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NATIONAL FOREWORD 

 Methodology 

Standardization (ISO) was adopted by the Bureau of Indian Standards on the recommendation of the 
Test Methods for Food Products Sectional Committee and approval of the Food and Agriculture Division 
Council. 

The text of ISO Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention 
is particularly drawn to the following:  

ld be

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current practice is
to use a point (.) as the decimal marker.

In this adopted standard, reference appears to the following International Standards for which Indian 
Standards also exist. The corresponding Indian Standards which is to be substituted in its place listed 
below along with its degree of equivalence for the edition indicated: 

International Standard Corresponding Indian Standard Degree of Equivalence 

ISO 5492 Sensory analysis 
Vocabulary 

IS 5126 : 2016/ISO 5492 : 2008 
Sensory analysis  Vocabulary 
 (second revision) 

Identical 

ISO 5496 Sensory analysis 
Methodology  Initiation and
training of assessors in the 
detection and recognition of odours 

IS 15285 : 2016/ISO 5496 : 2006 
Sensory analysis  Methodology 
Initiation and training of assessors in 
the detection and recognition of odours 
(first revision) 

Identical 

ISO 6658 Sensory Analysis 
Methodology  General Guidance 

IS 17827 : 2022/ISO 6658 : 2017 
Sensory Analysis  Methodology 
General Guidance 

Identical 

ISO 8586 Sensory analysis 
General guidelines for the 
selection, training and monitoring of 
selected assessors and expert 
sensory assessors 

IS 15317 : 2017/ISO 8586 : 2012 
Sensory analysis  General guidelines 
for the selection, training and 
monitoring of selected assessors and 
expert sensory assessors 

Identical

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

IS 15316 : 2016/ISO 8589 : 2007
Sensory analysis General guidance 
for the design of test rooms
(first revision)

Identical 

ISO 11035 Sensory analysis 
Identification and selection of 
descriptors for establishing a 
sensory profile by a 
multidimensional approach 

IS 17828 : 2022/ISO 11035 : 1994 
Sensory analysis Identification and 
selection of descriptors for establishing 
a sensory profile by a multidimensional 
approach 

Identical 
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Introduction

and users for the aim of improving communication between themselves.

procedures.

Training and development of a common language help to improve these abilities. Some methods have 

v
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1 Scope

of sight, odour, taste, touch, or hearing (e.g. food, beverage, tobacco product, cosmetic, textile, paper, 
packaging, sample of air or water). This International Standard can also be useful in studies of human 
cognition and behaviour.

— to develop or change a product;

— to compare a product with a reference product or with other similar products on the market or 
under development;

— to map a product’s perceived attributes for the purpose of relating them to factors such as 

2 Normative references

ISO 5492, Sensory analysis — Vocabulary

ISO 5496, Sensory analysis — Methodology — Initiation and training of assessors in the detection and 
recognition of odours

ISO 6658, Sensory analysis — Methodology — General guidance

ISO 8586, Sensory analysis — General guidelines for the selection, training and monitoring of selected 
assessors and expert sensory assessors

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

ISO 11035, 
by a multidimensional approach

ISO 11136, Sensory analysis — Methodology — General guidance for conducting hedonic tests with 
consumers in a controlled area

1
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3.1
attribute
perceptible characteristic attached to a product

3.2

attributes (3.1), most often with 

3.3

attributes (3.1

3.4

description of a sample consisting of both attributes (3.1

3.5

3.6

various attributes (3.1)

3.7
deviation from reference method
relative-to-reference rating
procedure of quantitative descriptive  (3.2) in which all samples are evaluated against a 
reference sample

3.8

procedure in which each assessor chooses and scores his/her own attributes (3.1) to describe a 
group of samples

3.9

rank the products on each term

rating.

[SOURCE: ISO 5492:2008/Amd.1:—1)

3.10
temporal dominance of sensations
TDS

time the product is being assessed

1) To be published.
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3.11
sensory panel

3.12
panel leader

3.13
selected assessor

3.14
expert sensory assessor
selected assessors (3.13

various products

4 General test conditions

4.1 Equipment and test room

is needed (e.g. about results, products, reference substances, etc.), the room should be arranged in a 
manner that allows communication between assessors and the panel leader still ensuring appropriate 
conditions for evaluating products (for example, appropriate lights).

— train assessors,

— maintain the panel, and

— execute tests.

described in ISO 13300-1 and ISO 13300-2.

4.2 Assessors

assessors. Requirements for the selection, training, and monitoring of assessors can be found in ISO 8586.

interpretation of results and the highlighted differences between products are also dependent on the 
number of assessors and their training.

3
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Candidates shall be recruited through talks, circulars, or personal contact. Two to three times the 
number of assessors required shall be interviewed and screened. The following characteristics shall be 

— health that is compatible with product testing;

— interest and motivation;

— promptness;

4.3 Products

EXAMPLE Soluble coffee prepared with water or milk, with or without sugar.

4.4 Samples

are presented. For example, coloured testing glasses or coloured lights shall be used to mask differences 
in appearance, if needed.

The preparation and distribution of samples at uniform temperature shall be standardized. Samples 

appropriate design.

towards improved discrimination as the assessors become familiar with the samples. Replication 
provides an estimation of the experimental error. Repeating the assessment of a product from the same 

4.5 Preliminary discussion

discussion concerning the test problem and the nature of the samples shall be arranged. A few samples 

the discussion does not bias future assessments.

4 
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5 Descriptive methods: principle and main characteristics

attribute. It is possible for an assessor to disagree with the group: this shall be recorded in the report.

The products shall be presented in pairs. For each attribute of a common list, the two products shall be 
a posteriori, from the scores given to each 

product of the pair. If more than two products need to be compared, each product should be compared 
to the reference product under the same conditions.

his/her individual list of terms instead of a common list.

sample set and comparative evaluation of the samples via ranking.

some techniques have been trademarked2)

The number of assessors and/or replicates should be higher than for quantitative descriptive 

2) Methods QDA®, SpectrumTM 

procedures.

5
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5.7 Temporal Dominance of Sensations (TDS)

dominant sensation over time while the product is being assessed.

dominant attribute chosen can also be scored.

Data shall consist of the proportion of each attribute chosen as dominant at each moment. Data are 
x-axis. The curves of the different attributes for a 

given product shall be pooled into a chart.

6.1 General

method, refer to the corresponding annex.

6.2 Prepare the test

6.2.1 Select products for training

6.2.2 Select assessors

6.2.3 Choose the optimal attributes

out in Table 1

Table 1 — Procedures for choosing optimal attributes

No. Principle Method Advantages Disadvantages

1 Use existing 

and reference 
standards.

Consult the literature and 
experts to make an appro-
priate selection. Acquire the 
prescribed standards and 
use these to teach the as-

descriptor and, if needed, 

descriptor.

The accumulated expe-
rience of the experts is 

groups and compared to 
other research.

-

choices that are imprecise or 
inappropriate for a particular 

be missed that could have been 
discovered during the develop-

6 
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No. Principle Method Advantages Disadvantages

2 Use the panel in 
special sessions 
to develop the 

will use.

Use a panel of selected 
assessors; develop the 

discussion under the direc-
tion of an experienced panel 
leader.

Reference standards are 
-

assessor during the session. 

method 1.

The process of termi-

less time-consuming 
than method 3.

to a given panel and set of 
samples.

other groups if no reference 
standards are given.

3 Use the panel in 
special sessions 
to generate the 

will use.

Consult ISO 11035 which 
describes a recommended 

selecting discriminating 
terms using a set of pre-
pared training samples; 
then reduce the number of 

-
ination using statistical 
techniques.

of selection and elim-
ination is used, thus 
terms based on tradi-
tional misconceptions 
or preconceived notions 
are minimized, and the 
selected terms will give 
optimal coverage of 
the qualities which the 
assessors perceive in 
the samples.

to a given panel and set of 
-

-
erence standards are given. The 

-
suming and requires a certain 

Examples include

— overall fruitiness or spiciness, and

CAUTION — An overall evaluation by trained sensory panels shall not be hedonic because they 
can be biased: sensory assessors have been trained to be objective in describing products and 
may, consciously or unconsciously, adopt a different evaluation strategy from a representative 
consumer target. If hedonic evaluations are used to guide new product development, proceed as 

 ISO 11136.

6.2.4 Determine the order of evaluation

In some products (e.g. beverages), the order of perception of certain attributes is a characteristic of 

EXAMPLE A piece of chocolate which melts; a facial tissue which is moistened.

or afterfeel should be evaluated last; these are attributes which can still be perceived after the sample has 
been consumed or used. In oral texture, as in skinfeel and fabric feel applications, the order of perception 

Table 1 (continued)

7
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6.2.5 Select an appropriate response scale

be numerical or semantic, continuous or discontinuous, unipolar or bipolar, as presented in ISO 4121.

scales, e.g. line scales, are considered as less prone to produce end effects.

6.2.6 Train the assessors

ISO 8586. It is recommended that feedback be given to assessors.

6.3 Conduct the test

6.3.1 Scoresheets

Pre-printed scoresheets containing instructions regarding the scale to be used or computer screens 
or tablet digitizers to record the verdicts shall be used. A blank space shall be left on scoresheets and 
assessors’ comments or suggestions for additional attributes shall be requested.

6.3.2 Evaluate the samples

It shall be arranged for assessors to work alone in a booth.

interdependent. In both cases, the order of samples from one assessor to another should be balanced or 

The number of samples per assessor and per session should be adapted to the length of the session, 
the nature of the products, the number of attributes, and the expected differences: present a limited 

6.4 Statistical interpretation

— detect and correct obvious mistakes,

— obtain an initial impression of the main structures of the data set, and

histograms, line plots.

experimental errors. A second step focuses on each of the descriptors evaluated and seeks to determine 

(see Annex H
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6.5 Study report

a) name of the 

d) date(s), time of the test(s), and duration of sessions;

given in this method):

reference substances;

5) response scales used;

9
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Annex A 
(informative) 

A.1 Principle

In consensus methods, assessors evaluate products and then discuss the attributes and/or intensities 
to determine an agreed description of the product in question. Consensus requires that agreement 
has to be reached rather than averaging data over the group. In consensus methods, the panel has to 

1960s and which gave birth to the SpectrumTM3) Method during the 1990s. But there is a fundamental 

TPM, the consensus is optional (see Clause 6).

A.2 Sensory attributes

Assessors, with the panel leader’s help in providing and maintaining reference samples, develop, and 

A.3 Scales

0: the character is not present;

) (: the character is at threshold level;

1: the character is slight;

2: the character is moderate;

3: the character is strong.

3) Methods QDA®, SpectrumTM 

procedures.

10 
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A.4 Assessors

— There are few of them (4-6 in FPM).

samples representing the product range as well as examples of ingredient and processing variables 

points on the scale.

See Reference [16

A.5 Procedure

and their order of appearance.

He/she

take several minutes or several tens of minutes. Reference samples can be provided to enrich the 

to record the differences among assessors.

— This process is repeated until all products have been evaluated.

or her views.

A.6 Statistical analysis and interpretation of the results

differences between products.

11
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Annex B 
(informative) 

Deviation from reference method (or relative-to-reference rating)

B.1 Principle

assessors to a reference sample and scored regarding the reference sample (the reference sample being 

which sample is considered as the reference sample.

B.2 Sensory attributes

B.3 Scales

reference as a midpoint anchor. In this case, the assessors score the sample as more or less than the 
reference sample, for a given attribute (Figure B.1).

Figure B.1 — Example of unstructured scale used when the reference sample is used as a 
midpoint anchor

but the two scales, for a given attribute, are close to one another (Figure B.2).

Figure B.2 — Example of unstructured scale used when the difference between reference 
sample and sample is computed

12 
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B.4 Assessors

separate sessions.

B.5 Procedure

For the evaluation, the assessors receive a set of two samples. It is recommended to balance the 
presentation design between assessors and between sessions.

other sample is assessed relative to it (see Figure B.1). In this case, the reference sample is assessed 

— When the samples are not scored relative to one another, the assessors score the two samples 
(see Figure B.2

is computed a posteriori.

— Each sample should be compared to the reference sample under the same conditions.

B.6 Statistical analysis and interpretation of the results

whereas those that score more than the reference are indicated as positive. Classical univariate statistics 

a two-tailed paired t-test would be appropriate. When all the samples have to be compared one to each 

reference can be used instead of the values of the reference sample evaluated in each pair.

13

IS 18372 : 2023  
ISO 13299 : 2016



 

Annex C 
(informative) 

C.1 Principle

to establish a perceptual mapping of product spaces (for example, for market research). It can be also 
used for generating attributes.

C.2 Sensory attributes

C.3 Scales

C.4 Assessors

A minimum of 10 assessors is recommended.

C.5 Procedure

presented in randomized order. There should be two or more replications for each assessor and product.

14 
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C.6 Statistical analysis and interpretation of the results

scaling) of the data.

15
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Annex D 
(informative) 

D.1 Principle

D.2 Sensory attributes

Each assessor is requested to describe the differences between the products in the set on his own and 

possible to choose hedonic terms.

products. This discussion does not aim to get a consensus: each assessor takes his/her own list.

D.3 Scales

D.4 Assessors

A minimum of 10 assessors is recommended.

D.5 Procedure

One to two sessions to instruct the assessors about the method and how to describe and differentiate 

the assessor to withdraw irrelevant or hedonic attributes and add relevant ones. These are training 
sessions on description and differentiation.

The next sessions are spent to the measurement. These consist in ranking the products according to 

replicate the evaluation of some (within the same session) or all samples (in separate sessions).

incomplete block). The design depends on the number of products which are to be assessed. A minimum 

done in a BIB.

16 
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D.6 Statistical analysis and interpretation of the results

17
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Annex E 
(informative) 

E.1 Principle

aromatic products such as wine or cheese. A large list of descriptors is provided to assessors, who have 
to choose the most pertinent ones to describe a given product. Scores are computed from the number of 

E.2 Sensory attributes

product. The development of the list is conducted during the training period. The number of attributes 

around 100. The attributes are focused on aromas or odours and correspond to precise aromatic 

available references or natural products).

E.3 Scales

perceived attributes of the product: detected or not detected.

E.4 Assessors

E.4.1 Number of assessors.

the general training (5 to 15 sessions or more, depending on the number of properties to memorize), 
assessors become familiar with the terms of the list, and smell several standard aromatic references to 

When the list is developed and adapted to the product, during the general training, assessors discuss 

18 

IS 18372 : 2023  
ISO 13299 : 2016



 

E.5 Procedure

Trained assessors receive a whole set of products. The order of tasting of each product is balanced. For 
each product, each assessor is requested to select the perceived aromas or odours in the list of terms, 

E.6 Statistical analysis and interpretation of the results

2

product/repetition.

19
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Annex F 
(informative) 

F.1 Principle

groups if no reference standards are given.

F.2 Sensory attributes

F.3 Scales

Once the relevant attributes have been selected, the next step is to choose an appropriate response 

F.4 Assessors

F.4.1.1 Recruitment and selection

— discriminate differences among the products being tested, and

20 
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F.4.1.2 Training

to the group.

The panel leader should organize the training, provide the products, introduce references when needed 
and facilitate the activities, but should not act as a respondent.

F.4.1.3 Performance assessment

At the conclusion of training, monitoring performance data enables the panel leader to improve panel 

performing well enough to continue.

The panel evaluates the products using a repeated trial design. For most tests, a two or three replicates 
design is performed.

whole panel and of each assessor.

F.4.2 Number of assessors

A minimum of eight assessors should be used for this method, but 12 to 15 assessors are recommended.

F.5 Procedure

— The recommended number of replicates is two or three.

F.6 Statistical analysis and interpretation of the results

F.6.1 General

Annex H.

21

IS 18372 : 2023  
ISO 13299 : 2016



 

not give the same weight to all attributes: the weight varies according to the discriminative power of 

greater than 0,05; it varies between 0,10 and 0,50.

F.6.2 Presentation of results

F.7 Variants

F.7.1 Quantitative Descriptive Analysis®4)

®3)

9 27 28

and the method has evolved as practices and the information base have grown. The evolution of the 
®3).

consumers use to describe and differentiate products, mapping perceived product similarities and 
differences, ingredient substitution, new product development, competitive assessments, claims 
substantiation, and advertising, among other uses. When correlated with consumer affective measures 
(e.g. liking, preference, attitudinal, emotional, packaging, usage), the data can be used to determine 

consumers have unique preferences in segmentation. Developers can use the information to formulate 

F.7.1.1 Sensory attributes

Language development requires 8 h to 12 h of group discussions. This is an iterative process where each 
session builds on previous sessions to develop a comprehensive language. Some language development 

and/or extended usage situations. After initial 

and after usage.

F.7.1.2 Scales

QDA uses unstructured or semi-structured line scales for measuring and scaling perceived differences 
and intensities.

QDA uses an unstructured or semi-structured (6 inch/~15 cm) line scale, anchored 0,5 inch from either 
end for measuring and scaling perceived differences and intensities. These equal-interval scales are 

4) Methods QDA®, SpectrumTM 

procedures.

22 
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F.7.1.3 Assessors

F.7.1.3.1 Number of assessors

Twelve assessors are recommended.

F.7.1.3.2.1 Recruitment and selection

F.7.1.3.2.2 Training

discussion facilitator and provides the schedule of activities and works with the panel to help them 

teaching role but works to observe behaviour and understand consumer perception of the product in 

F.7.1.3.2.3 Performance assessment

5

F.7.1.4 Procedure

require more than one evaluation procedure.

A minimum of three replications are recommended, following a complete balanced block design.

F.7.1.5 Statistical analysis and interpretation of the results

F.7.2 SpectrumTM5) Method

F.7.2.1 Principle

The SpectrumTM5)

5) Methods QDA®, SpectrumTM 

procedures.
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SpectrumTM5)

evaluations to include skinfeel and fabric feel procedures. The method has precise steps and procedures 

and maintenance of panel after training is complete. These practices lead to a descriptive panel that 

F.7.2.2 Sensory attributes

The SpectrumTM5) Method uses an assessor group that has undergone the SpectrumTM5) training in 

F.7.2.3 Scales

The SpectrumTM5)

in tenths for 150 points of discrimination. This scale was expanded from historical scales to give 
TM5) scale is 

TM5) Method universal 

4

F.7.2.4 Assessors

F.7.2.4.1.1 Recruitment and selection

F.7.2.4.1.2 Training

of practice sessions to reinforce the material studied during the training phase. An example schedule 

TM5) Method and working through 
some broad categories related to the panel area of work. This initial training and practice time 

24 
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the panels anticipated work.

F.7.2.4.1.3 Assessing of performance

SpectrumTM5) trained panel should be both reproducible and able to discriminate among products. 

F.7.2.4.1.4 Number of assessors

The SpectrumTM5)

validation performance, and data collection methods (e.g. consensus data).

F.7.2.5 Procedure

The SpectrumTM5)

product space.

term generation.

b) Term generation/grouping – Assessors provide their own descriptors for the products based on

drafts a lexicon.

c) Attribute references – Assessors are exposed to references for the generated terms.

e) Lexicon validated – The generated lexicon is tested using a pair of samples. The lexicon should be

F.7.2.6 Statistical analysis and interpretation of the results

Data from a SpectrumTM5)

Frequencies are used for the nonparametric data such as a present or not present format attributes. 
Whether means are generated using individual or consensus evaluations, multivariate techniques 

25
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Annex G 
(informative) 

Temporal Dominance of Sensation (TDS)

G.1 Principle

sensation that catches his/her attention at a given time, which does not mean that this sensation has to 

throughout the tasting.

The assessor can give his answers on a sheet of paper provided he has a stopwatch. But the use of a 

time.

G.2 Attributes

One list of attributes is presented to the assessor; he/she has to choose within that list the attributes 

element as it determines the responses of the assessors. The TDS list of attributes can be built from 

It is recommended to include a maximum of 10 to 12 attributes in that list. If the list is too long, some 

recommended to balance the attribute orders across assessors; However, for a given assessor, the 

whatever the replication session).

G.3 Scales

dominant attributes among the list of proposed.

26 
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G.4 Assessors

G.4.1 Training

to help the assessors to recognize each attribute

A few sessions (one to four depending on the assessors) should be dedicated to familiarize the assessors 

Once the assessors familiarized with the TDS method, the number of training sessions required 

sessions are enough to get used to the list of attributes.

G.4.2 Number of assessors/replicates

evaluations of each product.

G.5 Procedure

indicate the new dominant sensation within the list of attributes. The assessor reiterates this 

— The assessor is free to choose the same attribute for the same product as often as he/she thinks it is 

collect reliable data.

G.6 Statistical analysis and interpretation of the results

G.6.1 Treatment of the raw data

elapsed since the start button. An attribute is considered as dominant from the time it is selected until 
another attribute is selected.

G.6.2 TDS curves

Computation of TDS curves is illustrated in Figure G.1 for the sweet attribute. The procedure considers 

which the given attribute was assessed as dominant is computed. These proportions, smoothed (non-
iterative smoothing spline), are plotted versus time to compute TDS curves. For each product, TDS 
curves of all the attributes are depicted on the same graph.

P0, is equal to 
1/p, p

27
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P0. It is calculated using the 
binomial distribution.

perception differ as well. In order to take this phenomenon into account in the computation of the TDS curves, 
the data from each assessor can be standardized so that the x-axis shows values from x
dominant attribute) to x = 100 (swallowing). Non-standardized curves are interesting to visualize the differences 

same time, while standardized curves enhance the product properties (higher dominance rates in particular at 

Figure G.1 — Example of calculations for the sweet attribute with 4 assessors and 2 replicates

G.6.3 TDS difference curves

p attributes on the same plot. In order to compare two products, 
p curves of the differences of the dominance rates. 

using the usual test to compare two binomial proportions.

28 
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G.6.4 Other statistical analysis

time to highlight the product differences in their temporal evolution.

G.7 Similar and method variations

the consumers several warm-up samples in order to familiarize them with the method and with 

recommended to use at least 30 respondents.

Reference [28
consequent training. In order to not mix up two different cognitive processes: the selection of a dominant 

Figure G.2 gives an example of response 
for a biscuit.

Figure G.2 — Example of computer recording for a TDS run.

29
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Annex H 
(informative) 

assessors of a panel

H.1 General

SpectrumTM and QDA®6)

the relative importance of attributes for the comparison among products.

H.2 Data analysis in a 2-way ANOVA (product and assessor factors) without 
replicates

H.2.1 ANOVA model

yij = µ + i + j + ij (H.1)

where

yij ith assessor (i: 1 to a) to the jth product j ( j: 1 to p);

is the mean of scores;

i is the main assessor effect; it is assumed random;

j

 ij

The experimental design is often named Randomized Complete Block Design (each assessor is one block). 
It can also refer to as a within-assessors design or a repeated measures design.

H.2.2 Numeric example

Ten assessors evaluated three products. Results are given in Table H.1. Table H.1
ANOVA given in Table H.2.

6) Methods QDA®, SpectrumTM 

procedures.
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Table H.1 — Example of results in a study without replicates

Assessor Product 1 Product 2 Product 3

1 2 3 3

2 8 6 7

3 5 4 5

4 4 3 5

5 5 3 5

6 4 4 8

7 4 5 5

8 6 2 4

9 4 3 8

10 5 6 5

Mean 4,7 3,9 5,5

Table H.2 — 2-way ANOVA of Table H.1

Source of  
variance

Status  
of factor

Number of  
degrees of freedom  

(df )

Sum of  
square  

(SS)

Mean  
squares  

(MS)
F value p  

value

Assessor Random a - 1 = 9 34,300 MSa = 3,811

Product Fixed p - 1 = 2 12,800 MSp = 6,400 MSp/MSa p = 3,95 0,038

Random (a p - 1) = 18 29,200 MSa p = 1,622

descriptor of Table H.1.

H.3 Data analysis in a 2-way ANOVA (product and assessor factors) with replicates

H.3.1 ANOVA model

yijr = µ + i + j ij + ijr (H.2)

where

yijr ith assessor (i: 1 to a) to the jth product j ( j: 1 to p) at the rth replicate;

(r: 1 to r); the number of replicates is assumed to be equal for all products;

is the mean of scores;

i is the main assessor effect; it is assumed random;

j

ij
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ijr is the random replicate error; it provides an estimate of the experimental error.

This design is often named Randomized Complete Block Design with more than one observation per 
experimental unit,

from the same batch of product. Indeed, in such a model, there is no reason to associate the score given 
to product P1 at the replicate 1 with the score given to product P2 at the replicate 1 or with the score 

from each 4 varieties are served to each of 10 assessors in a single tasting session. At each replicate, 

H.3.2 Numeric example

The assessors of Table H.1 Table H.1
the replicate 1. Table H.3 Table H.4.

Table H.3 — Example of results in a study with two replicates

Product 1 Product 2 Product 3

Assessor
Replicate 

1
Replicate 

2
Replicate 

1
Replicate 

2
Replicate 

1
Replicate 

2

1 2 3 3 3 3 5

2 8 7 6 6 7 7

3 5 6 4 6 5 7

4 4 5 3 5 5 8

5 5 7 3 5 5 6

6 4 6 4 2 8 8

7 4 5 5 8 5 7

8 6 8 2 5 4 6

9 4 3 3 2 8 7

10 5 7 6 4 5 8

Table H.4 — 2-way ANOVA of Table H.3

Source of 
variance

Status 
of factor

Number of  
degrees of freedom  

(df )

Sum of 
square 

(SS)

Mean 
squares 

(MS)
F value p 

value

Assessor Random a - 1 = 9 48,350 MSa = 5,372 MSa/MSe = 3,322 0,006 3

Product Fixed p - 1 = 2 38,033 MSp = 19,017 MSp/MSa p = 6,673 0,006 8

Random (a p - 1) = 18 51,300 MSa p = 2,850 MSa p/MSe = 1,763 0,082 4

Error (r p = 30 48,500 MSe = 1,617

Total a p r – 1 = 59 186,183

-risk = 0,05.
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training of a group, the three factors of Table H.4 are all tested against the error. The F product is equal to 11,763 
(p value = 0,000 17); the other two F values are not changed.

H.4 Data analysis in a 3-way ANOVA (product, assessor, and replicate factors)

H.4.1 The replicate factor is crossed with the other two factors

H.4.1.1 ANOVA model

It has 8 components:

yijr = µ + i + j + r + ij + ir + jr + ijr (H.3)

where

yijr ith assessor (i: 1 to a) to the jth product j ( j: 1 to p) at the rth repli-
cate (r: 1 to r);

i is the main assessor effect; it is considered as random;

j

r
relevant factor is the random factor;

ij

ir

jr

ijr

This design is often referred as a two-factor completely repeated measures design or a three-crossed 
factors design.

When there is more than one observation per experimental unit, i.e. per triplet Assessor-Product-
Replicate, the design has a 9th component providing an estimate of the experimental error.

session. If in the example Table H.3 replicate 

1 and replicate 2 becomes session 2.

H.4.1.2 Numeric example

Table H.3 Table H.5.
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Table H.5 — 3-way ANOVA of Table H.3

Source of  
variance

Status  
of factor

Number of  
degrees of freedom  

(df )

Sum of  
squares  

(SS)

Mean  
squares  

(MS)
F value p value

Assessor Random a - 1 = 9 48,350 MSa = 5,372

Product Fixed p - 1 = 2 38,033 MSp = 19,017 MSp/MSa p = 6,673 0,006 7

Session Fixed r - 1 = 1 16,017 MSs = 16,017 MSs/MSa s = 8,405 0,017 6

Random (a p - 1) = 18 51,300 MSa p = 2,850

Fixed (p s - 1) = 2 1,233 MSp s = 0,617 MSp s/MSa p s = 0,787 0,47

Random (a s - 1) = 9 17,150 MSa s = 1,906

Random (a p s - 1 ) = 18 14,100 MSa p s = 0,783

Total a p s – 1 = 59

10
pp. 361-367).

negligible, this component can be regarded as an estimate of the experimental error; under this 

NOTE 1 When the session factor is random, the design has two random factors (the assessor and session 

F value is equal to 5,372/1,906 = 2,818 
(p value = 0,069).

F value is equal to 16,017/1,906 = 8,403 
(p value = 0,017).

F value is equal to 
2,850/0,783 = 3,640 (p value = 0,004 4).

Table H.5 (p 
value = 0,47).

product factor. But this defect can be overcome in calculating a Quasi F F ’ (see Reference [10
pp. 368-370):

F ’ = MSp/(MSa p + MSp s – MSa p s) = 19,017/(2,850 + 0,617 – 0,783) = 19,017/2,684 = 7,085

The number of degrees of freedom of the denominator of F

* * * *

*

*

*

*

* *

*

2

2 2 2

*
For this example:
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df = (2,6842)/(0,451 + 0,190 + 0,034) = 7,204/ 0,675 = 10,672

For F ’ = 7,085 with 2 df for the numerator and 11 df (the nearest integer value of 10,67) for the 

interaction is assumed to be negligible. Under this assumption, all the six factors (three main factors and three 

H.4.2 The replicate factor is nested within the product factor

said to be nested within each breed (main factor). Second example: a brewer is producing a new brand 

is nested within the formulation factor. Third example: a researcher studies the differences between 

The potatoes are harvested and the potatoes from each row are kept in separate containers. The row 

This design is often referred as a nested factorial design.

batch.

H.4.2.1 ANOVA model

yijr = µ + i + j + ij + r + ir (H.4)

where

yijr ith assessor (i: 1 to a) to the jth product j ( j: 1 to p) at the rth batch (r: 
1 to r; the number of batches is assumed to be identical for all products);

i

j

ij

r

 jr is the interaction.

Table H.3 is simple; it leads to Table H.6.
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Table H.6 — Nested ANOVA of Table H.3

Source of 
variance

Status 
of factor

Number of degrees of 
freedom  

(df )

Sum of 
square 

(SS)

Mean 
squares 

(MS)
F value p value

Assessor Random a - 1 = 9 48,350 MSa = 5,372

Product Fixed p - 1 = 2 38,033 MSp = 19,017 MSp/MSa p = 6,673 0,006 8

Random (a p - 1) = 18 51,300 MSa p = 2,850

Batch (Prod.) Fixed (b p = 3 17,250 MSb = 5,750 MSb/MSab = 4,970 0,007 1

Random (a b p = 27 31,250 MSa b = 1,157

Total a p b – 1 = 59

NOTE 1 When the batch factor is random, the design has two random factors (the assessor and session factors) 

F assessor is equal to 5,372/1,157 = 4,643 
(p value = 0,096) and the F p value = 0,016 6). The 
F Table H.6.

The product factor is tested with a Quasi F or F ’.

MStest.P = MSb(p) + MSa p – MSa b = 5,750 + 2,850 – 1,157 = 7,443

df of the MStest.P

Third step: to compute the Quasi F:

F ’ with df = 2 for the numerator and df = 5 
(the nearest integer value of 4,808) for the denominator. It is equal to 0,172. The product factor is 

interaction. The F assessor is equal to 4,64 (p-value = 0,000 9); the F product is equal to 16,43 (p-value = 0,000 02) 
p-value = 0,017); the F

in Table H.6.

H.5 Data analysis of assessments over time

H.5.1 General

In H.4, the design had three factors: assessor, product and session (or batch). It is the same in this 
subclause where the time factor takes the place of the session factor. But while the session factor was 
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important factor as the product factor because the products change over time.

An example is given in Table H.7
Table H.8

Table H.7 — Intensity of fresh character of four toothpastes assessed 4 times over time

P1 P2 P3 P4

T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4

8 12 9 8 11 10 2 2 9 10 7 7 6 3 3 1

14 17 15 15 18 17 14 14 16 18 14 15 15 18 17 14

16 17 12 12 15 14 10 9 14 10 8 9 13 15 9 6

15 19 14 14 13 17 10 10 5 15 10 10 10 13 8 7

9 8 6 6 7 9 5 5 7 9 3 4 6 7 4 2

20 20 16 16 19 19 16 16 19 17 15 15 19 17 15 12

11 14 11 10 10 10 7 8 11 14 9 8 10 15 9 8

15 19 13 13 15 17 7 6 12 15 9 10 13 14 10 7

12 12 5 4 10 10 4 3 10 10 2 2 9 9 3 8

10 10 7 7 13 8 3 2 13 11 5 6 11 9 5 2

Table H.8 — Sums of Table H.7

Time 1 Time 2 Time 3 Time 4

Product 1 130 148 108 105 491

Product 2 131 131 78 75 415

Product 3 116 129 82 86 413

Product 4 112 120 83 67 382

489 528 351 333 1 701

H.5.2 All assessors rate the four products: the three factors product, time, and 
assessor are crossed

In Table H.7, the line 1 gives the data of assessor 1; the line 2 gives the data of assessor 2, etc.

H.5.2.1 Analysis with a 3-way ANOVA

Results are given in Table H.9 Table H.5. But the tests 
are performed as in Table H.5
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Table H.9 — 3-way ANOVA of Table H.7

Source of  
variance

Status  
of factor

Number of degrees of freedom  
(df )

Sum of  
square  

(SS)

Mean  
squares  

(MS)
F value p value

Ass. Random a - 1 = 9 2 056,18 MSa = 228,46

Prod. Fixed p - 1 = 3 161,22 MSp = 53,74 MSp/MSa p = 8,842 0,000 3

Random (a p - 1) = 27 164,09 MSa p = 6,08

Time Fixed (t - 1) = 3 716,12 MSt = 238,71 MSt/MSt a = 38,85 0,000 0

Fixed (t p - 1) = 9 45,21 MSt p = 5,02 MSt p/MSerror = 2,43 0,016 8

Random (t a - 1) = 27 167,19 MSt a = 6,19

Error (a p t - 1) = 81 167,23 MSerror = 2,06

Total 159 3 477,24

H.5.2.2 Analysis with a MANOVA on repeated measures

sphericity. This 

Time factor (T1, T2, T3, T4) as dependent variable. For the interpretation of Table H.10, the reader is 
invited to consult a book of statistics.

Table H.10 — MANOVA of Table H.7 when all assessors rate the four products

Test Value F Effect df Error df p-value

Time Wilk 0,087 10 87,345 27 3 25,000 00 0,000 000

Pillai 0,912 90 87,345 27 3 25,000 00 0,000 000

Hotelling 10,481 43 87,345 27 3 25,000 00 0,000 000

10,481 43 87,345 27 3 25,000 00 0,000 000

Wilk 0,491 16 2,299 36 9 60,994 04 0,026 935

Pillai 0,597 36 2,237 62 9 81,000 00 0,027 499

Hotelling 0,855 90 2,250 70 9 71,000 00 0,028 152

0,486 99 4,382 87 3 27,000 00 0,012 273

Wilk 0,175 62 2,220 86 27 73,655 21 0,003 738

Pillai 1,202 13 2,005 92 27 81,000 00 0,008 874

Hotelling 2,698 18 2,365 07 27 71,000 00 0,002 065

1,621 9 4,866 57 9 27,000 00 0,000 640

change from time: Diff1 = Time 2 – Time 1, Diff2 = Time 3 – Time 2 and Diff3 = Time 4 – Time 3. Each of these new 
change or difference variables measures how much change has taken place at each interval (see Reference [8

H.5.3 Each assessor rates one of four products: the assessor factor is nested in the 
product factor which is crossed with the time factor

Table H.7 involves 40 assessors: 10 for the Product 1, 10 for the Product 2, 10 for the 
Product 3 and 10 for the Product 4.

The data of Table H.7 lead to Table H.11 and Table H.12.
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Table H.11 — Nested ANOVA of Table H.7

Source of 
variance

Status of 
factor

Number of de-
grees of  
freedom  

(df )

Sum of 
square 

(SS)

Mean squares  
(MS) F value p value

Product Fixed p - 1 = 3 161,22 MSp = 53,74 MSp/MSa p = 8,84 0,000 3

Assessor (Product) Random (a p = 36 2 220,28 MSa p = 61,67

Time Fixed t - 1 = 3 716,12 MSt = 238,71 MSt/MSerror = 77,09 0,000 00

Fixed (t p - 1) = 9 45,21 MSt p = 5,02 MSt p/MSerror = 1,62 0,12

Error 108 334,43 MSerror = 3,10

In Table H.6

Table H.12 — MANOVA of Table H.8 when assessor is nested in product

Test Value F Effect df Error df p-value

Time Wilk 0,149 451 64,499 77 3 34,000 0 0,000 000

Pillai 0,850 549 64,499 77 3 34,000 0 0,000 000

Hotelling 5,691 156 64,499 77 3 34,000 0 0,000 000

5,691 156 64,499 77 3 34,000 0 0,000 000

Wilk 0,636 200 1,880 93 9 82,897 7 0,066 100

Pillai 0,401 348 1,853 34 9 108,000 0 0,066 810

Hotelling 0,512 838 1,861 41 9 98,000 0 0,066 763

0,339 206 4,070 47 3 36,000 0 0,013 742

NOTE This MANOVA is performed with the Time factor (T1, T2, T3, T4) as dependent variable.

p
other three tests.
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