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Foreword

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

experimental designs have been reviewed and augmented;
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

A panel of assessors can be used as an instrument to identify products’ sensory attributes and to assess
the magnitude of sensory attributes.

Performance is the measure of the ability of a panel or an assessor to make reliable and valid attribute
assessments across the products being evaluated. It can be assessed at a given time point, typically after
a training period (validation) or tracked over time (monitoring). Performance comprises the ability of
a panel to detect, identify and measure an attribute, use attributes in a similar way to other panels or
between assessors within a panel, discriminate between stimuli, use a scale properly, repeat their own

raxrradioo o e i o oan oo -t thax oo ol o 3
reSultS, and reprotoattTCSurcS I COTpPar rISOT tO- Ot CT pPantrs O asStS50T ST

Measuring performance enables the panel leader to improve panel and assessor output, te, identify
issues and rletraining needs or to identify assessors who are not performing well enough'to continue
participating.
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Sensory analysis — Methodology — Guidelines for the
measurement of the performance of a quantitative
descriptive sensory panel
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document gives guidelines for assessing the overall performance of a quantitative
| and the performance of each panel member.

document is applicable to the validation of the training of individual assessors|or pane
e performance monitoring of established panels.

document does not apply to the panel performance for descriptive methods where th
s of each assessor are not recorded, where there is no single list of-attributes that is cq
ssessors, or where dominance rather than intensity is measured:Consequently, the |
scriptive panels using methods such as consensus profile, free-choice profile, flash
oral dominance of sensations (TDS) are out of scope.

methods specified in this document are for monitoring.and assessing the ability of a
sors to discriminate between products, the agreement between assessors of the sanj
epeatability of these assessors in their intensity scoring.

oducibility, including both the comparison between panels and the comparison with
| of several evaluations conducted under différent conditions (i.e. separated in time), is
s document.

methods specified in this document-¢an be used, in full or a selection only, by the paj
hise continuously the performancerof panels or individual assessors. The methods li
stive and other appropriate methods can also be used.

Normative references

following documents are referred to in the text in such a way that some or all of t
Fitutes requirenients of this document. For dated references, only the edition cited
ted references;the latest edition of the referenced document (including any amendme

492, Sensory analysis — Vocabulary

Terms and definitions

descriptive

Is, as well as

e individual
mmon to all
erformance
profile and

anel and its
e panel and

in the same
out of scope

el leader to
sted are not

heir content
applies. For
hts) applies.

For the purposes of this document, the terms and definitions given in ISO 5492 and the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

3.1
agre

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

[EC Electropedia: available at http://www.electropedia.org/

ement

ability of different panels or assessors to exhibit the same product differences when assigning scores on

agiv
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panel drift
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phenomenon where a panel, over time, changes in sensitivity or becomes susceptible to biases and as
a consequence changes the location on the scale where an attribute is rated for a constant, reference

product

3.3

performance
ability of a panel or an assessor to make reliable and valid assessments of stimuli and stimulus attributes

3.4

validation
process of e

3.5
session
period of tin

Note 1 to ent
For an assesg

[SOURCE: IS

3.6
replicate
occurrence

Note 1 to ent
a single occu

Note 2 to ent
are more exp|

Note 3 to ent
are the same

3.7

assessor bi
tendency of
known or th

[SOURCE: IS

3.8
order bias
arising from

Note 1 to ent

ctablishing that a panel or assessor is able to meet specified performance (3.3) criteria

he in which products are assessed

ry: In a single session either one or several products may be assessed by one or several asse
or, whether alone or as part of a panel, sessions are separated in time.

0 5492:2008/Amd.1:2016, 4.63]

bf a particular condition in an experimental design

y: The term usually implies that the occurrence is o€ of several of the same kind, but it can re
'rence. When the condition is performed twice, the\wording is “two repetitions”, etc.

"y: To specify more than one occurrence of a condition, the terms “replication” or “replicate se§
licit.

ry: A “replicate session” is a session (3.5)"in which the assessors, products, test conditions and

ns
an assessor to give scores’'which are consistently above or below the true score when t
e panel mean when-it.is not

0 5492:2008/An1d.1:2016, 1.40]

a preduct’s spatial or temporal position relative to a group of products being assesseq

- The term includes both “position bias” and “sequential bias”.

bSOr'S.

fer to

sion”

| task

hat is

|

[SOURCE: IS
3.9

05492:2008/Amd.1:2016, 1.42]

repeatability

agreement (3.1) in assessments of the same products under the same test conditions by the same
assessor or panel

Note 1 to entry: Repeatability can be measured within one session (3.5) or over several distinctly separate
sessions, provided that the replicate (3.6) evaluations are conducted under the test conditions that can be
considered to be the same. If replicate evaluations are conducted in distinctly separate sessions/sittings, the
sessions are generally separated by several days only. In this case, the distinction between repeatability and
reproducibility (3.10) in the short term is minor and relates to the test conditions being considered the same or
not.
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RCE: I1SO 5492:2008/Amd.1:2016, 1.45, modified — Note 1 to entry has been added.]

reproducibility
agreement (3.1) in assessments of the same products under different test conditions or by different
assessors or panels

Note 1 to entry: Reproducibility may be measured as any of the following:

S

eparated by several days;

4.1

4.1.1

This
attri
metH

The
spec
asseq

4.1.2

Ade
valid
perid

This
and {
train

hereproducibility of a panel (or an assessor) in the medium or long term, measured among SessI
y several months;

he reproducibility between different panels, in the same laboratory or in different laboratorie

RCE: [SO 5492:2008/Amd.1:2016, 1.46]

Principle
Two possible approaches

General

document is concerned with sensory panels used to assess the magnitude of one or m
butes in order to make quantitative descriptions‘or profiles of products (see ISO 1329
ods are appropriate to the measurement of the.performance of panels used for differe

performance of a quantitative sensory panel may be evaluated from panel session
fically for the purpose of obtaining:performance (called “dedicated procedure
sments already available (called “ongoing monitoring”).

Performance measurement via a dedicated procedure

licated procedure is the method of choice for the certification of individual assessors 4
ation purposes. For the-certification renewal, this dedicated procedure should be
dic intervals, as needed. Figure 1 is a flow chart for this procedure.

approach can typically be used at the end of the training phase of a panel to ensure th
he individuabassessors have achieved the desired level of performance and can be cc
ed sensory\assessors or expert sensory assessors (depending on the performance crit

2:2021(E)

the reproducibility of a panel (or an assessor) in the short term, measured between two or more sessions (3.5)

nsseparated

ore sensory
0). Different
nce testing.

5 conducted
) by using

nd for other
repeated at

at the panel
nsidered as
bria).
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a) Sample

the key me

and attribute selection

Use a small set of samples expected to be different on some attributes. These attributes are then used as

asures on which to measure performance.

<

b) Overall

among pro

panel performance

Perform analyses to ensure the panel scores products with enough consistency to be able to differentiate

ducts on the expected attributes.

» <

c) Individ

attributes

Perform amalyses to ensure each assessor is able to differentiate among products on the expected

nal assessor performance

hnd in agreement with the rest of the panel.

d) Correct
Where per
should be

ive actions

formance issues have been identified, the results should be reviewed and appropriate training
planned when necessary.

Figure

4.1.3 Ong

Another approach consists of monitoring profile data that was already collected. To review ong

profile data
profiling ex
same as thq
that attribuy
given profil
Attributes t
lack of agre
similar for t

In this case
the panel is

4.2 Indic

For one asse

discrim

1 — Process steps for the performance measurementvia a dedicated procedure

oing monitoring via routine product profiling

generated by a panel, it can be appropriateto use data that originated from quite diff
periments using different product types, product numbers, etc. The procedure i
t shown in Figure 1. However, as there are no predefined differences, it is recomme
tes for which the products are sighificantly discriminated by the panel as a whole
e be used as the key measures to/check the performance of individual sensory asseq
hat result in no significant difference cannot be reliably used to check consistency sing
ement within and between sensory assessors probably means that the products are
hose characteristics.

over a given period,it will be necessary to check on a set of products more different
indeed capable afhighlighting difference in these characteristics.

ators of panel or individual assessor performance
ssment, the following indicators can be determined:

infation of the panel, measured as the ability of the panel to exhibit significant differg

among

TOdUCtS:

among products;

product scores and the ones of the panel;

product scores.

For replicate assessments:

roing
brent
5 the
nded

for a
sors.
e the
very

that

nces

discrimination of an assessor, measured as the ability of the assessor to exhibit significant differences

agreement of an assessor, measured as the degree of alignment between the assessor’s average

agreement of the panel, measured as the degree of alignment between the assessors’ average

— repeatability ofan assessor, measured as the degree of homogeneity betweenreplicated assessments
of the same product;
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— repeatability of a panel, measured as the average degree of homogeneity between replicated
assessments of the same product for each assessor.

4.3 Statistical analyses

A single, consistent approach to statistical analysis of the results is described in this document. However,
some indicators of panel performance can be assessed by more than one measure. For instance, error
mean square and error standard deviation (SD) (its square root) both express variability in the
evaluation of a product. The measures used should be those that are usual in the field of application.

Other relevant measures of agreement between assessors in the use of the scale for an attribute are the
interjaction of assessor and product and the coefficient of correlation between an assessorf{[ scores and

the panel means. An assessor may have no bias but may use the scale in a different way, A correlation
closg to 1, a regression slope close to 1 and a regression intercept close to 0 indicate-good agreement
between an assessor and the rest of the panel.

Wheh each assessor evaluates a small number of samples (fewer than six), the ‘correlation coefficient
should be interpreted with caution, as it can be high (up to 0,7) by chance alone.

5 Prerequisites

5.1 | Experimental conditions

The test facilities should be in accordance with ISO 8589

5.2 | Qualification of assessors

The panel should have the level of qualification and experience of selected/screened fssessors in
accordance with ISO 8586 or higher.

6 Performance measurementyvia a dedicated procedure

6.1 | Sample and attribute’selection

At each dedicated study, theypanel of assessors should be presented with a set of samples sinfilar to those
the panel are to assess-when evaluating products and for which statistically significant differences
between at least one pair of the samples are expected for each of the relevant attributes.

In onder to ensure that all key aspects of the products are examined, an adequately diverse set of
attriputes shauld be included in the test.

Thesge relevant attributes are used as key measures against which to assess panel perfofmance. The
sample€set should include replicates. There should be the same number of replicates of dach sample.
The repticates camrbeevatuated-withimasinglte sessiomor over two or more sessions—Tie number of
assessors, samples and replicates depends on the products, sensory attributes assessed and purpose
of the procedure. For example, two or three replicates of three or four samples might be used. Care
should be taken to limit the number of assessments required in a session, so as to avoid sensory fatigue.
The attributes of the samples should be similar to the range of values that the panel assesses when
evaluating products.

6.2 Experimental designs

6.2.1 General

Several types of experimental designs can be used in the dedicated procedure, depending on the most
important objective to answer.

© IS0 2021 - All rights reserved 5
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6.2.2 Randomized block design

A randomized block experimental design can be used, in which the assessors are the “blocks”. This
design is appropriate when no carry-over effect from one sample to the next is expected. Otherwise, a
balanced design should be used instead (see 6.2.3).

6.2.3 Balanced and random designs

If a carry-over effect is expected from one sample to the next, a suitable experimental design is the
Williams Latin squarel12l, Table 1 shows the Williams Latin square design with four assessors and four

samples.
'!Iable 1 — Williams Latin square design for four assessors and four samples
Asdessor Session Order

1 2 3 4
1 1 A B C D
2 1 B D A C
3 1 C A D B
4 1 D C B A
1 2 B D A C
2 2 C A D B
3 2 D C B A
4 2 A B C D

In this desi
any particu
followed by

bn, each assessor samples the four products in a different order in a given sessior] and
ar product is followed by a different ome for each assessor. For example, in session 1} A is
B for assessor 1, C for assessor 2, D for assessor 3 and none for assessor 4.

For each reﬁlicate of the products’ evaluationy'it is recommended to use a different product ordgr for

each assess
If multiples

[t is also poq
position in €

The advant;
get better e

1, in order to reduce the order ‘effect and the carry-over effect.
pf four assessors are available, the same design can be repeated for each set of four.

sible to choose a random product order design, i.e. to randomly affect each product to|each
ach session.

hge of these approaches is to minimize the carry-over effect at panel level and thergfore
stimates ofthe product means at panel level for performance evaluation. However, if the

product order does-have an impact, the agreement between assessors will be impacted because|each

assessor wi
same task, t

| notiexperience the same product order. In order to compare the assessors on the ¢xact
he Same product order can be used for all sensory assessors (see 6.2.4).

6.2.4 Same order design

In order to focus on individual assessor performance and, in an effort to compare assessors under the
most similar conditions, an alternative design is proposed, whereby all assessors evaluate the products

in the same

order, see Table 2.

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=745ce0685af4f11b81578d546b785dc0

ISO 11132:2021(E)

Table 2 — Same order design for four assessors and four samples

Assessor Session Order

1 2 3 4
1 1 A B C D
2 1 A B C D
3 1 A B C D
4 1 A B C D
1 2 A B C D
2 2 A B C D
3 2 A B C D
4 2 A B C D

It is worth mentioning that in this case the assessors are not evaluating the products pd
products at a given position (product and position effects are confounded)."This will lead
estimate of the product effect (biased by the order effect), but to an unbiased estimate of

effect and the product*assessor interaction.

6.3 | Statistical analyses

Tablg¢ 3 illustrates one way to tabulate and summarize the results. Some computer software
a different organization of the data, for instance with the‘samples in columns and the assess

Table 3 — Results of the assessors on one attribute

r se but the
to a biased
'he assessor

may require
ors in rows.

Assessor
Sample 1 j n Mean
Scores Mean Scores Mean Scores Mear
Yin Yljl
Yi12 _ Y1j2 — _
1 Y1, Y. .
Vi1, Yiin,
Yifq Yijl
Yi1o _ Yij2 — _
1 il. Yl] YI .
Yilnr Yijnr
n, 7, -
Mean Y. Y, v Y,

In this table it is assumed that:

n, = number of samples (i=1,2 ... np);

ng = number of assessors (j=1,2 ... nq);

n, = number of replicates per sample (k=1,2 ... n,).

Measures of the performance of the panel as a whole and individual assessors, other than bias, require

the data to be analysed by analysis of variance (ANOVA)(ZI.
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The details of the basic calculations are not shown in this document, since the analyses are normally
carried out by a computer package.

Each assessor’s data are analysed by one-way ANOVA when the replicates evaluations are conducted

within one si

ngle session (see Table 4).

If the replicate evaluations are conducted in distinctly separate sessions, and depending on the standard
practice of the researcher/laboratory, a one-way ANOVA model (i.e. sample effect) or a two-way ANOVA
model (i.e. session and sample effects) could be used (see Tables 4 and 5).

Table 4 — ANOVA for an individual assessor for one attribute

Source of variation | Degrees of freedom| Sum of squares Mean square F-ratio
Between samples vi=n,-1 S1 MS, =s4/v4 F = M$y/MS,
Error v, =ny(n, - 1) S, MS, =5,/v,

Total vg=n,n. -1 S3

n, = number df samples

n, = number of replicates per sample

TalTle 5 — ANOVA for an individual assessor for one attribute with session effect

Source of viiriation Degrees of freedom | Sum of squares Mean'square F-ratio
Between samiples vi=n,-1 Si MS; =s4/v4 F=MS,;/MS;
Between sesfions vy=n,-1 S, MS,=5s,/v4 F=MS,/MS
Error vs =ny(n.-1) - (n;-1) Ss MS; = 55/vs

Total vy=nyn, -1 S3

p

n, = number df samples

n,=number of replicates per sample

The complet

The assessdr effect can be consideredeither fixed or randoml(8l. For performance measurement
the assessor effect as fixed, since the focus is on the performance of the specific asse

usual to set
taking part

conditions, 4 random assessor factor can also be selected (see Tables 6 and 7, footnote a).

The comple
within one {

If the replidate evaltiations are conducted in distinctly separate sessions/sittings, and dependif
 praetice of the researcher/laboratory, a two-way ANOVA model (i.e. panellist and sample
three‘way ANOVA model (i.e. panellist, session and sample effects) can be used (see Taljles 6

the standar
effects) ora
and 7).

e data set is analysed by randomized block ANOVA (see Table 6).

it is
5SOT'S

in the study. However, ‘in order to better predict performance under the real evaluption

e data set is andlysed by a two-way ANOVA when the replicate evaluations are conducted
ingle sessior (s€e Table 6).

g on

An example

of a practical application is given in Annex A.

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=745ce0685af4f11b81578d546b785dc0

ISO 11132:2021(E)

Table 6 — Two-way ANOVA for a complete data set (with repetitions) for one attribute

Source of variation Degrees of freedom ssql:::r(:afs Mean square F-ratio
Between samples Ve=n,-1 Se MSg = 54/Vg F=MS;/MSy?
Between assessors v;=n,-1 S, MS, =s,/v, F=MS;/MSg?
Interaction vg = (n, = 1)(n, - 1) Sg MSg = sg/vg F=MSg/MS,
Error Vo =nyn,(n, - 1) S MSg = 59/vg
Total Vip=nyngn, -1 Sio

— h] £ 1
np = IOt OT SAatIpres

n, = gumber of assessors

n, = rfumber of replicates per sample

a2  Hormulae are given considering the assessor effect as fixed. Considering a random assessoreffect, the denominator of
the Fjratio for the between samples effect becomes MSg instead of MS,,.

Table 7 — Three-way ANOVA for a complete data set (with repetitions)

for one attribute with session effect

Soufrce of variation Degrees of freedom Sum of Mean square H-ratio
squares

Between samples Ve=n,-1 Se MS¢ = S6/Ve F=NIS,/MS,,?

Between assessors vy=n,-1 S MS, =s,/v, F=NS,/MS;,?2

Between sessions vip=n,-1 S MS;1=511/v11 F=MS;,/MS;,?

Interaction vg = (n,-1)(n, - 1) Sg MSg = sg/vg F=MSg/MS,

Errof Vip =n,ng(n.— 1) - (ng—- 1) Sio MSi,=512/v12

Tota Vip = Nyngn, -1 S10

n, = jumber of samples

n, =number of assessors

ng = rjumber of sessions

= fumber of replicates per sample

a2 Hormulae are given considexing the assessor effect as fixed. Considering a random assessor effect, the denominator of
the F|ratio for the between samples effect becomes MSg instead of MS,,.

6.4 | Performance’of the overall panel — Interpretation of statistical output

6.4.1 Keyattribute discrimination

The proportion of key attributes that have been significantly discriminated as expected should be
determined. For each attribute, this is indicated by significant variation between sampleq at an alpha

level of 0,05 in the ANOVA table for a complete data set (see Tables 6 and 7). The higher the proportion of
key attributes significantly discriminated, the better the panel is performing. The panel should receive

further training on key attributes that are not significantly discriminated as expected.

6.4.2 Agreement at panel level

A panel is not in agreement when any assessor is in disagreement with the rest of the panel (see 6.5.4).

A panel is not in agreement if the interaction of sample and assessor in the ANOVA is significant at an

alpha level of 0,05.
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The degree of agreement of the panel is inversely related to the interaction term, s;, as shown by

Formula (1):
MSg —MS,,
nr

MSg —MS
Si = M or Si
nl"
The number of key attributes giving significant interaction of sample and assessor is determined based

See Tables 6 and 7.
on the ANOVA (see Tables 6 and 7) for each attribute. The higher the number of key attributes giving
significant interaction, the less consistently the panel is performing. If the interaction is significant, the

M

nature of thle interaction should be Tnvestigated at panellist level, and action taken when needed. For
example, if 4 single panellist is disagreeing with the differences between products rated by the rest of
the panel, then this panellist should be re-trained.
The nature pf the interaction is often investigated by plotting the assessor by product mieans. Angpther
option is to fise the mixed assessor model (MAM)Iel[10],
6.4.3 Rejsatability of the panel
The repeatability of the panel can be estimated from the repeatability of thie'individual assessors,|This
is inversely related to the error term, s,, as shown by Formula (2):

Se =\/M§ orse =yMSy; (2)
depending dn the chosen model (with or without a session effect).
See Tables fland 7.

3 2 2 2 2

SR= \/Se T Sa tSsess T Saxsess +Sprod><sess
6.5 Perfdrmance of individual assessors — Interpretation of statistical output
6.5.1 Dis¢rimination ability of an assessor
Discriminatjon ability is measured by the proportion of expected key attributes that have |been
significantly discriminated For each attribute, this is indicated by “between samples” variation
significant 4t an alpha levél of 0,05 in the ANOVA table (see Tables 4 and 5). The higher the propoftion
of key attributes significanitly discriminated, the better the assessor is performing. The assessor should
receive further training on expected key attributes that are not significantly discriminated.
6.5.2 Repleatability of an assessor
The repeatability of an assessor 15 Inversely related to the assessor s error term, s, as shown by
Formula (3):

Se =4/MS, ors, =4/MS; (3)

depending on the chosen model (with or without a session effect).

See Tables 4

6.5.3 Con

and 5.

sistency of an assessor

Consistency of an assessor is inversely related to the SD of the bias terms calculated from each sample.

10
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(For assessor j, the bias term for sample i is the difference between the assessor’s mean for the sample
and the panel mean for the sample, Yj; —V; . See Table 3.)

Where it is shown that an assessor’s performance lacks consistency, a scatter diagram of the assessor’s
scores against the panel means, along with regression and correlation analysis, shows whether the
inconsistency is random or has a pattern which indicates different use of the scale from the rest of the
panel.

6.5.4 Agreement among assessors

A panel is not homogenous when at least one assessor is in disagreement with the rest of the panel.

This|may be detected by:
dn assessor having a significant bias;
— an assessor’s residual term being significantly greater than for the panel as\a-whole;

— the correlation coefficient between the assessor’s scores and the panel means being very small or
negative;

— the slope of the regression of the assessor’s scores on the panel@eans being significanjtly different
from 1 or the intercept being statistically significantly different from 0, or both.

Agreement among the assessors is inversely related to the between-assessors term, s,, s shown by

Formula (4):

MSg —MS
g, = — 78 799 4)
\f ngn,

Disagreement among the assessors should be tested for significance using the “between assessors”
F-ratfio and comparing it with tabulated values of F for the relevant degrees of freedom. If it i§ significant,
ther¢ is good evidence that there is a préblem of panel consistency that needs to be addregsed. Lack of
signitficance does not, by itself, give freassurance that there is no problem, because it may pe obscured
by pgor repeatability (a higher than expected error term, s,).

6.5. Bias — Different use of scale
A significant ANOVA assessor bias may indicate that assessors use the scale in different ways.

In most cases, no “true” value is known and the overall bias for an assessor is taken to be the difference
between that assessor’s mean and the mean for the panel.

Bias for assessor j is given by Formula (5):
V5. (5)

Scales (see ISO 4121) may be used by assessors in different ways. In “universal” scale use, the intensity of
each attribute is rated in relation to the assessor’s knowledge of the total sensory variation that can be
experienced for a specific product type. Panels that work on one or only a few product categories more
commonly develop this approach. In “relative” scale use, the frame of reference used by an assessor for
rating intensity is related to the sensory variation shown by the set of products in a given test. This
approach is more likely to be used by panels that work on a wide range of product categories. To help
reduce scaling bias, it is important to ensure that the scaling approach is consistent within a panel.
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6.6 Performance issues

6.6.1 General

Performance issues once identified can be listed and training sessions planned accordingly.

6.6.2 Pan

el

Training sessions can be organized for the panel as a whole for those attributes causing problems.

6.6.3 IndpHdual-assessor

For specific|issues with individual assessor performance, it can be appropriate to discuss the problem
areas privately on a one-to-one basis using a neutral or positive tone, e.g. with the previsipn of
individual l¢vel data compared with the panel average as feedback. This can then be followed by full
panel trainihg sessions.

6.7 Experimental design for following up the performance over time

If a study iq to be planned in order to evaluate the consistency of a panel-over time, one sessiof per
month over p period of a year provides sufficient data. Each session should be designed with a balanced
design as sijown in 6.2.3. The review of the performance over time-gan be used to identify patterns,
such as pang¢l drift or performance improvement after re-training sessions.

7 Procedure for ongoing monitoring via routineproduct profiling

7.1 AttriIute selection

The procedire is the same as for performance measurement via a dedicated procedure (see Clause 6).
However, a§ there are no predefined differences, it is recommended that the attributes thaf are
significantly discriminated by the panel as awhole for a given profile be then used as the key meagures
to check an individual assessor’s performance. The attributes recording no significant differ¢nces
cannot be r¢liably used to check consistency, as the lack of agreement within and between assessrs is
probably dul to the products being yery similar for those characteristics.

7.2 Statigtical analyses

The statisti¢al analyses are similar to those described for the performance measurement via a dedi¢ated
procedure ($ee Clause 6)fexcept that the assessor effect should always be considered as random.

7.3 Followingup the performance over time

If data from|seVeral sessions of routine assessments are already available, they can be analysed to show

any changes that occurred over time. The review of the performance over time can be used to identify
patterns, such as performance improvement after re-training sessions or panel drift.

7.4 Statistical analysis of data over time

The global analysis of the data over several sessions should be undertaken using repeated measures
ANOVA. In practice, the same assessors may not be at all sessions, and it would be necessary to use the
general linear model option of ANOVA to obtain unbiased estimates of each assessor’s bias and of other
parameters and components of variance.

For the panel, estimates a) and b) can be obtained.

a) Consistency of the panel can be estimated from the session term (see Table 7), if data on identical
control samples has been collected over the series of sessions.
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b) Internal consistency: when individual biases occur, the interaction of assessor and session
measures how constant they are.

For each assessor, three estimates can be obtained in respect of each attribute.

— Overall bias: the average, over replications and/or sessions, of the differences between the assessor’s
scores and the corresponding means of the panel as a whole.

— Consistency: inversely related to variation of the bias terms across sessions.

— Repeatability: variation among the scores of identical samples, determined by pooling the estimates
of residual SD from each session.

_ |2 2 2
IR _\/sres +Sa><p +Sp

L

7.5 | Statistical analysis of complete profiles

The nethods of statistical analysis described in the preceding subclausesare applied to eqch attribute
separately to assess the performance of the panel and the assessors.om each attribute/qyiestion they
had fo answer.

In addition, to get an overview of the entire body of data, multidiniensional techniques can be used such
as prjincipal component analysis (PCA), discriminant analysis(fDA) and generalized Procrugtes analysis
(GPA). These approaches can be used during performance-validation or ongoing monitoring. For more
details on these multivariate analysis methods, see Refereirces [5], [9] and [11].
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Annex A
(informative)

Example of a practical application

A.1 Data tabulation

At one sessipn, four assessors gave scores for one attribute on three replicates of six samples. Tablk Al
shows the r¢sults for this example.
NOTE This is an illustrative example. More than four assessors would normally take part,
Table A.1 — Data tabulation of the results of the assessors
Assessor
Sample Assessor 1 Assessor 2 Assessor 3 Assessor 4 Mepn
Scores Mean Scores Mean Scores Mean Scores Mean
8 5 6 9
1 8 8,3 8 7,3 7 6)0 8 8,3 7,30
9 9 5 8
6 6 5 7
2 8 7,0 7 5,7 4 53 7 6,7 6,17
7 4 7 6
4 5 4 5
3 5 4,7 2 33 3 4,0 5 5,0 4,25
5 3 5 5
6 6 4 6
4 6 5,7 4 53 2 3,3 5 53 4,92
5 6 4 5
4 3 4 4
5 5 4,0 2 3,0 4 4,3 5 4,3 392
3 4 5 4
5 4 5 7
6 6 5,7 2 4,3 4 5,0 5 6,3 5,33
6 7 6 7
Mean 5,89 4,83 4,67 6,00 5,35
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The ANOVA tables are detailed for this example in Tables A.2, A.3, A.4 and A.5.

Table A.2 — ANOVA for complete data set (assessor = fixed effect)

Source of variation Degre;(s):lf free- Sum of squares Mean square F-ratio
Between samples 5 104,90 20,98 16,392
Between assessors 3 26,04 8,68 6,792
Interaction 15 16,04 107 D,84b
Resiglual 48 61,33 1,28
Tota 71 208,31
a  {ignificant at the level @ = 0,05.

b Notsignificant at the level a = 0,05.
Table A.3 — Analysis of variance — Individual@assessors
Assessor
Yource of variation Dfiiz(:i?)i?f Assessor 1 Assessor 2 Assessor 3 Assessor 4
MS F MS F MS F MS F
Between samples 5 742 | 13,362 |.7%83 | 2,66P | 2,80 | 2,40 | 6,13 | 13,802
Resiglual 12 0,56 2,94 1,17 0,44
Resi¢lual SD, s 0,75 1,71 1,08 0,67
a  {ignificant at the level « = 0,05.
b Not significant at the level a = 0,05.
Table A.4 —Individual biases and residual SDs
Assessor Bias Residual SD
1 5,89 - 5,35 =+0,54 0,75
2 4,83 -5,35=-0,52 1,71
3 4,67 -5,35=-0,68 1,08
4 6,00 - 5,35 =+0,65 0,67
NOTE,\The bias is the difference between the assessor’s mean and the overall mean, both
giveniin Table A.1.

Table A.5 — Individual sample bias terms

Assessor
Sample
1 2 3 4
1 0,83 -0,17 -1,50 0,83
2 0,83 -0,50 -0,83 0,50
3 0,42 -0,92 -0,25 0,75
4 0,75 0,42 -1,58 0,42
5 0,08 -0,92 0,42 0,42
6 0,33 -1,00 -0,33 1,00
SD, s 0,31 0,56 0,78 0,24
NOTE An individual bias is the difference between an assessor’s mean for a sample and the
panel mean for that sample, both given in Table A.1.
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A.3 Performance of the overall panel — Interpretation of the statistical output

From Table A.2, it can be seen the “between samples” effect is significant (at an alpha level of 0,05),
indicating that the panel is able to show consistent differences among products.

From the same table, it can also be seen that the interaction was not significant at the alpha level of
0,05, indicating that the panel members were not significantly inconsistent in their differences.

The significant “between-assessors” F-ratio shows that assessors gave different scores on average
(across all products). The degree of variation in assessor means can be described by the assessor SD.

In this exa

ple, the same conclusions would have heen reached with a random assessor effect r

ther

than a fixed
interaction

A.4 Performance of individual assessor — Interpretation of the statistical out

A.4.1 Gen

Assessors 2
the replicats

Assessor 3 4
rest of the pj
mean to 0,4

Assessor 4 |
Assessors 1
the panel m
concern.

s significant.

eral

s of the same sample than Assessors 1 and 4.

Iso had, on average, a high negative bias, indicating a tendency to give lower scores tha
anel. This assessor was also less consistent than others; varying from 1,58 below the |
P above the panel mean, with the largest SD value (0;78).

jad a high positive bias of +0,65, but was consistent as the SD of biases was only 0,24.
and 4 agree well and have low variability, it iglikely that their scores are trustworthy
ean has been lowered by Assessors 2 and3;’so the “bias” of Assessor 4 is not a caug

assessor effect. Some differences of interpretation may occur when the product*ass¢ssor

put

and 3 had the highest residual SD (see Table A.4), indicating adlower repeatability ajnong

n the
hanel

bince
r and
e for
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A.4.2 Regression and correlation statistics

Figure A.1 shows each assessor’s scores of the six products plotted against the panel means.

Y Y
10 10
8 /1' 8
6 6 9
4 4 L/
°
2 2
0 0
0 2 4 6 8 10 X 0 2 4 6 8 10 X
a) Assessor1 b)~Assessor 2
Y Y
10 10
8 8 A
6 / 6
<
4 & ® 4
2 2
0 0
0 2 4 6 8 10 X 0 2 4 6 8 10 X
c) Assessor 3 d) Assessor 4
Key
X  panel mean
Y gssessor seore
Figure A.1 — Assessor 1/2/3/4 versus panel mean

In this example, there are no “true” scores. The panel mean is used as the reference score for each
assessor.

The ideal plot is one showing complete agreement between an assessor and the panel mean, with points
close to a line of slope, b = 1,00, and intercept, a = 0,00. The correlation coefficient should be close to
+1,00.

The regression and correlation statistics for the four assessors are shown in Table A.6.
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Table A.6 — Regression and correlation statistics

Assessor
Parameter
1 2 3 4
Correlation 0,99 0,95 0,81 0,99
Slope, b 1,18 1,16 0,59 1,07
x-intercept, a -0,42 -1,36 1,49 0,29

Assessor 4 appears to be the best, with a correlation coefficient close to 1, a slope close to 1 and the

smallest intercept.

Assessor 3 had a small slope, indicating a narrower use of the scale than the other assessors.

Assessor 2 had a negative intercept, indicating a negative bias.

A.5 Additional performance issues

A.5.1 Gerneral

Line graphs|may be useful to reveal problems needing further investigation.

A.5.2 Indjvidual assessor

Three examples to compare the performance of individual asses$ors in a panel are shown in Figure

to A4.

@2
>
N

Figure A.2 shows a situation where there is generally goodtagreement for sample separation for a]l but
one assessofr. Assessor 10 has little discrimination between samples. The remaining assessors ghow
good agreerent for all samples apart from Sample A:

18
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