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Summary
Statistical significance tests for individual differences in scaling, variability and discrimination is given together with a test for presence of disagreement.
In addition the approach will provide individual scaling, variability, disagreement and discrimination values, that can be used for subsequent tabulation,

plotting and statistical analysis. The method of maximum likelihood is used throughout and all computations are implemented in a SASR Macro
PANMODEL that is available via the author’s homepage.

Basic possible assessor differences
Assessor 1 Assessor 2

0. Level

1. Scaling

2. Disagreement

3. Variability

4. Discrimination scaling/(variability+disagreement)

AB C AB C

A B C ABC

AB C A CB

AAA A A A

Statistical significance tests of
� Variability differences

� Presence of disagreement

� “Consensus” scaling differences

� “Consensus” discrimination differences

By “consensus” is meant thatif disagreement is present in an at-
tribute the individual scaling and discriminatory ability can only
become large if an assessor agrees with the panel - otherwise
they are downweighed with the degree of disagreement.

Multiplicative statistical models

The approach consists of fitting various models to the data by
iterative maximimum likelihood methods. The following multi-
plicative interaction model is crucial for the approach:

Yasr = �a + �a�s + "asr; "asr � N(0; �2
a
)

This model expresses level differences, variability differences
and scaling differences but allows for no disagreement. A signif-
icance test for disagreement is obtained by fitting another model
that does allow for disagreement and then comparing the two
fits. The other significance tests are constructed similarly.

Data example
16 frozen pea samples 3 replicates
11 assessors 14 descriptors

0-15 intensity scales

Disciminatory abilities
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Figure 1: Biplot of the 11-by-14 matrix of individual
discrimination values

Disagreements
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Figure 2: Biplot of the 11-by-14 matrix
of individual disagreement contributions.

Statistical significance tests

Attribute Var. Dis. Sca. Dis.
pea odour *** ***
pod odour ** ** ***
sweet odour *** ** ***
earthy odour *** *** ***
pea taste *** ** *
pod taste ** * *** ***
sweet taste * * * *
bitterness *** *** **
earthy taste *** * *** ***
crispiness *** ** *** ***
juiciness *** ***
hardness *** *** ***
mealiness *** ***
skin viscosity ** ** ***

Table 1: Summary of statistical tests. (***,**,*)=significant on
0.1%, 1% and 5% respectively

Some results

� Significant differences in variabilities, scalings and dis-
criminatory abilities for almost all the attributes

� Significant presence of disagreement for five attributes

� Assessors 1, 9, 7 and 8 are the most extreme wrt.
discrimination:

– Assessor 9 is particularly sensitive to crispiness
and juiciness

– Assessor 1 and 7 are particularly sensitive to
earthy taste/odor, whith assessor 8 being par-
ticularly insensitive in that respect.

� Assessors 4, 6, 8, 9 and 11 are the most extreme wrt.
disagreement:

– Assessors 6 and 9 is the mostly disagreeing per-
son overall

– Assessor 4, 8 and 11 are the mostly agreeing
persons in the panel.

Scalings
Attribute 1 2 3 4 5 6 7 8 9 10 11
pod odour -0.21 2.90
sweet odour -0.11 1.83
earthy odour -0.37 2.04
pea taste 1.97 0.80
pod taste -0.56 1.99
sweet taste 0.76 2.88
bitterness 3.04 1.06
earthy taste -0.11 2.19
crispiness 0.35 3.65
juiciness 3.72 0.92
hardness 2.62 0.38
mealiness 3.90 1.51
skin viscosity 2.50 1.12

Table 2: The smallest and largest individual scalings for the attributes exhibiting significant
scaling differences. An assessor with the value 2 uses approximately 8 units of the 0-15 intensity

scale to express the product differences

Variabilities
Attribute 1 2 3 4 5 6 7 8 9 10 11
pea odour 2.10 0.68
pod odour 2.01 0.83
sweet odour 1.93 0.76
earthy odour 2.13 0.45
pea taste 1.63 0.72
pod taste 2.01 0.83
sweet taste 1.98 0.87
bitterness 0.81 2.04
earthy taste 1.26 0.30
crispiness 2.22 0.60
hardness 2.04 0.71
skin viscosity 0.79 1.49

Table 3: The smallest and largest individual standard deviations for the attributes exhibiting
significant variability differences. An assessor with the value 3 has an average deviation of 3 on

replicated evaluations of identical products on the 0-15 intensity scale
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