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Foreword

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

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

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

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as information about ISO’s adherence to the WTO principles in the Technical Barriers
to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC 34, Food products, Subcommittee SC 12,
Sensory analysis.
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Sensory analysis — Methodology — General guidance for
conducting hedonic tests with consumers in a controlled area

1 Scope

This International Standard describes approaches for measuring, within a controlled area, the degree to
which consumers like or relatively like products.

[t uses tests based on collecting consumers’ responses to questions, generally on paper or via a keyboard
or a touch screen. Tests of a behavioural nature (such as recording quantities consumed ad libitum by
the consumers) do not fall within the scope of this International Standard.

The hedonictests dealt with in this International Standard, can be used as a contribution to the following:
— comparing a product with competitor products;

— optimizingaproductso thatitobtainsahigh hedonicratingorisliked by alarge number of consumers;
— helping to define a range of products to correspond to a particular consumer target population;

— helping to define a best-before date;

— assessing the impact of a product formulation change on the pleasure given by the product;

— studying the impact of sensory characteristics of a product on degree to which it is liked,
independently of the product’s extrinsic characteristics, such as brand, price, or advertising;

— studying the effect of a commercial or presentation variable, such as packaging.
The methods are effective for determining
— whether or not, a perceptible preference exists (difference in degree of liking), or

— whether or not, no perceptible preference (paired similarity test) exists.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 4121, Sensory analysis — Guidelines for the use of quantitative response scales
ISO 5492, Sensory analysis — Vocabulary

ISO 5495, Sensory analysis — Methodology — Paired comparison test

[SO 8587, Sensory analysis — Methodology — Ranking

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

ISO 29842, Sensory analysis — Methodology — Balanced incomplete block designs

3 Terms and definitions

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

© ISO 2014 - All rights reserved 1
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access panel

sample database of potential respondents who declare that they will cooperate for future data
collection if selected

[SOURCE: ISO 20252]
Note 1 to entry: Respondents can be drawn on a more or less regular basis.

3.2
closed-ended question
question requiring respondents to select from a predetermined list of possible answers

3.3
commissioning party
person, body, or service who commissions a third party to conduct a study

Note 1 to entry: The concept of commissioning party corresponds to that of purchaser or customer in quality
control. It contrasts with that of the supplier, service provider, or laboratory

Note 2 to entry: Usually, the commissioning party and the service provider belong to different enterprises. Where
they belong to two departments of the same enterprise, the respective responsibilities of the two departments
shall be carefully differentiated and explicitly clarified in the study proposal

3.4

consumer

respondent

person who uses a product

Note 1 to entry: For the purposes of this International Standard, the meaning is restricted to a person who is
neither an expert, an expert sensory assessor nor a selected assessor in conformity with ISO 5492.

3.5
consumer sample
group of consumers recruited on the basis of criteria specified by the nature of the target population

3.6
controlled area
location providing

— controlled preparation and presentation of the products,
— comfortable conditions for consuming the products and for questioning the consumers, and

— absence of communication (verbal and non-verbal) between the consumers, guaranteeing
independent responses

3.7
hedonic perception
amount of pleasure given by the sensory properties of a product

3.8
hedonic test
test aimed at measuring the overall hedonic perception of a product by consumers

3.9

open-ended question

question that does not provide ready-made alternatives for respondents but asks them to answer in
their own words

Note 1 to entry: It can concern each of the products presented to the consumers or only some of them (e.g. when
the question asks why a particular product has appealed most, or least, to an consumer).

2 © ISO 2014 - All rights reserved
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3.10
position bias
bias related to the location of a product in a set of products being evaluated

3.11
product family
group of products that can replace one another under normal conditions of consumption

Note 1 to entry: Product families may vary according to culture and consumption habits.

3.12

representativeness

<of a sample> degree to which attributes of the sample agree with relevant attributes of the population
from which it is drawn

3.13
sequential bias
bias related to the temporal or sequential position of a product in a set of products being evaluated

3.14
session
meeting of consumers working simultaneously according to the same protocol during a defined time period

Note 1 to entry: A session can be divided into several subsessions separated by a defined rest time. For example, a
session lasting 1 h 30 min can be divided into two subsessions with a 10-min break between them.

3.15
target population
population whose hedonic response to a product is to be evaluated

4 Preliminary considerations

4.1 Study proposal

The study proposal is drawn up by the service-providing laboratory based on the information (especially
concerning the objective of the study and target population) given by the commissioning party, as a
written document that binds the laboratory and the commissioning party contractually. It includes the
following elements:

— the objective of the study;

— the products to be evaluated (and the procedures for their procurement, especially when the
laboratory has to procure one or more products);

— the target population for the study;

— the size of the consumer sample (sample size) and the way it is to be recruited;
— any limitations on consumers’ prior history of participation in consumer studies;
— any limitations on other products to be evaluated in the same testing session;

— the evaluation conditions;

— the type of interview (self-completion forms or interviewers);

— the questionnaire;

— the place of evaluation;

© ISO 2014 - All rights reserved 3
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the number of products to be evaluated per session in the proposed study, together with an
indication of other products to be evaluated where the session comprises several product families
(where these products are not known at the time of drawing up the proposal, the laboratory should
be committed to communicate them as soon as the laboratory knows the nature of the products);

the conditions of preparation specific to the products to be evaluated (if they are known at this stage);

any instructions specific to the products to be evaluated (if they are known at this stage) together
with any specific information to be given about the products or the test at the start of the session;

the name of the statistical tests to be used for interpreting the results; the type of risks used and
their tolerable values; the magnitude of the minimum difference to be detected in a difference of
liking test or of the maximum tolerable difference in a similarity of liking test;

any envisaged segmentation of the consumer population, based either on characteristics known
before obtaining judgment data or from the responses obtained;

the method of examining and summarizing open-ended questions;
any recommendations the commissioning party wishes the laboratory to draft on the basis of the results;

the dates envisaged for the tests and for submission of the report.

When any of the above elements are unknown at the time of the study proposal, the proposal includes for
each element concerned the following statement: “This element will be specified by the commissioning
party by... [specifying the stage of the study].”

NOTE If a specification already exists, the study proposal may make reference to it without repeating
technical points described in an operational manner in the specification.

4.2 Specification of the target population

In order to specify the target population, it is necessary to answer the following questions. These
questions shall be considered for each test to be performed because the consumer target group can be
different from one test to the next, even for the same product.

Has the productto be tested already been introduced on the market? If so, is it possible to distinguish
between actual and potential consumers?

Are the consumers of interest those who actually use the product, potential consumers who have
not been using the product or both groups?

Are results from specified subgroups to be examined and compared?
Are the results of the total consumer sample to be analysed with a view identifying subgroups?

Are differences between the results of individuals of interest?

4.3 Further specifications

Subsequent to specifying the target population, the following aspects shall be specified:

place of test (see Clause 7);
expected precision of measurement (see 6.1);

test method (see Clause 9);

product presentation plan for the test methods selected (see 10.2);

specifications for the hypothesis to be tested (see 6.1);

© ISO 2014 - All rights reserved
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For the hypothesis to be tested, the following aspects shall then be specified:
— the composition of the consumer sample(see Clause 5);

— the size of the consumer sample (see Clause 6).

5 The consumer sample

5.1 General

A hedonic test aims to determine the acceptability of the products and/or to determine preferences
among two or more products by the specified consumer population.

The composition of the consumer sample is decisive for any hedonic test as regards whether or not the
result can answer the questions of interest to the commissioning party.

The consumers shall be volunteers, which does not imply that it is not permitted for them to receive
expenses or a reward for participation.

It is essential to obtain spontaneous reactions.

Trained consumers shall be excluded from these tests since they are likely to differ systematically from
the target population.

It is usually inadvisable to recruit a consumer sample from the personnel of a company manufacturing
the products to be tested. The factors most likely to distort the results when an in-house consumer
panel is used are

— arisk of the products to be tested being recognized,
— atendency to judge in favour of the recognized products, and
— excessive familiarity with the products.

These factors carry a serious risk of the results not being representative for the target population
of consumers.

Any criteria to be followed when selecting the consumers (e.g. whether or not they may be recruited
from the staff of the manufacturing company or its competitors or from a particular socio-economic
sector) shall be agreed with the client ordering the test irrespective of the recruiting method used.

5.2 Recruiting the consumers

5.2.1 General
WARNING The following shall be observed.

— Confidentiality shall be observed and relevant legislation shall be complied with when
creating and documenting files containing personal data.

— Legislation with respect to age restrictions shall be adhered to.

Consumers can be recruited either on a task-specific basis (where consumers are freshly recruited for a
particular study) or from an access panel (a list of potential consumers having known characteristics).
Task-specific recruitment has often been considered a means of recruiting consumers who have
not participated much in consumer studies, but this idea might have become erroneous with the
multiplication of locations where hedonic tests are organized in a quasi-permanent manner.

© IS0 2014 - All rights reserved 5
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5.2.2 Task-specific recruitment

Task-specific recruitment can be conducted in a public place, at a sales point, by telephone, by mail
or electronic mail or by advertisement in a local newspaper or radio station, or by social network or
other internet ways. In many cases, it is necessary to reach a prior agreement with the corporation or
organization responsible for the area in which the recruitment occurs.

The manner of recruiting and the time of approaching the consumers (in particular when making contact
at public places or by phone and when distributing information through the media) can have a strong
effect on the composition of the consumer sample.

5.2.3 Recruitment from an access panel

For efficiency in recruiting, it is also possible to assemble an access panel in the form of a file of consumer
descriptions. Prior to each test and subsequent to specifying the target group, a pre-selection can be
made based on criteria recorded in the file.

A consumer description may include consumer data such as the following:
— identity details of the person concerned, contact data;

— age, gender;

— marital status, household composition;

— social situation, profession, income;

— possible health problems (e.g. on allergies, diabetes, vision impairments, etc.) relevant to the
products to be tested;

— other information relevant to the products to be tested (e.g. eating or drinking habits, religious
prohibitions, lifestyle, household equipment);

— information on the person’s availability for participation in tests;
— information on previous participation(s) in consumer tests.
Every consumer description shall be updated at regular intervals.

Such a database allows an efficient dialogue between the commissioning party and the service provider
insofar as it enables the latter to ensure, a priori, that the initial desires of the commissioning party
regarding target consumers can be satisfied.

5.2.4 Frequency of employing the consumers

In comparison to task-specific recruitment, there is a greater risk of “consumer professionalizing” when
recruiting from an existing pool of consumers.

It is important to avoid a training effect for the individual consumer in relation to the product group
concerned. Therefore, the same consumers shall not be employed too often. As guidance, an interval of
at least three months between individual tests on the same product is recommended.

The laboratory shall keep records of each consumer’s frequency of participation in tests involving each
product and each product family. The participation history of the consumers shall be included in the
study report, possibly including information about the product families involved if requested by the
commissioning party.

6 © ISO 2014 - All rights reserved
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5.3 Assembling a consumer sample

5.3.1 Selection of consumers by means of recruitment questionnaires

When consumers are selected by means of a recruitment questionnaire relating to criteria stipulated
for the composition of the consumer sample, it shall not be possible for the consumer to identify which
criteria in the questionnaire are decisive for selection to participate in the test.

The following are examples of possible criteria:

— previous participation in testing the product group concerned;

— frequency of using the product;

— the product brand usually used, product description, place of purchase, etc,;
— habits in the use or consumption of the product.

Other criteria, such as age, sex, social stratum, occupational group, or geographical location can be
relevant. For reasons of practicability, classes should be specified for each of these criteria. For each
class, a percentage should be stated by which this class is to be represented in the consumer sample.

For each consumer selected to take part in the test, the recruitment questionnaire shall be filled out
completely.

The required recruitment details may be verified.
An example of a recruitment questionnaire is given in Annex A.

The recruitment questionnaire shall be preserved, or information arising therefrom shall be stored to
ensure the traceability of recruitment parameters of the study.

5.3.2 Representativeness of the consumer sample

Representativeness with respect to the target population is the foremost quality required of a sample.
Defining this population generally results from a concerted action between the study-commissioning
party who proposes a target population and the laboratory which evaluates the feasibility of
implementing this proposal.

To select consumers who are representative of the target population, criteria such as the following
shall be used:

— frequency of use or consumption of the product (this criterion is often considered fundamental on
account of its supposed influence on the discriminating power of the study);

— age, gender, socio-economic status, occupation, geographical location;
— brand of product usually used or consumed;

— place of purchase of the product.

5.4 Sample segmentation

There are two ways in which the consumer sample can be segmented:

a) Segmentation at the outset in order to obtain answers to questions such as the following:
1) Do women respond in the same way as men?
2) Areresponses different for different age groups?

3) Do responses depend on consumption habits?

© ISO 2014 - All rights reserved 7
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In this case, each subgroup is analysed separately and the results are compared.

b) Segmentation may be derived from the data collected if there is evidence (such as multimodality) of
different subgroups.

In Annex B, guidance is given as to how to deal with segmentation data.

6 Size of the consumer sample

6.1 Decisions of measurement

The numerical precision of any averages or estimates obtained from the results increases with sample
size. However, increased precision of measurement does not in itself ensure the relevance and validity
of conclusions reached. Appropriate choices of consumers and procedures are also essential.

Annex D contains some considerations on the influence of the consumer sample size on the precision
of measurement.

Precision also depends on the variability of the consumers in their responses to a single product. The
larger the dispersion, the larger the sample size shall be to achieve a given precision. Knowledge of this
parameter comes from the experience of both the laboratory and the commissioning party.

The precision of the results depends also on the test procedure. For example, all other things being
equal, the difference between two products is established more precisely if each consumer assesses
both products rather than if they are judged by different consumers.

The required precision depends on the purpose of the test. With all other things being equal, it is
influenced by the following:

— thesmallest difference between two mean pleasure ratings that is considered large enough to be useful
when the purpose is to demonstrate a difference (the smaller it is, the larger the sample size has to be);

— the greatest difference between two mean pleasure ratings that is considered small enough to be
ignored, when the purpose is to demonstrate equivalence (the smaller it is, the larger the sample
size has to be);

— the risk, @, that the commissioning party is willing to accept of mistakenly concluding that there is
a difference (the smaller the risk, a, the larger the sample size has to be);

— the power, P, that the commissioning party desires for the test. (P = 1 - 8, where S is the risk of
mistakenly concluding that there is no difference); the larger the desired power, the larger the
sample size has to be);

— the directionality of the intended statistical test. If the commissioning party is interested only in
reassurance that product B is not inferior to product A, a directional test is appropriate and the
power of the test is greater than if the conclusions that B is inferior to A or that B is superior to A
would be of equal interest.

6.2 Determining the sample size

Determining the sample size is a critical step in the development of a test and demands the assistance
of a statistician. Annex E gives expressions (accompanied by examples) which can be used for the
calculations for either a difference test or a similarity test based on ratings. Annex F does the same for
tests based on preferences.

In all cases, the size of a consumer sample conforming to this International Standard shall never be
less than 60.

Where the laboratory does not have the information required by the methods described in Annex E or
Annex F, this International Standard fixes the minimum sample size at 100.

8 © ISO 2014 - All rights reserved
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Where the laboratory uses the methods described in Annex E or Annex F, the sample size is given by the
calculation result. However, this number

— can be lowered to 100 when the calculated number of consumers is over 100, but the laboratory
and/or the commissioning party does not have the means to question a larger number of consumers.
If this occurs, the laboratory shall calculate the estimated power of the test for a number of
consumers equal to 100 and obtain the agreement of the commissioning party that this lower power
is acceptable, and

— shall be increased to 60 when the calculated number of consumers is below 60.

The values of 100 and 60 suppose that the commissioning party does not hope for conclusions segmented
according to consumer characteristics such as age or gender. Where a segmentation is decided on prior
to the test, the minimum number of consumers per segment is 60.

6.3 Working with subgroups

6.3.1 General

Subgroups of the consumer sample can be formed before collecting test data or by making use of test
data. For any of the options listed below, statistical advice should be obtained at the design stage.

6.3.2 Separate tests using pre-formed consumer groups

The commissioning party may wish to study separate subgroups formed by taking account of consumer
characteristics (such as gender or age), which are known before conducting the test. One option is to
analyse their results independently. If this is done, each subgroup shall consist of at least 60 consumers.

6.3.3 Unified test using pre-formed consumer groups

The procedure in 6.3.2 is less efficient than balancing presentations over the whole consumer sample,
followed by an integrated analysis of all the results that takes account of subgroup membership. The
same degree of confidence will normally be achieved with fewer than 60 consumers in each subgroup.
This style of analysis is at its most efficient when all subgroups are of the same, or of very similar, size.

6.3.4 Segmentation of the consumers

The membership of subgroups may be an outcome derived from the results of a test on a large consumer
sample. The subgroupsarethen classesresulting fromthe evaluation ofall the dataonhand (measurement
results and/or socio-demographic data). This segmentation serves to describe the consumer sample and
can be used for developing new hypotheses. The number of groups formed, their characteristics, and
their sizes all depend on the amount and nature of the results obtained.

6.4 Number of product samples and experimental design

The number of samples and the experimental design affect the size of the consumer sample. If a complete
plan is used for product presentation, the number of consumers needed for the test is equal to the
number of responses per product to be obtained. If an incomplete plan is used, the number of consumers
must be larger.

6.5 Safety margin in recruitment

The number of responses actually obtained is usually smaller than the number of consumers recruited
since some consumers selected for the sample might be absent and some who participate might not
use the questionnaires correctly. To compensate for this, a safety margin should be included when
calculating the number of consumers required.

© ISO 2014 - All rights reserved 9
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7 Test area

This International Standard concerns hedonic measurements conducted within a controlled area as
defined in 3.6. This is distinguished from hedonic tests conducted, for instance, at a point of sale or in
consumers’ own homes, which are outside the scope of this International Standard. Three examples of
relevant test areas are described.

a) A permanent, sensory evaluation laboratory specifically equipped in accordance with ISO 8589
for conducting sensory analysis tests. It has a reception area for welcoming the consumers, a
room for preparing the products and a room equipped with test booths, temperature control, and
a ventilation system for periodic air renewal. This area provides the best product-preparation,
product-presentation, and response-logging conditions.

b) A mobile sensory evaluation laboratory installed in a vehicle, which has been specifically converted
for the conduct of sensory tests. It is likely to have much less space than a stationary laboratory.
Zones reserved for welcoming consumers and for preparing products are generally very limited.

c¢) Aroom or rooms equipped temporarily in a “task-specific” way for assessing products that require
little preparation. The area is arranged in two separate parts, one dedicated to conducting the
tests and the other to preparing and coding the products. The layout of the test area allows the
consumers to be physically isolated from each other. The test conditions (temperature, room
lighting, ventilation, and storage and preparation of the samples) can be monitored. Unlike the
stationary or mobile laboratories, the product preparation and presentation system is redefined
each time the room is adapted for a specific task.

8 Products

8.1 Anonymous presentation of the products

Products to be tested shall be presented to the consumers after being made as anonymous as possible,
the only means of identification being an arbitrary code (such as a three-digit random number) assigned
by the laboratory. All references to a brand or to a quality mark shall be deleted or masked, exceptin the
two following cases:

a) when deletion or masking is impossible;
b) when the objective is to determine the impact of the brand or quality mark.

NOTE In this International Standard, by quality mark is meant any mark which the consumer mightinterpret
to influence expectation. For example, the type of packaging can constitute a quality mark.

8.2 Preparation and presentation of the products

8.2.1 General

The products to be evaluated shall be prepared according to the procedures recommended by the
manufacturers or, when these procedures are not known, according to a method formalized following
preliminary tests. Allowing for duly justified exceptions, the preparation conditions shall approximate
the usual conditions of use and consumption.

The same rule applies to the presentation of the products (temperature, associated products, tableware
and serving method).

WARNING — Any product is likely to vary from batch to batch and as a consequence of storage.
This variation may be of interest to the commissioning party and in some cases will be the focus
of the investigation. In all other cases, variation should be minimized by using products that all
come from the same batch and have had identical storage durations and conditions.

10 © ISO 2014 - All rights reserved
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8.2.2 Quantity of products presented

The amount of product presented to an consumer shall correspond to the portion of product normally
consumed or to a portion specified by the commissioning party. The consumer shall be informed of the
minimum amount of the sample to be tested and, if necessary, also of the maximum amount to be tested
or consumed. Care shall be taken to ensure that the test portion is neither too small (risking only a
fleeting, initial impression) nor too great (risking repletion or aversion).

The quantity presented may need to be adjusted to be less than the quantity usually consumed in cases
where the consumers consume several products of the same family. However, the quantity presented
shall always be sufficient to avoid the appraisal being conducted on too small a quantity and thereby
provoking only an initial, fleeting sensory impression.

When presenting a ready-made dish, the portion presented to each consumer shall proportionally
include all of the constituents of the product.

8.2.3 Form of the presented products

Sometimes, there are two options for presenting a product: the product as purchased and the product
in a form ready to be consumed.

EXAMPLE1  Examples include bread (whole or sliced), sausage (whole or sliced), cheese (whole or cut), a pizza
(whole orin portions), instant coffee (in a cup prior to the water being poured in or after the water has been poured in).

The laboratory and the commissioning party may consider that both forms have the same objective:
to best approximate the pleasure elicited by the product. There is no need to know if any halo effect
is provoked by one of the forms on the other. If so, the two forms are presented simultaneously
(whole/pieces) or successively (instant coffee). The consumer gives a single appraisal rating for both
presentation forms, without it having been specified to the consumers that the product is presented
in two forms. This approach corresponds to the normal behaviour of a consumer who, in everyday life,
does not need to split up his/her perceptions.

EXAMPLE 2  The wording of the instructions and of the question might be as follows: You are provided with a
sausage bearing the code 148. Look at it, sniff it, consume a few pieces of it and then report what you think of it
using the response scale below.

If the laboratory and the commissioning party agree that both forms contribute to the pleasure given
by the product, the two forms need not be treated as different products. Instead, the two forms can be
presented together or successively and receive a single appraisal rating.

NOTE This International Standard does not deal with the case where the laboratory and the commissioning

party consider it is necessary to know the expectation effect created by the visual information. This situation falls
within the scope of special experimental designs involving specific concepts and analysis methods.

9 Procedures

9.1 Two groups of hedonic tests
Two main groups of hedonic tests set different tasks to the consumer:

a) acceptability tests, used to measure the intensity of enjoymentat consumption. In this International
Standard, the only type of acceptability test described is the rating test.

b) preference tests, used to measure the order of liking for different products (e.g. “Which sample
do you like best?” or “Please rank the products presented from least liked to most liked.”). The
information obtained in a test assessing momentary preference is of a relative nature. It does not say
anything about the acceptability of the products because it is possible for one product to be preferred
over another without either of them being acceptable. Preference tests are subdivided as follows:

— paired comparison tests, when comparing two samples;
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— ranking tests, when dealing with more than two samples.
9.2 Rating tests

9.2.1 General
Rating tests are distinguished

— by the response scale: the latter can be structured or non structured, numerical, semantic, or
pictorial, as specified in ISO 4121, and

— by the method of presentation of the products.
When the number of products is two or more, three product presentation methods are possible:
a) strictmonadicpresentation (single assessment), where each consumer evaluates a single product;

b) sequential monadic presentation (incomplete or complete plan), where several products are
evaluated by an consumer in one or several sessions. The consumer receives one product at a time
and no information is given about products already assessed or responses made to them; it shall be
ensured that it is impossible for the consumer to revert to the assessment of an earlier product;

c) comparative presentation (incomplete or complete plan), where several products are presented
simultaneously to the consumer and consumers are allowed to review the ratings they have given to
other products.

The most common form of presentation is sequential monadic. It is less expensive than the first, but
it demands mastering fully how to assign the products to the consumers (see Annex C). Comparative
presentation is little used because it tends to exaggerate differences between products and also makes
comparison between studies difficult when the test conditions are not strictly identical.

9.2.2 Sample presentation plans

The samples shall be presented to consumers according to the presentation plan (see 10.2).
9.3 Paired comparison tests

9.3.1 General
Paired comparison tests shall be monitored as specified in ISO 5495.

The principle of the paired comparison test is to compare products presented in pairs. The consumer
judges the samples in a specified order and states which of them is preferred.

A paired comparison test on preference between two products can be carried out in two different ways,
namely with forced choice (option A below) or with a “no preference” response permitted (option B below).

a) Option A: The consumers respond to a closed question of the following type:

“Taste the two products presented to you, beginning with the product on the left, and then mark
with a cross the code of the product you prefer.”

Product xxx Productyyy

O ]

Here, the consumers shall decide in favour of one or other of the products.
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b) Option B: The consumers respond to a closed question of the following type:

“Taste the two products presented to you, beginning with the product on the left, and then mark
with a cross the code of the product you prefer. If products are similarly liked for you, mark with
cross « no preference » ”

Product xxx No preference Productyyy

O ] O

In a test with only one pair of samples, option A has the advantage of greater potential for discrimination
than option B.

The questionnaires shall not contain any questions capable of influencing consumers to decide in favour
of one or other of the products or to judge the products in respect of particular attributes. For instance,
if they are asked to comment on the flavour of the products they are likely to concentrate on this aspect
in particular when assessing acceptability.

It is, however, permitted to ask an open-ended question at the end of the test, giving consumers an
opportunity to comment on what was liked or disliked about the products.

9.3.2 Sample presentation plans

The order of presentation of the samples A and B shall be balanced by presenting the pairs AB and BA
equally often and allocating them to the consumers at random.

9.4 Ranking test

9.4.1 General
Ranking tests shall be conducted as specified in ISO 8587.

The principle of the ranking test is to present several test samples simultaneously and ask the consumer
to sort them in order of acceptability.

The rank-order test is rather demanding for the consumer and its complexity increases with the number
of samples to be compared since the consumer has to test the products several times in order to sort
them into an appropriate order.

It is permissible to specify the order of testing the samples (usually from left to right) only for the
consumer’s initial evaluation of each sample. After that, the consumer is free to try the products in any
order. Moreover, the consumer’s method of deciding on the rank order shall not be specified.

The rank-order test can be performed either as a forced-choice test or by allowing the consumer to
classify two or more products as equal. However, analysis of the second of these options is outside the
scope of this Standard.

9.4.2 Questionnaires
Consumers receive instructions of the following type:

“Taste the four products, one after another, beginning with the product farthest to the left and ending
with the product farthest to the right. You may then taste any of the products again as often as you wish
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until you have made up your mind. Then, please write down the codes of the products in order from the
one you like least to the one you like best”

Liked least Liked best

9.5 Additional questions

9.5.1 General

In addition to any of these test procedures, the commissioning party might wish to receive additional
information to assist in understanding the overall appraisal of the products being assessed or the
characteristics of the consumers. For example, with recruitment from a database a laboratory may wish
to check that all the consumers did indeed come from the target population. To do so, a question can be
asked about a particular consumption habit.

9.5.2 Questions about consumers
The choice of questions and of the stage at which they are asked demands close attention by the laboratory.

If the question is asked after the session, beware that the blind tests that have just been carried out can
affect the responses. For example, following a test involving a tomato sauce accompanied by rice, the
consumers may be more inclined to declare that sauce with rice is a dish that they do eat.

On the other hand, questions asked before the session can predispose consumers to consider the
products in a particular way or to pay particular attention to some aspects.

9.5.3 Questions about products

Open-ended or closed-ended questions may be used for this purpose. Such questions shall be asked after
all questions relating to overall appraisal and on a sheet (or screen) different from those concerning the
overall appraisal to reduce the risk of consumers answering in ways intended to make their responses
appear consistent.

The number of such questions should be as small as possible.

NOTE1 Additional questions are not intended to call into question the results of the main appraisal. If there is
any discrepancy between the overall appraisal and reported intention to consume, the reason for this is intended
to be sought, possibly by means of an additional study.

NOTE 2  Additional questions often provide little information. The head of the sensory evaluation laboratory
is intended to inform the commissioning party that there exist methods (such as preference mapping or conjoint
analysis) which have been developed specifically for combining hedonic data and sensory profile data and for
determining why consumers like or dislike a product.

9.6 Instructions for the consumers

Instructions may be given in writing or orally. Their importance for the relevance of the results shall
not be underestimated. Particular attention shall be paid to them and they shall form the subject of a
specific paragraph in the study report. They shall focus on the following:

a) the minimum and maximum quantities that each consumer is to assess before giving an appraisal.
These quantities depend on the type of product, the number of products evaluated during the
course of the session and the wishes of the commissioning party. The laboratory shall not only give
instructions concerning the minimum and maximum quantities, but also define an operational
protocol to ensure that the instructions are followed;
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b) whatis to be done with the questionnaire once completed. When conducting a sequential monadic
evaluation, the laboratory shall use a system that prevents consumers from referring to responses
to a previously evaluated product;

c) the duration of the breaks and any activity during the breaks (cleansing of the sensory receptors
using bread, apple or water, leaving the evaluation room, reading a magazine and so on);

d) the format and meaning of the questions asked.
NOTE The wording of questions is never neutral. For example, to suggest to the consumers that they may
explain their general appraisal of the product by appearance, odour, taste, aroma or texture-related reasons leads

the consumers to more rationalization of the responses than the presence of a simple heading: Comment(s) if any.

The person conducting the test usually gives the consumers at the start of the session information about
the number of products, the quantities to be consumed and the questions to be answered. He/she can
also give other information in order to render the evaluation less impersonal or in order to meet other
objectives of the study. As such information can create expectations in the consumers, the way it is
expressed shall be considered carefully and be included verbatim in the study report. Where the test
consists of several sessions, the phrasing shall be strictly the same in every session.

10 Organization of test sessions

10.1 General

Testsessionsare organized to achieve optimal balance amonganumber of objectives whose requirements
conflict with each other to some extent. These include the following:

— ensuring that comparisons among products are valid, being derived from equivalent consumers;

— ensuring that comparisons among products are valid, being subject to minimal position and
sequential biases;

— ensuring that test conditions are as representative as possible of normal consumption behaviour;
— ensuring that consumers are not overloaded, which would result in more random responses.

To accommodate these different objectives, there are three ways in which consumers may be related to
products:

a) complete plan: each consumer judges all products;
b) incomplete plan: each consumer judges a subgroup of products;

c) single assessment: each consumer judges only one product.
10.2 Plans

10.2.1 Complete plan

Evaluating all the products ensures that all the products are evaluated by the same consumers (so there
is no problem of equivalence), but carries the greatest risk of overloading the consumers.

There is also a danger of order and transfer effects in which the position in a sequence in which a product
is presented affects the mean and/or the variability of its assessment.

The order of presentation of the products to each consumer plays a crucial role. One way is to use a
strictly randomized order, randomizing independently for each consumer. Alternatively, a systematic
presentation plan can be adopted to counterbalance order and transfer effects. However, if transfer
effects are an issue, then use of washout periods or other methods to reduce the likelihood of transfer
effects will generally be most important
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10.2.2 Incomplete plan

Order and transfer effects and the measures to deal with them are similar to complete plans. There is less
danger of overloading the consumers but the disadvantages are possible context effects and additional
complexity in the design and analysis of the trial. Special designs exist for balanced incomplete plans
(see Reference [9]).

10.2.3 Single assessment

To eliminate order transfer and context effects completely, a separate consumer sample can be assembled
for each product. This approach leads to the simplest procedures and simplest analyses; however, it is
imperative for the samples to be assembled with particular care to ensure their equivalence and their
representativeness of the target population.

Moreover, since this design makes it impossible for the analysis to take account of individual differences,
the precision of estimates is poorer than the other designs. Equivalently, with other things being equal the
consumer samples must be larger to achieve the same degree of confidence and precision in the results.

10.3 Number of products evaluated in a single session

10.3.1 General
The number of products that can be evaluated effectively within a single session depends on the following:

— the nature of the products being presented. Products do not all provide the same feeling of satiety;
some products (aggressive ones) can modify the sensory receptors; others (such as those containing
alcohol) can affect cortical integration; some are composed of a single element, others (such as
ready-made dishes) of various elements;

— the duration of the session. A long-lasting laboratory session can be divided into sub-sessions; but
consumers recruited without an appointment usually have very little time available;

— the quantity to be consumed of each product;

— the senses used to evaluate the product (many more can be evaluated by appearance or tactile feel
than by taste);

— the number of questions asked, particularly if any require a new presentation of the products.

Consequently, this International Standard does not set specific limits. It only requires that the laboratory
be capable of justifying its choices to the commissioning party.

10.3.2 Too many products for a single session

Where the number of products is too large for all to be evaluated in a single session, two approaches
are possible:

a) organize several test sessions, each consumer taking part in all of the sessions (complete plan);

b) organize a single session, each consumer receiving only some of the products (incomplete plan or
single assessment).

10.3.3 Several sessions

If it is possible to arrange several sessions, all the consumers can evaluate all of the products over the
course of the whole study. Ideally, all the products are presented in each session, but with the consumers
in a particular session not all receiving the same products.

If constraints related to the preparation of the products or the quantities available make this impossible,
the products are randomly distributed over the sessions. All the consumers receive the same subset of
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products during a session, but in different orders. This choice will normally require a more sophisticated
statistical analysis.

It is desirable to present, at the beginning of each session, an identical product (known as the “warm-up
product”) to all the consumers so that in every session all the consumers have the same reference.

Two sessions using the same consumers shall not occur on the same day.

10.3.4 Single session

A balanced incomplete block (BIB) design, allows each session to use fewer than the total number of
products but aims to compare each pair of products with equal precision. It may also be desired to
balance out order and transfer effects over the study as a whole. This choice will normally require a
larger number of consumers and a more sophisticated analysis (see Reference [9]). Statistical advice
should be sought at the design stage if this option is considered.

The balanced incomplete block design method shall be conducted as specified in ISO 29842.

10.4 Nature of the products evaluated within a session

Products from different families may be evaluated in the same session if the following conditions are met:
— the combination of products corresponds to well-established food practices;

— the target consumer is the same for all the families.

Consumers known in advance not to belong to the target population for a product will normally not be
selected to evaluate it.

The laboratory shall ensure the confidentiality of the evaluations, irrespective of the persons attending
the evaluation. A commissioning party shall be able, if so wished, to attend a session without knowing
the name of the other commissioning parties involved in the session.

10.5 Time of the session

It is recommended to arrange the session at a time corresponding to the usual consumption of the
products so the consumers are under conditions close to what they do in actual practice.

10.6 Repetition of a product within a test

If the evaluation of a product is to be repeated in the same test, the number of products is considered as
being increased by one. The test plan then includes, instead of product A, products A1 and A2, which are
treated as two different products, both for determining order of presentation and for analysis of the results.

10.7 Pre-test
Prior to the main test, a pre-test can be performed with only a few consumers in order

— to try out the questionnaires to check, for example, that the relevant product attributes are
understood and perceived and that the response scales are appropriate,

— to try out arrangements for administering the test, and
— to ensure that test duration and the numbers of questions and of samples are appropriate.

Consumers for the pre-test shall be drawn from the same consumer population as the main test but shall
not be part of the main test’s consumer sample.
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11 Analysis of the results

11.1 General

Every data analysis shall begin by checking the internal consistency of the data and calculating
elementary descriptive statistics. There shall be at least one dispersion parameter (standard deviation,
range of variation, etc.) for every location parameter (mean, median, etc.) appearing in the report.

Graphical methods are very useful. For each product sample, a histogram of the assessments given for it
should be created. This shows whether or not the distribution is unimodal and whether or not there are
large differences between samples.

To obtain a visual representation of the agreements and disagreements among consumers, it is possible
to use Principal Components Analysis (PCA) or Ascending Hierarchical Classification (AHC).

Additional inferential statistics may be required to answer questions such as: “Did the consumer sample
perceive a significant difference between the products they assessed?”

It is possible to use parametric or non-parametric methods, with non-parametric methods being
especially appropriate when normal distributions are not found.

11.2 Inferential analysis

Inferential analysis extrapolates results obtained from a sample of consumers to the population it is
drawn from. The method to be used depends on the test’s objective and on the number of products tested.
If some of the products have a special status, such as being reference samples, this too affects the analysis.

Using a presentation plan designed to balance biases does not remove the biases but only ensures that
no product has been unduly favoured or penalized by the order of presentation. However, an inferential
analysis can take advantage of a systematic plan to improve the way that biases are estimated and
allowed for and thus give increased confidence in the main conclusions. However, this analysis in general
is neither easy nor is it straightforward (see Referencesl4] andl5]).

Standard computer packages provide all the analyses likely to be required, but the selection and
application of an appropriate analysis requires statistical advice.

11.3 Ratings (see 9.2)
With rating tests, some form of analysis of variance (ANOVA) is likely to be useful.

Annex G describes several different data analysis procedures.

11.4 Paired comparisons (9.3)

If the consumers are allowed to report “no preference” in a paired comparison test (option B), one way to
analyse the data is to report the number of responses of “no preference” and carry out a significance test
that uses only the preferences that were expressed. For the reduced sample size, the same test methods
can be used as in the case of forced choice. These methods are given in ISO 5495.

11.5 Ranking (9.4)

Various analyses addressing different aspects of the data, which are described in ISO 8587, may be used
(see also Annex H).

It is possible to use parametric as well as non-parametric methods whereas non-parametric methods
are practical in cases in which normality of the responses is not plausible. The methods given in
Table 1 may be used.
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Table 1 — Methods of data analysis

. . Method
Situation - -
Non-parametric Parametric
Two Each of the products was Mann-Whitney’s U-test t-test for independent samples
products assessed by a different group of |(also known as Wilcox-
consumers. on-Mann-Whitney test)
Each of the two products was Wilcoxon signed-rank test t-test for paired samples
assessed by all the consumers.
More than |Each product was assessed by a |Kruskal-Wallis test Analysis of variance (ANOVA)
two different consumer group.
products Every consumer has assessed at |Friedmann test (ANOVA by |Analysis of variance (ANOVA)
least two of these products and, |ranks), if necessary in a vari- |with consumer effect and prod-
ideally, all of them. ant for incomplete blocks uct effect

12 Study report

12.1 General

The first page of the report can be a brief executive summary of the results and the most important
conclusions.

The report shall be drawn up so as to be intelligible without reference to the study proposal. In addition,
it is recommended that every table and diagram of results be numbered and have a title and sufficient
other explanation to allow it to be understood on its own.

Recommendations based on the test and requested by the commissioning party may be set out in a
section identified as “recommendations” or in a separate document.

In addition to the results, the report can include the details listed below:
— title of the study and references;

— dates of conducting the study;

— date of the report;

— identification of the commissioning party;

— complete identification of the laboratory and of the person in charge of the study (together with
identification of subcontractors, if any);

— objective of the test (summarizing the study proposal);
— procedures for the commissioning party to get access to the raw data;
— uniform identification of the report and of every page, including the total number of pages;

— areference to this International Standard, i.e. ISO 11136:2014.

12.2 Products
The product information shall contain the following:

— a description of the products, such as their full or partial composition, if known by the testing
laboratories. (The description may be accompanied by a photograph of each product.);

— all information supplied by the commissioning party about the samples submitted for the test;
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date of production of the samples, ‘best before’ or ‘use before’ date, the manufacturer’s lot number
or batch number;

date of receipt at the laboratory; the temperature, duration and conditions of storage (especially in
the case of fresh and frozen products);

the sampling procedure when sampling has been carried out by the service provider. (If control
or reference samples are selected, the method of doing so shall be described in an extremely
precise manner.);

the method of preparing the products for assessment;
the temperature of the products when presented to the consumers;

the quantity presented to each consumer and the instructions concerning the minimum and
maximum quantities to be consumed, including a report of any failure to comply with these
instructions;

associated products or disposals;

all other products evaluated during the session and their order of presentation in the session.

12.3 Test procedure

The test procedure details shall contain the following:

thetestprocedure used, makingreference totherelevantstandard or,in the case of non-standardized
procedures, giving a full description;

the questions asked and response scales used;

the data acquisition method;

operating procedures for the study;

the number of sessions or subsessions;

the dates, times and durations of sessions;

ambient conditions, such as environment, temperature or lighting;
the tableware used;

the instructions and information given to the consumers and the method of their delivery, such as
on paper, on a screen or orally.

12.4 Consumers

12.4.1 General

Information on consumers shall contain the following:

20

a description of the target consumer population;

a description of the consumer sample, including its size and the numbers in each of any categories
specified by the commissioning party;

a statement of whether recruitment was task-specific or from a consumer pool.
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12.4.2 Task-specific recruitment

Information on the recruitment shall contain the following:
— the place or method of recruitment;

— the procedures followed;

— the method of selecting appropriate consumers.

12.4.3 Recruitment from an access panel

If the recruitment is made from a consumer pool the report shall contain:

— adescription of the frequency of participation in consumer tests by the consumer sample;

— atable showing all product families that have previously been assessed by members of the pool;

— a table showing the frequency of participation in previous tests involving the product under
evaluation or its product family.

All the information required in this subclause relates to the preceding 12 months. If the frequencies are
zero for all consumers, this fact is all that needs to be reported.

12.5 Results
The results of the test shall contain the following:

— indication of provision of the raw data and description of their presentation. Summary of the raw
data by the mean of graphics or table;

— numerical summaries of the results, including the precision of any estimates or averages;
— methods used to analyse and interpret the results;
— statistical inferences drawn from the results;

— conclusions drawn from the results with reference to the objectives of the study.

12.6 Annexes to the report

The following additional information may be attached as annexes:

— aspecimen of the questionnaire or response form used for the test;
— aspecimen of any questionnaire used for recruiting the consumers;

— verbatim transcripts of responses to any open-ended questions.
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Annex A
(informative)

Example of a recruitment questionnaire

No. |Contactinterview project XY 04/05 Filter Code
1 |Hello. We're conducting a survey today, and I'd like you to
answer a few questions. Have you ever taken partin an inter-
view for market research purposes before?
Yes 1
)
No 2
>3
2 |When was the last time you took part in a survey? -
3
Information to interviewer: IF IT WAS LESS THAN HALF A
YEAR AGO > END; OTHERWISE, CONTINUE WITH QUES-
TION 3
3 |Doyou or any of your friends or relatives work in one of the
following industries?
Information to interviewer: PRESENT THE “INDUSTRIES”
LIST
Industry 1 1
y - 4
Industry 2 2
ustry - A
Market research END
Industry 3 4
y - 4
Industry 4 END
Industry 5 6
y - 4
Advertising END
Journalism END
Marketing END
None of the industries listed above 10
>,
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No. |Contactinterview project XY 04/05 Filter Code
4 |MightIaskyour age? QUOT.
20 years to 39 years 1 - :
40 years to 60 years 2 - :
Your sex:
Male 1 - :
Female 2 - :
5 [T have on this list different food products for daily use. Which of
these food products have you bought lately?
Information to interviewer: PRESENT THE “FOOD PRODUCTS”
LIST
Food product 1 1
Food product 2 2
Food product 3 3 >,
Food product 4 4
Food product 5 5
Food product 6 6
Food product 7 7
Food product 8 8
Information to interviewer: IF “3” IS NOT MENTIONED >
END
6 |You justsaid that you also use food product No. 3. Approxi-
mately how often do you use food product No. 3?
Information to interviewer: PRESENT THE “FREQUENCY OF
USAGE” LIST
More than once per day 1 - ,
Daily 2
More than once per week 3
About once a week 4
Approximately once every fortnight 5
About once a month 6
About once every three months 7 [ END
8

Less frequent than that
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No. |Contactinterview project XY 04/05 Filter Code
7  |Which brands of food product No. 3 do you buy for your house-
hold regularly, i.e. at least once a month?
Information to interviewer: ASK FOR THE MANUFACTURER
AND THE PRODUCT!IF ONLY THE MANUFACTURER IS MEN-
TIONED, ASK AGAIN!
Brand/Manufacturer Product
Do I >
) I )
3 > 5
4 " N
8 )
8A |l have different brands of food product No. 3 on this list. Which
of these brands do you use in your household, even if only occa-
sionally?
Information to interviewer: PRESENT THE “BRANDS” LIST -
AND CIRCLE 8A IN THE SCHEME! 8B
8B |Would you, please, tell me how often you use each of these
brands?
Information to interviewer: PRESENT THE “FREQUENCY OF
USAGE” LIST AND, ONLY IF CIRCLED FOR QUESTION 8A, MAKE [ e
AN ENTRY IN THE SCHEME UNDER QUESTION 8B!
8C |Which of these brands do you use most frequently?
Information to interviewer: ONLY ONE CHOICE IS POSSIBLE;
CIRCLE YOUR CHOICE IN THE SCHEME UNDER QUESTION 8C)!
8A 8B 8C
Brand 1 1 1
Brand 2 2 2
Brand 3 3 3
Brand 4 4 4
Brand 5 5 ______ 5
Brand 6 6 ______ 6 > 9
Brand 7 7 7
Brand 8 8 ______ 8
Brand 9 9 9
Brand 10 0 ______ 10
Brand 11 1 11
Other information, namely
12 ______ 12
9 |Do you have a food intolerance?
Yes 1 o END
No 2 - 10
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No. |Contactinterview project XY 04/05 Filter Code
10 |Do you suffer from diabetes?

Yes 1 > END

No 2 OK
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Annex B
(informative)

Methods for evaluating the data of segmentation subgroups

B.1 General

Depending on the aim of the study, it can be useful to compare subgroups of the target population. For
instance, it might be of interest to determine whether there are any differences between sub-groups
and, if so, at which levels of acceptability they occur.

Based on the entire consumer sample, two ways of segmentation are possible:

a) Population subgroups: the subgroups are sample classes for which hypotheses of interest shall
be verified or falsified. The classes should be specified before recruiting the consumers. For each
of the specified criteria and for each of the sample classes, the size shall be specified so that the
individual classes are sufficient (consisting of at least 60 consumers) to obtain the desired accuracy
of measurement when evaluating the data.

NOTE Depending on the selection criteria the classes do not necessarily have to be of equal size.

b) Segmentation of the consumers: the subgroups shall be formed from the evaluation of all the
data on hand (measurement results and/or socio-demographic data). This segmentation serves
to describe the consumer sample and may be used for developing new hypotheses. Subsequent
segmentation is sensible only if the consumer sample was of sufficient size.

In both cases, the necessary number of consumers in the study varies according to the number of
segments selected or to be expected, respectively, and according to the variance to be assumed within
the individual segments.

B.2 Population subgroups

The comparison of subgroups is used to gain information with regard to questions of the following type.
— “Do women have the same preferences as men?”

— “Are the preferences different depending on the age group?”

— “Are the preferences different depending on the country?”

— “Are the preferences different depending on the consumption habits?”

In case that analysis of variance is used and each of the consumers has assessed each of the samples the
following model applies:

Response = group + consumer (group) + sample x group + error

The subgroups are tested against the factor consumer nested in group, whereas the other factors are
tested with respect to the error [it is equal to the interaction sample x consumer (group)].

It is possible to include the order effect and, if necessary, also the transfer effect in this model. If the
order effect is included, the model appears as follows:

Response = group + consumer(group) + sample + order + sample x group + order x group + sample
x order + error
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By means of this analysis, it can be determined whether the different groups position the samples
differently (interaction sample x group) when the order effect is of the same size for all the groups
(interaction order x group) and for all the samples (interaction sample x order).

If there is a significant difference between the groups with respect to the samples (interaction
sample x group), each of the subgroups is evaluated separately.

B.3 Segmentation of the consumers
Subsequent segmentation aims to explain the preference types detected, if any.
This is particularly of use if, in checking the histograms, bi-modalities were detected.

Internal preference mapping affords the possibility of analysing data without taking into account the
means of samples over the consumers. This is, in fact, a principal component analysis of the grades
matrix in which the lines represent the products and the columns the consumers.

NOTE Principal components analysis: a method for analysing multivariate data with the aim of expressing
their variability in a minimum number of principal components or linear combinations of the original and partly
correlated variables.

The “simultaneous” representation enables the products to be superposed to the consumers.

However, the information provided by the first few components is valid only if these components explain
a high percentage of the original variation. This procedure is, in general, applicable only when using
complete plans (see Reference [11]). However, a procedure has been proposed for incomplete test plans
as well (see Reference [10]).

Thus, when examining the first components of the principal component analysis visually, consumer
groups (clusters) can be discerned, if present. In order to identify consumer clusters, classification
methods can be used.
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Annex C
(informative)

Plans for assigning products to consumers

A completely valid and even recommendable proposal for assigning products to consumers is a
randomized complete block design. This would mean that each consumer tests each product exactly
once. The order of presentation is randomized independently for each consumer. The advantage of this
proposal is that it validates the analysis in the simple block model.

There are, however, reasons why in many cases the experimenter might want to use another, more
complicated, design.

28

Incomplete block designs: If the number of samples is too large, it might not be possible for each
consumer to evaluate each product. The number of samples, which can be tested by a consumer,
depends on the nature of the products. In such a case, it is preferable to use a balanced incomplete
block design, see ISO 29842. Again, the order of the products will normally be randomized,
independently for each consumer

Order effects: Often, experimenters are worried about the presence of order effects. It is well known
that products which are tasted earlier will generally be rated better than products which come later.
One of the reasons the complete block design and the balanced incomplete block design require
randomization is this order effect: Randomization of the order of presentation avoids a possible bias
due to order effects. Randomization guarantees that each product has the same chance of coming early

If the experimenter fears that the order effects might be very strong, a valid alternative to the
randomized complete block design is a generalized Latin square. Here, the order of the presentation
of the products to the consumers is arranged in such a way that each product comes equally often
in the first, second, etc. position.

In the case of an incomplete block design, it is also possible to arrange the order of presentation of
the products in such a way that each product comes equally often in each position. Designs of that
structure are called generalized Youden designs.

It should be noted, however, that the use of a generalized Latin square or a generalized Youden
design does not validate the analysis in the simple block model. Instead, a row- column model should
be used, which takes account of order effects.

Carryover effects: In spite of the use of washout periods, it may be possible that a product may
have an effect on the taste of the product which is tasted in the next period. If the experimenter is
worried about carryover effects, it may make sense to use a so-called neighbour balanced design,
see e.g. Reference [2]. Some possibilities for the analysis of neighbour balanced designs are outlined
in References [2] and [9].

Organizational matters: in some cases, there are organizational matters that demand a more
complicated design structure. For instance, it may be the case that there are eight products to
be compared, but there are only four heating places, such that in any session only four products
can be presented. Situations like this require a more complicated, non-standard, design, and,
correspondingly, a more complicated, non-standard, analysis. In such cases, the experimenter
should seek the help of a statistician
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Annex D
(informative)

Influence of the sample size on the accuracy of one mean

Every consumer group has to have a certain minimum size so that differences can become evident in the
assessment of the products and, most importantly, so as to enable the mean of the assessments given by
a consumer group for a product to be estimated with a certain accuracy. The same applies to the total
consumer sample or to a class of samples or to a segment revealed to be existent when examining the
individual differences.

The accuracy depends on the sample size and on the variability of the assessment grades over the panel.

Assuming the assessment grades given for a product to be normally distributed with a standard
deviation, o, the minimum size of the consumer sample required to estimate the mean with a desired
accuracy, 4c, can be determined from Formula (D.1):

4= (D.1)

where A, is equal to half of the confidence interval at P = 0,95 of the mean.

For example, Ac = 0,2 means that the confidence interval of the mean comprises between (m - 0,2)
and (m + 0,2).

Table D.1 gives the relationship between o, n, and Ac.

Table D.1 — Sample size required to obtain a desired accuracy

Standard Deviation
Accuracy o

Ac

1,5 2,0 2,5
0,2 225 400 625
0,3 100 178 278
0,4 56 100 156
0,5 36 64 100

o and A shall be expressed in the same units.

But to determine the number of consumers to be recruited, it is recommended that the S-risk be taken
into account (see Annexes E and F).

NOTE Statistical power analysis should be conducted when deciding the required sample size prior to test: n
will not be determined unless effect size (ES) has been fixed (Cohenl8l).
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Annex E
(informative)

Minimum sample size for tests using rating

E.1 General

A sensible requirement for the sample size of studies with consumers would be to get at least 60
assessments, and preferably around 100 assessments, per product. In the case that each consumer tests
just one product; this would require n = 100 x p consumers, where p is the number of products in the
study. If, however, each consumer tests k products, this rule of thumb would mean that n = 100 x (p/k)
consumers are needed.

But this rule of thumb is poor. There are more sophisticated approaches. If the experimenter wants to
use them, he needs to answer a number of questions.

— Whatis the aim of the study? Demonstrate that there are some differences between one product and
one reference value or between two or more products? Or show that there is a similarity between
one product and one reference or between two or more products?

— How many products are there in the study? One product? Two products? Three products or more?
— How many products will be evaluated by each consumer?

— What s the chosen a-risk?

— Whatis the desired power, P, or the -risk for the test? [or: What is the acceptable S-risk? (P =1 - §-risk)]

— What is the value of the difference 6 to be detected for a difference test? What is the unacceptable
value of the difference, 4, for a similarity test?

— What is the within-product(s) dispersion of the ratings?
— Is the alternative hypothesis one-tailed or two-tailed?

— Whatis the relationship between the ratings attributed to various products by the consumers when
the consumers rate several products?

Thisannex mightnot deal with all potential cases. [t only deals with the assays composed of two products.
For other cases, more simple (with only one product) or more complicated (with three products or
more), the reader should seek advice from a statistician or use appropriate software. The reader may
also consult AFNOR NF V09-500:2012(21.

This Annex deals with four cases: two cases for a difference test and two cases for a similariy test.
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E.2 Case 1: Aiming to demonstrate a difference with assessor rating only product
A or product B

The number, n, of consumers for each product is given by Formula (E.1):

2
n=2x (ua/Z +u[3)xo-within products (E.1)
o
where

Ug/2 is the (1 - a/2) quantile of the normal distribution for the a-risk for a two tailed
alternative hypothesis ; it is equal to 1,960 for an a-risk = 5 %. For an one tailed
alternative hypothesis, uq/2 is replaced by ug ; for an a-risk = 5 %; it is equal to
1,645;

ug is the (1 - )- quantile of the normal distribution for the tolerated § (desired power
P=1-B);

Owithin products 1S the within products standard deviation; standard deviation is assumed to be
homogeneous for the two products;

) is the difference to be detected between the two products.

NOTE Owithin products and ¢ are expressed in the same scale, for example the 1 to 9 scale. The 1 to 9 categorical
scale is supposed to lead to ratings approximately according to a normal distribution.

EXAMPLE For the following conditions

a Ua/2 B (P=1-B) up Owithin products 6
0,05 1,960 0,10 (0,90) 1,282 1,50 0,50

Formula (E.1) leads ton=189,2,use 190 consumers per productand 380 consumers for the two products.

NOTE For a one tailed hypothesis with A > B, u, = 1,645 (for @ = 5 %) and Formula (E.1) leads to n = 154,2, let
155 consumers.

E.3 Case 2: Aiming to demonstrate a difference with assessor rating both product
A and product B

The number of consumers is given by Formula (E.2):

2
U, 9 HUg |XO withi X\J1-p
n=2x ( a/2 Jij ) within products (E.2)
1)
where

Ug/2 is the (1 - a/2) quantile of the normal distribution for the a-risk for a two tailed
alternative hypothesis ; it is equal to 1,960 for an a-risk = 5 %. For an one tailed
alternative hypothesis, uq/2 is replaced by ug ; for an a-risk = 5 %, ugq is equal to
1,645;

ug is the (1 - B)- quantile of the normal distribution for the tolerated f-risk (desired
power, P = 1-f3);

Owithin products 1S the within products standard deviation; standard deviation is assumed to be
homogeneous for the two products;
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1) is the difference to be detected between the two products;

p is the correlation in the population between the ratings attributed to the two prod-
ucts by the consumers.

NOTE Owithin products and & are expressed in the same scale, for example the 1 to 9 scale.

As
04 =2X0 yithin products X (1 - p)

where o4 is the standard deviation of differences between the ratings attributed to the two products by
each consumer of the population, Formula (E.2) becomes

n= (ua/z +;lﬂ)xcd 2 (E3)

Probably, Formula (E.3) is the most frequently used expression.

EXAMPLE For the following conditions

A Uq/2 B P=1-p5 ug o4 1)
0,05 1,960 0,10 (0,90) 1,282 1,70 0,50

Formula (E.3) leads to n = 121, 5; use 122 consumers.

NOTE For a one-tailed hypothesis with A > B, uy = 1,645 (for a = 5 %) and Formula (E.3) leads ton =99, 0.

E.4 Case 3: Aiming to demonstrate that product A is not inferior to product B
with each assessor rating only product A or product B

The number of consumers for each product is given by Formula (E.4):

2
u, +u X O withi
n=2x ( o ,B) withinproducts (E.4)
A
where
Ug is the (1 - a) quantile of the normal distribution for the a-risk for a one tailed alter-
native hypothesis (non-inferiority test);
ug is the (1 - B) quantile of the normal distribution for the tolerated S-risk (desired

power P=1-p);

Owithin product i the the within product standard deviation; standard deviation is assumed to be
homhomogeneous for the two products;

A is the difference unacceptable to consider that the two products are similar (inter-
changeable).
NOTE Owithin products and 4 are expressed in the same scale, for example the 1 to 9 scale.

EXAMPLE For the following conditions:

a Uy B (P=1-p) up Owithin products 4
0,05 1,645 0,10 (0,90) 1,282 1,40 0,30
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Formula (E.4) leads ton=373,2; use 374 consumers per product and 748 consumers for the two products.

E.5 Case 4: Aiming to demonstrate that product A is not inferior to product B
with each assessor rating both product A and product B

The number of consumers is given by Formula (E.5):
2
(ua +Llﬂ )XCTd

e - (E.5)

where

Uy isthe (1 - a) quantile of the normal distribution for the a-risk for a one tailed alternative
hypothesis (non-inferiority test);

up is the (1 - B)- quantile of the normal distribution for the -risk (desired power P =1 - §3);

oq isthe standard deviation of differences between the ratings attributed to the two products by
each consumer of the population;

A s the difference unacceptable to consider that the two products are similar (interchangeable).

NOTE o4 and 4 are expressed in the same scale, for example the 1 to 9 scale.

EXAMPLE For the following conditions:

a Ug B P=1-pB up od A
0,05 1,645 0,10 (0,90) 1,282 1,70 0,30

Formula (E.5) leads to n = 275,1; use 276 consumers.

NOTE Cases 3 and 4 are non-inferiority tests. Strict similarity tests, where the laboratory has to prove that the
product A is not inferior or superior to product B, are not addressed. The calculation of the number of consumers
for such tests is difficult (there is no expression that directly gives this number) and it leads to some high numbers
of consumers. For example, the number of consumers is equal to 480 per product for the conditions of the example
of case 3 (960 consumers for the two products) and to 698 for the example of case 4, respectively. For tests of
strict similarity, it is intended that the laboratory consults appropriate software. Note that ASTM E1958-07[3]
deals with strict similarity tests only when they are made by comparing pairs and when each consumer receives
both products A and B.
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Annex F
(informative)

Minimum sample size for tests using ranking

F.1 General

Ranking tests may comprise two or more products. By analogy with Annex E concerning the ratings
tests, Annex F is limited to presenting the expressions used for calculating the number of consumers in
the case of ranking tests concerning two products. For ranking tests comprising three or more products,
the laboratory may consult statisticians.

In the field of hedonic measurements, the ranking test on two products is called a preference test. Each
consumer receives the two products, A and B; he/she shall determine the product that he/she likes
more: A or B.

F.2 Case 1: Demonstrate that there is a preference between the two products —
Aand B

The number of consumers, n, is given by Formula (F.1):

[ua/zxﬂlpox(l—p0)+uﬂ xﬂlpax(l—pa)J2

n= (5/2)2 (F.1)

where

Ug/2 is the (1 - a/2) quantile of the normal distribution corresponding to the risk a chosen in
the case of a two tailed alternative hypothesis. For a = 5 %, uq/2 = 1,960. In the case of a one
tailed hypothesis, uq/2 is replaced by uq (where: ug = 1,645 for a = 5 %);

up is the (1 - ) quantile of the normal distribution corresponding to the power P required,
where: P=1-p;

po is the probability of preference corresponding to the null hypothesis Hy; it is always equal to
0,50 in a preference test;

pa isthe probability of preference of the more liked product corresponding to the alternative
hypothesis Ha; it is equal to pg + 6/2;

6  isthe difference in preference between the two products considered as important.

NOTE1 Formula (F.1) is based on the approximation of a binomial distribution by a normal distribution; this
approximation is valid as soon as the two quantities n x p; and n x (1 - p,) are at least equal to 5.

NOTE 2  In this International Standard, the value of § is equal to the difference between the probabilities of
preference of the more liked and less liked products. Some authors express the value of § in relation to the mean of
these two probabilities, i.e. in relation to pg. The reader is expected to be careful not to confuse these two modes
of expression.
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EXAMPLE For the following conditions:
po ) Pa A Ug B Power ugp
0,50 0,20 1,14 0,05 1,960 0,10 0,90 1,282

Formula (F.1) leads to n = 261,8, i.e. 262 consumers.

If the laboratory questions 262 consumers and there is a difference in frequency of preference equal to
0,20 between the two products A and B, it is certain to conclude a difference of preference on average in
9 out of 10 tests.

NOTE 3 In the case of a unilateral hypothesis with A > B, Formula (F.1) leads to n = 235,6. If the laboratory
questions 236 consumers and if the true preference for A is equal to 0,60, it is certain to conclude a significant
preference on average in 9 out of 10 tests.

F3 Case 2: Demonstrate that the frequency of preference for product A is not
inferior to that of product B

The number of consumers is given by Formula (F.2):

[ua x\pax(1-pg) +ug ><4/p0><(1—po)J2

n= ( ; )2 (F.2)
Af2

where

Uy isthe (1 - a)- quantile of the centred and reduced normal distribution, corresponding to
the risk, a, chosen. In a non-inferiority test, the hypothesis is one tailed, therefore a = 5 %,
Uq = 1,645;

ug isthe (1 - B)- quantile of the normal distribution corresponding to the power, P, required for
the test, where f=1-P;

A isthe difference in probability of preference which does not enable product A to be considered
as not inferior to product B;

pa is the probability of preference for product A in the case of a null hypothesis of a non-inferior-
ity test; itis equal to pg - 4/2;

po is the probability of preference for both products when there is no difference in preference
between them; it is equal to 0,50.

NOTE1 Formula (F.2) is based on the approximation of a binomial distribution by a normal distribution.

NOTE 2  In this International Standard, the 4 value is equal to the difference of the two probabilities p, and
(1 - pg)- Some authors express the 4 value in relation to the mean of these two quantities, i.e. in relation to the
probability po. The reader is expected to be careful not to confuse these two modes of expression.

EXAMPLE For the following conditions:
A=|pg-(1-pg)l Pa bo A Uy B Power ug
0,10 0,45 0,50 0,05 1,645 0,10 0,90 1,282

Formula (F.2) leads to n = 851,9, i.e. 852 consumers.
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Annex G
(informative)

Examples of data analysis for ratings

G.1 General

This annex uses the examples of Annex E. The first two examples concern a difference test where the
null hypothesis Hg, may be defined as:

The two products, A and B, are extracted from two populations which have the same mean.
The last two examples concern a non-inferiority test where the null hypothesis Hyp, may be defined as:

The product A is inferior to the product B by a quantity at least equal to A; therefore the product A
is not equivalent to the product B.

For the difference tests, the examples are considered in the two-tailed hypothesis. In the case of one-
tailed hypothesis, a statistician shall be consulted.

G.2 Example 1 (case 1 of Annex E): to prove that two products, A and B, are liked
differently; each consumer only rates one product

— After discussion with the sponsor, the laboratory questioned 230 consumers: 110 consumers for
product A (na = 110) and 120 consumers for product B (ng = 120). For the two products, it obtained
the means and standard deviations as follows: ma = 7,23, sp = 1,85, mg = 6,87, and sg = 1,65.

— The t¢q) value is given by Formula (G.1):

My —mpg

1 1
Swithin products N Tt —
Ny ng

(G.1)

Leal =

where

Swithin products IS the standard deviation within products

36 © ISO 2014 - All rights reserved



BS I1SO 11136:2014
ISO 11136:2014(E)

Swithin products i calculated from Formula (G.2):

2 sAzx(nA—1)+sBzx(nB—1)
Swithinproducts —
nay—ng—2

(G.2)

Hence in this example:

» 1,85%x(110-1)+1,65%x(120-1)
Swithinproducts — 110—-120—2

and

2
Swithin products — \/swithinproducts +4/3,057 =1,748

The t.y value is:

L 7,23-6,87 036 oog
cal 1 1) 0231
1,748x [ — + —
100 ' 120

This value is compared with the tihe value given for the chosen a-risk. This tihe value is given by the
(1 - @/2)-quantile of the t-distribution with na + ng — 2 degrees of freedom. For the a-risk = 5 % in this
example, it is equal to 1,970.

To reject Hy, tcal needs to be >tie. As 1,558 < 1,970, this condition is not checked in this example; the
laboratory cannot conclude there is a significant difference between the two means of products A and B.

— The laboratory therefore calculates the effective power of its test using Formula (G.3):

P=1-p (G.3)

The value of tg is calculated using Formula (G.3):

s =tthe—[t ° ] G4)

calden

where

tthe  is the value leading to reject Hy;

1) is the difference to be detected between the two products;

tcalden is the denominator of t.5) [Formula (G.1)].

tp=1,970 - (0,50/0,231) =-0,195
When tg < 0, the value of § is given by the distribution function of the t-distribution with na + ng - 2
degrees of freedom at tg. The distribution function of the t-distribution with 110 + 120 - 2 degrees of

freedomat-0,195 equals 0.423.Thus, the test powerisequalto 1 -f=1-0,423 2 0,58. This unsatisfactory
value is much lower than the required value: 90 %.

NOTE When tg > 0, the value of the power is directly given by the distribution function of the t-distribution at

(-1) x tg. For example, for § = 0,30, tg=1,970 - (0,30/0,231) = + 0,671; the calculation of the t-distribution function
leads to P=0,251 = 0,25.
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G.3 Example 2 (case 2 of Annex E): to prove that two products, A and B, are liked
differently; each consumer rates both products

The laboratory questioned 120 consumers (n = 120). It obtained mp = 6,33, mp = 6,66 and sq = 1,92
where

sq isthe standard deviation of differences between the ratings attributed to the two products by
each consumer.

— The tcg) value is given by Formula (G.5):

_ mpy—mp

tcal - 1
Sd X (j
n

_mp-mg _ 6,33-6,66 _ 0,33

t .= = = =—
cal 1 1\ 0175
SaX. | — 1,92x 120
n

— This value is compared with the te value for the chosen a-risk. This twhe value is given by the
(1 - a/2) quantile of the t-distribution with n -1 degrees of freedom. In this example, for the a-risk = 0,
05 it is equal to 1,980.

(G.5)

1

To reject Hyg and conclude that there is a significant difference between A and B, the absolute value of tc)
needs to be > tihe. As this condition is not checked in this example [abs(-1,886) < 1,980], the laboratory
cannot conclude a significant difference between the two ratings of products A and B.

— The laboratory therefore calculates the effective power of the test that it has just carried out using
the expression:

s =tthe—[ ° J (G.6)
€ calden
where
tthe is the value leading to reject Ho;
0 is the difference to be detected between the two products;

tcalden 1S the denominator of t¢4] [Formula (G.5)]

tp= 1,980 - (0,50/0,175) = -0,873

As the rules concerning the f calculation are the same for Formulae (G.4) and (G.6), the value of S is given
by the distribution function of the t-distribution with 120 - 1 degrees of freedom at -0,873; it is equal to
0,192. The power of the test is therefore close to 1 - 0,192 = 0,808, i.e. 81 %, a value generally considered
as satisfactory as it is above 80 %.

G.4 Example 3 (case 3 of Annex E): To prove that the product A is not inferior to
the product B; each consumer only rates one product

The calculation made in Annex E led to n = 374 consumers per product. The laboratory only questioned
300 consumers for A (na = 300) and 316 consumers for B (ng = 316). It obtained: mp = 7,01, sp = 1,95,
mp = 6,87 and sg = 1,80.

— In a non-inferiority trial, the t¢,) value is given by Formula (G.7):
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my —mp+A
A B
S within products X { + j
Ny np

where

2 2
Z_SA X(nA—l)"FSB (nB—l)
Swithinproducts -
ny+ng—2

In our example,

» 1,95%x(300-1)+1,80%(316+-1)
Swithinproducts — 300+316—2

Sq= \/Swithinproducts = \/35514 =1,875

=3,514 and

Hence:

7,01-6,87+0,30 0,44

teal = =
0,151
1,875x i+i
300 316

— This value is compared with the ¢t value for the chosen a-risk. This tihe value is given by the (1
- a)-quantile of the t-distribution with np + ng -2 degrees of freedom. For the a-risk = 5 % in this
example, it is equal to 1,647.

=2,914

To reject Hyp and conclude a significant non-inferiority of A in relation to B, 31 needs to be > tihe. As
this condition is checked in this example (2,914 > 1,647), the laboratory can reject Hyp and conclude
that the product A is similar to the product B for non-inferiority.

— When the laboratory cannot conclude a significant similarity for non-inferiority, it shall calculate
the power of its test. This is given by Formula (G.8):

ty =tthe—[ A j (G.8)
t calden
where
tthe is the value leading to reject Ho;
A isbﬁh)e difference unacceptable to consider that two products are similar (i.e interchange-
able);

tcalden is the denominator of ¢ (Formula G.7).
For example, with mp = 6,87, sp = 1,95, mg = 7,01, and sg = 1,80:

6,87-7,01+0,30 0,16
cal = =
0,161
1,875x i+i
300 316

This value does not lead to reject Ho since 1,060 < 1,647. The value of tg is:

t

=1,060

tp=1,647 - (0,30/0,151) = 1,647 - 1,987 = -0,340

The rules concerning the f calculation are the same for Formulae (G.4), (G.6) and (G.8). Since tg < 0, the
value of fis given by the distribution function of the t-distribution with na + ng — 2 degrees of freedom at
tp. The distribution function of the t-distribution with 300+316 - 2 degrees of freedom at -0,340 equals
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0,367. Thus the test powerisequalto1-£=1- 0,367 = 0,633 = 0,63. This unsatisfactory value is much
lower than the required value of 90 %.

G.5 Example 4 (case 4 of Annex E): To prove that the product A is not inferior to
the product B); each consumer rates both products

— The calculation made in Annex E led to n = 374 consumers. But the laboratory only questioned 200
consumers (n = 200). It obtained: mp = 7,26, mp = 7,31, and sq = 2,08

where

sq isthe standard deviation of the population of differences between the two ratings attributed
by each consumer to the two products

— In anon-inferiority trial, the t.4) value is given by Formula (G.9):

_mA—mB+A

1=
ca s !2
d n

In our example, this is

t (G9)

7,26-7,31+0,30 0,25

t = =
cl 2 0,208
2,08x,[——
200
— Thisvalue is compared with the tihe value for the chosen a-risk. This tse value is given by the (1 - a)-
quantile of the t-distribution with n-1 degrees of freedom. In this example and for the a-risk = 0,05,

itis equal to 1,653.

=1,202

To reject Hg and conclude a significant similarity between A and B, tc5) needs to be > tihe. As this
condition does not hold true in this example (1,202 < 1,653), the laboratory cannot reject Hy and
conclude that product A is similar to product B for non-inferiority.

— Then it shall calculate the power of its test using Formula (G.10):

st _(LJ (G.10)
L calden
where
tthe is the value leading to reject Ho;
A let)he difference unacceptable to consider that two products are similar (i.e interchangea-
€);

tcalden 1S the denominator of tc4) [Formula (G.9)]

In our example,

tp=1,653 - (0,30/0,208) = 0,211

The rules concerning the f calculation are the same for Formulae (G.4), (G.6), (G.8), and (G.10). Since tg
is > 0, the power is directly given by the distribution function of the t-distribution with 200-2 degrees of
freedom at -1 x tg = - 0,211. Hence, it equals 0,417 = 0,42. This value is very unsatisfactory.
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Annex H
(informative)

Examples of data analysis for rankings

H.1 General

This annex uses the examples of Annex F; it therefore only deals with the tests comprising two products.

For complete block (CB) designs with three or more samples, the laboratory can consult ISO 29842.
ISO 29842 uses the Friedman test to determine whether significant differences in rankings exist
between the products and in the event of a positive response, proposes a multiple comparison test for
each pair. For balanced incomplete block designs, the Durbin test is used to determine whether or not
significant differences in rank exist between the products.

H.2 Example 1 (case 1 of Annex F): demonstrate that there is a different
preference between the two products A and B

— The laboratory wants to demonstrate that there is a preference between the two products A and B.
The null hypothesis Hy, is the following:

The two products A and B are extracted from two populations which have the same mean.

If the experimental values lead to rejection of Hp, the laboratory shall conclude a significant
difference between the means of both products A and B.

— The number of consumers to be questioned, calculated in Annex F, was equal to 262 consumers.
After discussion with the sponsor, the laboratory only questioned 200 consumers. It obtained 82
responses in favour of A and 118 responses in favour of B. The relative frequency of preference is
therefore equal to fj = 0,41 for A and f3 = 0,59 for B.

— The ucy) value is given by Formula (H.1):

X-0,5xn
Ucal = 05 (H1)
(n><0,5><0,5) '

where
X isthe highest number of responses;
n isthe total number of responses.

Hence, for the example

118-0,5x200 18
(0,50x0,5x200)"/* 7,07

This value is compared with the uwe value for a chosen a-risk. For the a-risk = 5 % and a bilateral
alternative hypothesis, it is equal to 1,960.

Ucal = =2,55
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To conclude a significant preference for one of the two products, ucy) needs to be > ugpe. As this condition
is met in this example, the laboratory can conclude a significant difference in preference in favour of A.

— Ifthis condition had not been met, the Hp hypothesis would not have been rejected. The laboratory
would therefore have calculated the power of the test as it had not questioned 264 consumers, using
the Formula (F1).

H.3 Example 2 (case 2 of Annex F): demonstrate that the frequency of preference
for product A is not inferior to that of product B

— The null hypothesis Hp, may be formulated in the following way:

The product A is inferior to the product B by a quantity equal to at least A; therefore the product A
is not equivalent to the product B.

If the experimental values lead to Hy, being rejected, the similarity for non-inferiority of product A
in relation to product B shall be concluded.

— The number of consumers to be questioned given in Annex F is equal to 853. This number is high.
It is explained by the low value of 4 (equal to 0,10), based on which the sponsor no longer considers
product A as not inferior to B.

After discussion with the sponsor, the laboratory questioned 300 consumers and obtained
147 responses in favour of A and 153 responses in favour of B. Therefore fy = 0,49 and fg = 0,51.
Hence fp - fg = 0,49 - 0,51 =-0,02.

— The ucy) value is given by Formula (H.2):

fa—fg+A
Ucal = % (H.2)
SqX.|—
s
where
A is the difference of frequency considered as inadmissible;

sq  isthe standard deviation of the difference under Ho; it is equal to 2 x V(fy x f3);
n is the number of consumers.

In this example:

sa=2V(faxf) =2V(0,55x 0,45) =2 x 0,497 5=0,9950 ~ 1

Then:
uCal:0,49—0,51+0,10: 0,08 1,386
1 0,057 7
1x, [——
300

This value is compared with the ue value for a = 5 % and a one tailed hypothesis, i.e. 1,645. As tca] < Uthe,
the laboratory cannot reject Hg. Hence, there is no significant similarity for non-inferiority of product A
in relation to product B.

— Since the u¢,) value did not enable Hg to be rejected, the laboratory should calculate the power of the
test, using Formula (F.2).
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