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a b s t r a c t

Although the potential of geometric morphometrics for the study of archaeological artefacts is recog-
nised, quantitative evaluations of the concordance between such methods and traditional typology are
rare. The present work seeks to fill this gap, using as a case study a corpus of 154 complete ceramic
vessels from the Bibracte oppidum (France), the capital of the Celtic tribe Aedui from the Second Iron Age.
Two outline-based approaches were selected: the Elliptic Fourier Analysis and the Discrete Cosine
Transform. They were combined with numerous methods of standardisation/normalisation. Although
standardisations may use either perimeter or surface, the resulting morphospaces remain comparable,
and, interestingly, are also comparable with the morphospace built from traditional typology. Geometric
morphometrics also present the advantage of being easily implemented and automated for large sets of
artefacts. The method is reproducible and provides quantitative estimates, such as mean shape, and
shape diversity of ceramic assemblages, allowing objective inferences to be statistically tested. The
approach can easily be generalised and adopted for other kinds of artefacts, to study the level of pro-
duction standardisation and the evolution of shape over space and time, and to provide information
about material and cultural exchanges.

© 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Ceramics are the most abundant and well-documented
archaeological artefacts from the Second Iron Age. Traditionally,
ceramics are used to study awide range of issues: from establishing
chronological sequences and cultural entities, through the defini-
tion of social, economic and cultural relationships and organisation,
to the understanding of how archaeological complexes were
formed. Archaeologists seek to answer these questions through the
creation and application of ceramic typologies (e.g. Orton et al.,
1992; Shepard, 1985).

Typology aims at assigning ceramic fragments to predefined
types. Classification uses one or several discriminant criteria, such
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as the overall form, the shape of a particular ceramic part (body,
rim, foot…), the decoration, or the clay used. Although the method
has been proved to be effective for treating huge ceramic assem-
blages, it may be affected by operator subjectivity, ensuing from
specialisation, personal skills and professional experience. This has
been demonstrated by the pioneer work of Hodson et al. (1966) on
Iron Age brooches. To improve objectivity, at least in data treat-
ment, over the past few decades, archaeologists have introduced
statistical techniques, such as the popular seriation (Kendal, 1969,
1971) and cluster analysis (Hodson, 1970), occasionally supple-
mented by other methods, such as non-metric multidimensional
scaling (Drennan, 1976), correspondence analysis (Duff, 1996),
principal component analysis (Hodson, 1969) or principal coordi-
nate analysis (Camiz et al., 2003). However, these approaches
cannot overcome drawbacks related to the choice of relevant de-
scriptors, and also to difficulties whichmay arise in coding the state
of categorical variables without any ambiguity.

Recent developments in image, video and audio processing have
led to remarkable advances in geometric morphometrics, used
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nowadays to study shapes in a broad range of fields. Many studies
by anthropologists and evolutionary biologists are now based on
these techniques (e.g. Slice, 2005; Zelditch et al., 2004), while their
application in archaeology, except for biological remains (physical
anthropology, archaeozoology, archaeobotany, and palynology; e.g.
Ottoni et al., 2013; Terral et al., 2010; Vigne et al., 2007) is rarer and
more recent (e.g. Karasik and Smilansky, 2008, 2011; Saragusti
et al., 2005). Nonetheless, their potential for expressing forms
unambiguously has been successfully exploited to study lithic ar-
tefacts (Brande and Saragusti, 1996; Buchanan, 2006; Buchanan
and Collard, 2007, 2010; Lycett, 2009 and citations therein),
sculptures (Buxeda i Garrig�os and Gordaliza, 2011; Urbanov�a et al.,
2011) and Bronze Age axes (Forel et al., 2009; Monna et al., 2013).
Up to now, morphometric applications for ceramic taxonomy are
scarce, but very promising: Gilboa et al. (2004) used computational
typology to classify ceramics, while other authors have examined
the potential of morphometrics for predicting the complete form
from shards that include the rim or the bottom of the vessel
(Karasik and Smilansky, 2011; Martínez-Carrillo et al., 2009, 2010).
In practice, several parameters of geometric morphometrics can be
fine-tuned, from sampling resolution and size normalisation (i.e.
the acquisition process and shape definition), to the computation of
shape variables.

The corpus used herewas discovered at the oppidum of Bibracte,
Burgundy, France. During the late Second Iron Age, Bibractewas the
capital of a Celtic tribe, the Aedui. Archaeological excavations, un-
dertaken each year over several decades, have unearthed a wide
variety of ceramics, from plates to bottles (Barral et al., 1995;
Paunier and Luginbühl, 2004; Paunier et al., 1994). If properly
applied, computer-intensive techniques can do far more than
merely categorise objects that can be readily differentiated by the
naked eye. The present work provides an assessment of various
operational combinations, considering either open contours
treated by Discrete Cosine Transform (DCT) or closed contours
treated by Elliptic Fourier Analysis (EFA), where the effects of size
and orientation have been removed with different normalisation
techniques. These approaches correspond to different ways of
apprehending the ceramic shape. All these combinations produce
morphospaces, which were all compared with each other and with
the morphospace produced by more traditional descriptive
methods (Vaginay and Guichard, 1988). Thus, it is possible to
evaluate i) the pertinence of the traditional typology using several
different quantitative estimates of shapes, and ii) the strengths and
weaknesses of these various definitions of ceramic shapes in an
operational context.

Morphometrics allows the calculation of an average shape, an
idealised centroid shape, which takes into account all the in-
dividuals in the group, and not merely a single element, supposed
to be the best representation, as often used in typology. Another
parameter of interest is the diversity of shapewithin a group, which
is at least as important as the mean shape, and may reveal the level
of product standardisation of a given ceramic type. These two pa-
rameters are also explored here.

2. Material and methods

2.1. Corpus

Data were acquired from a corpus composed of ceramics
discovered at Bibracte, all dating from the 2nd century B.C. to the
beginning of the 1st century A.D. Only items presenting a complete,
well-preserved cross-section, for which drawings are available in
the literature, were retained for the present study (literature details
are available in Supplementary materials S1). Although the “com-
plete, well-preserved cross-section” constraint considerably
downsizes the number of analysable individuals, drawings of 154
ceramics were processed. Some may not be entirely reliable
because of the errors inherent in any manual representation (lack
of precision, possible interpretation in the drawing process, etc.).
However, the disparity of the corpus is large enough to render such
uncertainties negligible.

Using thewell-established typological system of Bibracte (Barral
et al., 1995), the 154 ceramics studied were attributed to 8 main
functions on the basis of their shape: 35 plates, 20 dishes, 24 bowls,
18 cups, 14 goblets, 27 pots, 9 vases and 7 bottles.

2.2. Numerical analysis of classical typology

2.2.1. Character coding
Structured descriptive typology elaborated by Vaginay and

Guichard (1988) for a contemporary site (Feurs, Rhône-Alpes,
France) has been selected to describe our ceramics. Such a system
allows the shape similarity between items to be quantified using a
combination of several observed features, categorised metric in-
dexes and angles. Only descriptors directly related to the
morphology of vessels were taken into account. For some de-
scriptors, additional levels were added to allow a full description of
items from Bibracte (see Supplementary materials S2 for details).
The final descriptive system consists of 15 categorical descriptors,
each with between 2 and 10 levels.

2.2.2. Similarity computation between ceramics
The degree of resemblance between objects was achieved by

computing Gower's coefficient (Gower, 1971; Legendre and
Legendre, 1998) from the 15 categorical descriptors mentioned
above. This similarity coefficient, Si,j, between two individuals (i and
j) for p variables, was computed following:

Si;j ¼
Pp

k¼1wi;j;kgi;j;kPp
k¼1wi;j;k

; (1)

where all variables were treated as qualitative. Therefore gi,j,k ¼ 1
when both character states agree, and 0 otherwise. Kronecker's
delta wi,j,k is a weight equal to 0 when the information is missing,
and which evolves between 0 and 1 otherwise, allowing more
weight to be ascribed to the most important descriptors for typo-
logical distinction. An arbitrary triple weight was attributed to
certain descriptors characterising the whole form, because they are
fundamental in traditional typology to identify the main types (see
Supplementary materials S2 for details). The absence of certain
signs for two items, for example the absence of a foot, was
considered as an indicator of similarity, so that gi,j,k ¼ 1 in such
cases. A Principal Coordinate Analysis (PCoA), also called metric
multidimensional scaling, was computed to visualise the level of
similarity of items. In practice, this analysis used a dissimilarity
matrix D. The transformation D ¼

ffiffiffiffiffiffiffiffiffiffiffi
1� S

p
was preferred for

computation because it is less likely to generate negative eigen-
values, synonymouswith non-Euclidean dimensions (Legendre and
Legendre, 1998).

2.3. Morphometrics

2.3.1. Sampling outlines
Drawings were scanned in greyscale at a resolution of 1200 dpi

and stored in TIF format. All images were oriented on the natural
axis onwhich the artefacts originally stood. After possible noise had
been eliminated from the scans, the half cross-section was extrac-
ted, in the R environment (R Core Team, 2012), using a modified
version of the function “conte” (Claude, 2008). Sampling was at
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equally spaced points, providing a dataset of 154 (number of
individuals) � n (number of points per individual) � 2 (planar x- y-
coordinates).

The optimal number of points, n, to be sampled to produce a
good representation of the original contour was investigated using
a representation error percentage, E%, computed on the basis of the
original perimeter, P (Sheets et al., 2006):

E% ¼ 100�
�
1�

P
di;j
P

�
; (2)

where di,j, is the distance between two consecutive points on the
reconstructed outline. By varying n, the optimumwas chosenwhen
E% stabilised around low values. This choice will be exposed in the
“Results and Discussion” section. Symmetric contours were ob-
tained by mirroring the coordinates of the external half-section
drawings (Fig. 1).

2.3.2. Shape variables
Computation of shape variables is known to be very sensitive to

the orientation and size of individuals, as well as to the position of
the starting point (Tatsuta et al., 2004). Different approaches nor-
malising size and orientation were therefore tested: several types
of baseline registration (Bookstein, 1991), and normalisation to
perimeter (Schmittbuhl et al., 2003) or surface (Navarro et al.,
2004), which are currently and frequently used in the literature
(see Fig. 2 for a visual summary of the different methods of nor-
malisation). They refer to different views of the object size. It is
Fig. 1. Data processing and contour representations of the ceramic vessels. a) closed and b)
outer shape of the ceramic vessel without the rim, and d) closed contour of the outer shap
noteworthy that orientation and size are frequently normalised
with the major axis of the first ellipse (Kuhl and Giardina, 1982).
This procedure was not followed here, as it is not adapted to the
present corpus: the major axis does not always correspond to the
plane on which artefacts originally stood (imagine a bottle and a
plate), affecting the homology between objects, in terms of
orientation.

Shape variables characterising ceramics were obtained by
Discrete Cosine Transform (DCT) for open outlines, and by Elliptic
Fourier Analysis (EFA) for closed ones. In both these Fourier-type
methods, the outlines are decomposed into an infinite series of
repeating trigonometric functions called harmonics. Each harmonic
is expressed by two Fourier coefficients, in the case of DCT
(Dommergues et al., 2007; see also the appendix of Forel et al.,
2009), and four for EFA (Kuhl and Giardina, 1982; Lestrel, 1989;
Lestrel et al., 2010; Rohlf and Archie, 1984). The contribution of
harmonics is additive for the reconstruction quality of the outlines,
meaning that more harmonics reflect more precisely the form
studied. The DCT was computed using an adaptation for R of the
MATLAB toolkit CDFT (Dommergues et al., 2007). The EFA was
processed using a modified version of the “efourier” function, as
reported in Claude (2008).

It is noteworthy that techniques mixing landmarks and sliding
semilandmarks on outlines (Bookstein, 1997) were not explored.
The interest of the semi-landmark approach to describe outline,
with respect to Fourier methods, resides in its potential to segment
the whole shape into smaller pieces, comparable among in-
dividuals, using precisely defined landmarks. Although extremely
open contour representing half of the complete cross-section; c) open contour of the
e of the complete ceramic vessel.



Fig. 2. Normalisation of size and orientation. EFA and DCT: Elliptic Fourier Analysis and Discrete Cosine Transform for closed and open contours, respectively. HS and SS for half
section and symmetrised section. a-c) Baseline registration (Bookstein, 1991) sends two specific points to the respective coordinates (0,0) and (1,0), rotating, translating and scaling
all contours; the coordinates are no longer dependent on size, position or orientation; d) size normalisation relative to the perimeter (Schmittbuhl et al., 2003) and e) size nor-
malisation relative to the square root of the area bounded by the polygon contour (Sundberg, 1996; Hurth et al., 2003; Navarro et al., 2004); in cases d and e, the orientation was
standardised to the natural axis on which the ceramic vessels originally stood.
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Fig. 3. Principal Coordinate Analysis. Projection of the 154 items in a PCo3 vs PCo2 vs PCo1 morphospace. These three axes (out of a total 154 axes e number of items) account for
more than 50% of the total variance (see Supplementary materials S3 for an animation depicting the projection of items in a 3D morphospace). Items were attributed to ceramic
types following the typological system of Barral et al. (1995). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)
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powerful, theywere not applied here because a sufficient set of true
landmarks could not be straightforwardly identified across our
heterogeneous corpus.

Principal component analyses (PCA) were then performed on
the covariance matrices of the obtained Fourier coefficients, pro-
ducing a series of morphospaces. All individuals can be plotted in
each morphospace, to allow comparison in a visually friendly form.

2.4. Concordance between morphospaces

The agreement between the typological-based morphospace
(PCoA) and each geometric morphometric-based morphospace
(PCA) was checked using PROTEST, a Procrustean randomisation
Test, which appears to be more powerful than the traditional
Mantel test (Jackson, 1995; Peres-Neto and Jackson, 2001). Basi-
cally, the PROTEST approach compares multivariate datasets: the
first matrix is translated, reflected, rotated and dilated to minimise
the sum of the squared residual deviations between the elements of
the first (original) and the second (target) matrices (Jackson, 1995).
A PCoA space can be constructed, allowing a visual inspection of
morphospace similarities, while the statistical significance can be
obtained by permuting elements (here n ¼ 9999) within the
matrices under comparison (Jackson,1995; Peres-Neto and Jackson,
2001).

2.5. Unsupervised model-based clustering

Multivariate Gaussian mixture models were used for unsuper-
vised classification (Fraley and Raftery, 2007) of ceramics using the
R package mclust (Fraley et al., 2012). The number of clusters was
explored from 2 to 12 groups for different modelling of the
variance-covariance matrices. The optimal model for classification
(number of clusters and matrix modelling) was determined from
the Bayesian Information Criterion, BIC (Fraley and Raftery, 1998;
Schwarz, 1978), according to the value of the D-BIC (i.e., the gain
in information when an additional cluster is envisaged).

2.6. Mean shapes and morphological diversities

The mean shape for each ceramic group was reconstructed by
inverse Fourier functions. Palaeontologists have long developed
various metrics to analyse diversity of shape (disparity), where



Fig. 4. Effect of the number of points sampled along the outline on contour quality for each of the four representations. The red line represents the mean value of root-mean-square
deviation, and the grey surface the 95% confidence region. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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emphasis is laid on dissimilarity (e.g. total variance) or spatial
distributionwithin themorphospace (e.g. convex hull, clustering vs
scattering; Navarro, 2003). Among all possible metrics, the area of
the convex hull on the first two principal components was privi-
leged as a surrogate of morphological diversity within each ceramic
group.

3. Results and discussion

3.1. Typological-based morphospace

Computation of PCoA using the dissimilarity matrix does not
produce any negative eigenvalues, so the space is Euclidian and
the distances between items are meaningful. The first three
principal coordinate axes account for more than 50% of the
variation. Fig. 3 illustrates the shape variation of ceramics in the
PCoA-based morphospace, although the underlying parameters
are categorical (see Supplementary materials S3 for an interac-
tive projection of items in a 3D morphospace). Note that in some
cases, certain individuals (e.g. vases), which slightly differ in
terms of morphology, occupy exactly the same position in the
graph. Even a typology based on a large number of categorical
descriptors cannot produce a morphospace able to express the
entire shape variability of ceramics. Despite this disadvantage,
the Bibracte types are reasonably well clustered: negative values
of both PCo1 and PCo2 characterise flat forms, such as plates,
while bottles and pots are clustered in the bottom right-hand
corner. Other types are more broadly scattered (i.e. bowls and
cups), illustrating the great variation in shape that exists within
these functional groups.

3.2. Morphometric-based morphospaces

In Fig. 4, the evolution of the error percentage according to the
number of points sampled exhibits a stabilisation around 100
points, with a steady representation error at about 5e7%. Never-
theless, as a precaution, 200 points were sampled, regularly spaced
along the outlines.

The effect of the number of harmonics on the quality of repre-
sentationwas also studied. The original formwas first obtained by a
200-point sampling, and then compared to the shapes recon-
structed by increasing the harmonic number from 1 to 100; the
second value corresponding to the Nyquist frequency (Lestrel,
1989; Lestrel et al., 2004a,b, 2005, 2010). The reconstruction
quality criterion is the root-mean-square deviation, RMSD, be-
tween the 200 points composing the original outline, and their
equivalent on the reconstructed outline. Although the representa-
tion becomes steady with a low number of harmonics (ca. 10),



Fig. 5. Effect of the number of harmonics on the contour quality for each of the four representations. The red line represents the mean value of root-mean-square deviation, and the
grey surface the 95% confidence region. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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additional details are recovered with more coefficients (Fig. 5). That
is why, for the following analyses, 20 harmonics were retained in
both DCT and EFA.

Principal components were computed for each of the 18 ap-
proaches depicted in Fig. 2 (four of them are depicted in Fig. 6). In
all cases, the total variance explained by the two first principal
components ranges between 80% and 99%, depending on the
method used. The elongation of the artefacts is mainly carried by
PC1. This feature clearly dominates the analyses as, similarly to the
PCoA-based morphospace, the bottles and plates are located at
opposite sides of PC1, while the other items are found in a more
central position.

3.3. Evaluating the similarities between the different approaches

A total of 18 distance matrices based on the different morpho-
metric approaches and normalisation (Fig. 2) and one distance
matrix based on typology were processed. The agreement between
all pairs of matrices appears to be significant using PROTEST
(Table 1). However, despite this overall resemblance, the degree of
similarity varies for each pair considered (Fig. 7). The procedures
based on perimeter (d) and surface (e) normalisations occupy the
same position in Fig. 7, while the others appear as separate clusters
(a, b, c). It is not really surprising to find the perimeter (d) and
surface (e) normalisations clustered in a central position, between
the normalisations based on height (b) and width (c), because the
former are somehow a combination of the latter. In any case, nor-
malisation to the surface or perimeter should be preferred because
they are closely related to volume, which is as fundamental as
shape in the purpose of ceramics. The morphospace using stand-
ardisation by chord (a) lies very close to the traditional typology.
Nevertheless, because of the nature of this Bookstein registration
using chord, two half cross-sections cannot be merged to recon-
struct the original shape, as information about opening is lost. If the
aim of the study is related to the overall aspect of artefacts, then
losing a feature, such as the opening angle, is prohibitive. The chord
is thus no better adapted for standardisation than the major axis of
the first ellipse. It may sometimes be preferable to emphasise local
features of the outline, containing relevant information about the
artefact, such as its symbolic or social role, and the know-how of
craftsmen, which could have been masked by treating only the
overall aspect.



Fig. 6. Principal Component Analysis. Projection of the 154 items in a PC2 vs PC1 morphospace. The two axes always account for more than 93% of the total variance. The figure code
helps to find the corresponding approach in Fig. 2. Items were attributed to ceramic types following the typological system of Barral et al. (1995). (For interpretation of the ref-
erences to colour in this figure legend, the reader is referred to the web version of this article.)



Table 1
Similarity matrix for the different approaches. Lower half matrix: PROTEST statistic. p < 0.05 in all cases. See Fig. 2 caption for acronym definition.

TYPO EFA-HS DCT-HS DCT-SS EFA-SS

a b c d e a b c d e b c d e b c d e

TYPO 1.00
EFA-HS a 0.59 1.00

b 0.53 0.64 1.00
c 0.47 0.49 0.68 1.00
d 0.62 0.71 0.91 0.84 1.00
e 0.59 0.67 0.85 0.88 0.95 1.00

DCT-HS a 0.55 0.84 0.67 0.49 0.68 0.62 1.00
b 0.50 0.57 0.99 0.68 0.89 0.83 0.65 1.00
c 0.44 0.43 0.67 0.99 0.82 0.85 0.47 0.68 1.00
d 0.58 0.61 0.89 0.84 0.98 0.93 0.63 0.89 0.83 1.00
e 0.58 0.66 0.91 0.80 0.95 0.91 0.71 0.90 0.79 0.96 1.00

DCT-SS b 0.50 0.57 0.99 0.68 0.89 0.83 0.65 1.00 0.68 0.89 0.90 1.00
c 0.44 0.43 0.67 0.99 0.82 0.85 0.07 0.68 1.00 0.83 0.79 0.68 1.00
d 0.59 0.62 0.88 0.86 0.98 0.94 0.62 0.87 0.84 0.98 0.94 0.87 0.84 1.00
e 0.57 0.62 0.92 0.86 0.97 0.94 0.66 0.92 0.85 0.97 0.96 0.92 0.85 0.97 1.00

EFA-SS b 0.50 0.56 0.99 0.67 0.88 0.82 0.63 1.00 0.67 0.88 0.90 1.00 0.67 0.87 0.91 1.00
c 0.47 0.45 0.68 0.99 0.83 0.86 0.48 0.68 1.00 0.84 0.80 0.68 1.00 0.86 0.86 0.68 1.00
d 0.61 0.64 0.88 0.87 0.98 0.94 0.65 0.87 0.86 0.98 0.95 0.87 0.86 0.98 0.97 0.87 0.88 1.00
e 0.59 0.63 0.95 0.81 0.97 0.92 0.68 0.95 0.81 0.96 0.97 0.95 0.81 0.95 0.98 0.95 0.82 0.97 1.00
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Classical typology can be viewed in essence as a degeneration of
morphometrics, because it takes into account only some shape
criteria, while morphometrics contains all shape information.
Although typology does not exactly match any of the morpho-
metric morphospaces (Fig. 7), there is good statistical agreement
between the two approaches (Table 1). This concordance clearly
demonstrates the value of the classification proposed by Vaginay
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Fig. 7. Principal Coordinate Analysis. Projection of the typological morphospace (TYPO) an
PROTEST statistics. The two axes account for more than 65% of total variance. See Fig. 2 for
and Guichard (1988). Morphometrics, however, has greater po-
tential, more particularly in terms of quantitative evaluation, which
is not readily accessible with the traditional descriptive approach.

Constraining the outline approach by landmarks may improve
point correspondence because the homology between elements on
the outline is increased (e.g. McCane, 2013). Here ceramics were
constrained with only two landmarks (see Fig. 2), because it was
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d the 18 different morphospaces of shape variables in a PCo2 vs PCo1 space based on
acronym definition.



Table 2
Concordance between the traditional typological classification of Barral et al. (1995)
and unsupervised model-based clustering based on the EFA-SS-e morphospace.

Model-based groups

1 2 3 4 5 6 7

Traditional
typology

Plates 29 6
Dishes 6 13 1
Bowls 6 15 2 1
Cups 1 2 15
Goblets 9 5
Pots 11 16
Vases 2 7
Bottles 1 2 4

GobletsPlates Bowls Cups BottlesPots Vases
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Fig. 9. Shape diversity of the eight ceramic groups using the “EFA-SS-e” morphospace
(Fig. 6), computed as the surface of the convex hull of PC2 vs PC1 (the two axes account
for more than 97% of the total variance).
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not possible to define additional landmarks easily and unambigu-
ously across the corpus. As a consequence, pairwise point matching
is probably not fully optimal and could be improved. That would be
problematic if precise description of curve inflexion, such as that at
the neck, was required. Here, losing such precision is not as
important, given the disparity of ceramic shapes and the embed-
ding of broad homology within the complete outline.

3.4. Unsupervised model-based clustering

Unsupervised model-based clustering was performed from the
“EFA-SS-e” harmonic coefficients. An optimal model with seven
clusters and a VEI modelling (i.e. diagonal, varying volume, equal
shape) of the variance-covariance matrices was chosen in the light
of the D-BIC evolution with an increasing number of groups (see
Supplementary materials S4). These seven clusters match well the
traditional typology of Barral et al. (1995), with each cluster cor-
responding mainly to one single type (Table 2 and Supplementary
materials S5), except when the size drives the difference (e.g.,
goblets and pots). This is additional evidence that the traditional
typology is still compatible with a more recent quantitative
expression of shape. Morphological typology built over years,
although funded on empirical observations, may therefore pro-
duce very reliable systems. Modern morphometrics followed by
Vases Bottles

CupsPlates

Fig. 8. Mean shapes of main ceramic groups from Bibracte following the typological system
solid black lines are the inverse transform for DCT-HS-d.
unsupervised classification nevertheless provides a quantitative
tool to build these typologies numerically, independently of the
operator.

3.5. Reference shape and diversity estimation

The mean shapes of the 8 known ceramic types from Bibracte
are displayed in Fig. 8. Dispersion of each ceramic group was
computed as the area of its convex hull in the “EFA-SS-e”
Pots Goblets

BowlsDishes

of Barral et al. (1995). Grey polygons represent inverse transform for EFA-HS-e, while
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morphospace, using PC1ePC2 (Fig. 9). The diversity of ceramics
used for presenting food (plates) is twice that of the other func-
tional groups. Ceramics used for consuming food (bowls, dishes) and
liquids (cups, goblets) show similar dispersion, followed by the
vessels for cooking and storage (pots). The most homogenous
groups were related to ceramic types dedicated to storing and
presenting liquids (vases and bottles). Interestingly, group disparity
may be related to functional and technical constraints, but also to
the ostentatious nature of the vessels (Barral, 2002, 2005; Barral
and Huet, 2006; Paunier and Luginbühl, 2004; Paunier et al., 1994).

4. Conclusion

Shape corresponds to the variation that remains, once position,
size and orientation are removed. The definition of size (e.g. vol-
ume, height, etc.) may be governed by functional considerations. It
has profound implications for the resulting shape, so that this
choice must be made by the archaeologist in relation to the
intended goal. Here, both approaches, DCT and EFA, combined with
perimeter or surface standardisation can be efficiently used. As a
very heterogeneous and diversified assemblage, consisting of
specimens with low and high shapes (e.g. plates and barrels) has
been taken into account, morphospaces are mainly driven by
elongation. This is probably why morphometrics matches tradi-
tional ceramic typology so well. This finding could be perceived as
trivial, but in fact the same approach can be applied to a group of
individuals presenting far more resemblance. Shape diversity is
expressed in simple, readable graphics, allowing comparisons and
intuitive understanding of the entire assemblage. Within a given
type, the amount of shape variation quantifies the structural con-
straints together with the level of standardisation of the products.
Morphospaces are continuous by nature and can accept forms that
have not yet been discovered. Mean shape can easily be recon-
structed and is a better reference form than an isolated individual,
supposed to reflect some typical standard.

The entire morphometrics pipeline (acquisition, stand-
ardisation, and computation of shape variables) can be fully auto-
mated, ensuring rapid processing and reproducibility.
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