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THE APPLICATION OF MATHEMATICAL MODELS 
TO THE AUTHOR ATTRIBUTION OF THE TWO  
“TARPAN” HORSES AT NIAUX

Juan María APELLANIZ, Imanol AMAYRA

The aim of this study is to show the state of research on the utility of mathematical models for 
the analysis of the form and lines of two so-called “Tarpan” horses at Niaux (author identification).

The method consists of creating a model that enables us to analyze Paleolithic and experimental 
representations of horses by segmenting them, performing statistical analyses of them, and 
conducting a macroscopic analysis of the Paleolithic lines.

The Paleolithic sample was composed of 35 engraved horse figures and 35 drawn ones, without 
including the heads, hands and hooves (not always present), from sites in Cantabria, the Pyrenees 
and the Perigord region.

The experimental sample was composed of five groups:
a. 35 copies of the “Chinese” horse from Lascaux by drawing and / or engraving specialists;
b.	 31	copies	of	the	same	horse	drawn	by	unspecialized	fine	arts	students;
c.	 30	figures	based	on	70	Paleolithic	figures,	drawn	by	psychology	students	(4	copies	each);
d.	 164	figures	of	the	same	horse	drawn	by	psychology	students	(4	copies	each).

All efforts were made to reproduce the different conditions of realization of the Paleolithic  
images, to wit:
a.	 type	of	material	(bone,	flint,	charcoal);
b.	 type	of	production	(copy	or	invention);
c.	 degree	of	 competence	 (experts,	psychology	 students	with	no	experience,	fine	arts	 students	

with more expeerience in art;
d.	 number	of	copies	per	artist	(1,	series	of	4,	6	and	10);
e.	 number	of	models	used	for	the	copy	/	invention	(copies	for	one	model,	invention	70	models).

To analyze the form and outline, the figures were segmented by a model with 20 variables:  
5 in plan view and fifteen in width, orthogonal to a longitudinal axis (figure). The 20 variables 
originate from anatomical folds, at the points of maximum and minimum curvature, and at  
the points where the neck and torso are divisible into four equal parts. The validity of the method 
was verified by a factor analysis of the major components (MCP), while the predictive validity of 
the attribution was verified by Escalade Multidimensionnelle (EMM).
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In the joint sample of experimental and Paleolithic figures, the MCP identified 5 segments, 
implying a variance of 77.47%:
a. neck and edge of the chest;
b. chest;
c. internal face of the hindquarters;
d. external face of the forequarters;
e. length until the beginning of the neck.

The model of twenty variables 
(Apellániz, Amayra 2008).

This analysis indicates that the Paleolithic figures correspond to an analytical model, which is 
sequential through the use of several criteria, while the experimental drawings correspond to a 
more abstract model, the form resulting from the proportions of the five segments of the figure.

Author attribution would be based on the proportion between the variables of at least one of 
the segments and the correlation with those of other segments.

According to these statistical results, these proportions, which determine the resemblances 
and differences in form, may or may not be identified through macroscopic observation. In the 
case of the “Tarpan” horses, the resemblance, which exists between all but one of the segments, 
is also observed macroscopically.
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To study the lines, two samples were selected: one composed of 51 engraved figures by 6 experts 
(8 each) and the other of 40 figures drawn by the psychology students (4 each).

In all cases, we analyzed 15 points corresponding to all parts of the outline (maximum and 
minimum curvature lines). For each one, we analyzed 13 simple variables and 8 composed ones, 
the latter resulting from the calculation of the zone and perimeter of the groove.

The variables were measured with the aid of digital models and virtual sections with a 3D 
scanner (Handyscan Revscan from Creaform). That of the drawing was measured with the Linux 
Typography Ruler.

The statistical analyses of the engravings show an adequate validity, explained by four factors. 
The EMD-m enabled us to accurately attribute 78% of the figures to their authors.

The analysis of the groove width being insignificant, we performed a macroscopic analysis  
of the lines of the “Tarpans”.

The lines of the two “Tarpans” are very similar in terms of the choices and movements of  
the hand. The main similarities are:
a.	 the	same	parts	are	unfinished;
b.	 many	parts	are	shortened	by	repetition,	crossed	lines;
c.	 the	outline	is	drawn	with	short	lines	that	are	straight,	oblique	and	parallel,	with	a	less	regular	
length,	slightly	turned	toward	the	front,	partially	crossed	and	always	very	full	of	pigment;

d. medium width lines are made from the other outlines with lines ordered in series as in the short 
parallel lines;

e. fewer crossed lines among the shortest ones;
f.	 tracing	the	interior	model	with	longer	lines	that	are	oblique,	straight	and	slightly	curved	at	 
the	extremities,	and	very	full	of	pigment.

Through the application of statistical models to the analysis of forms and macroscopic 
observations of lines, we can deduct the great resemblance of these two figures, and thus the high 
probability that the “Tarpans” were made by the same author.
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