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1. Summary

It is an important theoretical question of sensometrics, as well as a practical issue
of accredited laboratories, how to monitor and analyze the development of the agre-
ement/consensus of the sensory evaluation group (panel), regarding the series of
measurements in a given period. For the evaluation of the consensus of the individual
judgements, the sum of ranking differences (SRD) method is a good evaluation alter-
native. The difficulty in analyzing rank sum patterns lies in the fact that the pairwise
significant difference method for rank sum data was developed only a few years ago.
In the present work, a combination of methods is recommended for tracing the con-

sensus of sensory panelists.
2. Introduction and literature review

When monitoring performance, what is tested is
whether the sensory judge or the sensory evaluation
group (panel) is capable of recognizing, identifying
and measuring the given property, as well as using
and interpreting it the same way as other judges or
evaluation groups (panels) [1]. Testing and improve-
ment of trained and expert panelists, and the meas-
urement of their performance can typically be real-
ized through a standardized, multi-stage system that
is based on feedback and realized under standard-
ized conditions, preferably with some kind of soft-
ware support.

Performance evaluation methods of sensory tests are
classified in the literature in several ways. The most
common classification is based on the number of
people performing the tests (a single panel member,
a full panel or panels), but it can also be based on
the mathematical method used (single or multivariate
statistical methods). Sensory assessors are classi-
fied into three categories by the literature according
to their training: naive / consumer panelists, trained
panelists, expert panelists. The application of pan-
elists with different training is necessary for different
types of tasks, and performance evaluation methods
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are usually applied to tests performed by trained or
expert panelists [2], [3], [4].

The solution of the quality management systems of
testing laboratories accredited for sensory testing is
the application of preventive and corrective actions,
the task of which is the identification, prevention
and elimination of non-conformities, i.e., of panelists
evaluating differently from the group average. To do
so, it is advisable to analyze the averages and medi-
ans of raw data on a box-and-whisker plot and, fur-
thermore, to perform the most important descriptive
statistics (minimum, maximum, standard deviation,
kurtosis, skewness, range), in order to obtain a pic-
ture about the data structure and outliers. Graphical
representation of the data can save time, and it also
offers an effective way to investigate and evaluate the
performance of the sensory panel.

Monitoring the performance characteristics of the
individual panelists is a key factor in the quality of
the results of the sensory panel, because without it
the result can be incorrect or unreliable. Obviously,
examination of the sensory panel or comparison of
several panels can only take place the evaluation at
the individual level. The performance of the individual
panelists is usually characterized by three classic in-
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dicators: the discrimination ability of the individual
panelists, the repeating ability of the individual pan-
elist, agreement of the individual panelist with the
rest of the panel [1].

The discrimination ability in fact means an ability to
make a distinction between the products, therefore,
the ability to separate and/or distinguish is often used
for characterization. The reasons for inadequate abil-
ity to separate might be due to the application of not
suitable panelist selection methods, sensory fatigue,
or inadequate sensory memory or concentration.
The repeating ability of the panelist means that the
same product is tested - typically on the next day -
at the same time under identical conditions, and the
results are compared to those of the previous day.
The repeating ability of the judge is inversely pro-
portional to the repeated results of testing the same
samples, or to the standard deviation of the results
of replicate samples. The repeating ability is signifi-
cantly influenced by mental conditions, health status
or the lack of motivation. Agreement/consensus is
the ability of different panelists or evaluation groups
(panels), based on which similar scores are assigned
to samples of the same products. This means that
a given panelist agrees with other members of the
panel regarding the sensory property, within a given
tolerance (small difference between the judges) [5].

According to standard ,,MSZ ISO 11132 Sensory
analysis. Methodology. Guidelines for monitoring the
performance of a quantitative sensory panel”, the
evaluation group is not in agreement/consensus if
one or more panelists do not agree with the rest of
the panel. This can be concluded if a significantly dif-
ferent value is given by one of the panelists (Cusum
analysis); if the standard deviation of the residues of
a panelist is significantly higher than that of the panel,
or if the correlation coefficient between the scores of
the panelists and the average for the panel is very
low or negative, the regression curve of the scores
of the panelists differ significantly from 1, compared
to the panel averages, and/or the intercept differs
significantly from zero [5], [6]. Often times, calcula-
tions using these methods are hard or relatively slow,
therefore, it is necessary to examine the application
possibilities of other methods or method combina-
tions.

Numerous methods have been developed for the
evaluation of individual judges and panels, and the
manner of application is usually determined by the
goal to be achieved and the available software. It was
emphasized by Meullenet et al. [7] that univariate
measurements are useful, however, a more compre-
hensive picture can be obtained by the multivariate
analysis of descriptive data. The advantage of mul-
tivariate methods is that they are capable of simple
graphic presentation of complex data sets.

3. Objective

To evaluate the consensus of the different panelists,
the sum of ranking differences (SRD) method is a
proven alternative [8,9,10,11]. According to the SRD
method, the performance of the individual judge is
compared to the average performance of the evalu-
ation group. A clear hierarchy is determined by the
SRD method, from the panelist closest to the con-
sensus, agreement or average of the evaluation
group (the best) to the one farthest from it, based on
which a selection can be performed or individual de-
velopment recommendations can be made.

Tracing the consensus of panelists, or combined
analysis of the evaluation of several different prod-
ucts has not been solved so far, using this method.
One of the reasons for this is that the method was
only developed and programmed a few years ago.
The principle of the sum of ranking differences (SRD)
method was laid down by Héberger [12], while its
validation and software implementation was carried
out by Héberger and Kollar-Hinek [13]. The other
difficulty in analyzing rank sum patterns lies in the
fact that the pairwise significant difference method
for rank sum data was developed only a few years
ago [14]. In the present work, the objective was to
trace the agreement/consensus of sensory panelists
using a combination of methods.

4. Materials and methods

Data was generated with the help of a simulation:
random rearrangement of 1, 2, 3....12 discrete SRD
values of 20 evaluations of 12 judges in a for cycle
(R-project 2.15.2) [15]. The part of the program script
is shown below:

x<-c(1:12)

res<-matrix(nrow=20, ncol=12)

for (i in 1:20) {
rank<-sample(x, 12, replace=FALSE)

res[i,]<-rank

}

tc-t(res)

print(t)

The steps proposed for pattern analysis are the fol-
lowings. Simulated rank numbers are summed row
by row for each panelist and, based on these, the
panelists are ranked again. In the table, the panelist
that can be characterized by the lowest rank sum
will be first, because his results will be closest to the
panel consensus. The consensus of the panel will be
reduced according to the values of the panelists who
are characterized by higher rank sum values.
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The sequence produced above is analyzed as a trend
using the Page test. If the trend appears to be sig-
nificant, multiple comparisons of the judges in pairs
are performed by a specially developed Cabilio-Peng
(Normal) method [14]. The Page test and the multiple
comparisons in pairs were conducted using the
XL-Stat software [16].

5. Results

The method combination proposed for pattern analy-
sis is illustrated by the following example. The start-
ing matrix of the 1, 2, 3....12 discrete SRD values of
20 evaluations of 12 panelists was created by the
simulation of random rankings. Following this, rank
numbers were summed row by row for each pan-
elist and, based on these, the panelists were ranked
again, as shown in Table 1

The hypothetical ranking produced above was ana-
lyzed as a trend using a Page test. By the composite
analysis of evaluations 1 to 20, the ranking could be
confirmed. The calculated p-value was lower than the
pre-determined type | error (a=0.05), and so the null
hypothesis was rejected (PI0 identical treatments),
and the alternative hypothesis was accepted (H" dif-
ferent treatments). The risk of rejecting the null hy-
pothesis when it is true, is very low (<0.08%.) Results
of the Page test are shown in Table 2.

Multiple pairwise comparison of the panelists in
pairs were performed by a specially developed Ca-
bilio-Peng (Normal) method [14]. Based on the re-
sults of the multiple pairwise comparisons, panelists
could be classified into 3 homogeneous groups (A,
B, C). Overall results of the 20 simulated evaluations
showed that panelist b8, who could be character-
ized by the lowest rank sum, was closest to the panel
consensus. The consensus of the panel is reduced,
according to their values, by panelists who are char-
acterized by rank sums higher than that of panelist
b8, and this is shown in Table 3.

The best result was achieved by panelits b8, whose
performance was the most typical to the panel per-
formance. His result was significantly better (a=0.05)
than those of panelists b11, b2, b10, bl12, b7, b4 and
b6. In terms of panel consensus, the second best
performer was b3, differing significantly from b7, b4
and b6 (a=0.05). There was no significant difference
between the other panelists, as shown by the pair-
wise comparison matrix in Table 3.

Proposed steps of the new method combination and
their software solutions:1

1. Consensus analysis of the individual evaluations

using the SRD software with ties (http://aki.ttk.
mta.hu/srd/).
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2. Ranking of the panelists based on the SRD val-
ues (Excel).

3. Overall rank sums have to be determined again
after each new evaluation, and then the panelists
have to be ranked again (Excel).

4, Examination of the assumed order using the
Page test (XL-Stat).

5. If the assumed order is significant, then calcula-
tion of the pairwise significant differences using
the Cabilio-Peng method (XL-Stat).

The advantage of the method is that tracing of the
panel consensus can be achieved easily, since
all one has to do is attach new results to the pre-
vious results (as a new column), and then perform
the running of the program on the combined results
of evaluations 1-2, 1-2-3, 1-2-3-4, 1-2-3-4-5, .... It
is important that rank sums have to be determined
again for each panelists after each new evaluation,
and panelists have to be ranked again according to
this, before this ranking is analyzed by the Page test.
Considering its principle, rather the existence of an
assumed trend is investigated by the Page test, and
so it does not deal with pairwise comparisons. The
result if this procedure will be positive if there is an
identifiable trend when looking at the complete data
set. Ranges within the set that behave differently are
not taken into account with considerable weight [17].

6. Conclusions

Sensometrics and the tracing of the consensus of
sensory panelists are important practical questions of
accredited laboratories. Inthis connection, it is of key
importance to monitor and analyze the development
of the agreement/consensus of the sensory evalua-
tion group (panel), regarding the series of measure-
ments in a given period [18], [19]. In summary, it can
be stated that tracing and analyzing panel consensus
can be achieved successfully by a combination of the
Page test and the Cabilio-Peng method on the rank
pattern of SRD values. With its help, it can be an-
swered, based on the results of several completely
different tests, which panelists performed best from
a panel consensus point of view, and which panelists
differ from each other significantly or not significantly.
Tracing panel consensus can be achieved effectively
by overall analysis of the individual evaluation results.
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