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for the cooperation threshold:

Such hierarchical structures were previously processed (e.g. [14]) using 
various aggregation and scale transformation techniques: lexicographical 
ordering (ordering relation of Cartesian product of sets), the method of the rank 
sums, etc. Since our hierarchical structures are built on analytical expressions, it is 
advisable to use scale convolutions that correspond to the arithmetic operations 
keeping the same scale graduation.

In the general case, the problem of building such convolutions represents a 
linear order problem with Cartesian product of linearly ordered sets of the same 
dimension n and classifying the product elements under n equivalence classes. 
Such Cartesian product induces a partial order relation:

 (i,j) ≥ (k,l)  <=  i ≥ k  &  j≥l ,
where i,j,k,l are the indices of the linearly ordered sets and their Cartesian product.
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Additive convolutions which satisfy the induced partial order relation can be 
obtained by ordering of the rank sum and product multiplicative.

Examples of the multiplicative (x) and additive (+) convolutions for rank scales 
with graduation of 5 are shown below:

For the operations of subtraction and division the respective convolutions are less 
obvious. In such case the ordering relation for one of the linearly ordered sets is reversed 
which changes the partial order relation of the Cartesian product of sets accordingly:

(i,j) ≥ (k,l)  <=  i ≤ k & j≥l ,
where i,j,k,l are the indices of the linearly ordered sets and their Cartesian 

product.
Examples of convolutions of rank scales with graduation of 5 for the opera-

tions of division (/) and subtraction (-) respectively based on the ordering of the 
quotient and difference of the ranks satisfying the new order relation for the Car-
tesian product of sets are given below:

Although the proposed methods of convolution of scales can be applied to 
scales with an arbitrary number of gradations, the gradation number presented 
above is convenient for practical calculations as demonstrated below.

Let us now compare the results of the analysis of the modified formula for Co-
operation_Thresholdx(α) given by S.Marsh in his model [13] with the data obtained 
from the transition to the qualitative scales when Ix(α)=1.

Values of the Cooperation_Thresholdx(α), (Model)
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-1 Presumed competence PCx(y,α) + Tx(y)*
-0,5 0 +0,5 +1 +2

 
PRx(α)

0 0 0 ∞ 0 0 0
+0,5 -0,5 -1 ∞ +1 +0,5 +0,25

1 -1 2 ∞ +2 +1 +0,5

Values of the Cooperation_Thresholdx(α),   (Rank scales)  

1 Presumed competence PCx(y,α) + Tx(y)*
2 3 3 5 5

  
PRx(α)

1 1 1 1 1 1 1
3 5 4 3 3 2 2
5 5 4 4 4 3 3

As regards the comparative analysis of the tables the commentary provided in the 
study [13] indicates the following:

in the absence of risk the cooperation threshold must be minimum (true for 
both tables, no math error in the rank scales table for no division by 0);

when PCx(y,α) = – Tx(y)* the value in the analytical formulas is not defined, 
while the corresponding value in the rank scales is;

low values of competence and high values of risk must result in a high coop-
eration threshold which is observed only in rank scales and is altogether absent in 
the analytical model (the author considers this to be one of their main drawbacks);

when the competence value is growing while the risk values remains a constant 
the cooperation threshold should decrease which can be observed in both tables.

The study [13] offers the total of 12 comments which are mostly related to 
inconsistencies of calculating the analytical relationship. As illustrated above the 
inconsistencies of the analytical model provided in the commentary disappear 
after transition to the qualitative scales while preserving all of the behavioral 
characteristics relating to the high and low cooperation threshold.

Conclusion

We considered the problem of measuring the level of trust when representing 
analytical models as hierarchical structures and when applying qualitative measurement 
scales. This is just one, albeit a very important characteristic of the conflict resolution 
process. It is worthwhile to note that transparency and simplicity of measuring parameters 
is of a particular importance when analyzing conflict situations as it must be clear to all 
parties to the conflict which then, of course, makes its resolution an easier task.
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