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Abstract 

 

If there are two randomly selected sets 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 we can conclude about the 

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

technocomplexes. To estimate correlation degree of two sets of potsherds we should do the 

following procedures: 1) to estimate correlation degree of sets of represented imprints, 2) to 

estimate correlation degree of percentages of common imprints (imprints belonging to each of 

compared sets), 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. 
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1. Introduction to the problem  

 

Ornamental traditions of ancient pottery are important evidence of relatedness and/or of contacts 

of certain ancient cultures: the closer are ornamental traditions the more closely related are 

corresponding cultures.  

It is useful to have a formal method that would allow us to quantify the proximity of two 

ceramics traditions so that the conclusions would not be speculative. 

 

2. Theoretical background of the method  

 

Ornaments are the same semiotic system as, for instance, languages, and so comparing of 

ornaments should be performed similar way as comparing of languages. 

When we compare languages in order to detect whether they are relatives we compare sets of 

grammatical meanings and compare positional distributions of common grammatical meanings 

(Akulov 2015).  

And in the case of ornaments procedure of comparison is almost the same: we compare sets of 

elements that shape ornaments and then we analyze positional distributions of elements of 

ornaments (Nonno 2016: 49).  

 

However, such method can be useful if we have entire vessels or can sufficiently restore entire 

ornamentations, but in many cases we have only potsherds which often can’t be arranged into an 

entire form and so in many cases it is not possible to restore entire ornamentation. 

That’s why it is important to have a method that would allow estimating the degree of proximity 

of two ornamental traditions by comparing randomly selected sets of randomly broken potsherds.  

Having two randomly selected sets of randomly broken potsherds it isn’t possible to restore 

entire ornamentation, but it is possible to conclude about the most frequent imprints. The most 
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frequently met imprints are supposed to be the most characteristic imprints of a certain ceramic 

tradition. And thus, comparing the frequency of different imprints we can conclude about the 

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

cultures. 

As far as the method is about comparing randomly selected sets of potsherds which in their turn 

were randomly broken
1
, so it can be named Monte Carlo method of comparing of ornamental 

traditions of pottery.  

 

3. Some notes on Robinson’s ideas  

 

Some alike ideas were formulated by W. S. Robinson, who elaborated a formal method of 

ordering of archaeological collections for G. W. Brainerd.  

The procedure of estimating the degree of proximity of two collections/sets offered by Robinson 

is rather simple: first should be estimated percentages of different types of pottery in each of 

compared sets, second should be compared percentages of similar types of pottery of two 

collections. Robison’s main task was to find a method of chronological ordering of 

archaeological deposits, so he suggested that the more alike percentages of different types of 

pottery is evidence that these deposits were closer in time (Robinson 1951: 293 – 294).  

We suppose it is possible to speak about general proximity of ceramic traditions that can be 

determined by closeness in time, by geographical closeness and also simply by relatedness of 

cultures.  

To find the degree of proximity Robison offered subtract one percentage from another and then 

take the absolute value, for instance: 

 

The percentage of type 1 pottery in deposit IA is 11.3, whereas the percentage of type 1 

pottery in IIIA is 29.6. The lack of agreement between the two percentage is merely their 

difference or 29.6 – 11. 3 = 18.3 (Robinson 1951: 297). 

 

Thus the larger is the received number the more unlike are compared sets.  

 

Such way of estimating the degree of proximity looks rather unnatural, i.e.: it is much more 

logical and consistent when complete unrelatedness is correlated with 0 and complete 

relatedness is correlated with 1 and the rest cases are located between 0 and 1. Thus, the method 

offered by Robison should be critically revised.  

 

4. Lehmer’s note on error   

 

Another critical note was added by D. J. Lehmer who pointed on the fact that Robinson didn’t 

take into account the differences in the size of collections which can seriously influence on final 

conclusions. 

In order to take into account the error Lehmer offered to use the formula for the mean standard 

error:  

 

    
   

    
 

                                                           
1
 Taking into account the fact that often it is hardly possible to get access to archaeological materials and usually 

published collections are used, so we have actually three moments of random: first is the fact that potsherds were 

broken randomly, the second is that a random amount of potsherds was picked, and the third moment is that a 

random amount of potsherds was published.  
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where:  

p – the sum of percentages of a certain type in one and in the second collections, 

q – the sum of the percentage of all other types in both collections, 

N – total number of potsherds in both collections, 

n1 – the number of potsherds in the first sample, 

n2 – the number of potsherds in the second sample (Lehmer 1951: 151). 

 

This way of estimating error could be convenient when we estimate the degree of correlation of 

different types separately, but it is not convenient when we estimate the degree of correlation of 

entire sets. 

Actual procedure of estimating of potential error is represented in paragraph 6. 

  

5. Method itself  

 

In order to describe the method, we are going to perform comparison of some model 

collections/set of potsherds.  

 

Let’s imagine we have three sets of potsherds: A, B, and C. 

 

Set A: 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

/// 

⁞    

/// 

⁞   

/// 

⁞   

/// 

⁞   

/// 

⁞   

/// 

⁞   

/// 

⁞   

/// 

⁞   

/// 

⁞   

/// 

⁞    

/// 

⁞   

/// 

⁞    

///   ///   /// /// /// /// ⁞ ⁞ 

 

 

The total number of potsherds is 20. 

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

 

Imprint 1: /// 18 elements: 1 – 18  

Imprint 2: ⁞    14 elements: 1 – 12, 19, 20. 

 

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

potsherd can bear different prints.    

 

Percentage of imprint 1 is 18/20 = 0.9 

Percentage of imprint 2 is 14/20 = 0.7 

 

Set B: 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

/// /// ///   /// /// /// /// ⁞ /// ⁞   /// ⁞   ⁞   ⁞   ⁞   ⁞   ⁞   ⁞   

 

The total number of potsherds is 15. 

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

 

Imprint 1: /// 9 elements: 1 – 9  

Imprint 2: ⁞  9 elements: 7 – 15  

 

Percentage of imprint 1 is 9/15 = 0.6 
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Percentage of imprint 2 is the same 9/15 = 0.6 

 

Set C: 

 

1 2 3 4 5 6 7 8 9 10 

/// /// /// /// ⁞    /// ⁞    /\/\/ /\/\/ /\/\/ /\/\/ /\/\/ 

 

The total number of sherds is 10. 

There are three imprints: /// (1), ⁞ (2), and /\/\/ (3).  

 

Imprint 1: /// 5 elements: 1 – 5  

Imprint 2: ⁞ 2 elements: 4, 5  

Print 3: /\/\/ 5 elements: 6 – 10  

 

Percentage of imprint 1 is 5/10 = 0.5;  

Percentage of imprint 2 is 2/10 = 0.2; 

Percentage of imprint 3 is 5/10 = 0.5.  

 

To estimate correlation degree of two sets we should do the following procedures: 1) to estimate 

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

percentages/distributions of common prints (prints belonging to each of compared sets), 3) take 

a superposition of two degrees of correlation.  

 

In general formula for correlation degree of two sets 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. 

 

This formula looks much like the formula of Verbal Grammar Correlation Index that is used 

when languages are compared (see Akulov 2016: 31).  

 

A ~ A  

 

Sign “~” is the sign of correlation.  

 

Imrrints correlation in current case is 1 and thus index of correlation is the following:  

1*(0.9/0.9 + 0.7/0.7)/2 = 1 

 

A ~ B 

 

The degree of correlation of imprints is 1. 

 



37 
CAES  Vol. 5, № 1 (March 2019) 
 

And thus index of correlation of A and B is the following: 1*(0.6/0.9 + 0.6/0.7)/2 ≈ 0.76.  

 

A ~ C 

 

Imprint 3 of C has no analogies among imprints of A, so in the current case correlation degree of 

sets of imprints is: (2/2 + 2/3)/2 ≈ 0.83  

 

And then index of correlation of A and C is the following: 0.83 * (0.5/0.9 + 0.2/0.7)/2 ≈ 0.34. 

 

6. Estimating potential error  

 

Let’s imagine that, for instance, three elements of A were missed.  

 

Set A1: 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

/// 

⁞    

/// 

⁞   

/// 

⁞   

/// 

⁞   

/// 

⁞   

/// 

⁞   

/// 

⁞   

/// 

⁞   

/// 

⁞   

///   ///   /// /// /// /// ⁞ ⁞ 

 

The total number of sherds is 17. 

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

 

Imprint 1: /// 15 elements: 1 – 15  

Imprint 2:  ⁞  11 elements: 1 – 9, 16, 17. 

 

Percentage of imprint 1 is 15/17 ≈ 0.88. 

Percentage of imprint 2 is 11/17 ≈ 0.65. 

 

(A ~ A1 = 1*(0.88/0.9 + 0.65/0.7)/2 ≈ 0.95.) 

 

A1 ~ B = 1*(0.6/0.88 + 0.6/065)/2 ≈ 0.8. 

 

Thus we have got two values of correlation between A/A1 and B:  0.76 and 0.8.  

In order to estimate measurement error we should calculate the standard deviation of discrete 

random variable values, its formula is the following: 

2

1

)(/1  



n

i

ixn  

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

In our case μ is the following: (0.8 + 0.76)/2 = 0.78 

   
                        

 
 = 0.02 

And finally in order to estimate the degree of potential error we take σ/μ ratio: 0.02/0.78 that is 

about 2 %.  
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We should also keep in mind that value of error can be flexible and in the current case has been 

estimated a particular error for particular sets, but in other cases it can differ, however, even a 

rough estimation is better than no estimation at all. 

Also should be kept in mind ideas spoken out by Lehmer that the larger samples will give the 

less error. 

7. Conclusion  

 

Thus, it can be seen that the closer are certain traditions of ornamentation the higher is the 

corresponding degree of correlation.  

 

Also in the case of comparison of ceramic ornamentation, there is no need to speak about strict 

thresholds since there is no need to prove unrelatedness. 
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