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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe technical committees are circulated to the member bodies for voting. Publication¥as an
International|Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the 'stbject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 11132 \vas prepared by Technical Committee ISO/TC 34, Food products,\Subcommittee SC 12,
Sensory anglysis.
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INTERNATIONAL STANDARD

I1ISO 11132:2012(E)

Sensory analysis — Methodology — Guidelines for monitoring

the

performance of a quantitative sensory panel

1 Scope

This International Standard gives guidelines for monitoring and assessing the overall performance of a

quan

itative descrintive nanal and the nerfarmance of cach member
g g g

A panel of assessors can be used as an instrument to assess the magnitude of sensory attribute
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The 1
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This

roducts being evaluated. It can be monitored at a given time point or tracked, aver time.
rises the ability of a panel to detect, identify, and measure an attribute, use, attributes in a g
panels or assessors, discriminate between stimuli, use a scale properly,, repeat their own
duce results from other panels or assessors.

methods specified allow the consistency, repeatability, freedom from bias and ability to di
s and assessors to be monitored and assessed. Monitoring and.assessment of agreement b
bers is also covered. Monitoring and assessment can be carried out in one session or over

oring performance data enables the panel leader to.improve panel and assessor per
fy issues and retraining needs or to identify assessors who are not performing well enoug
ipating.

hethods specified in this International Standard:can be used by the panel leader to appraise
erformance of panels or individual assessors:

nternational Standard applies to individuals or panels in training as well as for established g

2

ormative references

The following referenced doguments are indispensable for the application of this documen

refer
(incly

ISO §

nces, only the edition eited applies. For undated references, the latest edition of the referenc
ding any amendments)-applies.

492, Sensory analysis — Vocabulary

ISO 8586, Sensory analysis — General guidelines for the selection, training and monitoring of

expe

[t assessors

ISO 8589, Sensory analysis — General guidance for the design of test rooms

S.

rmance is the measure of the ability of a panel or an assessor to make valid attribute assessients across

Performance
imilar way to
results, and

scriminate of
btween panel
ime.

formance, to

h to continue

continuously

anels.

t. For dated
ed document

selected and

3 Terms and definitions

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

341

agreement
ability of different panels or assessors to assign similar scores on a given attribute to samples of the same product

3.2

homogeneity
measure of the agreement of responses among individual assessors within a test session, as a panel of
assessors in replicate sessions, or for an individual assessor in replicate sessions

© 18O

2012 — All rights reserved
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3.3

assessor bias

tendency of an assessor to give scores which are consistently above or below the true score when that is
known or the panel mean when it is not

3.4

outlier

an assessment that does not conform to the overall pattern of the data or is extremely different from other
assessments of the same or similar products

3.5

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

3.6
performance
ability of a panel or an assessor to make valid and reliable assessments of stimuli and stimulus attribute$

3.7
repeatability
agreement ih assessments of equivalent product samples under the same (est conditions by the game
assessor or panel

3.8
reproducibility
agreement i assessments of equivalent product samples under different test conditions, with different fasks
or by a differpnt assessor or panel

NOTE Ré¢producibility may be measured as any of the following:
— the reproducibility of a panel in the short term, measured.between two or more sessions separated by several|days;
— the reprofducibility of a panel in the medium or long\term, measured among sessions separated by several months;
— the reproducibility between different panels, in the same laboratory or in different laboratories;
— the reprofducibility of assessments by asingle assessor of different attributes of a product.

3.9

validation
process of gstablishing that semsory data correlate with other data on samples of the same producf (e.g.
laboratory measurements,~consumer perception, results from other panels, consumer complaints) or that a
panel or assgssor is able-fo meet specified performance criteria

3.10
session
occasion on whi¢h products are assessed

NOTE In a single session either one or several products may be assessed by one or several assessors. For an
assessor, whether alone or as part of a panel, sessions are separated in time.

3.1
replicate sessions
sessions in which the assessors, the products, the test conditions, and the task are the same

4 Principle

This International Standard is concerned with sensory panels used to assess the magnitude of one or more
sensory attributes in order to make quantitative descriptions or profiles of products. Different methods are
appropriate to the assessment and monitoring of the performance of panels used for difference testing.

2 © 1S0 2012 — All rights reserved
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The performance of a quantitative sensory panel may be evaluated by using assessments already available or
from panel sessions conducted specifically for the purpose of obtaining performance data.

This International Standard may be used either for periodic monitoring or for reviewing ongoing profile data.

A dedicated monitoring procedure at periodic intervals is appropriate for accreditation and other purposes.
Figure 1 is a flow chart for this procedure.

To review ongoing profile data generated by a panel, it can be appropriate to use data that originated from quite
different profiling experiments using different product types, product numbers, etc. The procedure is the same
as that shown in Figure 1. However, as there are no predefined differences, it is recommended that attributes
that are significantly discriminated by the panel as a whole for a given profile be used as the key measures

to check the performance of individual panelists. Attributes that result in no significant differen
relially used to check consistency since the lack of agreement within and between panelists pro
that the products are very similar for those characteristics.

ce cannot be
bably means

4)

Monitoring by means of performance validation.

Use a small set of samples (perhaps three or four) for which some attributes are known to be
These attributes are then used as the key measures on which to measure petformance.

different.

{

Overall panel performance
1)  How many of the expected key attributes have been significantly discriminated?

2) How many of the key attributes show an interaction*of sample and assessor? This gives
indication of where there is least consistency across the panel (7.3.2)

3) Repeatability of the panel for the key attributes in replicate sessions (7.3.3)?

an initial

{

Individual assessor performance
1) Discrimination ability: how many of the expected key attributes have been significantly discrin
2) Repeatability: consistency of discrimination for a given attribute and product (7.4.2)?
3) Contributions to-interaction: for which attributes do interactions occur?
i)  Interaction due to cross-over effects (7.4.4)

i) dnteraction due to different use of the scale (7.4.5)

hinated?

{

Where performance issues have been identified, either for the panel or for individual a
appropriate training sessions should be planned.

PSESSOrs,

Figure 1 — Flow chart for performance monitoring

In a single session, the following indicators can be determined.

— Bias of an assessor, measured as the difference between the assessor’s mean and a known, ‘true’ value,
or the mean of the panel as an estimate of the ‘true’ value.

— Repeatability of an assessor, inversely related to the standard deviation (SD) of repeat assessments by the
assessor of the same sample, or between replicates of the same product.

— Reproducibility of an assessor, inversely related to the SD of the assessor’s biases across individual products.

© 1SO 2012 — All rights reserved
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Discrimination of an assessor, measured as the ability to assign consistently different scores to
different products.

Bias in an assessor may indicate sensory sensitivity that is different from other assessors and/or use of the
response scale in a way that differs from other assessors.

If an assessor appears to give assessments that differ from those of other assessors, review all the results with
a view to determining whether:

a) the assessments are consistent or variable for repeated samples of the same product;
b) the assessments are similar or different for samples of different products;
c) bias ocdurs with all, or only some, assessment scales.

Analysis of variance (ANOVA) can be used to investigate these questions.

In some casgs, bias may indicate an assessor of superior ability whose results are particularly-useful. Injother

cases, an aspessor showing bias may require retraining or removal from the panel.

A single, con
of panel per
square and g
should be th

Other releva
interaction o
panel meang
to 1, a regreq

assessor andl the rest of the panel.

With a small

sistent approach to statistical analysis of the results is described here/However, some attri
formance can be assessed by more than one descriptive measure. For instance, error
rror SD (its square root) both express variability in the evaluation of aproduct. The measures
pse that are usual in the field of application.

ht measures of agreement between assessors in the use of the scale for an attribute an
assessor and product and the coefficient of correlationbetween an assessor’s scores an
. An assessor may have no bias, but may be using theiscale in a different way. A correlation
sion slope close to 1, and a regression intercept clese to 0 indicate good agreement betwe

number of assessments (fewer than six)-the correlation coefficient should be interpreteg

butes
mean
used

e the
d the
close
BN an

with

caution, as itf can be high (up to 0,7), by chance alone.

5 Experimental conditions

The test facilties shall be in accordance with ISO 8589.

6 Qualification of assessors

The panel shall have the level)of qualification and experience of selected assessors (ISO 8586) or better.

7 Procedure

7.1 Monitpring via formal performance validation

At each session, the panel of assessors should be presented with a set of samples similar to those the panel
are to assess when evaluating products and for which statistically significant differences between at least one
pair of the samples can be guaranteed for at least eight attributes.

This number is recommended to encourage panel leaders or sensory managers to identify and select validation
samples that show a realistic as well as a statistical measure of a panel’s performance.

These key attributes are used as key measures against which to assess panel performance. The sample
set should include replicates. There shall be the same number of replicates of each sample. The numbers of
assessors, samples, and replicates depends on the products, the sensory attributes assessed and the purpose
of the procedure. For example 2 or 3, replicates of three or four samples might be used. Care should be taken
to limit the number of assessments required 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.

4 © 1S0 2012 — All rights reserved
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A randomized block experimental design has been adopted, in which the assessors are the “blocks”.

If there is expected to be a carry-over effect from one sample to the next, a suitable experimental design is the

Williams Latin square. The basic design uses four assessors and four samples.

Table 1 — Williams Latin square

Order
Assessor
1 2 3 4
1 A B C D
2 B B A S
3 C A D B
4 D C B A

In this design, each assessor samples the four products in a different order and+any particular product is
followed by a different one for each assessor, for example A is followed by B forassessor 1, C fof assessor 2,
D for[assessor 3 and none for assessor 4.
If multiples of four assessors are available, the same design can be repéated for each set of four
7.2 |Statistical analysis of data from formal performance validation (a single sess’Jon)
Tablg 2 illustrates one way to tabulate and summarize the fesults. Some computer software may require a
different organization of the data, for instance with the samples in columns and the assessors in fows.
Table 2 — Results of the assessors
Assessor
Pample i ng Mean
Scores Mean Scores Mean Scores Mean Scores Mean
Y111 Yij1
1 T2 22 2 1y, N
Y11, i,
2
¥ Yij
i T2 Y, i ¥y, i3
Yi'lnr Yijnr
)
Mean 17] ?
In this table it is assumed that there are:
np = number of samples (i = 1,2 ... np);
ng = number of assessors (j = 1,2 ... ny);
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 ANOVA.

The details of the basic calculations are not shown in this International Standard, since the analyses are
normally carried out by a computer package.

© 1SO 2012 — All rights reserved
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Each assessor’s data are analysed by one-way ANOVA (Table 3).

Table 3 — ANOVA for an individual assessor for one attribute

Source of variation | Degrees of freedom Sum of squares Mean square F-ratio
Between samples v =n,—1 S1 MSq = s1/wv
F = MS1/MS>
Error V2 = np(n, — 1) So MS2 = s2/w
Total v3 = npn, — 1 S3
np = number of samples
n, = number of replicates per sample
The data for the complete session are analysed by randomized block ANOVA (Table 4).
Table 4 — ANOVA for a complete session for one attribute
Source of variation | Degrees of freedom | Sum of squares Mean square F-ratio
Between sanmples v4=np—1 Sa MSy = sal vy
Between assgssors v5=ng—1 S5 MSs = s5lvs F = MSs5/MS72
Interaction ve = (np — 1)(ng—1) S6 MSe =56lve F = MSe/MS7
Error v = npng(ny— 1) S7 MS7's s7lvy
Total vg = npngny — 1 Ss
n, = number off samples

ng = number off

n, = number of

assessors

replicates per sample

alf the interact
the denominat

on is significant, the F-ratio for between assessorsis calculated by F = MSs/MSg with the interaction mean squ
Dr.

hre in

7.3 Overall panel performance from:formal performance validation

7.31

The proporti
For each att
table for a sd
the panel is
discriminateq

7.3.2 Homq

Key 3attribute discrimination

bn of key attributes.that have been significantly discriminated as expected should be deterni
ibute, this is indi¢ated by significant variation between samples at a level of 0,05 in the AN
ssion (Table 4)~The higher the proportion of key attributes significantly discriminated, the |
performing.Fhe panel should receive further training on key attributes that are not signifig
as expected.

bgeneity of the panel

ined.
IOVA
better
antly

A panel is not homogeneous when any assessors are in disagreement with the rest of the panel.

A panel is not homogeneous if the interaction of sample and assessor in the ANOVA is significant at a level of 0,05.

The degree of homogeneity of the panel is inversely related to the interaction SD, s;.

MSg — MS7
T
.

See Table 4.

The number of key attributes giving significant interaction of sample and assessor should be determined. Refer
to the ANOVA table for each attribute and note those showing interaction at a level of 0,05. The higher the

© 1SO 2012 — All rights reserved
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number of key attributes giving significant interaction, the less consistently the panel is performing. The panel

shoul

7.3.3

d receive further training on key attributes that are giving significant interaction.

Repeatability of the panel

The repeatability of the panel can be estimated from the repeatability of the individual assessors. This is
inversely related to the error SD, se:

Se = JMS7

See

Tabhle 4

7.3.4
Toch

The
atal

Thei

indicate that the evaluation of differences between samples was changing from session to sessiq

Thei

it wollld indicate that the biases of individual assessors were varying from session to session.

If the

ANOVA (sessions, samples and assessors) are randomfactors. The component SDs may be cormj
a mepsure of reproducibility:
Reprpducibility SD, sg:
Sk = Sé + 53 t Ssess T Saxsess +S§rod><sess
wherg
] represents error;
a represents-assessors;
gess represents sessions;
prod represents products.
Estimates af bias and variation can be tabulated and/or plotted. Plots over time will show if drifts,

Oor oC

Reproducibility of the panel
eck for reproducibility of the panel, make evaluations of other samples of the same products at diffe

between-sessions” factor in a three-way ANOVA (samples, assessors, sessions) should not
bvel of 0,05.

hteraction between assessors and sessions should not be significant at a level of 0,05. If it wg

analysis is being used to describe the performance,of the panel as a whole, then the f

rent sessions.

be significant

hteraction of samples and sessions should not be significant at a level of 0,05. If it were signifijcant it would

n.

re significant

actors in the
bined to give

step changes

casional problems have occurred.

Examples of such presentations are cusum analysis (see Annex B) and Shewhart control charts (see Annex C).

7.4

7.41

Individual assessor performance from formal performance validation

Discrimination ability of an assessor

Discrimination 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 at a level of 0,05
in the ANOVA table (Table 3). The higher the proportion of key attributes significantly discriminated, the better
the assessor is performing. The assessor should receive further training on expected key attributes that are
not significantly discriminated.

© 18O
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7.4.2 Repeatability of an assessor

The repeatability of an assessor is inversely related to the assessor’s error SD, se:
Se = ‘,MSZ
See Table 3.

7.4.3 Consistency of an assessor

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

(For assessdr J, the bias term for sample i is the difference between the assessor’s mean for the sampl

the panel mdan for the sample,) ;; —Y; . See Table 2.

Where it is shown that an assessor’s performance lacks consistency, a scatter diagram of the @ssessor’s s

b and

cores

against the ganel means, along with regression and correlation analysis, shows whether the inconsistefcy is

random or has a pattern which indicates different use of the scale from the rest of the panel.

7.4.4 Agre¢ément among assessors

A panel is nd

This may be
— an asse
— an asse
— thecorrg

The slope off
and/or the in

Agreement g

\/ﬁ
Sa = |—]

t homogenous when one or more assessors is in disagreemeptwith the rest of the panel.
detected by:

5sor having a significant bias (see Annex B);

5sor’s residual SD being significantly greater than:for the panel as a whole;

lation coefficient between the assessor’s scores and the panel means being very small or neg

ercept being statistically significantly.different from O.
mong the assessors is inversely-related to the between-assessors SD, s3.

b5 — MS,

ngn,

if the interaclion was not significant (see Table 4) or

MSs — MS¢g
S = [T———
ngn,

if the interacfionaas significant. See Table 4.

ative.

the regression of the assessor’s scores on the panel means being significantly different flom 1

Disagreemer

ht Amana tha acecassare should ha tastad for sianificanca vucina tha “hatwaan accassors” £l
H—=ROoRg1e FS-5HOHtHa—P818St8a1oSightHeahRce-USHRghe—petWesh FS—+

ratio

and comparing it with tabulated values of F for the relevant degrees of freedom. If it is significant, there is good
evidence that there is a problem of panel consistency that needs to be addressed. Lack of significance does
not, by itself, give reassurance that there is no problem, because it may be obscured by poor repeatability (a
higher than expected error SD, s¢).

7.4.5 Different use of scale/bias

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.

© 1SO 2012 — All rights reserved
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Bias for assessor j is given by:

Y, =Y

Scales (see ISO 4121[2]) 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

7.5 |Performance issues

7.5.1] General

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

7.5.2| Panel

Train|ng sessions can be organized for the panel as a whole for thosédattributes causing problens.

7.5.3| Individual assessor

For specific issues with individual assessor performance,.imay be appropriate to discuss the problem areas
privajely on a one-to-one basis first and follow through with full panel training sessions.

7.6 | Monitoring via routine product profiling

The procedure is the same as for monitoring-via formal performance validations (see 7.1 to 7.5).[However, as
there|are no predefined differences, it isrecommended that the attributes which are significantly dliscriminated
by the panel as a whole for a given profile be then used as the key measures to check individyal panellists’
perfarmance. The attributes recording no significant difference cannot be reliably used to check|consistency,
as the lack of agreement within and between assessors is probably due to the products being very similar for
thosg characteristics.

7.7 |Experimental design for study of performance over time

If a sfudy is to be planned in order to evaluate the consistency of a panel over time, one session pgr month over
a perjiod of a yeapprovides sufficient data. Each session should be designed as in 7.1.

If datp from_Several sessions of routine assessments are already available, they can be analysed to show any
changes‘that occurred over time.

7.8 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-to-session SD, if data on identical control
samples has been collected over the series of sessions.

b) Internal consistency — when individual biases occur, the interaction of assessor and session measures
how constant they are.

© 1S0O 2012 — All rights reserved 9
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For each assessor, estimates 1) to 3) can be obtained in respect of each attribute.

assessor’s scores and the corresponding means of the panel as a whole.

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

of residual SD from each session.

7.9 Reproducibility between panels

Overall bias — the average, over replications and/or sessions, of the differences between the

Repeatability — variation among the scores of identical samples, determined by pooling the estimates

This aspect Jarises only when the same products are assessed by two or more panels in separate sesSig

The statistic
nested effecf

A measure 0

_ 2
SR =1/

where

bl analysis for one attribute would be three-factor ANOVA (product, session, and panel)
of assessors within panel.

f the reproducibility between panels is the reproducibility SD, sg:

2 2
s T Saxp T5p

res rep
a

p rep

7.10 Statis

The methods
the benefit th

Also, a bette
(measures a
component g

esents residual;

represents assessors;

esents panels.

tical analysis of complete profiles

of statistical analysis described in the'preceding are applied to each attribute separately. Thi
at assessors having problems in evaluating particular attributes can be identified.

 understanding of the entire-body of data can be achieved by considering all the data sumnmj

nalysis (PCA), discriminant analysis (DA) and generalized Procrustes analysis (GPA).

The discrimimating ability of a panel can be shown from PCA by the number of principal components in

the “betweerf
discriminatin

Discriminatig

GPA shows W

h ability of thepanel.
n between products is also shown directly by DA.

hetherassessors have the same interpretation of all the attributes, how different their interpreta

vith a

s has

aries

nd plots) together, usingssueh statistical methods to analyse the complete profiles as principal

vhich

products” interaction is significant in two-factor ANOVA. The higher the number, the bettgr the

tions

are, and how

much disagreement there is between an individual assessor and the rest of the panel.

10
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(informative)
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A.1 Monitoring via formal performance validation
At one session, four assessors gave scores for one attribute on three replicates of six samples.
NOTH This is an illustrative example. More than four assessors would normally take part.
A.2 | Statistical analysis
Table A.1 — Results of the assessors
Assessor
Sample 1 2 3 4 Mean
Scores Mean Scores Mean Scores Mean Scores Mean
8 5 6 9
[ 8 8,3 8 73 7 6,0 8 8,3 7,50
9 9 5 8
6 6 5 7
p 8 7,0 7 57 4 5,3 7 6,7 6,17
7 4 7 6
4 5 4 5
B 5 4,7 2 3,3 3 4,0 5 5,0 4,25
5 3 5 5
6 6 4 6
1 6 577 4 5,3 2 3,3 5 5,3 4,92
5 6 4 5
4 3 4 4
b 5 4,0 2 3,0 4 4,3 5 4,3 3,92
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
© 1S0O 2012 — All rights reserved 1
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Table A.2 — ANOVA for complete session

Source of variation | Degrees of freedom Sum of squares Mean square F-ratio
Between samples 5 104,90 20,98

Between assessors 3 26,04 8,68 6,792
Interaction 15 16,04 1,07 0,84b
Residual 48 61,33 1,28

Total 71 208,31

aSignificant at the level o = 0,001

PNot significarfrat the Tevel « = U,05

Table A.3 — Analysis of variance — Individual assessors

Assessor
Source ¢f variation Degrees of 1 2 3 4
freedom
MS F MS F MS F MS I
Between sanples 5 7,42 13,362 7,83 2,66 | 280 2,40 6,13 13}802
Residual 12 0,56 2,94 117 0,44
Residual SD|) s 0,75 1,71 1,08 0,67

a Significant af the level « = 0,001

b Not significant at the level o = 0,05

Table A.4 — Individual biases and residual SDs

Assessor Bias Residual SD
1 5,895,35 = +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 in
Table A1.
Table A.5 — Individual sample bias terms
Sample Assessor
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 in Table A.1.
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Overall panel performance

From Table A.2, it can be seen that the interaction was not significant at the 0,05 level, indicating that the panel
members were consistent in their differences.

The significant “between-assessors” F-ratio in Table A.2 shows that assessors gave different scores on
average. The degree of variation in assessor means can be described by the assessor SD:

o /8,68—1,28 _o.64
a 6x3 ’

A4

A.4.1

Asse
replid

Asse
of the
pane

Asse
asse
mealr

A.4.]

Figun

Individual assessor performance

General

5sors 2 and 3 had the highest residual SD (see Table A.4), indicating poer repeatabilit
ates of the same sample.

5sor 3 also had, on average, a high negative bias, indicating a tendency o give scores lower
panel. This assessor also was inconsistent, varying from 1,58 below the panel mean to 0,
mean, with an SD of biases of 0,78.

5sor 4 had a high positive bias of +0,65, but was consisteft’ as the SD of biases was only
5sors 1 and 4 agree well and have low variability, it is likely:that their scores are trustworthy 4§
has been lowered by assessors 2 and 3, so the “bias” of‘assessor 4 is not a cause for con

P Regression and correlation statistics

e A.1 shows each assessor’s scores plotted-against the panel means.

among the

than the rest
12 above the

0,24. Since
nd the panel
cern.
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Figure A.1 — Scores of assessors 1 to 4 [a) to d)] plotted against the panel means

In this example, there are n@ “irde” scores. The panel mean is used as the reference score for each asse

The ideal plof is one showing complete agreement between an assessor and the panel mean, with points

to a line of slppe, b =300, and intercept, a« = 0,00. The correlation coefficient should be close to +1,00.

The regressipn.and correlation statistics for the four assessors are shown in Table A.6.

SSOr.

close

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
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 other assessors.

14
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Assessor 2 had a negative intercept, indicating a negative bias.

A.5 Performance issues

A.5.1 General

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

A.5.2 Panel

“”“‘ o—CoMmMpPare—tme—Per o mance O

Sreiane €6 = afels” may be
different panels making assessments simultaneo

e same panel making assessments‘oyer time.

e cl A U

usly or th
Figure A.2 shows a situation where there is generally good agreement for sample separation,/but ohe panel with
different scale usage. Panel 3 (solid triangle data points) gives, on average, lower scorgs than the pther panels.

Sample One

100 -
80
80

&
70 & \ A
T P
7

60

A Y ,
o] “SNgE
30

Mean

20
10
{] L I 1 1 ]
A & C D E
Attribute

Figure A.2 — Mean scores from four panels scoring the same sample (sample 1) for fivel attributes

Figure A.3ishows a situation where there is poor agreement between panels for both sample sgparation and

scalg usage. Panel 2 (solid square data points) is particularly erratic in its scoring of attribute$ C and D in
comparison with the other panels
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Figure A.3

A.5.3 Ing
Three exam(

Figure A4 s
assessor. A
agreement fq

ividual assessor

les to compare the performance of individual assessdrs in a panel are shown.

— Mean scores from four panels scoring the same sample/(sample 2) for five attribytes

hows a situation where there is generally good;agreement for sample separation for all but one
bsessor 10 has little discrimination between~samples. The remaining assessors show |good
r all samples apart from sample A.

Atribute One
100 Aszessor
T
1
-
. 4d
.
= e O
a ]
= 7
a
g
0 T T I
B C ]
Samples

Figure A.4 — Panel scores for 10 assessors scoring six samples on one attribute (attribute 1)

Figure A.5 shows a situation where most assessors agree on the order of the samples, but assessor 10 has
poor discrimination and uses little of the scale.
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Figure A.5 — Panel scores for 10 assessors scoring six samples on one attribute (attribute 2)

Figure A.6 shows a situation where there is poor performanée.in both sample separation and scale usage by
all assessors. The assessors show no agreement even in thé ranking of the samples, and two of the assessors

give yery low scores to all samples.
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Figure A.6 — Panel scores for 10 assessors scoring six samples on one attribute (attribute 3)
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Annex B
(informative)

Example of use of cusum analysis

The performance of a panel was monitored at regular intervals over a period of time and the bias of each
assessor determined.

Cusum analysis was used to identify whether the performance of that assessor changed.
A “cusum?” after an observation is the cumulative sums of differences from a target. If monitoring an assegsor’s
bias, the target value is zero.
A change in the slope of the cusum plot corresponds to a change in the assessor’s bias.
Table B.1 — Bias terms and cusums
Session Bias Cusum Session Bias Cusum
0,0

1 -1,0 -1,0 16 -0,1 -1,9

2 0,0 -1,0 17 -1,0 -2,9

3 0,4 -0,6 18 -0,2 -3.1

4 0,2 -0,4 19 -0,3 -3,4

5 -1,0 -1,4 20 -0,8 -4,2

6 -0,2 -1,6 21 -1,3 -5,5

7 0,8 -0,8 22 -0,6 -6,

8 -01 -0,9 23 -0,6 -6,7

9 -0,5 -1,4 24 -0,7 -7,4

10 -01 =1,5 25 0,4 -7,0

11 0,5 -1,0 26 0,5 -6,5

12 -0,6 -1,6 27 -0,1 -6,6

13 0,2 -1,4 28 -0,3 -6,9

14 -03 1,7 29 0,0 -6,9

15 =01 -1,8 30 -0,5 -7,4
From the plof{ of the biases, it is difficult to detect any changes in the mean level, but changes in the slope of the
cusum plot are'much easier to detect. The means between the changes are summarized in the Manhattan diagram.
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