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Background: Sample presentation orders arise in sensory 
and consumer research because sequential monadic 
evaluations of multiple samples are often used. Due to the 
successive nature of the evaluations, it is necessary to address 
experimental biases related to the sample presentation 
orders. Failing to do so will lead to biased and more vari-
able estimates leading to reduced sample discriminability.  
Figure 1 illustrates typical position and sequence effects 
on 9-point hedonic scale averages (based on actual client-
related consumer work involving the evaluation of nine 
samples over three days.) 

In your new project, you require 240 respondents to consume 
larger amounts of a new set of four orange juice samples 
(9 oz), so that two days of testing are needed for each con-
sumer to evaluate all four samples. You decide to compare 
again the efficiency of the replicated Williams Square 
and CR&S approaches and determine whether they result 
in markedly different solutions. One aspect of particular 
importance is the consideration that not all sequences play a 
prominent role in a multi-day experiment.
Between-Day Sequences: In a sequential monadic design, 
the nature of the samples tested can require evaluations 
over several days or even weeks (or months). This is 
often the case when investigating consumer opinions of 
cosmetics or personal care products, such as body wash 
samples.  If a single sample is evaluated within a time unit 
(e.g., 3 days), rotations generated with a replicated Williams 
Square will balance for positions and sequences (but not for 
the sequence spread as mentioned earlier). When research 
involves a sequential monadic evaluation of samples with 
different sets evaluated during each time period (e.g., each 
day in a multi-day project), there is a need to account for 
the differential role played by all sequences across the 
design. For instance, in Figure 1a the intra-day sequences 
1   2 and 2    3 play a much larger role than the between-
day sequence 3     4.  We can reasonably ignore the relative 
effect of the 3     4 and 6     7 sequences compared to 
the intra-day sequences. Presentation orders aiming at 
controlling sequence effects should treat these two sequence 
types differently.
Design with Equal Treatment of Sequences: In Table 1,
a basic Williams Square design (left sub-table) controls pro-
duct positions and sequences. The right sub-table summa-
rizes where each of the 12 sequences appear in the design. 
You also use the Table 1 design as an initial starting point 
for The CR&S3 column randomization method. Notice that 

Figure 1a. Position effects: Average liking scores over all 
9 products by position.

In a previous technical report1, we describe how various 
approaches differ in their ability to control for sample 
position, sample sequences and their spread across the 
design. Randomization by row (respondent) will never pro-
vide a balanced design since this would require an infinite 
number of respondents. A replicated Williams Square 
design2 will provide partial balancing, with a balance of 
sample position and sequences (under certain conditions), 
but there will be no control over where these sequences 
occur in the design (sequence spread).  We showed that an 
approach using column randomization and search across 
millions of options delivers the most balanced design based 
on these three indices. The column randomization and 
search method (CR&S) is available in the Tools version of 
the IFPrograms® software3.  
We will focus on a situation that often occurs where testing 
is conducted over multiple days.  In this situation, sequence 
effects within a day are important but sequence effects are 
not expected to occur from the last sample on one day to the 
first sample on the next day.  Taking this into account would 
allow more attention to be paid to sequences that matter and 
deprioritize those that do not.
Scenario: In a previous project1, you investigated an optimal 
products presentation design for six samples evaluated by 
300 consumers. You confirmed that the one-day design, 
based on the CR&S method, provided more balanced rota-
tions than a replicated Williams Square design.

Figure 1b. Sequence effects: Average liking ratings for 3 pro-
ducts based on the hedonic value of the preceding samples.

the sequence positions of  BD, CA, DB, and AC fall so that 
the first of each pair appears as the second sample on the 
first day, and the second of each pair as the first sample of 
the second day. Figure 2 summarizes the counts you find 
for individual sample positions, sequences, and individual 
sequence positions (sequence spread). These designs assume 
that all three sample sequences (1  2, 2  3, 3  4) are 
equally important (‘influential’).
Figure 2 illustrates that both the replicated Williams Square 
and CR&S approaches achieve the same product posi-
tion counts and influential sequence counts. However, as 
occurred in your previous project1, the spread across the 
three possible sequence positions is much worse for the 

Table 1. Product and sequence positions in a basic Williams 
Square design for four products.

Product Position Sequence Position
Rotation 1 2 3 4 1 2 3

1 A B D C AB BD DC
2 B C A D BC CA AD
3 C D B A CD DB BA
4 D A C B DA AC CB
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a superior design, where sample positions, sequences and 
sequence positions are perfectly balanced across the design.
Following these comparisons, you decide to proceed with the 
CR&S design for your upcoming consumer test, confident 
that you will achieve greater control over potential biases 
that might arise from the sample presentation order than you 
would have achieved with Williams Squares.

Conclusion: The sample presentation design can lack bal-
ancing even when replicated Williams Squares are used. 
The influence on collected data of each of the effects con-
sidered (sample positions, sequences, and sequence spread) 
will vary depending on the nature of the samples, similarity 
of samples, and the delay between successive sample evalu-
ations. Since a researcher generally will not know before-
hand the degree of the design-related biases, we strongly 
recommend using an approach that will minimize them 
under any circumstances. Even though the CR&S method 
might not always be able to balance a design perfectly, such 
as when there is an insufficient number of test participants, 
it will provide a solution of superior quality over simple row 
randomization and replicated Williams Squares.
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replicated Williams Square where only 0 or 60 counts occur. 
For example, sequence AB never occurs in the 2nd or 3rd 
position. In the CR&S approach there are 20 counts for all 
sequences in all positions. The CR&S method again appears 
to be a better option.  However, you still have not accounted 
for the relative importance of sequences within days 
compared to between days. Since your test will take place 
over two days, you investigate the between-day sequence 
effect to see how the two methods will take it into account.
Designs with Sequences of Differential Influence: The 
Williams Square approach does not account for sequences 
of differential influence. This makes the design less efficient 
than it could be. In order to evaluate the designs generated 
by either method, you ignore the between-day sequences. 
The CR&S method has the advantage because it can find 
designs where influential sequences are allocated equally 
among the possible sequences. This does not occur with 
Williams Squares where some sequences have no influence 
at all. To determine the design, you specify that the eval-
uation will take place over two days, with two samples 
per day when using the method. Figure 3 demonstrates 
the disparities between the two approaches. While both 
methods achieve suitable sample position balance, clear 
differences are apparent for the individual sequence counts 
and the sequence spread. For instance, because the AC, 
BD, CA and DB sequences would exist only between the 
second sample of Day 1 and the first sample of Day 2 in 
the replicated Williams Squares (Table 1), they are not 
influential. The lack of sequence balance for the replicated 
Williams Squares is even clearer when considering the 
sequence spread. In contrast, the CR&S approach delivers 
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Figure 2. Product positions, sequences, and sequence spread when a 
 between-day sequence is included.

Figure 3. Product positions, sequences, and sequence spread when a between-day sequence is not included.


