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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies

(ISO member
technical com

bodies). The work of preparing International Standards is normally carried out through ISO
mittees. 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 $tandards 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 Starnjdards
adopted by the technical committees are circulated to the member bodies for voting~yPublication gs an

International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is d

rights. ISO shill not be held responsible for identifying any or all such patent rights.

awn to the possibility that some of the elements of this document may be the subject of patent

ISO 5495 wa$ prepared by Technical Committee ISO/TC 34, Food products, Subcommittee SC 12, Se¢nsory

analysis.

This third ed
revised.

tion cancels and replaces the second edition (1S©%5495:1983), which has been techpically

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=28d3609480a472fdd1077f0074c0d428

INTERNATIONAL STANDARD

ISO 5495:2005(E)

Sensory analysis — Methodology — Paired comparison test

1 S

cope

This |
differe
test is
In fact

NOTE

The npjethod is applicable whether a difference exists in a single sensory attribute or in several,

that it
the sp
The 3
differg

This method is only applicable if the products are relatively hemogeneous.

The m

b) fdq
Itis n
knowsg
differd
knowl

existe

The p
of usd

nternational Standard describes a procedure for determining whether there exists a perce

nce or a similarity between samples of two products concerning the intensity of a sensery
sometimes also referred to as a directional difference test or a 2-AFC test (Alternative Fa
, the paired comparison test is a forced choice test between two alternatives.

The paired comparison test is the simplest existing classification test since it.coneerns only two
enables determination of whether there exists a perceptible differenge concerning a given
ecification of the direction of difference, but it does not give any indication of the extent of {

bsence of difference for the attribute under study does ot/ signify that there does
nce between the two products.

ethod is effective
r determining
whether a perceptible difference exists (paired difference test), or

whether no perceptible difference exists (paired similarity test) when, for example, mo
made to ingredients, processing, packaging, handling or storage operations, or

r selecting, training and menitoring assessors.

bcessary to know,-prier to carrying out the test, whether the test is a one-sided test (the t
a priori the direction of the difference, and the alternative hypothesis corresponds to the
nce in the expected direction) or a two-sided test (the test supervisor does not havg
bdge congcerning the direction of the difference, and the alternative hypothesis corres
hce of a‘difference in one direction or the other).

hired\test can also be used in order to compare two products in terms of preference. The d

of-the paired test are summarized in Figure 1.

© I1SO 2005 — All rights reserved

ptible sensory
attribute. This

rced Choice).

samples.

which means
attribute, and
hat difference.

hot exist any

Hifications are

pst supervisor
bxistence of a

any a priori
ponds to the

ifferent cases


https://standardsiso.com/api/?name=28d3609480a472fdd1077f0074c0d428

ISO 5495:2005(E)

Test
Non-hedonic Hedonic
One-sided Two-sided One-sided Two-sided
Difference Similarity Difference Similarity Difference Similarity Difference Similarity
Case a Case b Case c Case d Case e Case f Case g Cage h
NOTE Only non-hedonic tests are dealt with in this International Standard.
Figure 1 — Possible different cases of use of the paired comparison test
EXAMPLE 1 (Case a) The production of a biscuit has been modified in ordef_to*render it more crisp. It is dedired to

check whether
product is perc

EXAMPLE 2
off-flavour to t
difference with
consequences,

EXAMPLE 3
flavour. For cog
is sought. Ther
strongest salty

EXAMPLE 4

for economic r
perceived as p
concentration,
both lubricants

surface slip chgracteristics.

2 Normaf

bived as being crispier than the usual product (control).

(Case b) A manufacturer knows that the product may«contain traces of an ingredient which imp
he product. He therefore wishes to determine the smaximum acceptable quantity so that the
a reference product without this ingredient is barely perceptible and therefore without any regn

(Case c) It is desired to produce a new soup and to compare two ingredients which will provide th
t-intensive reasons, the ingredient whichjat the same concentration, will provide the strongest salty

flavour.

(Case d) A manufacturer of plastics used, in particular, by car manufacturers for dashboards is s
pasons, to replace the usualHubricant by a new one, but does not wish that the new plastics forni

he new lubricant provides the same “surface slip” level as the usual product. It is necessary to sh
are similar in terms_of “surface slip”, but it is not known a priori which lubricant can produce the

ive references

this increase is perceptible. Therefore it is necessary to try to highlight a difference to see whether the new

arts an
flavour
ettable

e salty
flavour

efore it is necessary to try to highlight'a_difference. It is not known a priori which ingredient will produice the

peking,
ula be

resenting less or more-surface slip than the usual one. It is a question of determining whether, for a same

w that
highest

EFor

dated

The following

| referenced documents are indispensable for the application of this document

references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 5492 1992, Sensory analysis — Vocabulary

ISO 6658:1985, Sensory analysis — Methodology — General guidance

ISO 8586-1:1993, Sensory analysis — General guidance for the selection, training and monitoring of

assessors —

Part 1: Selected assessors

ISO 8586-2:1994, Sensory analysis — General guidance for the selection, training and monitoring of

assessors — Part 2: Experts
ISO 8589:1988, Sensory analysis — General guidance for the design of test rooms
2 © I1SO 2005 — All rights reserved
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3 Terms and definitions

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

31

« (alpha) risk

proba
NOTE

3.2

3 (beta)-risk

proba
NOTE

3.3

difference

situati

NOTE

sensoly attribute under study is given by the symbol p.

3.4

one-sided test

test in

NOTE

equal fo 1/2. The alternative hypothesis is /¢, p > 1/2.

3.5
two-s
test in

NOTE

samplgs, p, is equal to 1/2. The alternative hypothesis is Hq, p = 1/2.

3.6
corre

expegted responses

numb
super

3.7

highegtvalue, in the case of a one-sided test, of the number of assessors having selected sampl

COI’IS}I’ISUG' responses

bility of concluding that a perceptible difference exists when one does not exist

This is also called a type | error, significance level or false-positive rate.

bility of concluding that no perceptible difference exists when one does exist

This is also called a type Il error or false-negative rate.

bn in which samples can be distinguished based on their sensory attributes

The proportion of assessments during which a perceptible difference(is detected between the

which the test supervisor has a priori knowledge concerning the direction of difference

The null hypothesis is Hy, the products are not different; the proportion of correct responses

jded test
which the test supervisor does not-have any a priori knowledge concerning the direction o

The null hypothesis is Hj, the products are not different; the proportion of responses observe

Ct responses

br of assessors, )in the case of a one-sided test, having selected the sample expecte
isor to be thedmost intense for the sensory attribute under study

roducts for the

observed, p, is

difference

il for one of the

d by the test

e A and those

cplactad camnla D

havin

NOTE

3.8

a
Yoottt toarmpic O

This is calculated as above since there are not any correct responses.

product

mater

3.9
samp

ial to be evaluated

le

unit of product prepared, presented and evaluated during the course of the test
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3.10
sensitivity
general term employed to summarize the performance characteristics of the test

NOTE In statistical terms, the sensitivity of the test is defined by the values of o, fand py,

3.1

similarity

situation in which any perceptible differences between the samples are so small that the products can be used
interchangeably

4 Principlle

The number pf assessors is chosen on the basis of the sensitivity desired for the test (See.'6.2 and the
footnote that @gccompanies Tables A.4 and A.5).

The assessorp receive a set of two samples (i.e. a pair). They designate the sample whichthey considef to be
the most intepse regarding the sensory attribute under consideration, even if this chgiCe is based only on a
guess.
NOTE Ong of the samples may be a control.
The number ¢f times that each sample is selected is counted and the significance is determined by refarence

to a statistical table, taking into consideration the results obtained for'the expected sample (one-sided test) or
the highest nymber of responses obtained for either of the samples {(two-sided test).

5 General test conditions

5.1 Define the objective of the test in a clear way to.determine if the attempt is to be a one-sided or g two-
sided test, if if is a difference or similarity test, and\which is the most appropriate sensitivity.

5.2 Carry put the test under conditions. that prevent all communication among assessors uniil the
evaluations have been completed, using facilities and booths complying with ISO 8589.

5.3 Prepare the samples out of sight-of the assessors and in an identical manner for each one of them; i.e.

m the
Ces in
bur by
non-

3-digit
code.
Preferably, different codes should be used for each assessor during a session. However, the two same codes
may be used for all assessors within a test, provided that each code is used only once per assessor during a
test session (e.g. if several paired tests on different products are being conducted during the same session).

5.6 The quantity or volume served shall be identical for the two samples constituting each pair, just as that
of all the other samples in a series of tests on a given type of product. The quantity or volume to be assessed
can be imposed. If it is not, it should however be specified to the assessors to take quantities or volumes that
are always similar whatever the sample.

5.7 The temperature of the samples constituting each pair shall be identical just as that of all the other

samples in a series of tests on a given type of product. It is preferable to present the samples at the
temperature at which the product is generally consumed.

4 © I1SO 2005 — All rights reserved
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5.8 The assessors shall be told whether or not they have to follow a special protocol in order to assess the
products (e.g. whether or not to swallow the samples for a taste test, or carry out a specific gesture for a
tactile test) or whether they are free to do as they please. In this latter case, they should be requested to

proceed in the same manner for all the samples.

5.9

During the test sessions, avoid giving information about product identity, expected treatment effects or
individual performance until all tests are completed.

6 Assessors

6.1

All as
objec
perfo
Monit

All as

ualitication

essors should possess the same level of qualification, this level being chosen on-the ba
ve (see ISO 8586-1 and ISO 8586-2). Experience and familiarity with the product can

ance of an assessor and can consequently increase the likelihood of finding’/a” significz
ring the performance of assessors over time may prove to be useful for increased sensitiv

essors shall be familiar with the mechanisms of the paired test (the) scoresheet, the

sis of the test
increase the
nt difference.

ty.

task and the

evaluation procedure). In addition, assessors shall be capable of recognising the sensory attrihute on which

the te
a few

6.2

Chooq
a one
likelih
is ofte
quant
24 to

requiri
same
possil
evalu

evalu

order

NOTE
testing
evalug|
approg

7 H

5t is based. This attribute shall be defined verbally, by means of,a reference substance or
samples having different levels of intensity for the attribute under'examination.

Number of assessors

e the number of assessors so as to obtain the levelof sensitivity required for the test (see
tsided test and Table A.5 for a two-sided test). The use of a large number of assessors
pod of detecting small differences between the(products. However, in practice, the numbe
n determined by material conditions (e.g. duration of the experiment, number of availal
ty of product). When conducting a difference test, the number of assessors is typically

bd for equivalent sensitivity. When“testing for similarity, evaluations should not be rep
assessors. For a difference test, replications may be considered but should still be avoiq

tions, every effort should(be made to have each assessor perform the same numbs
tions. For example, if only 10 assessors are available, have each assessor perform three
fo obtain a total of 30 evaluations.

Analysing three)evaluations performed by 10 assessors as 30 independent evaluations is
for similarity using) Table A.3. However, the difference test using Tables A.1 and A.2 is valid even
tions are performed (3 6. Some recent publications [ [2] on replicated discrimination tests sug
ches for analysing replicated evaluations.

rocedure

by presenting

Table A.4 for
increases the
of assessors
le assessors,
Approximately

B0. When conducting a similarity test;~about twice as many assessors (i.e. approximately 60) are

icated by the
led whenever

le. However, if replicate evaluations are required in order to produce a sufficient toal number of

r of replicate
paired tests in

not valid when
when replicate
pjest alternative

71

Prepare the worksheets and scoresheets (see Figures B.1, B.2 and B.3) prior to conducti

ng the test so

as to use an equal number of the two possible presentation sequences of both products, A and B.

7.2

Present the two samples constituting a pair successively or simultaneously (see 5.4). |

n the case of

simultaneous presentation, arrange the two samples in the same manner for each assessor (in line from left to
right, in line from the bottom up, etc.). The assessors shall examine the two samples constituting the pair in
the order indicated in the scoresheet, but assessors are generally authorized to make repeated evaluations of
each sample if so wished (if, of course, the nature of the product allows for repeated evaluations).

7.3 Provision should be made for one scoresheet per pair of samples. If an assessor is to perform more
than one test during the course of a session, collect the completed scoresheet and the unused samples prior

© I1SO 2005 — All rights reserved
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to serving the subsequent pair. The assessor can neither go back to any of the previous samples, nor modify
his/her verdict concerning any of the previous tests.

7.4 Do not ask any questions about preference, acceptance or degree of difference following the selection
of the most intense sample. The selection the assessor has just made may bias the response to any
additional questions. Responses to such questions may be obtained through separate tests concerning
preference, acceptance, degree of difference, etc. (see 1SO 6658). A “Comments” section requesting the
reasons for the choice may be included for the assessors' remarks.

7.5 The paired test is a “forced choice” procedure; assessors are not allowed to choose the “no difference”
option. An assessor who detects no difference between the samples should be instructed to select one of the
samples and to indicate that the selection was only a guess in the “Comments” section of the scoresheet.

8 Analysjs and interpretation of results
8.1 When festing for a difference

8.1.1 Case pf a one-sided test

Use Table A.1 to analyse the data obtained from a paired test. If the number_of correct responses is dreater
than or equal|to the number given in Table A.1 (corresponding to the number of assessors and to the|a-risk
level chosen for the test), conclude that a perceptible difference exists between the samples (see B.1).

If desired, calculate a confidence interval on the proportion of the population able to distinguish the samples.
This method ip described in B.5.

No conclusion should be drawn for maximum numbers of correct responses under r/2.

8.1.2 Case pf a two-sided test

Use Table A.R to analyse the data obtained from~a paired test. If the number of consensual responses is
greater than ¢r equal to the number given in Table A.2 (corresponding to the number of assessors and|to the
orisk level ctosen for the test), conclude that'a perceptible difference exists between the samples (see B.3).

If desired, calculate a confidence interval on the proportion of the population able to distinguish the samples.
This method ig described in B.5.

8.2 When testing for similarity !

8.2.1 Case pf a onessided test

Use Table A.} toanalyse the data obtained from a paired test. If the number of correct responses is lesg than
or equal to therumber given in Table A.3 (corresponding to the number of assessors, to the fS-risk level and
to the value of pgchosermforthetest);conctude that momeaningfutdifferenceexists betweenmthe—samples
(see B.2). If the results are to be compared from one test to another, then the same value of py should be
chosen for all tests.

If desired, calculate a confidence interval on the proportion of the population able to distinguish the samples.
This method is described in B.5.

No conclusion should be drawn for maximum numbers of correct responses under r/2.

1) In this International Standard, “similar” does not mean “identical’. This term signifies rather that the two products are
sufficiently alike to be used interchangeably. It is impossible to prove that two products are identical. However, it can be
demonstrated that any difference that does exist between two products is so minor as to have no practical significance.

6 © I1SO 2005 — All rights reserved
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Case of a two-sided test

Use Table A.3 to analyse the data obtained from a paired test. If the number of consensual responses is less
than or equal to the number given in Table A.3 (corresponding to the number of assessors, to the fS-risk level
and to the value of py chosen for the test), conclude that no meaningful difference exists between the samples
(see B.4). If the results are to be compared from one test to another, then the same value of py should be

chose

n for all tests.

If desired, calculate a confidence interval on the proportion of the population able to distinguish the samples.
This method is described in B.5.

9 R

Report the test objective, the results and the conclusions. It is recommended to add thelfollow

inform
th

th
te

[eRg]

—

r.

D

q

b

QT

th

—

r.

10 A

Becal
make
asses

eport

ation:

e purpose of the test and the nature of the treatment being studied;

e complete identification of the samples: origin, method of preparationy quantity, shape, st
sting, quantity served, temperature (the information concerning (the sample should in
orage, handling and preparation operations have been carried-out so as to yield samples
Lie to the variable of interest, if any);

e number of assessors, the number of correct or consénsual responses and the result of]
valuation (including the values of ¢, fand py used for the test);

e assessors: experience (in sensory testing, with*the product, with the test samples), ag
ee ISO 8586-1 and ISO 8586-2);
articular in the case where a precise- déefinition and reference samples illustrating the attrib

nd/or a test protocol have been indicated to the assessors;

e test environment: test facility*used, simultaneous or sequential presentation, whether
e samples was disclosed.after the test and if so, in what manner;

e location and date pf\test, and the name of the panel leader.

recision and bias
se thewesults of sensory discrimination tests are dependent on individual sensitivities, it is

50rs. ‘The precision regarding a particular population of assessors increases as the sizg

ing additional

orage prior to
icate that all

That differ only

the statistical

e and gender

Ny specific information and recommendations given to the assessors in connection with the test, in

ute under test

the identity of

impossible to

a gengral statement regarding the reproducibility of the results that is applicable to all populations of

of the panel

incre

Ll bl _tlo 4 HH pu | 4 4l ol 4
TS, doS WTIT as WIINT i trantrrty arfll TAPUSUTT U U1 Ppruoduct.

As a “forced-choice” procedure is used, the results obtained by this method are bias-free, provided that the
precautions given in Clause 7 are fully observed.
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Annex A
(normative)

Tables

A.1 Determination of perceptible difference or similarity

See Tables AFHe-A=3-

Table A.1 —|Minimum number of correct responses required to conclude that a perceptible diffefence
exists, based on a one-sided paired test 2) 3)
n a n &
0,20 0,10 0,05 0,01 0,001 0,20 0,10 0,05 0,01 d,001
10 7 8 9 10 10 36 22 23 24 26 28
11 8 9 9 10 11 37 22 23 24 27 29
12 8 9 10 11 12 38 23 24 25 27 29
13 9 10 10 12 13 39 23 24 26 28 30
14 0 10 11 12 13 40 24 25 26 28 31
15 0 11 12 13 14
44 26 27 28 31 33
16 1 12 12 14 15 48 28 29 31 33 36
17 1 12 13 14 16 52 30 32 33 35 38
18 2 13 13 15 16 56 32 34 35 38 40
19 2 13 14 15 17 60 34 36 37 40 43
20 3 14 15 16 18
64 36 38 40 42 45
21 3 14 15 17 18 68 38 40 42 45 48
22 4 15 16 17 19 72 41 42 44 47 50
23 5 16 16 18 20 76 43 45 46 49 52
24 5 16 17 19 20 80 45 47 48 51 55
25 6 17 18 19 21
84 47 49 51 54 57
26 6 17 18 20 22 88 49 51 53 56 59
27 7 18 19 20 22 92 51 53 55 58 62
28 7 18 19 21 23 96 53 55 57 60 64
29 8 19 20 22 24 100 55 57 59 63 66
30 8 20 20 22 24
104 57 60 61 65 69
31 9 20 21 23 25 108 59 62 64 67 71
32 9 21 22 24 26 112 61 64 66 69 73
33 PO 21 22 24 26 116 64 66 68 71 76
34 PO 22 23 25 27 120 66 68 70 74 78
35 27 22 23 25 27
NOTE 1 The values in the table are exact because they are based on the binomial distribution. For values of n not included in the
table, an approximation of the missing entries may be obtained in the following manner: Minimum number of responses (x) equals the
nearest whole number greater than x =(n+ 1) / 2+ 240,257 , where z varies as a function of the significance level as follows: 0,84 for
a=0,20; 1,28 for & = 0,10; 1,64 for o = 0,05; 2,33 for « = 0,01; 3,09 for « = 0,001.
NOTE 2 The values of n < 18 are usually not recommended for paired difference tests.

2) The values given in this table have been calculated from the exact formula of the binomial distribution for parameter
p = 0,5 with n replications thanks to the SAS software developed in Reference [4].

3) The values correspond to the minimum number of correct responses required for significance at the stated o-level (i.e.
column) for the corresponding number of assessors, n (i.e. row). Reject the "no difference" affirmation if the number of
correct responses is greater than or equal to the value in the table.

8 © I1SO 2005 — All rights reserved
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Table A.2 — Minimum number of consensual responses required to conclude that a perceptible
difference exists, based on a two-sided paired test 2) 3)

a a
" 0,20 0,10 0,05 0,01 0,001 " 0,20 0,10 0,05 0,01 0,001
10 8 9 9 10 36 23 24 25 27 29
11 9 9 10 11 11 37 23 24 25 27 29
12 9 10 10 11 12 38 24 25 26 28 30
13 10 10 11 12 13 39 24 26 27 28 31
14 10 11 12 13 14 40 25 26 27 29 31
15 11 12 12 13 14
44 27 28 29 31 34
1 2 2 3 =% 5 18 29 3t 32 4 36
17 12 13 13 15 16 52 32 33 34 6 39
18 13 13 14 15 17 56 34 35 36 39 41
19 13 14 15 16 17 60 36 37 39 41 44
20 14 15 15 17 18
64 38 40 41 43 46
21 14 15 16 17 19 68 40 42 43 46 48
22 15 16 17 18 19 72 42 44 45 48 51
23 16 16 17 19 20 76 45 46 48 %0 53
24 16 17 18 19 21 80 47 48 50 52 56
25 17 18 18 20 21
84 49 51 52 %5 58
26 17 18 19 20 22 88 51 53 54 b7 60
27 18 19 20 21 23 92 53 55 56 %9 63
28 18 19 20 22 23 96 55 57 59 62 65
29 19 20 21 22 24 100 57 59 61 64 67
30 20 20 21 23 25
104 60 61 63 %6 70
31 20 21 22 24 25 108 62 64 65 %8 72
33 21 22 23 24 26 112 64 66 67 I 74
33 21 22 23 25 27 116 66 68 70 13 77
34 22 23 24 25 27 120 68 70 72 15 79
35 22 23 24 26 28
NOTE]|1 The values in the table are exact because they are based on the binomial distribution. For values of » ngt included in the
table, f[an approximation of the missing‘\entries may be obtained in the following manner: Minimum number of resppnses (x) is the
nearegt whole number greater than x'= (n + 1) /2+24/0,25n , where z varies as a function of the significance level as|follows: 1,28 for
a = 0,20; 1,64 for « = 0,10; 1,96 far ¢ = 0,05; 2,58 for « = 0,01; 3,29 for a = 0,001.
NOTE]|2 The values of n.&18/are usually not recommended for paired difference tests.

© I1SO 2005 — All rights reserved 9
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Table A.3 — Maximum number of correct or consensual responses required to conclude that two
samples are similar, based on a paired test 4): )

" B Py " B Pd
10% | 20% | 30% | 40% | 50 % 10% | 20% | 30% | 40% | 50 %
18 0,001 — — — — — 60 0,001 — — — 33
0,01 — — — — — 0,01 — — — 33 36
0,05 — — — — 9 0,05 — — 32 35 38
0,10 — — — 9 10 0,10 — 30 33 36 40
0,20 — — 9 10 11 0,20 — 32 35 38 41
24 | 0,001 — — — — — 66 0,001 — — — — 37
0,01 — — — — 12 0,01 — — 33 36 40
0,05 — — — 12 13 0,05 — — 35 39 43
0,10 — — 12 13 14 0,10 — 34 37 40 44
0,20 — — 13 14 15 0,20 — 35 39 42 46
30 0,001 — — — — — 72 0,001 — — — 37 40
0,01 — — — — 16 0,01 — — 36 40 44
0,05 — — — 16 17 0,05 — = 39 43 47
0,10 — — 15 17 18 0,10 — 37 41 44 48
0,20 — 15 16 18 20 0,20 < 39 42 46 50
36 | 0,001 — — — — — 78 0,001 — — — 40 44
0,01 — — — 18 20 0,04 — — 40 44 48
0,05 — — 18 20 22 0,05 — 39 43 47 51
0,10 — — 19 21 23 0,10 — 40 44 48 53
0,20 — 18 20 22 24 0,20 — 42 46 50 54
42 0,001 — — — — 21 84 0,001 — — — 44 48
0,01 — — — 21 24 0,01 — — 43 48 53
0,05 — — 21 23 26 0,05 — 42 46 51 55
0,10 — — 22 25 27 0,10 — 44 48 52 57
0,20 — 22 24 26 28 0,20 — 46 50 54 59
48 | 0,001 — — - — 25 90 0,001 — — — 48 53
0,01 — — = 25 28 0,01 — — 47 52 57
0,05 — — 25 27 30 0,05 — 45 50 55 60
0,10 — — 26 28 31 0,10 — 47 52 56 61
0,20 — 25 27 30 33 0,20 45 49 54 58 63
54 0,001 — — — — 29 96 0,001 — — — 52 57
0,01 — — — 29 32 0,01 — — 50 56 61
0,05 — — 28 31 34 0,05 — 49 54 59 64
0,10 — 27 30 32 35 0,10 — 50 55 60 66
0,20 — 28 31 34 37 0,20 48 53 58 62 68

4) The values given in this table have been obtained thanks to the program based on the calculation of confidence
intervals from the exact formula of the binomial distribution, developed in Reference [7].

5) The values correspond to the maximum number of correct or consensual responses required for “similarity” at the
chosen levels of py, #and n. Accept the “no difference” assumption at the 100(1 - 5) % level of confidence if the number of
correct or consensual responses is less than or equal to the value in the table.
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Table A.3 (continued)

" Y Pq " Y Py
0% | 20% | 30% | 40% | 50 % 10% | 20% | 30% | 40% | 50 %
102 | 0,001 — — — 55 61 120 0,001 — — 61 67 73
0,01 — — 54 59 65 0,01 — — 65 71 78
0,05 — 52 57 63 68 0,05 — 62 68 75 81
0,10 — 54 59 64 70 0,10 — 64 70 77 83
0,20 51 56 61 67 72 0,20 60 67 73 79 85
108 | 0,001 — — 54 59 65 126 | 0,001 — 64 70 77
0,01 — — 57 63 69 0,01 — — 68 75 82
0,05 — 55 61 67 72 0,05 — 66 72 79 85
0,10 — 57 63 68 74 0,10 — 68 74 81 87
0,20 54 60 65 71 76 0,20 64 70 76 83 89
114 ]| 0,001 — — 57 63 69 132 0,001 — — 67 74 81
0,01 — — 61 67 73 0,01 — 65 72 79 86
0,05 — 59 65 71 77 0,05 — 69 76 83 90
0,10 — 61 67 72 79 0,10 -+ 71 78 85 92
0,20 57 63 69 75 81 0,20 67 73 80 87 94

NOTE[1 The values in the table are exact because they are based on the bihemial distribution. For the values of
the taljle, compute the 100(1 — ) % upper confidence limit for p, as follows:

[Z(x /;1)—1J+2><ZB [nxfsz/n3

where |x is the number of correct or consensual responses, n the number of assessors and zp varies as follows: 0,84 f
for £=|0,10; 1,64 for g = 0,05; 2,33 for g =0,01; 3,09 for 5= 0,003 If the computed value is lower than the preselected
declar¢ the samples similar at the £ significance level.

NOTE|2 The values of n < 30 are usually not recommended for paired similarity tests.

NOTE|3 The values corresponding to numbers_ of{correct responses under n/2 are not mentioned in this table. Th
the sigh —.

not included in

br 5= 0,20; 1,28
limit for Pyr then

Py are coded by

A.2

Statistical approachfor the determination of the number of assessors

basi$ of Tables A.4 (one-sided test) and A.5 (two-sided test)

The

authotized proportiofmnof “distinguishers” pd6). Prior to conducting the test, select the values fg
using fthe following.guidelines.

As a deneralule, a statistically significant result for an a-risk:

on the

qtatistical sensitivity) of the test depends on three values: the a-risk, the S-risk and {he maximum

ra, fand py

between 10 % and 5 % (0,10 to 0,05) indicates slight evidence that a difference was appare

nt;

between 5 % and 1 % (0,05 to 0,01) indicates moderate evidence that a difference was apparent;

between 1 % and 0,1 % (0,01 to 0,001) indicates strong evidence that a difference was apparent; and

below 0,1 % (< 0,001) indicates very strong evidence that a difference was apparent.

6) In this International Standard, the probability of a correct response, p., is modelled as p, =1 x py + (1/2) x (1 - py),
where py is the proportion of the entire population of assessors able to distinguish between the two samples.
A psychometrical model of the assessor's decision-making process, such as the Thurstone-Ura model (Reference [3]),
could also be applied in the case of the paired test.

© I1SO 2005 — All rights reserved
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For f-risks, the strength of the evidence that a difference was not apparent is assessed using the same
criteria as those specified above (replacing “was apparent” by “was not apparent”).

The maximum authorized proportion of “distinguishers”, p, falls into three ranges:
— pq <25 % represents small values;
— 25 % < py4 < 35 % represents medium sized values; and

— pq> 35 % represents big values.

Choose the ||1umber of assessors so as to obtain the level of sensitivity required by the test. Idertify in
Table A.4 the[section corresponding to the selected value of py and the column corresponding to the-selected
value of . The minimum required number of assessors is therefore located in the row corresponding |to the
selected valu% of a. Alternatively, Table A.4 can be used to develop a set of values for py, o andf that pyovide
acceptable sénsitivity while maintaining the number of assessors within practical limits.\>T'his approach is
presented in detail in Reference [4].
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Table A.4 — Number of assessors required for a one-sided paired test 7): )

. B
0,50 0,20 0,10 0,05 0,01 0,001
0,50 —a — — 9 22 33
0,20 — 12 19 26 39 58
0,10 pq =950 % — 19 26 33 48 70
0,05 13 23 33 42 58 82
0,01 35 40 50 59 80 107
0,001 38 61 71 83 107 140
0,50 — — 9 20 33 55
0,20 — 19 30 39 60 94
0,10 Py =40% 14 28 39 53 79 113
0,05 18 37 53 67 93 132
0,01 35 64 80 96 130 174
D,001 61 95 117 135 176 228
0,50 — — 23 33 59 108
0,20 — 32 49 68 110 166
0,10 pg =30 % 21 53 72 96 145 208
0,05 30 69 93 119 173 243
0,01 64 112 143 174 235 319
D,001 107 172 210 246 318 412
0,50 — 23 45 67 133 237
0,20 21 £7 112 158 253 384
0,10 pd=20% 46 115 168 214 322 471
0,05 71 158 213 268 392 554
0,01 144 252 325 391 535 726
D,001 241 386 479 556 731 944
0,50 — 75 167 271 539 951
0,20 81 294 451 618 1006 1555
0,10 Py =10% 170 461 658 861 1310 1905
0,05 281 620 866 1092 1583 2237
0,01 550 1007 1301 1582 2170 2927
D,001 961 1 551 1908 2248 2937 3812
2  The empty boxes correspond to cases which do not present any practical interest (high values for « and g taking|into account the
selectgd value 0f p)

7) The values given in this table have been taken from Reference [4] or computed from the exact formula of the binomial
law for parameter p = 0,5 with n responses thanks to the SAS software developed in that reference.

8) The values correspond to the minimum number of assessors required to perform a paired test with a specified level of
sensitivity determined by the values of py, a and 4. Identify in the table the section corresponding to the selected value of
pg and the column corresponding to the selected value of B. Read the minimum number of assessors from the row
corresponding to the selected value of a.
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Table A.5 — Number of assessors required for a two-sided paired test 8) 9

B

“ 0,50 0,20 0,10 0,05 0,01 0,001
0,50 —a — — 23 33 52
0,20 — 19 26 33 48 70
0,10 — 23 33 42 58 82

Pq=90%
0,05 17 30 42 49 67 92
0,01 26 44 57 66 87 117
0,001 42 66 78 90 117 149
0,50 — — 25 33 54 86
0,20 — 28 39 53 79 113
0,10 Pq =40 % 18 37 53 67 93 132
0,05 25 49 65 79 110 149
0,01 44 73 92 108 144 191
0,001 48 102 126 147 188 240
0,50 — 29 44 63 98 1946
0,20 21 53 72 96 145 208
0,10 pq=30% 30 69 93 119 173 243
0,05 44 90 114 145 199 216
0,01 73 131 164 195 261 345
0,001 121 188 229 267 342 440
0,50 — 63 98 135 230 352
0,20 46 115 168 214 322 471
0,10 Pq=20% 71 158 213 268 392 554
0,05 101 199 263 327 455 635
0,01 171 291 373 446 596 796
0,001 276 425 520 604 781 1010
0,50 — 240 393 543 910 14p3
0,20 170 461 658 861 1310 1905
0,10 Dg=10% 281 620 866 1092 1583 2 237
0,05 390 801 1055 1302 1833 2 544
0,01 670 1167 1493 1782 2408 3203
0,001 1090 1707 2094 2440 3152 4 063
@8  The empty boxes correspond to cases which do not present any practical interest (high values for « and gtaking into account the
selected value of p).

9) The values given in this table have been computed from the exact formula of the binomial law for parameter p = 0,5
with n responses thanks to the SAS software developed in Reference [4].
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Annex B
(informative)

Examples

B.1 Example 1 — One-sided paired test to confirm that a difference exists
congerning the intensity of an attribute between two samples
B.1.1| Context

Follow
produ
consu
provid
Onth
a high

B.1.2
This i
B.1.3
In ord
not e

detecf
30 as

B.1.4] Conducting the test

Thirty
rando
BA. A

B.1.5

Twent
ton=

ing some remarks made by consumers, some technological modifications have,been ma
Ce a crispier biscuit that the usual product. Before proceeding to a larger scale*preference
mers, the development department wishes to ascertain that the technological modif]
ed the desired effect. It wishes to limit the risk of concluding in favour ef-a-difference that g
e other hand, since it has the possibility of making other technological modifications, it is re
risk of not detecting a difference which exists.

Test objective

to confirm that the new product is indeed crispier. It is_therefore a case for a one-sided tes

Number of assessors

br to prevent the development department from wrongly concluding in favour of a differenc
ist, the sensory analysis supervisor proposes an «threshold of 0,05, a percentage
ing the difference p4 equal to 30 % and;a S of 0,50. It therefore consults Table A.4 and fing
bessors are required.

plates with a biscuit A" (Control) and 30 plates with a biscuit “B” (prototype) are code
m numbers. For 15 assessors, the products are presented in the order AB, for the 15 othe
specimen scoresheet’is shown in Figure B.1.

Analysis)and interpretation of results

y-one\assessors designate sample B as being crispier. Referring to Table A.1 in the row
307and in the column a = 0,05, it can be seen that 20 responses in the expected direc

de in order to
test involving
cations have
oes not exist.
ady to accept

e which would
of assessors
s that at least

4 with unique
's in the order

orresponding
tion suffice to

declar

B.1.6

e the Z samples significantly different.

Report and conclusions

The sensory analyst reports that the prototype appeared to be crispier for the panel (»n =30, x=21)ata 5 %
significance level. Biscuits may therefore be manufactured with the new process for preference tests with

consu

mers.
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Paired test

Instructions:

Taste the two samples beginning with the one on your left. Indicate the code of the sample which is the crispiest in the
space below. If you are not sure, take a guess; you can indicate under the heading "Comments" that it is a guess.

The crispiest sample is: ........cccoviiiiiiieeiiiieeees

Possible commepts—mir——mmmm—m—m—m—m—m—m—m—m—mm—m—m—m—m ...

Figure B.1 — Scoresheet for Example 1

B.2 Example 2 — One-sided paired test to confirm whether two samples are similar
concerning a given attribute

B.2.1 Context

A manufacturer knows that the product may contain traces of an ingredient which imparts a herbaceoys off-
flavour to the|product. He therefore wishes to determine the maximum acceptable quantity so that the flavour
difference with a reference product without this ingredient (T) is barely perceptible and therefore withopt any
regrettable cgnsequence.

B.2.2 Test ¢pbjective

This is to ddgtermine the maximum-acceptable quantity of the ingredient so that the herbaceous flavour
difference with a reference product-without this ingredient is barely perceptible and therefore witholit any
regrettable cgnsequence.

B.2.3 Number of assessors

The manufacjurer wishes to be reasonably sure of the specifications concerning the permissible quantity of
the ingredienf respensible for a herbaceous off-flavour. Thus, in this test, the risk of not detecting a difference
in herbaceous flavour () has to be kept as low as possible. The a-risk of wrongly concluding in favour|of the
existence of & difference which would not exist is of lesser importance, since it would only lead to al more
conservative specification. g is therefore fixed at 0,05, « at 0,50 and the percentage of assessors detecting
the difference py is fixed at 20 %. The manufacturer therefore consults Table A.4 and finds that at least 67
assessors are required. However, on consulting Table A.3, it is noted that for the selected values of 5 and py,
a minimum number of 78 assessors are required in order to be able to use the table (in the cases below 78,
the maximum numbers of proposed correct or consensual responses are below chance, i.e. n/2, and therefore
do not figure in the table). The manufacturer therefore decides to recruit 78 assessors.

B.2.4 Conducting the test

Taking into account preliminary tests and previous knowledge, a target concentration C is defined. The two
solutions are prepared and each one is divided up into 78 plastic cups coded with unique random numbers.
For 39 assessors, the products are presented in the order TC, for the 39 others in the order CT. A specimen
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