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Abstract  

 

To estimate the degree of correlation of two collections of randomly selected potsherds should 

be done the following procedures: 1) estimating the degree of correlation of sets of represented 

imprints, 2) estimating the degree of correlation of percentages of common imprints, 3) taking a 

superposition of two degrees of correlation. The closer are certain collections the higher is the 

corresponding degree of correlation. However, appears the problem of determining the basic 

elements of ornaments; this point can seriously influence conclusions about the index of 

correlation. The following recommendations can be offered: each potsherd has a certain set of 

imprints; if this set consists of homogenous/similar elements only then the whole set is a basic 

element of ornamentation. If this set consists of several groups of heterogeneous elements that 

have no intersections then each of these groups is a basic element.   
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1. Introduction to the problem  

 

If there are two randomly selected collections of randomly broken potsherds it isn’t possible to 

restore entire ornaments, but it is possible to conclude about the most frequent imprints only. 

The most frequent imprints are supposed to be the most characteristic imprints of a certain 

ceramic tradition. And thus, comparing the frequency of different imprints it is possible to 

conclude about the proximity of ornamental traditions of pottery and then about the proximity of 

corresponding technocomplexes. To estimate the degree of correlation of two collections of 

potsherds should be done the following procedures: 1) to estimate the degree of correlation of 

sets of represented imprints, 2) to estimate the degree of correlation of percentages of common 

imprints (imprints represented upon potsherds belonging to each of compared collections), 3) to 

take a superposition of two degrees of correlation. The closer are certain traditions of 

ornamentation the higher is the corresponding degree of correlation.  

The method is conventionally named Monte Carlo method since it is about comparing of 

randomly selected collections of potsherds which in their turn were randomly broken (for more 

details about the method see: Akulov, Nonno 2019). It should be noted, however, that the 

method differs from so-called classical Monte Carlo methods since the current method doesn’t 

suppose the use of any artificial random number generator, because the material of consideration 

(potsherds) already have been sufficiently randomized: they have been randomly broken, a 

random amount of them has been picked up, and then a random amount of the picked-up has 

been published.  

The method supposes comparing of basic elements (or elementary imprints) of ornamentations, 

but not clusters of elements. And here appears the problem of determining the basic elements 

(elementary imprints). This point hasn’t been sufficiently clarified yet, while it evidently can 

seriously influence the conclusion about the degree of correlation between two sets of potsherds. 

That’s why in the current paper I describe how to single out basic elements. 
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2. Illustrations/experiments 

 

2.1. Comparison of A and B model collections  

 

2.1.1. Comparison A and B collections using two basic elements 

 

Let’s imagine that there are two model collections of potsherds: A, B.  

 

Collection A: 

 

1 2 3 4 5 

///  ///  ///  /// 

⁞    

⁞ 

 

The total number of potsherds is 5. 

There are two basic elements/elementary imprints: /// (1) and ⁞ (2). 

Imprint 1: /// 4 potsherds 1 – 4; its percentage is 4/5 = 0.8. 

Imprint 2: ⁞   2 potsherds: 4 – 5; its percentage is 2/5 = 0.4. 

 

It should be specially noted that one potsherd can belong to more than one class at once since 

one potsherd can bear different prints.    

 

Collection B: 

 

1 2 3 4 5 

/// /// ///   ///  

⁞ 

///  

⁞ 

 

The total number of potsherds is 5. 

There are two imprints: /// (1) and ⁞ (2). 

 

Imprint 1: /// is represented in all potsherds of the set, so its percentage is 1. 

Imprint 2: ⁞ 2 potsherds: 4 and 5, so its percentage is 2/5 = 0.4.   

 

To estimate the degree of correlation of two collections we should do the following procedures: 

1) to estimate the degree of correlation of sets of represented imprints, 2) to estimate the degree 

of correlation of percentages/distributions of common imprints, 3) to take a superposition of two 

degrees of correlation.  

 

The formula for the degree of correlation of two collections of potsherds is the following: 

 

 

 
 

 

       
 

 

       
  

 

 

 

 

       
          

 

      
          

 

   

       
          

 

      
          

  

  

 

where:  

Nimp(A) – the number of imprints represented in A (first set),  

Nimp(B) – the number of imprints represented in B (second set), 

m – the number of common imprints. 
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Both collections have completely the same sets of imprints, so the degree of correlation of sets 

of imprints is 1.  

 

And the index of correlation of A and B is the following:  

A ~ B = 1*(0.7/0.8 + 0.4/0.57)/2 ≈ 0.78 

( ~ is the sign of correlation).  

 

In this case only two elementary imprints/basic elements (/// and ⁞) have been singled out, i.e.: in 

the current case /// ⁞ is considered as a combination of ⁞ and ///, but not as a third elementary 

imprint. It is possible to do so since there are potsherds with only ⁞ or only ///.  

 

2.1.2. Comparing A and B collections using three basic elements  

 

Now let’s compare the same A and B collections, but with the presupposition that there are three 

basic imprints: /// (1), ⁞ (2), and /// ⁞ (3). 

 

And then: 

 

Collection A 

 

Imprint 1 ///: potsherds 1 – 3; its percentage is 3/5 = 0.6. 

Imprint 2 ⁞ is represented upon the only one potsherd, so its percentage is 1/5 = 0.2. 

Imprint 3 /// ⁞ is represented upon only one potsherd, so its percentage is 1/5 = 0.2. 

 

Collection B 

 

Imprint 1 ///: potsherds 1 – 3; its percentage is 3/5 ≈ 0.6. 

Imprint 3 /// ⁞ potsherds 4 and 5, so its percentage is 2/5 ≈ 0.4. 

 

The new index of correlation of A and B is the following: 

 

A ~ B = (2/2 + 2/3)/2*(0.6/0.6 + 0.2/0.4)/2 ≈ 0.62  

 

In the case of A and B the difference is not significant, however, there are some examples where 

the difference can be significant.  

 

2.1.3. Estimating the error in the case of A and B collections  

 

The error is calculated as the ratio of the standard deviation to the arithmetical mean. 

The standard deviation is calculated according to the following formula: 

 

              
 

   

 

where xi is certain concrete value and μ is the arithmetical mean of all received values.  

In the case of A and B collections there are two values of the index of correlation: 0.78 and 0.62. 

The arithmetical mean is (0.78 + 0.62)/2 = 0.7.  
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                                 = 0.08 

And then the error is     = 0.08/0.7 ≈ 0.11  

This error is inside the range of possible errors for this method; potential error can vary from 1 

to about 20 percents (see Nonno 2019: 54 – 55).  

2.2. Comparing A and C collections  

 

Let’s imagine C collection: 

 

1 2 3 4 5 

/// 

⁞    

/// 

⁞     

/// 

⁞    

/// 

⁞    

/// 

⁞    

 

2.2.1. Comparing A and C using two basic imprints  

 

In this case C has two imprints: /// and ⁞ both are represented upon all potsherds of the collection, 

and so percentages of both are 1.  

 

As far as both imprints are represented in both collections so the degree of correlation of sets of 

imprints is 1. 

 

A ~ C = 1*(0.8/1 + 0.4/1)/2 = 0.6 

 

2.2.2. Comparing A and C using three basic imprints  

 

In this case C has only one imprint /// ⁞ which percentage is 1, while A has three imprints.  

A ~ C = (1 + 1/3)/2*(0.2/1) ≈ 0.13.  

 

2.2.3. The error in the case of A and C 

 

In the case of A and C there are two values of the index of correlation: 0.6 and 0.13.  

Thus,   is (0.6 + 0.13)/2 = 0.365. 

 

And                                     = 0.235 

And then the error is 0.235/0.365 ≈ 0.64 that is outside the range of allowed values of error.  

 

2.3. Comparing model collections C and D  

 

Now let’s imagine D collection 

 

1 2 3 4 5 

⁞   ⁞     ⁞    ⁞    ⁞    

 

If we compare it with C supposing that there are two elementary imprints/basic elements (⁞ and 

/// ⁞), then the index of correlation of two collections/sets is zero. 

 

If we consider the /// ⁞ as a combination of /// and ⁞ then index of correlation is the following: 



35 
CAES  Vol. 6, № 1 (February 2020) 
 

C ~ D = (1 +1/2)/2*(1/1) = 0.75  

 

In the case of C and D collections there are the following values of the index of correlation: 0 

and 0.75 and thus   is (0 + 0.75)/2 = 0.375. 

 

And                                  = 0.375. 

And then the error is 0.375/0.375 = 1. Such value of error makes any conclusions meaningless, 

and needless to speak that such value is far beyond the allowed range of error.  

 

3. The procedure of singling out basic elements (elementary imprints) 

 

Thus, it is pretty clear that the choice of elementary imprints can seriously influence the 

conclusions about the index of correlations.  

 

In the case of comparing ornamentations we should always keep in mind that potsherds are 

randomly broken, so upon one potsherd can be very different imprints. That’s why it is incorrect 

to ignore even little resemblances.  

 

The problem of singling out basic elements can be resolved if we represent imprints of a certain 

potsherd as a set of marks.  

 

Let’s take potsherds 3, 4, and 5 of set A. 

 

Imprints of the potsherd 3 can be represented as the following set:  P1 {/ / /} 

Imprints of the potsherd 4 can be represented as the following set: P2 {/ / / ● ● ● ●} 

Imprints of the potsherd 5 can be represented as the following set: P3 {● ● ● ●} 

 

P1 ⊂ P2 

 

P3 ⊂ P2 

 

P1 ∩ P3 = ∅ 

 

P1 and P3 are basic elements (elementary imprints) in this case.   

 

In the case of collection C all five potsherds have the same imprints ( /// ⁞ ), but it is possible to 

single out their components by comparing them with imprints of potsherds of other collection 

(for instance those of D). 

 

However, it is also possible to single out basic elements simply by singling out groups of 

homogenous marks/elements within imprints of a certain potsherd.  

 

For instance, imprints of any potsherd of C can be represented as the following set:  

{ / / / ● ● ● ● }, and it contains two groups of elements G1 { / / / } and G2 { ● ● ● ● }.  

 

Thus, it is possible to summarize the following: 

.  

If set X (set of imprints of a potsherd) contains homogenous/similar elements only then the 

whole X is a basic element of ornamentation. 



36 
CAES  Vol. 6, № 1 (February 2020) 
 

 

If X = G1 ∪ G2∪ … ∪ Gn and G1 ∩ G2 ∩ … ∩ Gn = ∅, then G1 , G2… Gn are basic elements of 

ornamentation.  
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