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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 documentsdocument 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). 

ISO draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent rights 
in respect thereof. As of the date of publication of this document, ISO [had/had not] received notice of (a) 
patent(s) which may be required to implement this document. However, implementers are cautioned that this 
may not represent the latest information, which may be obtained from the patent database available at 
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights. 

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

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions 
related to conformity assessment, as well as information about ISO's adherence to the World Trade 
Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html. 

This document was prepared by Technical Committee ISO/TC 34 food, Food products, Subcommittee SC 12, 
sensorySensory analysis. 

This second edition cancels and replaces the first edition (ISO 29842:2011), which has been technically 
revisedof which it constitutes a minor revision. It also incorporates the Amendment ISO 
29842:2011/Amd.1:2015. 

The main changes are as follows: 

— Thethe corrections of the corresponding Amendment 1 (ISO29842 :2011/AMD 1) are amendment have 
been included; 

— the following clarifying sentence has been added in 5.2this edition. : “Typically, the assessors who 
participate in the study are considered to comprise a random sample from a hypothetical population of 
similarly trained and qualified assessors and are, therefore, treated as a random effect in the ANOVA 
model”; 

— in Table 2, the formulae in the column “Mean square” have been corrected. 

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html. 
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Sensory analysis — Methodology — Balanced incomplete block 
designs 

1 Scope 

This International Standarddocument specifies a method for the application of balanced incomplete block 
designs to sensory descriptive and hedonic tests. 

This International Standard appliesdocument is applicable when the number of test samples exceeds the 
number of evaluations that an assessor can perform reliably in a single session. 

This International Standarddocument also specifies the fundamental characteristics of balanced incomplete 
block designs and establishes guidelines for their application in sensory evaluation. 

2 Normative references 

The following referenced documents are indispensable forreferred to in the applicationtext in such a way that 
some or all of their content constitutes requirements of this document. For dated references, only the edition 
cited applies. For undated references, the latest edition of the referenced document (including any 
amendments) applies. 

ISO 3534-1, Statistics — Vocabulary and symbols — Part 1: General statistical terms and terms used in 
probability 

ISO 5492, Sensory analysis — Vocabulary 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in ISO 5492, ISO 3534-1, ISO 5492 and the 
following apply. 

ISO and IEC maintain terminology databases for use in standardization at the following addresses: 

— ISO Online browsing platform: available at https://www.iso.org/obp 

— IEC Electropedia: available at https://www.electropedia.org/ 

3.1 
block design 
<sensory analysis> multi-sample serving protocol in which an assessor evaluates all or a subset of the samples 
in a study 

3.2 
repetition 
one occurrence of an experimental design 

4 Specification of balanced incomplete block designs 

Balanced incomplete block (BIB) designs apply to sensory tests in which the total number of samples is greater 
than the number that can be evaluated before sensory and psychological fatigue set in. In BIB designs, each 
assessor evaluates only a subset of the total number of samples in a single session. 
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An example of a BIB design is shown in Table 1. 

Table 1 — A BIB design with five samples and 10 block/assessors 

Block 
(assessor) 

Test sample 

1 2 3 4 5 

1  ×   ×   ×  — — 

2  ×   ×  —  ×  — 

3  ×   ×  — —  ×  

4  ×  —  ×   ×  — 

5  ×  —  ×  —  ×  

6  ×  — —  ×   ×  

7 —  ×   ×   ×  — 

8 —  ×   ×  —  ×  

9 —  ×  —  ×   ×  

10 — —  ×   ×   ×  

In a BIB design each assessor evaluates a subset, k, of the total number of samples, t, where k < t. The subset 
of samples that an assessor evaluates is selected so that, in a single repetition of the BIB design, every sample 
is evaluated an equal number of times and all possible pairs of two samples are evaluated by an equal number 
of assessors. 

The notation most commonly used in a BIB design is as follows.: 

— t   number of test samples; 

— k   number of samples evaluated by an assessor in a single session (k < t); 

— b   total number of blocks (typically, assessors) in one repetition of the BIB design; 

— r   number of times each test sample is evaluated in one repetition of the BIB design; 

—  λ   number of times each pair of samples is evaluated by the same assessor; 

— p   number of times the basic BIB design is repeated. 

Notationally, each assessor evaluates k of the t samples (k < t). The subset of k samples that an assessor 
evaluates is selected so that in a single repetition of the BIB design every sample is evaluated an equal number 
of times and all possible pairs of samples are evaluated by an equal number of assessors. The number of blocks 
(assessors) required to complete a single repetition of the BIB design is denoted by b. The number of times 
each sample is evaluated in a single repetition of the BIB design is denoted by r and the number of times every 
pair of two samples is evaluated together is denoted by λ. 

The entire BIB design may need to be repeated several times in order to achieve an adequate level of precision 
for the study. The number of repetitions of the basic BIB design is denoted by p. The total number of blocks 
(typically assessors) is then p*b and the total of evaluations per sample is then p*r. The total number of times 
each pair of samples is seen together is p*λ. 
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The constant values of r and λ for all samples in the BIB design imparts important statistical properties to data 
collected from the design. The constant value of r ensures that the mean values of all of the samples are 
estimated with equal precision. The constant value of λ ensures that all pair-wise comparisons between any 
two samples are equally sensitive. 

5 Data analysis 

5.1 General 

Two types of data can be collected using balanced incomplete block designs. Ratings data, or scores, are 
obtained when assessors use a scale to report the perceived intensities of the attributes or impressions they 
are evaluating. Rank data are obtained when assessors order the samples from lowest to highest (or vice 
versa) relative to the attribute they are evaluating. Different data analysis methods are used for ratings and 
rank data. 

5.2 Analysis of variance for rating data 

Analysis of variance (ANOVA) is used to analyse ratings data obtained from the BIB design. The sources of 
variability accounted for in the ANOVA model for the BIB design are the same as those accounted for in a 
randomized (complete) block design. In both cases, the total variability is partitioned into the separate effects 
of blocks (typically assessors), treatments (typically samples) and errors. Typically, the assessors who 
participate in the study are considered to comprise a random sample from a hypothetical population of 
similarly trained and qualified assessors and are, therefore, treated as a random effect in the ANOVA model. 
Because each assessor evaluates only a subset of the total number of test samples, more complicated formulae 
are required to calculate the ANOVA sum-of-squares for the BIB design than for the randomized (complete) 
block design. The sensory analyst shall ensure that the program used to perform the analysis is capable of 
handling BIB designs. In many statistical computer packages, the ANOVA procedure applies only to complete 
designs, i.e. studies in which every assessor evaluates all of the test samples. For incomplete designs, such as 
BIB designs, the general linear model (GLM) procedure or a mixed model procedure is required. 

The form of the ANOVA used to analyse BIB data depends on how the design is administered. 

Where the experiment is of the form of the example in Table 1, with a single repetition of the design, the 
ANOVA table is as shown in Table 2. 

Table 2 — ANOVA table for balanced incomplete block design (single repetition) 

Source of variation Degrees of freedom 
(DF) 

Sum of squares 
(SS) 

Mean square  
(MS) 

F 

Total νT = t*r – 1 ST   

Assessors νB = b – 1 SB   

Samples (adjusted for 
assessors) 

νS = t – 1 SS MSS = SS/νS MSS/MSE 

Error νE = t*r – t – b + 1 SE MSE = SE/νE  

If the F-statistic in Table 2 exceeds the upper- -α critical value of an F with the corresponding degrees of 
freedom, then the null hypothesis assumption of equivalent mean ratings is rejected. If the F-statistic is 
significant, a multiple comparison procedure, such as Fisher's LSD (least significant diffferencedifference), L, 
shall be applied to determine which samples are significantly different from one another. The equation for 
Fisher's LSD, L, appropriate for a single repetition of this BIB design is: 
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𝐿  = 𝑡𝛼/2,𝜈E
√
2𝑀𝑆E

𝑟
√
𝑘(𝑡 − 1)

(𝑘 − 1)𝑡
 

where 

  t, k and r are as defined in Clause 4; 

  MSE is the mean square for error from the ANOVA table; 

  νE is the number of degrees of freedom for error from the ANOVA table; 

  𝑡𝛼/2,𝜈E
 is the upper α/2 critical value of Student's t-distribution with E νE degrees of freedom. 

The same value of α shall be used for assessing the significance of the F-statistic and in Fisher's LSD, L. 

The BIB design shall be repeated p times to achieve an adequate level of precision from the study. If the total 
number of blocks is too large for each assessor to evaluate all of them, each of the p*b assessors shall evaluate 
only one block of k samples. Within each block, the order in which the k samples are evaluated shall be done 
at random. The ANOVA table for this design is presented in Table 3. 

Table 3 — ANOVA table for balanced incomplete block design 
(p repetitions performed by p*b assessors each evaluating a single block of k samples) 

Source of variation Degrees of freedom 
(DF) 

Sum of squares 
(SS) 

Mean square  
(MS) 

F 

Total νT = t*p*r – 1 ST     

Blocks (assessors) νB = p*b – 1 SB     

Samples (adjusted for 
assessors) 

νS = t – 1 SS MSS = SS/νS MSS/MSE 

Error νE = t*p*r – t – p*b + 1 SE MSE = SE/νE   

If the F-statistic in Table 3 exceeds the critical value of an F with the corresponding degrees of freedom, then 
the null hypothesis assumption of equivalent mean ratings is rejected. If the F-statistic is significant, a multiple 
comparison procedure, such as Fisher's LSD, L, shall be applied to determine which samples are significantly 
different from one another. The equation for Fisher's LSD, L, appropriate for a BIB design is: 

𝐿  = 𝑡𝛼/2,𝜈E
√
2𝑀𝑆E

𝑝𝑟
√
𝑘(𝑡 − 1)

(𝑘 − 1)𝑡
 

where 

  t, k, p and r are as defined in Clause 4; 

  MSE is the mean square for error from the ANOVA table; 

  νE is the number of degrees of freedom for error from the ANOVA table; 

  𝑡𝛼/2,𝜈E
 is the upper α/2 critical value of Student's t-distribution with νE degrees of freedom. 

The same value of α shall be used for assessing the significance of the F-statistic and in Fisher's LSD, L. 

If each assessor evaluates all b blocks in the BIB design, then the “assessor effect” and the “assessor-by-sample” 
interaction can be partitioned out of the total variability (see Table 4). This approach is especially applicable 
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when the total number of blocks in one repetition of the BIB design is small (e.g. b ≤ 6). The order in which the 
blocks are presented to the assessor shall be done at random. Within each block, the order in which the 
samples are evaluated shall be done at random. In either approach, the variability that arises from the 
assessors is accounted for and the interaction between assessors and samples replaces the error term that 
was used in Tables 2 and 3. 

Table 4 — ANOVA table for balanced incomplete block design 
(p repetitions performed by p assessors each evaluating b blocks of k samples) 

Source of variation Degrees of freedom 
(DF) 

Sum of squares 
(SS) 

Mean square  
(MS) 

F 

Total νT = t*p*r – 1 ST     

Assessor νP = p – 1 SP     

Blocks (within assessor) νB(P) = p*(b − 1) SB(P)     

Samples (adjusted for assessor) νS = t – 1 SS MSS = SS/νS MSS/MSA*S 

Assessor*samples νA*S = (p − 1)(t − 1) SA*S MSA*S = SA*S/νA*S   

Residual νE = p*(t*r – t – b + 1) SE MSE = SE/νE   

If the F-statistic in Table 4 exceeds the critical value of an F with the corresponding degrees of freedom, then 
the null hypothesis assumption of equivalent mean ratings is rejected. If the F-statistic is significant, a multiple 
comparison procedure, such as Fisher's LSD, L, shall be applied to determine which samples are significantly 
different from one another. The equation for Fisher's LSD, L, appropriate for a BIB design is: 

𝐿  = 𝑡𝛼/2,𝜈A*S
√
2𝑀𝑆A*S

𝑝𝑟
√
𝑘(𝑡 − 1)

(𝑘 − 1)𝑡
 

where 

  t, k, p and r are as defined in Clause 4; 

  MSA*S is the mean square for the assessor*sample interaction from the ANOVA table; 

  νA*S is the number of degrees of freedom for the assessor*sample interaction from the 
ANOVA table; 

  𝑡𝛼/2,𝜈A*S
 is the upper α/2 critical value of Student's t-distribution with νA*S degrees of freedom. 

The same value of α shall be used for assessing the significance of the F-statistic and in Fisher's LSD, L. 

5.3 Friedman's sum rank analysis for rank data1 

A Friedman-type statistic shall be applied to rank data arising from a BIB design. Friedman's test statistic, 
Ftest, is given by: 

𝐹test =
12

𝑝𝜆𝑡(𝑘 + 1)
∑𝑅𝑗

2

𝑡

𝑗=1

−
3(𝑘 + 1)𝑝𝑟2

𝜆
 

 
1  There are several statistical methods for analysing rank data that are obtained from a BIB design. Interested readers 
are encouraged to review the statistical literature on the topic. Friedman's method has been chosen for detailed 
discussion because it is statistically powerful and computationally convenient. 
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where t, k, r, λ and p are as defined above and Rj is the rank sum of the jth sample (Reference [8]). Tables of 
critical values of Ftest are available for selected combinations of t = 3 … 6, k = 2 … 5, and p = 1 … 7 (Reference 
[9]). However, in most sensory studies, the total number of blocks exceeds the values in the tables. For these 
situations, the test procedure is to reject the assumption of equivalency among the samples if the value of Ftest 
exceeds the upper α critical value of a χ2-statistic with (t − 1) degrees of freedom. 

If the χ2-statistic is significant, then a multiple comparison procedure shall be performed to determine which 
samples differ significantly from one another. The equation for Fisher's LSD, L, appropriate for a BIB design 
is: 

𝐿 = 𝑧𝛼 2⁄ √
𝑝(𝑘 + 1)(𝑟𝑘 − 𝑟 + 𝜆)

6
 

where 

  p, k, r and λ are as defined in Clause 4; 

  zα/2 is the upper-α/2 critical value of the standard normal distribution. 

The same value of α shall be used for assessing the significance of the Ftest-statistic and in Fisher's LSD, L. 

6 Application in sensory evaluation 

The number of samples that are evaluated by an assessor in a single session, k, shall not exceed the assessor's 
ability to provide reliable ratings of the samples. The value of k depends on several factors including the overall 
intensity of the sensory characteristics of the samples, the degree of carryover effects (e.g. lingering 
aftertastes), and the number of attributes the assessor is rating. The sensory analyst shall limit the number of 
samples an assessor evaluates in a single session to avoid both sensory and psychological fatigue. 

Sensory and psychological fatigue limit the number of evaluations an assessor can perform reliably. However, 
the sensory analyst shall make every attempt to have each assessor perform as many evaluations as possible 
in order to counteract the influence of context effects. Since each assessor evaluates only a subset of the total 
number of samples, the assessor is not exposed to the full range of variability present in the samples. This can 
lead the assessors to exaggerate the differences in the ratings that they assign to the products. The larger the 
proportion of samples the assessors evaluate in a single session, the greater the range of sensory differences 
they are exposed to and, therefore, the lesser the chance that context effects bias the results of the study. 

The total number of evaluations of each sample, r*p, shall be determined based on the level of sensitivity 
required of the test. The same criteria used to decide on the total number of evaluations in a complete block 
design shall be applied. For example, if it is standard practice to perform 12 evaluations per sample in a 
complete block study with a descriptive analysis panel and the number of replications in one repetition of the 
BIB design is r = 3, then the BIB design shall be replicated p = 4 times in order to achieve the required total 
number of evaluations. 
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