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Abstract—This work is devoted to the development and substantiation of intellectual data mining as applied
to studying folklore and mythological traditions. The approach is based on use of the functions of distance
between traditions. The examples of application of the methods developed to investigate the interrelation
between folklore traditions of the American continent are considered.
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INTRODUCTION

The goal of this work is to develop and substantiate
intellectual data mining for effective use in investiga-
tion of folklore and mythological traditions by using
the set of the motifs presented. The motifs are repeat-
ing images, episodes, or their combinations of maxi-
mal length encountered in narratives of two and more
traditions.

The representative database containing informa-
tion on the motif occurrence was developed in the
Peter the Great Institute of Anthropology and Eth-
nography (Kunstkamera), Russian Academy of Sci-
ences, in 2007 and included data on the occurrence of
1355 mythological motifs in 337 traditions (in Febru-
ary 2009 it had 1463 motifs in 453 traditions). More-
over, the presence or the absence of each motif in the
literature and archive sources is recorded in binary
form.

The following goals of mining were set:

—estimation of the mutual closeness of traditions
by the whole set of motifs;

—revelation of the tradition groups that are homo-
geneous by the motif occurrence;

—estimation of statistical reliability of differences
by occurrence between the prespecified tradition
groups by the whole set of the motifs presented in
them;

—revelation of some motifs or their combinations
showing reliable differences by occurrence in the pre-
specified tradition groups. The results of mining
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should help answer questions about the ways of peo-
pling of various territories, directions of ancient
migrations, as well as genesis of cultures and civiliza-
tions.

METHODS FOR ANALYSIS
Pairwise Closeness between Traditions

Two traditions 7;and 7} can be related by the close-
ness function S(7}, 7) showing the closeness of their
motifs. Mathematically, the tradition 7} can be inter-
preted as a random function # specified on the set of
motifs and taking values 0 and 1 depending on whether
the presence of the motif is recorded or not. One
should stress that the availability of 0 in a certain posi-
tion of the tradition does not indicate the obligatory
real absence of the motif because of insufficient
understanding of some traditions. The latter fact does
not allow for using standard Euclidian and Hemming
metrics as the closeness functions since they assume
summing up by all components, which would lead to
high closeness between weakly studied traditions. In
this connection, alternative closeness functions were
suggested. Let us assume that the total number of
motifs in the question base is NV, then

(1) Function S(7}, T;) = 1 — 0.5[K(T}, T;) + 1],
N
2D =) (5 - 1)
where K(T}, T;) = i=1

N . N n
JZ(g(i)—tj)z\/Z(fj'(i)_’j')z

i=1 i=1
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is the common (Peirce) coefficient of double correla-

tion between binary functions # and 7. Here ;j is the
average value of 7, found on the whole set of motifs;

(2) Function ST}, T;) = 1 — (T}, 7}-)}\7, where

0,70 ~ 2 1,71 A2
_ m;(t; — ;) +m;(t; +1;)

(1-1)1;
the chi-square criterion in testing the distribution
equality of function . values in the groups formed by

is the value of

the indicator function #. Here, the mjo is the number
of motifs with 7 = 0;

m /1 is the number of motifs with 7, = 1;

~

t; is the average value of # by the whole set of
motifs;

;j(»)- is the average value of 7 by all motifs with 7, = 0;

}} is the average value of 7. by all motifs with 7, = 1.

Both criteria are measures of the similarity of the #
and 7 distributions widely used in statistics. Along
with this, the value of the above closeness functions
can be affected by the number of presented motifs in
the traditions to be compared, often associated just
with the degree of their comprehension. To illustrate
the aforesaid, we note that by randomly and indepen-
dently excluding motifs in two very close traditions we
may get a situation in which the subsets have a small
area of intersection or do not have it at all.

In order to estimate the effect of the degree of fill-
ing (fullness below) of traditions with motifs on the
values of the closeness functions between them, we
have undertaken the following study. We randomly
chose 10% from all 56 616 possible pairs for further
analysis. For these chosen pairs, using correlation
analysis, we studied K(7;, T;) versus m;, m;, and

Jmm; , where m;, m; are the numbers of registered

motifs for the tradition 7}, T;.

The correlation coefficients characterizing the lin-
ear dependence of 1 — S, (T}, T;) = 0.5[K(T}, T) + 1]
on the parameters are the following: m,. is fullness of
the tradition in the left-hand position of the chosen
pair; mg, is fullness of the tradition in the right-hand

position of the chosen pair; and ,/m;m; and m,,,q ran-
domly equiprobably chosen from the pair (m;, m;) are
shown in Table 1. It is seen that a relatively weak but
statistically significant linear relation between the dis-
tance between traditions and the degree of their com-
prehension does exist.

Moreover, the explicitness of the dependence of
K(T;, T;) on the degree of comprehension turned out
to decrease with increasing the latter. Table 2 shows
the correlation coefficients calculated by the tradition
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Table 1. Correlation of the distance between traditions and
fullness

Mgt mright Myand /\/mleftmright
0.17 0.15 0.16 0.26

Table 2. Correlation of the distances between two traditions
and their fullness for different fullness intervals

Mgt mright Myand A/mleftmright
>50 0.11 0.09 0.11 0.15
>70 0.10 0.08 0.10 0.13
>100 0.06 0.06 0.05 0.08

pairs presented by the number of motifs in each not
less than 50, 70, and 100.

The dependence of 1 — S, (7}, T;) on fullness m,, 4
is shown in Fig. 1.

The tangent of the slope angle of the straight line
corresponding to the linear dependence of K(7}, T})
on m, is 7.2 x 107> per motif (less that 0.01 per
100 motifs). In other words, when comparing the
closeness of traditions 7; and T, to the tradition 7, the
consideration of the fullness effect allows for explain-
ing K(T;, T) — K(T,, T) £0.01 at m; — m, = 100. The
standard deviation is about 0.0495. From here we may
conclude that the variation of the coefficients
K(T}, T;) can be an effective tool to reveal the differ-
ences between traditions by motif composition.

Revealing Homogeneous Tradition Groups

In order to reveal the tradition groups with a similar
mode of occurrence of mythological motifs, the
widely known method of hierarchical grouping was

0.5(K+ 1)
091 0.5(K + 1) = 0.5462 + 7.2037E—5 mrad
0.8+ . ;

0.7

0.6

0.5

0.4 1 | 1 1 1 1 1 1 1 1 ]
80 100 120 140 160 180 200 220 240 260 280 300

mrad
Fig. 1.
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Fig. 2. Territorial distribution of clusters of close traditions
for the American continent.

used. At each step, the clusters with the maximal value
of the averaged (by all object pairs from different clus-
ters) closeness function were united. Studies have
shown the traditions in clusters obtained according to
the similarity of mythological motifs appear, as a rule,
also to be close geographically. Territorial distribution
of clusters for the American continent is shown in
Fig. 2.

It is seen that, with few exceptions, the clusters are
geographically compact groups.

Statistical Reliability of Differences
between Tradition Groups by the Set of Motifs

In order to estimate the statistical reliability of
the difference between the groups, the permutation
test was used. Let m be the total number of tradi-
tions in the groups under comparison. m,; is the
number of traditions in the group G,, m, is the num-
ber of traditions in the group G,. The value of the

quality functional F,(G,, G,) = Z z S(T,

J1€Gj,eG,

Table 3. Difference between two linguistic groups of traditions
by the set of motifs

BEREZKIN et al.

Maya
0.55

0.50
0.45
0.40
0.35
0.30
0.25 .

0.20 Il ? Il Il Il Il Il J
0.38 0.40 0.42 0.44 0.46 0.48 0.50 0.52 0.54

Chinese

T
o

Fig. 3. The dependence of the distance to the set of tradi-
tions of the Mayan language group versus the distance to
the folklore tradition of China.

2m1m2
m(m — 1) z z (T
=ljp=j+1

pared to the value of the same functional on the sam-
pling obtained from the initial real sampling by ran-
dom permutations of the indicator function of classes.
The share of permutations for which F), exceeds F),
using real data is taken as the statistical measure of
reliability of differences (p-value). One should note
the high degree of substantiation of usage of the per-
mutation test according to which the mode of proba-
bilistic distribution is not taken into account and the
size of sampling is unlimited [2]. The results of the
usage of the method under consideration in this divi-
sion to compare language groups of native Americans
are shown in Table 3. In the table cells, D, is the aver-
age distance between traditions inside group 1; D, is
the average distance between traditions inside group 2;
D, isthe average distance between traditions of groups
1 and 2; p are values calculated by the permutation
test. It is seen from the table that the permutation test
has not revealed any meaningful differences between
geographically close Algonquian and Sioux and
Southern Utah Aztec and Mayan language groups.

» T;)) using real data is com-

Table 4. Relation between Mayan language group and some
non-American traditions

Group 1 Group 2 D, D, Dy, D Tradition K (R, Ry
Algonquian Sioux 0.37 | 0.35 | 0.37 |0.14 Handza, Sandawe (East Africa) 0.31
Eskimo-Aleuts| Caribbean 0.34 | 0.39 | 047 | O Chukchi -0.17
Southern Maya 0.38 | 0.32 | 0.34 | 0.51 Baikal—Amur Evenki 0.01
Utah Aleuts Ainu of Sakhalin and Hokkaido —0.09
Chichewa Macro-Tupi | 0.39 | 0.39 | 0.43 | 0.002 Papuan in New Guinea 0.31
Maya Chichewa 0.32 | 0.39 | 0.41 |0.025 China 0.57

PATTERN RECOGNITION AND IMAGE ANALYSIS Vol. 19 No. 4 2009
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Difference between Groups by Individual Motifs

In order to quantitatively estimate the degree of
differences in the motif presentation in groups G, and

Gy, the functional Fy(G,, Gy) = m(Vi, — v))> +

m, (v}, — v,)*is used, where v, is the share of objects
from the group G, in the general set of traditions G, U

G, v[1 ; is the share of objects from the group G, inside
the set of traditions for which the i-th motif was not

recorded, V), iis the share of objects from the group G,

inside the set of traditions for which the /-th motif was
recorded, and m,., m,;are the numbers of traditions with
the recorded and unrecorded i-th motif. By analogy
with the estimation of statistical reliability of differ-
ences between tradition groups, the permutation test
was used to estimate the statistical reliability in this
case.

Estimation of Closeness of Two Groups
of Folklore Traditions by Degree of Correlation
of Distances between Them

Calculation of the linear correlation coefficient
K(R,, R,)) between two respective functions R,(7) and
R,(T) specified on a set of traditions 7 can be an addi-
tional way to assess the closeness of two groups of folk-
lore traditions G, and G,. In this case R/(7) =

r% Z S(T;, T), where m; is the number of objects in
ieq

the group G;. One should note that the usage of the
coefficients K(R,, R,) to assess the degree of similarity
of traditions allows us to a great extent to avoid the dis-
torting effect of the tradition fullness as well as to show
more effectively the statistical reliability of the close-
ness and explicitly present the study results. Figure 3
shows the distance to the set of traditions of the Mayan
language group as a function of the distance to the
folklore tradition of China obtained on the set of all
American traditions. The correlation -coefficient
K(R,, R,) = 0.57. Table 4 shows the values of the coef-
ficients characterizing the relation between Mayan
and some non-American traditions calculated in a
similar way.

CONCLUSION

This work presents a number of methods for statis-
tical analysis of information on the occurrence of dif-
ferent mythological motifs in folklore and mythologi-
cal traditions developed in terms of the general
approach based on the function of paired looseness of
tradition. The performed studies have shown the sig-
nificance of the territorial factor for closeness of
mythologies. They also prove the high stability of the
analysis results in database modification.
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