraiser's assessment of each sample matches with the standard,
in other words, whether each rating of the same appraiser agrees with the standard rating.

The percentages of agreement of each appraiser vs. standard and 95 % CI can be seen in Table D.4.

Table D.4 shows how well each appraiser's assessment of each sample across both trials agrees with the
standard. Appraisers 1, 2, and 3 matched 90 %, 75 %, and 85 % respectively.
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Table D.4 — Percentages of the assessment agreement of each appraiser vs. standard

Appraiser | Number inspected | Number matched? | Percentage 95 % ClI
1 20 18 90,00 (68,30, 98,77)
2 20 15 75,00 (50,90, 91,34)
3 20 17 85,00 (62,11, 96,79)
2 Number of times that each appraiser's assessments across trials agree with the known standard.

Table D.5
helpful in
standard.
defect cate

shows how well each appraiser matches with the standard by defect category. This information
determining whether an appraiser has trouble with any defect type when compared,‘with
~or example, appraiser 1 had good overall kappa statistics; however, he/she has trouble/with

gory “Bub”.

Table D.5 — Fleiss's kappa statistics (each appraiser vs. standard)

is
he
the

Appraiser Response Kappa SE Kappa z p-Value (vs. >0)
Bub 0,487 18 0,158 114 3,0812 0,001 0
Con 1,000 00 0,158 114 6,23246 0,000 0
CT 1,000 00 0,158 114 6,232 46 0,000 0
GC 0,826 84 0,158 114 5,229 4 0,000 0
1 HT -0,025 64 0,158 114 -0,162 2 0,564 4
LO 1,000 00 0,158\114 6,232 46 0,000 0
Pass 0,949 87 0,158 114 6,007 5 0,000 0
PS 1,000 00 0,158 114 6,324 6 0,000 0
Overall 0,890 15 0,082 380 10,805 3 0,000 0
Bub 1,000:00 0,158 114 6,324 6 0,000 0
Con 0,487 18 0,158 114 3,081 2 0,001 0
CT 0,487 18 0,158 114 3,081 2 0,001 0
GC 0,771 43 0,158 114 4,878 9 0,000 0
2 HT 0,819 82 0,158 114 5,1850 0,000 0
LO 0,487 18 0,158 114 3,081 2 0,001 0
Pass 0,797 98 0,158 114 5,046 9 0,000 0
PS 1,000 00 0,158 114 6,324 6 0,000 0
Overall 0,810 75 0,081 050 10,0030 0,000 0
Bub 1,000 00 0,158 114 6,324 6 0,000 0
Con 0,307 00 0,158 114 1,941 6 0,026 1
CT 1,000 00 0,158 114 6,324 6 0,000 0
GC 1,000 00 0,158 114 6,324 6 0,000 0
3 HT 1,000 00 0,158 114 6,324 6 0,000 0
LO 1,000 00 0,158 114 6,324 6 0,000 0
Pass 0,949 87 0,158 114 6,007 5 0,000 0
PS 0,607 94 0,158 114 3,844 9 0,000 1
Overall 0,895 50 0,078 382 11,4249 0,000 0
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D.7.3 Agreement between appraisers
Table D.6 shows the overall agreement between the appraisers (55 %).

Table D.6 — Percentages of the assessment agreement between appraisers

Number inspected | Number matched? | Percentage 95 % ClI
20 11 55,00 (31,53, 76,94)

2 Number of times that all appraisers' assessments agree with each other.

Taple D.7 shows agreement between appraisers by defect category. The overall kappa value is Q;(#; however,
thq results indicate there is room for improvement among some of the defect categories such~as|“Con” and
“HT

Table D.7 — Fleiss's kappa statistics between appraisers

Response Kappa SE Kappa z p-Value (vs. >0)
Bub 0,791 304 0,057 7350 13,705 8 0,600 0
Con 0,457 391 0,057 7350 7,922 2 0,000 0
CT 0,791 304 0,057 7350 13,705 8 0,000 0
GC 0,764 706 0,057 7350 13,2451 0,000 0
HT 0,457 391 0,057 7350 7,922 2 0,000 0
LO 0,791 304 0,057 7350 13,705 8 0,000 0
Pass 0,799 107 0,057 735 0 13,840 9 0,000 0
PS 0,741 193 0,057,7350 12,837 8 0,000 0

Overall 0,742 308 0,029 869 9 24,851 3 0,000 0

D.Y.4 Agreement of all appraisers vsxstandard
Taple D.8 lists agreement with standard by defect category when responses of all appraisers are [combined.
The overall values of kappa in Table D/9 indicate that the measurement system is acceptable; howgver, it can
be[further improved.

Table D.8 — Percentages of the assessment agreement of all appraisers vs. standarfd

Number inspected | Number matched2| Percentage 95 % ClI
20 11 55,00 (31,53, 76,94)

& Number of times that all appraisers' assessments agree with the known standard.

Table D.9 — Fleiss's kappa statistics of all appraisers vs. standard

Response Kappa SE Kappa z p-Value (vs. >0)
Bub 0,829 060 0,091 287 1 9,0819 0,000 0
Con 0,598 060 0,091 287 1 6,551 4 0,000 0
CT 0,829 060 0,091 287 1 9,081 9 0,000 0
GC 0,866 089 0,091 287 1 9,487 5 0,000 0
HT 0,598 060 0,091 287 1 6,551 4 0,000 0
LO 0,829 060 0,091 2871 9,081 9 0,000 0
Pass 0,899 243 0,091 2871 9,850 7 0,000 0
PS 0,869 312 0,091 287 1 9,522 8 0,000 0

Overall 0,865 467 0,046 546 7 18,593 5 0,000 0
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D.7.5 Figures of agreement assessment

The graph window also outputs two graphs: percentages of the assessment agreement and 95 % CI within
appraisers on the left-hand side, percentages of the assessment agreement and 95 % CI of all appraisers vs.

standard on the right (see Figure D.1).

Figure D.1 a) shows the consistency of each appraiser's ratings, while Figure D.1 b) also shows consistency
and accuracy. The filled circles indicate the percentage matched and the lines joining the data points indicate

a 95,0 % confidence interval.

Note that the-perecertage-efagreement-aropsirem-95-%+to-90-%fromHgure Bdaiteb)-
Y| YA
100 | 100
X
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/
X X
90 | 90 |
o 0]
80 80 |
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X ?
70 709
60 | X 60 1
50 | 50 | X
| | | I |
1 2 3 2 3
a) Within appfaiser b) Appraiser vs. standard
Key
Y percentage of agreement
1 appraiser 1
2 appraiser 2
3 appraiser 3

Figure D.1 — Fercentage agreement of the assessment and 95 7 Ul
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D.8 Conclusions
There are several areas where measurement system could be improved.

a) Appraiser 2 had low kappa value when compared within him/herself across trials. This indicates appraiser
2 needs additional training.

b) Each appraiser had trouble with certain defect categories when comparing within him/herself or with the
standard. The definitions of defect categories should be revised and reviewed with appraisers.

C) , requires

examination for further opportunities for improvement.
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E.1 Ge

The modii;lled Rankin score (MRS) is a scoring measurement method that is used to assess the-leve

disability i

which pred

The objecﬂ(;/e of this study is to assess the consistency and accuracy of the mRS measure idefived solely fr|

case-reco
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Annex E
(informative)

Assessment of level of disability following a stroke®

eral

ludes its use in retrospective studies such as case control studies.

s, thus without interviews, against the traditional MRS scores obtained from interviews.

cription of the experiment

sampling process was used to select 46 patients from a trial population of patients discharged fr
Stroke unit of a hospital. This trial population consisted of alk @utpatients sequentially discharg

score (according to the traditional procedure). Doctors . conducting the interviews were not aw

bwing the actual MRS scores that had been derived initially from the interview.

ponse variable
nse variable is the case-record-mRS score given by each one of the two assessors. These data

type, with order (i.e. misclassifying a record which has a traditional score of 5 as a score of 1 is
us than misclassifying it as‘a score of 4).

D “true” mRS score. The “standard mRS” score used to assess the consistency and accuracy of

ne videotapes done during the interview and agreed upon the “standard mRS score”.

of

curred following an acute stroke. It is traditionally based on interviews (face-to-face or telephone),

bm
ed

od of time from the unit and who agreed to be videotaped.dtring the interview conducted to detlive

hre
RS

bnt assessors independently derived mRS scores from each case-record in the random sample,

are
far

the
ho

E.5 Measurement method

Figure E.1

is a schematic diagram of the measurement process.

6) This example was supplied by Dr Terence J. Quinn, MRCP, Gardiner Institute of Cardiovascular and Medical
Sciences, University of Glasgow, UK. It is adapted from Reference [6].
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