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Abstract

Describes statistical methods applied to sensory discrimi-
nation tests. lllustrates binomial and chi-square statistical
analysis and discusses similarity testing, power and
replication in discrimination testing.

Nutrition & Food Science
Number 2 - March/April 1996 - pp. 16-22
© MCB University Press - ISSN 0034-6659

16

In part A of this series on statistical analysis of
sensory data, published in the November/
December 1995 issue of this journal the
nature of significance testing and the statisti-
cal characteristics of such data were detailed.
It is now time to examine some common
sensory methods and data forms with the
purpose of determining appropriate statistical
methods.

Which factors influence selection of
statistical tests for different sensory
evaluation methods?

Statistical tests are based on certain assump-
tions regarding data form and parent popula-
tion characteristics, etc. If these assumptions
are false the conclusions reached may be
weakened and the test rendered invalid. Sev-
eral factors must be taken into account. The
level of measurement and the nature of the
population distribution from which the data
come are major points which often decide
whether a parametric or non-parametric
method is employed. The relationship of the
individual treatments examined decides
whether a dependent or independent sample
test is appropriate. This can be a difficult issue
in some experimental designs but, in sensory
evaluation, dependent treatments may occur
when all samples are examined by the same
panel members. Independent treatments may
occur when comparing data from similar
samples generated by different panels, as
might be done in storage trials, or a product
survey sited in different locations. It is possi-
ble to perform a one sample test where sample
results are compared with a known population
parameter. If the number of treatments com-
pared is limited to two then a two sample test
(independent samples) or a paired test (related
samples) is appropriate. For three or more
treatments, methods based on analysis of
variance are used. Some sensory techniques,
such as discrimination testing and ranking,
are limited in the choice of test by the nature
of the data they generate. It is also possible to
analyse by more than one type of test or
reduce data in form to analyse by a simpler or
less powerful test. Also important is the objec-
tive of the experiment in respect of the statisti-
cal inferences which are to be made — are
these to apply to the food, or to the panel, or
to both? If the sensory panel is used as an
instrument to measure some aspect of quality
in representative samples of food products,
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the inferences will relate to the larger popula-
tion of such products. In other circumstances
the intention may be to provide information
concerning a consumer population via a
random consumer sample of panellists. These
points must be considered before selecting a
statistical method.

Which statistical analysis is appropriate
for data from sensory discrimination
tests?

Data generated by sensory discrimination
tests are usually categorical or nominal in
nature. Results are discrete, taking only inte-
ger values. No assumptions are made regard-
ing the nature of the population from which
the data come and non-parametric methods
of analysis are commonly used. Possible tests
include the binomial test and the chi-square
test. Owing to their non-parametric nature,
these tests can tell us whether or not samples
differ significantly, but cannot provide infor-
mation regarding the extent of difference. The
binomial test is almost universally used, and
binomial probabilities are used to generate the
well-known tables of “correct” or “agreeing
judgements” which can be consulted to deter-
mine significance.

Application of the binomial method to
sensory discrimination test data

Imagine a product development situation
where the required amount of a fruit flavour
additive in a fruit-based dessert product has
to be determined. The initial objective is to
find a level which shows a detectable differ-
ence. Laying aside arguments as to whether or
not a difference test should be employed to
answer this question, assume that a paired
comparison test is used. The supplier has
specified a minimum level of use for the
flavour and this quantity is used in the experi-
ment. Sets of two samples from formulations
of the food product, one with the new flavour
(A), the other without (B), are presented to
ten taste panel members. They are asked to
select the sample which they deem to have the
stronger fruit flavour, using a forced choice
paired comparison difference test. Eight
choose A and two choose B. On the surface,
eight out of ten would appear to be convincing
evidence that the flavour was definitely
detectable — but is it statistically significant or
could such a result happen by chance? If there
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was no difference in flavour what would the
result be? The binomial test can determine
the probability of the result happening by
chance alone — the lower the chance probabili-
ty the higher the probability of a real differ-
ence in flavour given such a result. The statis-
tical procedure follows below.

Statistical procedure for significance
testing

A concise approach is recommended as it
clarifies the purpose and conclusion of the
statistical analysis. First, the objective of the
experiment and the result obtained are clearly
stated:
Objective: To establish overall difference in
flavour
Result: Total panel numbers = ten
Panellists selecting formulation A = eight
Panellists selecting formulation B = two.

The statistical procedure can now commence

with a statement of the hypotheses:

* Null hypothesis (H,): There is a 50:50
proportion of responses.

* Alternative hypothesis (H,): There is a
proportion of responses in favour of A.

Note the manner in which the hypotheses are
stated — this has a bearing on later conclu-
sions. The significance level and the scope of
the test must now be stated:
Significance level (a): 5 per cent (P = 0.05)
one-tailed test.

The most conservative 5 per cent level is
selected, representing a probability (P) of
0.05 of rejecting a true null hypothesis (prob-
abilities can be expressed on ascale of 0 to 1
or 0 to 100 per cent). In order to be more
certain that a true null hypothesis is not
rejected then a significance level of 1 per cent
could be selected, i.e. the type I error risk level
(a) could be lessened. The alternative
hypothesis is directional and it is possible to
predict the outcome - if the null hypothesis is
false there is reason to expect that the sample
with added flavour will dominate the other in
fruit flavour strength — hence a one-tailed test
is used. This assumes that the experimenter is
absolutely sure that the only alternative to no
difference in flavour is that flavour A is the
stronger. If this expectation is not tenable, or
the experimenter wishes to be conservative,
then a two-tailed test is more appropriate and
the alternate hypothesis would consider one
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of two possibilities, namely A greater than B
or B greater than A.
The statistical test to be employed and the
circumstances are now specified:
Statistical method: the binomial test —
matched samples; independent assess-
ments.

The conditions of the experiment are also
important for the assumptions of the statisti-
cal analysis — a pair of samples which are
matched (in terms of preparation procedure ,
etc.) and assessed by the same group of
tasters, tasting each sample once, all scores
being independent, i.e. the probability of each
selection should not be influenced by the
others. It is also assumed that correct experi-
mental control has been implemented for all
aspects of the test. The binomial statistic is
obtained by use of the general term or by
summation of specific terms from the binomi-
al expansion :

Binomial expansion = (p + q)"
where:

p =chance probability of each trial suc-
ceeding;

q =chance probability of the trial failing

andp=(1-q);
n =number of trials (independent selec-
tions).
For example, if n = 3 the expansion becomes
p® + 3p%q + 3pg? + ¢3.

For large numbers of trials (e.g. single
selections by more than 50 panellists) a nor-
mal approximation to the binomial distribu-
tion can be used in place of the expansion or
the binomial term. Binomial statistics deal
with event probabilities, i.e. the chances of
success or failure for events or trials. In the
circumstances of sensory discrimination, the
“trial” referred to is the selection procedure
which each panellist performs; thus there are
ten trials in the example above. Analysis of the
decision process through which individual
panellists go can aid understanding of the
statistical test and gives an additional insight
into the sensory methodology.

On presentation of the samples the panel-
lists must decide which of the two has the
stronger flavour. If there is an obvious differ-
ence a decision will be reached without diffi-
culty. For smaller differences panellists are
forced to concentrate and choose one sample
over the other. If they cannot detect a differ-
ence the test does not permit a “no difference™
choice. Note that giving such options changes
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the whole framework of the statistical proce-
dures and the nature of the discrimination
test[1]. For panellists who cannot detect a
difference the test reduces to a guess or “pick
one at random”. In theory each sample
should have an equal chance of being selected
—rather like mentally flipping a coin to decide.
In the context of sensory evaluation this may
or may not be the case, as presentation and
other factors could interfere and negate the
equal chance choice. Assuming adequate
control over these factors, the chance proba-
bility of any one sample being picked is 50 per
cent or 0.5, and the chance of not being
picked is also 50 per cent as there are two
samples. These represent the chances of
success or failure referred to above. We are in
effect assuming that the null hypothesis is true
for these circumstances.

The binomial expansion will give the
chance probability for all possible outcomes
e.g. if the difference is not detectable by the
panel the chance of ten panellists choosing A
is given by the first term:

(0.5)19 =0.00098 or 0.098 per cent.

The expansion can be extrapolated out to give
the chance probabilities for each of the ten
possible outcomes to the sensory test (Table I).
The “50:50 split” result is the most proba-
ble event and the other outcomes are less
likely and are symmetrical about this point.
Low probability values mean that it is
extremely unlikely that such an event would
occur by chance. Consequently, if such a
result were obtained it is highly likely to be

Table I All possible outcomes and binomial probabilities of a paired compari-
son difference test for ten panellists

Outcome of experiment (event)
No. of panellists No. of panellists
choosing A choosing B

Chance probability
(binomial)2
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Note: @Values are rounded off for simplification
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because of the presence of a real difference. It
is not recommended to attempt to calculate
out the full expansion manually — appropriate
software can achieve this, but the process is
made much easier for the sensory analyst as
probability and event tables are available in
the literature[1,2]. The terminology used in
these tables refers to combined event proba-
bilities, i.e. in the example above we require
not just the probability of “eight out of ten”,
but rather that of “eight or more out of ten”.
The probabilities for eight, nine and ten out of
ten must be summed. Thus all the probabili-
ties are not required — only those at and above
the sample choice which dominates (or either
one if panel choices are equal). Thus in order
to establish the probability of getting eight or
more out of ten in favour of A, addition of
terms eight, nine and ten is required:

P =0.044 + 0.0098 + 0.00098 = 0.0548.

Consulting probability tables[1] for the cir-
cumstances gives a chance probability of
0.055 which agrees closely with the calculated
result. This constitutes the test statistic which
can now be compared with the significance
level:

Test statistic: P = 0.055

Significance level: P = 0.05.

There is no critical value as such, but for the
result to be significant the test probability
would have to be equal to or less than the
assigned significance level. Based on this
comparison the final conclusion can be made:

The probability of the result occurring as a
result of chance alone was greater than

P = 0.05. Hence the null hypothesis is
retained.

Thus the data gathered by the experiment
have not provided sufficient evidence to reject
the null hypothesis and establish that there is a
difference in strength of flavour. This concurs
with the conclusion reached on consultation
of paired comparison test event tables[2]
which reveal that eight out of ten would be
insignificant at the 5 per cent level (at least
nine out of ten would be required for signifi-
cance). These latter tables are easy to use but
some formats may give an all or nothing
impression to the uninitiated user, i.e. nine
out of ten agreeing judgements is significant
at the 5 per cent level and anything less is
deemed non-significant. The probability
value, although non-significant, is close to 5
per cent and may provide useful information
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for subsequent work. If the a level were set at
10 per cent, or even 6 per cent, the result
would be significant — this underlines the
point regarding slavish adherence to the 5 per
cent level.

The conclusion does not provide informa-
tion as to why the difference was not statisti-
cally significant. It could be because of one or
more factors: a true null difference, lack of
sufficient magnitude of difference, lack of
panellist discrimination acuity or poor experi-
mental control. The statistical procedure is
summarized below:

* H,: Proportion of responses is 50:50.
* H;: Responses (A) > responses (B).
 a:5percent; P=0.05.

* One-tail/two-tail: one-tail.

* Method: binomial test.

 Critical region: P <0.05.

» Calculated statistic: P = 0.055.
 Conclusion: H is retained.

Binomial statistics and other
discrimination tests

The example above was limited to one dis-
crimination test, but other tests are dealt with
in a similar manner. The chance probabilities
are the same for the duo-trio test (50:50)
whereas for the triangle test where a choice
from three samples occurs the chance proba-
bilities become 33% per cent (success) and
667 per cent (failure). Increasing the number
of stimuli for selection will lessen the chance
odds — the two out of five test reduces the
success probability to 10 per cent. Fewer
correct scores are required for significance in
these latter tests because of the lower chance
probabilities; for example, in the triangle test
eight out of ten is significant with P = 0.01.
This apparent advantage is offset by the possi-
bility of sensory confusion caused by the
increased number of “tastings” and the com-
plexity of the task. The decision process
required for the triangle test differs from that
of the paired comparison and the probability
advantage should not be confused with the
relative sensitivity of the tests. A more sensi-
tive discrimination test will be able to detect
given differences with greater probability and
has greater statistical power. The basic form
of the triangle test has been shown to be
lacking in this respect[3]. The triangle test
and duo-trio are one-tailed in nature and are
decided by the number of correct responses
received. A paired preference test is two-tailed
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—itis not possible to predict which direction
preference will take if there is a detectable
difference. The binomial probabilities would
need to be doubled for two-tailed tests.

Does an insignificant difference test
result tell us that the products are the
same?

In the sensory experiment above the objective
was to establish the presence of a detectable
difference. Use of discrimination tests in the
quality assurance situation may have a differ-
ent objective — to establish that there is no
difference between product samples. The
conclusion of the fruit flavour experiment was
that there was a lack of a significant differ-
ence. This can be re-phrased as lack of a
detectable difference and cannot be equated
with stating that there is no difference. To
provide this information a variation of differ-
ence testing which has been called similarity
testing[4] can be used. It is necessary to speci-
fy the type Il error level or SBrisk, i.e. the risk
of declaring two products indistinguishable
when they are in fact different. Second, an
acceptable estimate of a proportion of the
population who would detect a difference
must be specified. This enables a conclusion
of a different form to be reached. For exam-
ple, with Bset to 1 per cent and a proportion
of discriminators estimated at 25 per cent, a
similarity test is run using a triangle test. On
receipt of sufficiently low correct responses,
the experimenter would be able to conclude
with 99 per cent confidence that no more than
25 per cent of the consumer population would
detect a difference. Further details and tables
for this type of power analysis approach are
given in the literature[4-6].

What if another type of statistical test is
used?

The chi-square test can also be used for data of
this type — it compares the actual or observed
frequency of response with the expected
response level, assuming no difference
between the samples. Certain statistical con-
siderations affect the use of this method — a
minimum incidence of five (ideally ten) for
each expected frequency, with a total number
of observations above 40 (ideally 50) is rec-
ommended. Also when the number of cate-
gories (possible sample selections) is limited
to two a correction factor may have to be
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applied. Statistical texts differ in the exact
applicability of these rules and caution is
advised in unguided use of the chi-square
method with discrimination test data.

Chi-square method for discrimination
tests

The chi-square test calculates the probability
of getting the experimental result on the basis
that the null hypothesis is true.

Chi-square formula (uncorrected)
B _gyQd
X2 - z O E) 0
B E H

where
O = observed frequency
E = expected frequency
> =*sum of”.

Once the correction factor is applied[7,8] the
formula is adjusted and becomes simpler for a
paired test.

Chi-square formula (corrected: two
categories)

X2 = (Absolute difference between sample

selections —1)? / total number of
selections.

For example:
x2=(]8-2]-1)%/10=2.5.

The statistical procedure for the chi-square
test on the fruit flavour example is summa-
rized below:

* H,: Frequency is 50:50.

* H;: Frequency (A) > frequency (B).
 a:5percent; P=0.05.

* One-tail/two-tail: one-tail.

+ Method: x?(adjusted — Yates’ correction).
+ Calculated x%: 2.5.

+ Tabulated x2: 2.71 (1df, P = 0.05,0ne-tail).
+ Conclusion: Hy is retained.

There are two categories in the test — the
choice incidence for formulations A and B. If
there is no difference in flavour, i.e. the null
hypothesis is true, then the expected frequency
would be 50:50 or five for each category — five
selecting A and five selecting B. This did not
occur and the observed frequency was eight
for category A and two for category B.

Using the corrected formula (manually or
by use of software) for these data gives a test
statistic of 2.5. This must be compared with a
tabulated critical value from x? tables which
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give the maximum values of x2 obtainable by
chance if the null hypothesis is true. Applying
the same circumstances as used for the bino-
mial test, namely significance level (5 per
cent), one-tailed test and the degrees of free-
dom (df) of the test (the number of categories
minus one), consulting tables[8] gives a criti-
cal value of 2.71. The obtained chi-square
value is not greater than the critical value.
Hence the null hypothesis is retained — this is
the same conclusion as reached by the bino-
mial test.

Inappropriate use of chi-square could
possibly produce invalid conclusions; for
example, application of the non-adjusted
formula would give a chi-square value of 3.6
which would be significant. Relatively, the
uncorrected chi-square test is more powerful
than the binomial test —i.e. on statistical analy-
sis it has a higher probability of rejecting the
null hypothesis. This means that for a given
experiment the binomial test could require a
larger difference between the pairs to obtain a
significant result — at 50 trials chi-square
would give significance for 31 or more selec-
tions of sample A over B; the binomial method
would require at least 32. This distinction does
not usually apply when the adjusted formula is
used. Both methods can be used to aid deci-
sion making or to emphasize the a or Brisk[9].
Although the difference between the two tests
is small, the risk (3) of accepting a false null
hypothesis is less with chi-square (uncorrect-
ed). If one test shows significance and the
other does not, further testing may be
required, i.e. do not accept that there is a real
difference until the result is unanimous. The
chi-square test has wider applicability and can
be extended to more than two categories; it is
used in analysis of data generated by the “A”-
“not A” difference test[10].

What effect has panel size on the
statistical analysis?

In the above example there were ten panellists;
a minimum of seven (expert) and 20 (selected)
are recommended for paired comparison
directional tests[2]. Larger panel sizes mean
that a lower incidence of agreeing or correct
judgements is required for significance. A
panel of ten requires a minimum proportion of
90 per cent, whereas a panel of 100 requires 59
per cent (P =0.05, one-sided) for a paired
directional test. With large panel sizes organi-
zational difficulties and the potential for
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preparation and data transcribing errors may
increase. Also, the number of responses for
significance is only slightly above chance — 59
out of 100 (significant) is very close to the
50:50 split (chance). Thus with large sample
(panel) sizes even marginal differences can be
statistically significant. In the sensory evalua-
tion context this statistical consideration could
undermine the practical value of results. Possi-
ble reinforcements which could be applied are
to increase the a level or to use another dis-
crimination test which has a lower chance
probability. In the case of similarity testing,
larger panel sizes are required to minimize the
[Brisk. Panel size requirements can become
unrealistically large if both types I and Il error
levels are minimized[6]. Ultimately the senso-
ry analyst must balance up the statistical
issues, the panel’s nature and ability and the
objective of the experiment.

What if the discrimination test is
replicated?

In the fruit flavour example each panellist
performed the test once. Replicate tasting is
analysed in a similar manner, but it may be
incorrect procedure to combine panellists and
replicates as separate results. Such a procedure
may violate the required statistical indepen-
dence. Thus, if ten panellists taste in triplicate,
it does not mean that 30 independent trials
have been made. Possible solutions to this
problem include analysing the proportion of
responses in the replicate sets to establish if
they are significantly different[1] (e.g. by chi-
square) — if insignificant, the responses can be
pooled and the usual binomial tables used.
Another approach is to analyse the replicates
of each panellist first to give a single decision
per individual, i.e. analyse the replicates inde-
pendently. The independent decisions can
then be analysed as above. The problem then
is on what basis are the replicates to be
analysed? Using the binomial method to
decide whether or not an individual’s propor-
tion of correct or agreeing responses is signifi-
cant, the number of replicates must be at least
five (paired difference), i.e. even four out of
four correct responses is not statistically signif-
icant (P = 0.05, one-tail). This level of replica-
tion and above is used in selection of panel
members, but here adequate acuity may be
judged by an arbitrary level of accuracy —
above 50 per cent success rate, for example.
Similar simple decision rules can be used as an
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analysis process for small numbers of repli-
cates, namely, if a panellist selects formulation
A over formulation B three times out of four
(75 per cent agreement), then count this result
as “selecting A”. Replicate sessions, rather
than tasting all at the one session, may provide
the degree of independence. Replicate tasting,
if done independently, can increase the confi-
dence with which the panel organizer views the
results.

The common sensory difference tests
(paired, duo-trio, triangle) in the form above
test statistical hypotheses regarding above-
chance response proportions caused by the
presence of detectable differences. It is possi-
ble to use them to measure the magnitude of
the difference between samples by a proce-
dure based on psychometrical functions of the
sensory response stimuli[11]. Thus the pro-
portion of responses in these non-parametric
tests can derive a parametric measure of
sensory discrimination. A non-parametric
signal detection procedure (the R-index) has
also been advocated for a similar purpose[12].

For all types of discrimination test the
sensory analyst must beware of overstating the
conclusions of the statistical analysis. The use
of small panel numbers, panellists who are
trained and who have a knowledge of the
product, may mean that the results cannot be
taken as representing the views of consumers.
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