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a  b  s  t  r  a  c  t

There  is  evidence  that  recognizes  the  importance  of symmetry  in  the study  of  the  evolution
of hominid  cognition.  The  development  of  stone  tools  parallels  the  evolution  of  human
cognition.  The  last  three  decades  have used  quantitative  methods  that  the most  important
of  which  is Symmetry  Index.  This  paper  proposes  a  new  methodology  for measuring  the
deviation  of  symmetry  using  3D  comparison.  It focuses  on the  stone  points  of the largest
Middle  Paleolithic  open-site  in Iran, Mirak.  Our  results  show  that  the index  of  deviation  of
symmetry  (IDS)  assesses  all of  the  points  as  symmetrical  tools,  while  this  number  drops
to  133  pieces  using  3D comparison.  In  addition,  paired  samples  t-test  suggests  a  positive
correlation  between  the increasing  proportion  of  preparation  removals  and  the  decrease
in deviation  of  symmetry  on  the  two sides  of  the  tools.  Thus,  it is  likely  that symmetry  is
affected  by  the  morphology  characteristics.

©  2017  Académie  des  sciences.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
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Il y  a une  preuve  qui  reconnaît  l’importance  de  la  symétrie  dans  l’étude  de  l’évolution  de  la
cognition  des  hominidés.  Le  développement  des  outils  en  pierre  suit  un  chemin  parallèle
à celui  de  l’évolution  de  la  cognition  humaine.  Les  trois  dernières  décennies  ont  utilisé
des méthodes  quantitatives,  parmi  lesquelles  l’indice  de  symétrie  est la plus  importante.
Cet  article  propose  une  nouvelle  méthodologie  pour  mesurer  la déviation  de  la  symétrie
utilisant  la  comparaison  3D. Elle  se  focalise  sur  les  pointes  en  pierre  du plus  grand  site  à  ciel
ouvert d’Iran,  Mirak.  Nos  résultats  montrent  que  l’indice  de  déviation  de  la symétrie  (IDS)
estime  que  toutes  les  pointes  sont  des  outils  symétriques,  alors  que  leur  nombre  tombe
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à  133  lorsqu’on  utilise  la  comparaison  3D.  En  outre,  un  test-t  par  échantillons  appariés
évoque  une  corrélation  positive  entre  la  proportion  croissante  d’enlèvements  en  cours de
préparation  et  la  décroissance  de  déviation  de la symétrie  des  deux  côtés  des  outils.  Il  est
donc  probable  que  la  symétrie  est affectée  par  les  caractéristiques  de  la  morphologie.
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landmark method. In this method, the margins of images
are determined by boundary points called landmarks. Two
©  2017  Acad

. Introduction

The Middle Paleolithic is an important period in several
espects that include the rise of Homo sapiens (Coolidge
t al., 2007), the first possible encounter between early
omo sapiens and Neanderthals in Levant (Shea, 2013),

he cognitive evolution of Homo (Ambrose, 2001), and the
ifferent uses of common tools such as points by Homo sapi-
ns (throwing) and Neanderthals (thrusting) (Wynn and
oolidge, 2012). In this respect, points as effective hunting
eapons are important tools for understanding the simi-

arities and differences between cognitive and behavioral
apacity and subsistence patterns in these two hominids.
hus the study of the morphological characteristic of points
ould be an effective approach. One of the most important
omponents of both morphological and cognitive aspects
n these tools is symmetry. The fact that symmetry is an
mportant issue in spatial cognitive development was first
evealed in Acheulean handaxes (Wynn, 2002), but has
o far remained a highly controversial issue. The reason
or this is that anthropologists disagree among themselves
n response to the question: what causes the symmetry?
esponses, in general, can be divided into four categories:
ognitive factors (Hodgson, 2015; Wynn, 2002), functional,
daptive or social reasons (Kohn and Mithen, 1999; Lycett,
008; Machin et al., 2007; Mithen, 1994), procedural rea-
ons (McPherron, 2009), and aesthetic reasons (Hodgson,
009). Generally, what is clear is that the symmetrical
tructure of Acheulean bifaces trace the cognitive evo-
ution of Homo species (Hodgson, 2015) and what is not
lear is what causes the survival of symmetry in handaxes.
lthough the debate about symmetrical handaxes remains
ontroversial, we believe that changing our vision and
ttention to a wide range of symmetrical tools related to
he transition from the Acheulean to the middle Paleolithic
an help us in providing an answer to the question. The
act that the second symmetrical tool was the point (mid-
le Paleolithic) shows that these two tools overlapped with
ach other at the end of the history of handaxes (Mcbrearty
nd Christian, 2006). Hence the study of points may  pro-
ide novel insights to understand the nature of symmetry
n tool-making and cognitive processes of Homo sapiens.
t should be noted, however, that such an issue will be
esolved when our qualitative methods not only measure
he symmetry of stone tools but also help to understand
he relationship between cognitive ability of tool makers
nd the use of symmetry. Thus this paper aims to propose

 new methodology for quantitative analysis of the sym-
etry of points and its relationship with cognitive ability

f Homo.  Therefore, this study focuses on middle Paleolithic

oints from the Paleolithic site of Mirak, the largest middle
aleolithic open-air site in Semnan, Iran.
es  sciences.  Publié  par  Elsevier  Masson  SAS.  Tous  droits  réservés.

2. Archaeological background: Mirak

Mirak is located in the northern edge of the Iranian Cen-
tral Desert, approximately 16 km south of the modern city
of Semnan and 220 km east of Tehran. The approximate
area of Mirak is 1.6 km2. The site includes eight mounds,
with relative height between 4–11 m.  Discovered in 1985
by Kabiri and Mahryar, the site was surveyed in 2009 by
Vahdati Nasab (Rezvani and Vahdati, 2010). The results
obtained from the preliminary survey of Mirak showed
that Mirak is a major middle Paleolithic site (Vahdati Nasab
et al., 2013). Excavation in Mirak started in 2015 under the
direction of Vahdati Nasab and Gilles Berillon. To date, the
Iranian -French team have undertaken two seasons of exca-
vations in Mirak. The preliminary survey (2009) provided
about 9000 lithic fragments (Vahdati Nasab et al., 2013),
but this paper focuses on 153 points.

One hundred and ninety-nine of points were obtained
from Mirak, but 46 were fragments and excluded from this
study. We  have not been able to perform any micro wear
analysis on Mirak’s points. However, the point’s break-
age pattern and/or morphological characteristics of intact
points can be used to estimate their performance. Inter-
estingly, as shown in Fig. 7, the means of morphological
characteristics of Mirak are comparable with Tor Faraj
Levallois points (Groucutt, 2014). These features include
weight, length, max  width, width at medial, thickness at
medial, maximum thickness, relative platform size. In addi-
tion, breakage pattern of Mirak points are comparable with
experimental trials of Levallois points that were done by
Sisk and Shea (Sisk and Shea, 2009) and a few were compa-
rable with the pattern of breakage of a Levallois point that
was embedded in the vertebra of a wild ass in Umm el Tlel
(Boëda et al., 1999). With regard to this evidence, we can
say that the points of Mirak are like other sites, particularly
the sites of Levant. These lithic points were not projectile
point; instead, they were hafted point (Sisk and Shea, 2009)
and used as thrusting spears. Of course, this does not mean
that these points had no other performance.

3. Methodological background: the quantitative
analysis of artifact

The use of quantitative analysis is a well-established
approach in the analysis of symmetry in artifacts. Saragusti
and Sharon (1998) were among the first to provide a
method for the quantitative analysis of symmetry using a
images will be considered: the original image of the objects,
with boundary points indicated in Euclidian space, and its
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symmetrical image. The symmetrical image is the same
original image; the only difference is that the boundary
points have been displaced so that the original image has
been converted to a symmetrical image. The aim of this
work is to find the closest symmetric image (optimal) to
the original, such that the displacements of landmarks are
minimal (Salomon and Avnir, 1999).

The continuous symmetry measure (CSM) proposed by
Saragusti and colleagues displays “the minimum distance
that the specified points (Vertices) on a shape go through
to achieve optimal symmetry”. It is important to empha-
size that this formula measured the minimal difference
between ordinary shapes (handaxes) with its optimal type.

In the same vein, Lycett et al. (2006) proposed a for-
mula for the analysis of symmetry in handaxes, the “Index
of symmetry”. In this method, the left and right side
(width) measurement is calculated by a crossbeam co-
ordinate caliper. Thus, “Index of symmetry” is the main
method used to compare the relative bilateral symmetry
of nuclei (Lycett, 2008). These methods are particularly
useful because of their quantitative nature, but we believe
that the use of landmarks results in measurement error.
This means that measurement precision depends on the
placement accuracy of a landmark.

3D methods have been developed and introduced to
measure the symmetry of Paleolithic artifacts. Researchers
have largely focused on handaxes (Beyene et al., 2013;
Couzens, 2012; Grosman et al., 2008, 2011; Li et al., 2015;
Shipton et al., 2013) and evaluated the degree of symmetry
over time. The current paper proposes a new methodology
for the symmetry analysis of artifacts in general, and points
in particular. The main issues addressed in this paper are:

• selecting an appropriate variable to measure symmetry;
• offering a new formula for “Index of symmetry” and

measuring the degree of symmetry deviation using 3D
scanning technology;

• offering an intuitive method to understand the deviation
of symmetry that exists on the surface of each artifact or
lithic point.

4. Materials and methods

The data used in this investigation are 153 lithic points,
a total of which were scanned in the Rock Mechanics
Laboratory, Tarbiat Modares university, using Optic Scan
3D Scanner, and Version 2.2. Once the digitization was
completed, 3D images were analyzed and compared by
Geomagic software1 (version 2013). Also a Marcus Bader
Ruler2 was used to bisect each lithic point (version 5.1).
In addition, statistical analysis was performed using SPSS
software (version 23).

The mathematical definition of bilateral symmetry is
fundamental to the quantitative study of the symmetry of

stone tools. In mathematics an object is symmetric when its
right side is congruent to its left side. This means that one
side is not larger or smaller than the other one. Therefore,

1 Geomagic® , Morrisville, North Carolina
2 © Markus Bader - MB-Software solutions
Fig. 1. Mesh Model.

Fig. 1. Modèle Mesh.

those who  work on symmetry in three-dimensional space
usually, in addition to landmarks, focus on volume, area, or
both of these variables. One of the big advantages of these
two  main types of variables is that they are independent of
landmark placing.

The present paper initially focuses on obtaining a for-
mula for “Index of symmetry”. To begin this process
Geomagic software was used as follows. When data scan-
ning is finished, the points are displayed in the form of
cloud points in the software. In the second step, the cloud
points is inverted to a real and 3D image from the scanned
image. For this reason, depending on the research strategy,
two  surfaces will be created: A Mesh Model (test model)
(Fig. 1) and a CAD Model (reference model) (Fig. 2).

The Mesh Model is structural building of a 3D model
containing polygons. In this model, software computes a
triangle (a polygon) from any three (several) points that
are not on a straight line, such that the total of the lithic
point is covered by small triangles, and at a glance one can
recognize the lithic point structure. In this case, each tri-
angle has length, width and height of itself that calculated
by its X, Y, Z coordinates. In addition to countable surface,
the reference model (CAD) was created to compare the sur-
face characteristics. The reference model is thus a 3D map
of the exact surface of objects. It can be said that the ref-
erence model (CAD) defined the geometry of the surface.
This means that all topographic characteristics were deter-
mined precisely and adjusted with Mesh Model, such that
the Mesh Model is placed over this surface and the surfaces
are compared by the software.

This operation permits mathematical calculations on a
triangulated surface (Mesh Model). All surface points were
meshed by means of Geomagic Studio 2013. Then, the total
surface area of lithic point was calculated by means of Geo-
magic Studio 2013. In addition, a Reference Model (CAD)

was  created to eliminate the measurement error. Finally
a Mesh Model was fitted on the CAD Surface. Combining
the two models will eventually allow dividing of the lithic
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SR = the right side.
Fig. 2. CAD Model.

Fig. 2. Modèle CAD.

oint with more precision than using Mesh Model alone.
his new lithic point is called the 3D lithic point for ease
f recognition. The 3D lithic point is divided into two parts
long dividing the line of the lithic point using MB-ruler
n the following steps. Each 3D lithic point is inscribed in
 quadrangle, so that four (or three) vertices of the lithic
oint are tangent to the four sides of the quadrangle (Fig. 3).
ext, as shown in Fig. 4, the quadrangle is halved and each

Fig. 4. Halving quadrangle is 

Fig. 4. Le quadrangle de réduction déter
Fig. 3. Each point is being inscribed in a quadrangle.

Fig. 3. Chaque pointe est inscrite dans un quadrangle.

triangular lithic point is divided into two  smaller triangles
(the right and left) and the areas of the two  triangles are
calculated (Fig. 4). Obviously, if the left and right are equal
then the difference between the two  sides of the lithic point
will be equal to zero. Hence, symmetry is perfect. But in the
reality, perfect symmetry is impossible and there is always
a numeric value (SL − SR /= 0). In fact, this numeric value is
the deviation of perfect symmetry (DS) and IDS is equal to
DS divided by the total area of a lithic point (ST).

D.S. = |SL − SR|

I.D.S = |SL − SR|
ST
SL = the left side.
DS = deviation from symmetry.
IDS = index of deviation of symmetry.

causing halving tools.

mine les outils réduits en deux.
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Fig. 5. The surface of any point is compared with its mirrored surface.
Fig. 5. La surface de chaque pointe est comparée à la surface de son

reflet dans un miroir.

This method is particularly useful in studying the degree
of deviation of symmetry. However, it is necessary but not
sufficient to have an index to estimate the amount of devi-
ation on the grounds that this index will tell us what the
percentage of deviation is, while it is unable to answer
other questions such as how this deviation is dispersed on
the surface. Furthermore, this index ignores other impor-
tant variables that exist entirely on the surface, including
the characteristics of shape and topography. Thus, we offer
a supplemental method to consider other variables called
“3D Compare”.

Our approach follows a simple logical model. When an
object is symmetric then the two sides (left and right) coin-
cide with each other along its longest axis. It is clear that
artifacts do not have perfect symmetry and even if these
artifacts are symmetric, the two sides cannot fully overlap
each other and there is a degree of deviation. This method is
used to provide a deeper insight in the degree of deviation,
and to evaluate the effectiveness of other surface variables.
The method is based on the comparison of surface mor-
phology, which means that the surface of each lithic point
is compared with its mirror-image surface (Fig. 5). In this
way, the left side is compared with the right side and vice
versa. This geometric process in Geomagic software is as
follows.

In this method once again, the Mesh Model is placed
on the CAD Model. The difference is that prior to putting
the Mesh Model above the CAD Model, it is essential that
the CAD Model should be reflected by mirror function in
Geomagic Qualify 2013. Then, the Mesh Model is imported
onto Geomagic Qualify 2013 and two model mirrors are
facing each other (Fig. 5). In order to compare the two sides
of the lithic point, it is essential that the Mesh Model be
placed on top of the CAD Model (Fig. 6). This process is
performed using Best Fit Alignment of the Germanic Qual-
ify 2013. Best Fit Alignment uses an iterative closest point

algorithm to best fit the objects. Once the alignment is com-
pleted, the 3D compare function is activated and deviation
analysis is performed. This is a method to calculate the
degree of deviation of symmetry. The output parameters
Fig. 6. Mesh Model is placed on top of the CAD Model.

Fig. 6. Le modèle Mesh est placé au sommet du modèle CASH.

generated from the 3D comparisons, including positive and
negative deviations, explain how much the surface of the
Mesh Model is above or below the surface of the CAD Model,
respectively. In this case, 3D deviation is measured and its
amount showed how much the left side of the lithic point
deviated from the right side and vice versa (Fig. 6). The
software shows the deviations using a color spectrum. The
great advantage of this spectrum is that it is highly intu-
itive in showing the degree of deviation of two surfaces. In
fact, the colors are the representation of numerical inter-
val. The maximum deviations of two  surfaces in the lithic
points of Mirak is ±3 mm We  considered (±0.5) as the mini-
mum  degree of deviation, and the greater the distances, the
more the degree of deviation until the distances were about
±3 mm.  Then, we  chose a color spectrum to display these
numeral interval, so that each colors represents a degree of
deviation. For example, on the spectrum, the red and navy
color show that numerical maximum deviation between
(+3, +2.5) and (−3, −2.5), respectively and if the deviation
is less than this value, the color range is closer to green so
that the minimum deviation is (±0.5, 0 mm)  and its color
is green. It should be noted that the color spectrum in this
paper includes 13 colors: 6 colors for the points are above
the reference surface, 1 color for the deviations are less than
±0.5 and 6 colors for the points are below the reference
surface.
The outputs were presented in the form of a devia-
tion distribution of points (x, y, and z) and in the form of
output parameters generated from the 3D comparisons.
The deviation distribution is the deviation of points (x, y,
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Fig. 8. Symmetrical point with a regular pattern in terms of ridges and
Fig. 7. The de

Fig. 7. Dévia

nd z) of two surfaces in three-dimensional space. In this
aper about 9,000 to 45,000 points were processed for each

ithic point according to its area and meshed surface. Next,
e defined mathematical conditional functions to find the
eviation of each point and then obtained the frequency
f the distribution of deviations in numerical intervals for
ach lithic point. The 3D deviation analysis between two
ides of a lithic point revealed maximum positive and neg-
tive deviation, average positive and negative deviation,
nd root mean square (RMS) values and standard deviation
Fig. 7). The study of these aspects shows the importance of
opographical characteristics to make a symmetrical lithic
oint. Therefore, these two values of deviation are numer-

cal scales for the comparison of topographical features of
he two sides of a lithic point.

As mentioned earlier, the management and analysis of
ll these data were performed using SPSS 23.

In addition to 3D comparison, a directional comparison
as performed. In this comparison, deviations are reported

s the distance from the Test to the Reference in a sin-
le user-defined direction. In this paper, we selected the
eight direction (z) of the lithic point because overlapping
he height direction is greater than other directions (x, y)
n uneven surfaces.

The reason for this is that we found that symmetrical
ithic points have a certain pattern during 3D comparison.
his means that when a symmetrical lithic point is halved,
he two sides have a conventional scale and a regular pat-
ern in terms of ridges and troughs (Fig. 8).

Consequently, the difference in the depth of the two
ides is a key factor in geometric measure of symmetry.

The logic of using this type of qualitative method is to

easure the difference in the preparation of left and right

ides for each lithic point. In addition, the directional com-
arison as an auxiliary variable is effective in subsequent
nalysis.
troughs.
Fig. 8. Pointe symétrique avec configuration régulière des crêtes et des
creux.

Thus, it seems that height or depth axes as directional
axes are valuable variables for quantitative analysis of
the deviation from symmetry. The execution procedure of
directional deviation method is similar to 3D deviation in
Germanic Qualify 2013.

In addition, paired t test (0.05) was used to analyze
the relationship between variables related to symmetry in
Mirak. This test will be more completely discussed in the
results section.

5. Results
The first step of analysis aimed to determine the IDS for
the points of Mirak. The results obtained from the prelim-
inary analysis of this data are illustrated in Table 1.
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Table 1
Summary of preliminary analysis. The average of IDS and area.
Tableau 1
Résumé de l’analyse préliminaire. Moyenne d’IDS et de surface.

Area (mm2) SR = right area SL = left area DS IDS

n 153 153 153 153
Mean 1250.8 628 622.7 89.5 0.07
Std. error of mean 38.4 19.8 19.8 6.7 0.005

Table 2
Deviation distribution between two  sides of the Mirak points at regular
intervals.
Tableau 2
Distribution de la déviation entre deux côtés de pointes de Mirak à inter-
valles réguliers.

Statistics < 0.5% d < 1 1≤d < 1.5 1.5≤d < 3

n Valid 133 133 133
Mean 49.1 75.75 13.1 11.1
Std. deviation 16.3 14.8 6.4 9.4

the most symmetrical and the least symmetrical Mirak
Minimum 18.3 35.3 1.5 0.1
Maximum 87.8 98.9 29.30 42.70

As can be seen, the average area of the Mirak points is
1250.8 mm2 and the IDS average is equal to 0.07.

The second step of the analysis aimed to determine the
value of coordinate deviation of symmetry. The results of
the average of deviations is presented in Table 2. Fig. 7
demonstrates that the range of color represents a numeri-
cal distance ranging from maximum to minimum deviation
(compare Table 2 and Fig. 7). On the spectrum, red and
navy colors show maximum numerical deviation between
(± 3 ± 2.5 mm).  If the deviation is less than this value, the
color range is closer to green and the numerical deviation is
(± 0.5, ± 0 mm).  It is apparent from Table 2 that most devi-
ations are less than 1 mm (75.75%), whereas approximately
half of all deviations (49.1%) are less than 0.5 mm and only
11% of deviations are more than 1.5 mm.  In other words,
about 76% of deviations belongs to intervals that have less
than the 1/3 (mm)  total deviations, and it is a small amount.

It is essential to remember that the maximum deviation is
± 3 mm.

It can be seen from the data in Table 2 that the least
deviation is related to the most symmetrical sample (87.7%

Fig. 9. The most symmetric Mirak point figures, a re

Fig. 9. Figures de pointes de Mirak avec la meilleure symétrie, à
7 (2018) 388–398

of the surface of the points that had a deviation less than
0.5, Fig. 9) and the least degree of symmetry is related to the
points which had the most deviation (42.2% of the surface
of the point had a deviation more than 1.5 ≤ d, Fig. 10). The
Table 3 illustrates deviation distribution between the two
sides of these two lithic points.

The third stage of analysis aimed to assess the devia-
tion of symmetry at the two  sides of lithic points using the
quantitative analysis of surface topography and morphol-
ogy. The results of this comparative method are presented
in Table 4.

It should be noted that positive values in the Table 4
indicate outward deviation and negative values indicate
inward deviation.

As shown in Tables 1 and 2, the number of lithic points
in this method has fallen to 133 pieces because the two
sides of other lithic points do not overlap each other along
an axis of symmetry (Fig. 11). The reason for this is the two
sides of other lithic points have the significant differences
in their surface morphology characteristics along the axis of
symmetry (Fig. 11). For example, the height of one side may
be different than its other side. In this case, one lithic point
coincides with its mirrored-image along the most similar
morphology and cannot overlap along axis of symmetry.

In other words, the two surfaces overlap along the most
similar surface structures. In addition, the averages of the
largest positive and negative differences between the two
surfaces are equal to 2.88 and −2.81, respectively. The value
of the root mean square deviation (RMS) is associated indi-
rectly with the degree of deviation. For example, consider
the evidence of qualitative analysis of the most symmetri-
cal and the least symmetrical Mirak point (Table 5).

What is interesting in this data is that surface morpho-
logical characteristics are closely linked to the degree of
deviation of symmetry of the points in particular, and stone
tools in general. In other words, symmetry and the degree
of preparation removals are related to each other.

The value of root mean square deviation (RMS) for
point is equal to 0.38 and 1.53, respectively (Table 6). This
shows that the surface difference between the two sides
of lithic points along a symmetry axis is a key factor in

gular pattern in terms of ridges and troughs.

 configuration régulière en termes de crêtes et de creux.
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Fig. 10. The least symmetric Mirak point.

Fig. 10. Pointe de Mirak avec la moins bonne symétrie.

Table 3
Deviation distribution between the two sides of the most symmetric Mirak
point and the least symmetric Mirak point.
Tableau 3
Distribution de la déviation entre les deux côtés de pointes de Mirak, celle
à  la meilleure symétrie, l’autre à la plus mauvaise.

Variable < 0.5% 0.5≤d < 1 d < 1 1≤d < 1.5 1.5≤d < 3

The most symmetric point 87.8 10.2 9.8 1.5 0.6
The least symmetric point 23.6 24.9 48.5 20.6 31

Table 4
Summary of deviation analyses. dmax (+), the largest positive difference
between two surfaces; dmax (−), the largest negative difference between
two surfaces; dvag (+), mean positive difference between two  surfaces;
dvag (−), mean negative difference between two  surfaces; RMS, root mean
square of deviation; RMSd, root mean square of directional deviation.
Tableau 4
Résumé des analyses de déviation : dmax (+), la plus grande différence posi-
tive entre deux surfaces ; dmax (−), la plus grande différence négative entre
deux surfaces ; dvag (+) différence positive moyenne entre deux surfaces ;
dvag (−) différence négative moyenne entre deux surfaces ; RMS  quadra-
tique moyen de la déviation ; RMSd, quadratique moyen de la déviation
directionnelle.

Variable dmax1 dmax2 dvag1 dvag2 RMS  RMSd

Mean 2.88 −2.81 0.70 −0.69 0.89 0.99
Std. deviation 0.28 0.39 0.24 0.29 0.38 0.26

Table 5
Summary of deviation analyses the evidence of qualitative analysis of the
most Symmetrical and the least symmetrical Mirak point.
Tableau 5
Résumé des analyses de déviation sur la pointe de Mirak la plus
symétrique et sur la pointe de Mirak la moins symétrique.

Variable dmax1 dmax2 dvag1 dvag2 RMS RMd

The most symmetrical
Mirak point

1.27 −1.9 0.26 −0.30 0.38 0.43

d
t
p
t

Table 6
Directional deviation distribution between the two sides of the Mirak
points.
Tableau 6
Distribution de la déviation directionnelle entre les deux côtés des pointes
de  Mirak.

Statistics <0.5% 0.5≤d < 1 d < 1 1≤d < 1.5 1.5≤d < 3

the symmetrical axis so that the tools have approxi-
The least symmetrical
Mirak point

3 −3 1.17 −1.41 1.53 1.61

etermining the degree of symmetry. As shown in Fig. 9

he more symmetric the lithic point is, the more the regular
attern preparation. Therefore, we performed the direc-
ional comparison (height) to study structure and surface
Mean 43.2 26 69.3 14.6 15.6
Std. deviation 16.3 5.7 16.4 6.1 11.9

morphology of two sides of each lithic point and its impact
on the degree of deviation of symmetry.

The reason for this is that the comparison of one side of
the lithic point with the other side shows that the prepa-
ration pattern of symmetric and asymmetric lithic points
are quite distinct (Figs. 11 and 12). Therefore, directional
comparison helps us understand the degree of difference
between the two sides of a lithic point.

Data from this table can be compared with the data
in Table 2 which shows that both of these methods pro-
duce almost the same results. In addition, the result of
paired t test indicates that there is significant differ-
ence between RMS  and d RMS  (sig = 0.00, t = 6) using the
two methods as the increasing proportion of preparation
removals of lithic point (decrease indirectional RMS) and
the decrease in deviation of symmetry (decrease in RMS).
Overall, both methods focus on the pattern preparation
removals (Table 7).

As mentioned, symmetry is an evolutionary phe-
nomenon in terms of both physical and cognitive abilities.
The fact that hominids intended to enhance the deadly
power of their weapons without approaching targets and
enemies. For this purpose, they were required to use tools
which had sharp tip, lightweight and balance. With this
purpose in mind, they needed to produce symmetrical
balance in their thrusting and throwing points. The left
and right side of the points should be trimmed around
mately the same shape, size, weight and height on both
of the sides. Imposing symmetry and hafting the spear
point extended the symmetrical axis, increased force, and
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Fig. 11. Unsymmetrical point (the impact of preparation removals on asymmetry).

Fig. 11. Pointe asymétrique (impact des enlèvements en cours de préparation sur l’asymétrie).

Fig. 12. Symmetrical point (the impact of preparation removals on symmetry).

Fig. 12. Pointe symétrique (impact des enlèvements en cours de préparation sur la symétrie).
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Table  7
Compare descriptive statistics for Levallois point morphology of Tor Faraj (Groucutt, 2014) and Mirak.
Tableau 7
Comparaison de statistiques descriptives relatives à la morphologie de pointes Levallois de Tor Faraj (Groucutt, 2014) et de Mirak.

Mirak n Min  Max  Mean S.d. Tor Faraj n Min Max  Mean S.d.

All points
Weight (g) 153 2.87 51.6 12.59 7.4 107 1.1 44.6 14.4 8.5
Length  (mm) 153 32.0 98.0 51.6 10.7 107 21.4 97.1 54.9 13.4
Width  at med  (mm) 153 11.3 45.3 24.6 6.3 107 12.9 46.4 28.2 7.4
Max  width (mm)  153 6.3 63.9 28.4 7.9 107 16.4 64.51 37.0 9.8
Thickness at med  (mm)  153 3.1 20.7 7.5 2.5 107 2.1 11.5 6.2 1.9
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Max  thickness (mm) 153 3.4 43.1 9.2 

Relative platform size (mm3) 153 0.65 14.5 4.9 

roduced greater destructive power. Applying this par-
icular geometry, more than anything else, required the
volution of “conscious attention”.

It should be noted that conscious attention, along with
alancing the depth of both sides of the stone points, not
nly was a key factor in the proper operation of the stone
oints of the Middle Paleolithic but also is one of the main
omponents of cognition. In current research, conscious
ttention assumes a considerable place because there had
een an overlap between two independent factors “con-
ciousness” and “attention” which serves as a practical
urpose (Haladjian and Montemayor, 2015). This means
hat conscious attention is focused on high- level process-
ng which is made by the combination of small units so
s to hit a target (Coolidge and Wynn, 2009). It is a well-
stablished fact that the combined small units had been
unconscious attention” or “low-level visual processing”
hat can be found in all species (Haladjian and Montemayor,
015). What is more, it should be mentioned the fact that
here is a tight relation between attention and working

emory (Coolidge and Wynn, 2009). There is no doubt that
igher-level visual processing needed attention in order
o carry out maintenance in working memory structures,
nd also establish relationship with the contents stored in
heir long-term memory. Therefore, it can be inferred that
he evolution of conscious attention stem from the inter-
ction between attention and working memory (Haladjian
nd Montemayor, 2015). On the other hand, archaeologi-
al evidence suggests that the Levallois reduction method is
ore complicated in comparison with biface reduction and

hus it is required to a larger attention capacity and more
orking memory. What is more, it utilizes more resources

f long-term memory compared to biface reduction (Wynn
nd Coolidge, 2010). As a result, it requires more conscious
ttention. In addition, it can be noted that perception and
aking a Levallois or a Mousterian point need greater cog-

itive capacity in comparison to Acheulean handaxes.
Symmetry is a good indicator to help to understand cog-

itive and behavioral capacities of hominids. Most studies
n the field of symmetry have only focused on the first
ymmetrical tools, Acheulean handaxes, and quantitative
ethods have been used to investigate this case. These

tudies have attempted to assess the deviation of symme-

ry by a numerical index (for example, Lycett et al., 2006;
aragusti et al., 1998). In contrast, the present study is
esigned to propose a new methodology for quantitative
nalysis of the symmetry of lithic points using IDS method
4 107 2.5 13.1 7.9 2.3
4 107 1.8 42 8.9 5.9

and 3D comparison. The most obvious finding to emerge
from the analysis is that the index of deviation of symme-
try measured only the difference between surface areas of
two sides of the same tool. It is interesting to note that we
did not find a statistical correlation between IDS and other
variables such as topographical characteristics.

It is reasonable to assume that surface morphology and
topographical characteristics of tools can affect the devi-
ation of symmetry. When the two halves of a lithic point
are aligned, depending on the similarity of surfaces, they
can have a degree of overlap (Fig. 12). This is the reason
why in this study, exactly 20 lithic points were asymmet-
rical and excluded from analysis. Thus, the IDS method
may  be proper for measuring the deviation of symmetry
in handaxes. However, lithic points have a different per-
formance when hafted as thrusting points or projectiles (in
next period). Force needed to be distributed symmetrically
on lithic point in order to follow aerodynamic rules. There-
fore, these points require an exact method for measuring
the deviation of symmetry.

Generally, the results indicate that the increase in
preparation removals on the two sides of tools may  be an
important factor in the significant decrease in the deviation
of symmetry. Hence, the results of this study indicate that
considering all the surface features is essential for symme-
try analysis. The association of these factors needs to be
investigated in future studies.
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