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a b s t r a c t

In order to ensure consistency in the decision making process over time, a discrimination testing program
must take into account all of five elements: The testing protocol, the sample size, the Type I error (a), the
Type II error (b) (power = 1 � b) and a measure of the threshold above which the scientist has established
that the difference is meaningful to the consumer (dR). Two putatively different products will always be
found to be different provided that the sample size is large enough. This fact underscores the need to set
dR. The concept of discriminators is attractive but flawed, as the same underlying sensory difference will
result in different proportions of distinguishers depending on the method used. Prescott, Leslie, Kunst,
and Kim (2005) proposed the idea of consumer rejection threshold which avoids the pitfalls of the pro-
portion of discriminators concept. However, it is limited to differences that can be linked to a specific
compound, such as one responsible for a product defect or off-flavor. In this manuscript two alternative
approaches are discussed. The first one uses a special feature of the same-different protocol which per-
mits the estimation of the size of the sensory difference above which consumers would call two products
‘‘different’’. The second one links the estimate of a standardized measure of sensory difference, d0, to
consumer hedonic response between the product pairs and finds the threshold above which a sensory
difference results in a meaningful preference result. Experimental research is needed to study the
suitability of these approaches. Ultimately, establishing dR is essential to ensure that results from a dis-
crimination testing program are actually relevant to the consumers whose behavior it is trying to predict.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The investigation of whether sensory differences exist between
products is often conducted using discrimination methodologies
such as the triangle, same-different, 2-alternative forced choice
or tetrad tests. Typical research involves an ingredient replacement
for cost saving or regulatory requirements (‘‘matching’’ objective)
or product modification where the scientist must confirm that a
quality improvement has actually been achieved. Many tools are
available to the sensory scientist, including rating scales (e.g.,
descriptive analysis) and studies involving consumers for hedonic
investigations, but discrimination testing has the advantage of
not requiring the same level of expertise (descriptive analysis) or
large numbers of subjects (hedonic-based investigations).

A typical study would involve a number of panelists, trained or
not, a discrimination protocol and a decision making process usu-
ally based on the statistical p-value of 5% (Type I error). For
instance, a company might typically conduct triangle tests with
20 semi-trained employees. Using the binomial test, a minimum

of 11 tests correct is required to reach a conclusion of significant
difference at the 5% level. If fewer than 11 correct responses are
obtained, the result is inconclusive, even though it is often wrongly
assumed that no difference exists or that it is ‘‘small enough’’. In
such a program the results are used to predict consumer behavior.
Specifically, in the case of research conducted to match a reference
product, a statistically significant outcome will result in the rejec-
tion of the alternative product as the difference is ‘‘too large’’ while
a non-significant finding will usually provide assurances that the
difference is ‘‘small enough’’. As will be shown in the remainder
of this article, a significant difference will be meaningless unless
the scientist has initially defined the size above which a sensory
difference is meaningful to the consumer. Such difference will be
thereafter labeled as dR.

A suitably set up sensory discrimination testing program will
involve five components, as represented as the five fingers of a
hand that are essential to its success (Fig. 1): the sensory protocol,
the sample size, the size of the underlying difference of interest dR,
the Type I error level (a, the likelihood of wrongly concluding a dif-
ference, usually set at 5%), and the Type II error (b, the likelihood of
missing a difference of size dR, usually set at 10% or 20%; test
power = 1 � b). All five components are intimately linked so that
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if the protocol and three others are chosen, the fifth and last one is
automatically set. Tables summarizing these relationships have
been published. They are generally set up so that the protocol, a,
b (or power) and dR are chosen and the corresponding needed sam-
ple size is estimated (Ennis, 1993; Ennis & Jesionka, 2011; Schlich,
1993). For instance, using Ennis and Jesionka’s Table 1, for a trian-
gle test, at a = 5%, b = 20% (Power = 80%) and dR = 1.5 (Thurstonian
d), the corresponding necessary experimental sample size is 57.

While one can relate to four of the factors fairly easily, namely
a, b, the protocol and the sample size, setting dR might not be as
straightforward. How does one decide or even measure the size
of the sensory difference above which it becomes relevant espe-
cially to the consumer? In 1948, Roessler, Warren, and Guymon
introduced the concept of Type I error in sensory discrimination
as a way to study product differences. However, soon after this first
piece of research the same group of authors (Baker, Amerine, &
Roessler, 1954), citing the work of Lockhart (1951) called attention
to the importance of taking the Type II error into account. Doing so
requires establishing the size of the relevant sensory difference the
scientist does not want to miss. The importance of this notion is
illustrated further by Chew (1977) who points out that provided
two putatively different products and a test sample size that is
large enough a statistically significant difference will always be
found. Therefore establishing consumer relevance for a sensory dif-
ference is essential. In this manuscript we review some existing
options (proportion discriminators, consumer rejection threshold)
as well as novel approaches available to set dR.

2. Proportion discriminators

Proportions discriminators can be seen as the first attempt to
quantify the size of the underlying sensory difference between
products. The idea is that following the results from a forced choice
experiment, typically using a triangle, duo-trio or 2-AFC method,
the proportion of the subjects who could discriminate between
the samples can be estimated.

It is a very attractive concept as the effect size can take any
value between 0% and 100% discriminators. Once a scientist has
decided which proportion is acceptable, i.e., ‘‘small enough’’, power
and sample size calculations can easily be made that link such val-
ues to the final decision of similarity or difference (e.g., Schlich
(1993)). A detailed description of the idea behind the notion of

discriminators can be found in Lawless and Heymann (2010,
chap. 5.4).

Unfortunately, this concept has an inherent weakness that
makes it unreliable and generally unusable for sensory discrim-
ination testing power calculation. The issue is that there is no such
thing as a ‘‘discriminator’’ and that the proportion will vary
depending on the methodology used. For instance, a sensory differ-
ence corresponding to 13% discriminators in the triangle test will
correspond to 24% discriminators in a tetrad test and 52% in a 2-
AFC (Ennis, 1993; Jesionka, Rousseau, & Ennis, 2014). The reason
behind this lack of consistency is that the proportion of discrim-
inators is linearly linked to proportion of tests correct. Since pro-
portion of tests correct varies with the method used as described
by their psychometric functions (Ennis, 1993; Ennis & Jesionka,
2011), Pd cannot be used as a reliable unit of underlying sensory
difference and should be avoided.

3. Consumer rejection threshold

The next concept for establishing consumer relevance was pro-
posed by Prescott et al. (2005), namely the idea of consumer rejec-
tion threshold (CRT). This is the underlying idea behind survival
analysis where the suitability of a sample is established against a
time threshold above which it will be rejected. Prescott et al.’s
research involved increasing concentrations of 2,4,6-trichloroani-
sole (TCA), a compound responsible for ‘‘cork taint’’ in white wine.
The authors presented pairs of white wine, one being the untainted
control and the other the same wine with a given TCA concentra-
tion. Subjects had to indicate which of the two they preferred. A
curve could then be generated linking the TCA concentration in
the tainted sample to the overall panel preference. As long as the
TCA concentration does not reach the CRT value, it can be consid-
ered as ‘‘small enough’’, while it becomes relevant once it exceeds
the value.

The authors defined the CRT as the level for which the untainted
sample starts being significantly preferred (in their case at 66%
preference for p < 0.05). This approach is not recommended as
the threshold will be directly dependent on the sample size.
Harwood, Ziegler, and Hayes (2012) used a similar approach to
establish the CRT for sucrose octaacetate (SOA) which has bitter
properties. In this research, they defined the CRT as 50% above
chance, or at 75% preferring control. This definition of a threshold
is again subjective. It is unlikely that a manufacturer of consumer
goods would consider their product to be equivalent to a competi-
tor if the latter were to be preferred 72% of the time. Other pub-
lished research on the topic of consumer rejection threshold
includes the work of Lee, Prescott, and Kim (2008) and Saliba,
Bullock, and Hardie (2009).

The idea of consumer rejection threshold is very useful to estab-
lish consumer relevance and its underlying concept will be used in
what will be described next. One of its limitations, as illustrated in
the research literature referenced above, is that it works well if a
physical ingredient can be added until a preference, usually for
the sample without the additive, is detected. If a scientist works
with products for which the difference cannot be described in
terms of a single ingredient, such relationship cannot be built
and the CRT cannot be quantified. It is also limited to product prop-
erties that can be generally related to ‘‘off-flavor’’ or ‘‘defects’’ and
thus will have a monotonic relationship to consumer preference.
Other more generalizable ideas are described next.

4. Relating consumer and trained panel sensitivities

Panel sensitivities can be measured using the Thurstonian d.
This index is a standardized unit of sensory difference based on

Fig. 1. Representation of the 5 elements in a sensory discrimination program.
Protocol, N: sample size, a: Type I error; b: Type II error; dR: size of the difference no
to be missed.
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