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About the project

PYyREnArA (Python-R-Environment for Artifact Analysis) is a code for half-automated, trait-
based recording of morphological properties of (stone-)artifacts and the statistical evaluation
of the recorded properties. PYyRENArA, as the name says, is written both in Pathon and R. It is

specialized for the analysis of paleolithic projectile points depicted in drawings or photographs.



It provides traditional and new information on artifact morphology, customized for the
implemented statistical methods, which allow for quantitative analyses of morphological
change and to statistically determine the amount of variation that correlates with the progress
of time or with the geographical position. In doing so, it provides insight into material culture
evolution far beyond traditional typology. However, as completely independent analytical
system, it is not intended to substitute typological research, but rather to complement it and to
provide new perspectives on the archaeological record, which are otherwise invisible. The
recording system, on which PyRENArA is based on, has been developed over several
semesters in seminars with students from the Friedrich-Alexander-University Erlangen-
Nurnberg and the University of Cologne. The coding was done by Robin John, Florian Linsel
and Dr. Georg Roth.

Worflow

Image Preparation

The user needs to prepare the image(s) to be analyzed by adding a black filled rectangle with
edge length of one by one centimeter obtained from the original scale as reference object and
by removing objects that should not be analyzed.

Code intern image preparation

Artifact drawings and photos are automatically scanned and oriented according to a standard
protocol to minimize measurement errors

Metrical data

Traditional as well as new traits of object morphology and size, such as dimensions, the
geometric center, the outline to area ratio, angles, symmetry, the position of the longest
extension (e.g., longitudinal or transversal), are obtained automatically. While most recorded
traits are geometric and metric properties of the objects, PyRENArA also computes the fractal
dimension (FD; Seidel, 2018) of the artifact outline using the box-counting method. Those
obtained properties are saved within automatically created folders as images and .csv-
datafiles.

Data merging

All data is merged into one .csv-datafile. If the users wants so, the metrical data can be merged
with a .csv-datafile provided by the user himself, which contains metadata like chronological
information or geographical position. Those -csv-datafiles can be used within the build in
statistical functions of PyRENArA.

Geometric Morphometrics

The recorded contours are analyzed with regard to their shape. PyRENArA uses an elliptic
Fourier analysis (EFA), which is a well-established procedure in geometric morphometrics

(Claude, 2008, Bonhomme et al., 2014) and has proven its potential for lithic analysis (e.g.,



Leplongeon et al., 2020; Matzig et al., 2020). The resulting outline EFA data is then submitted
to a between group PCA (Cardini & Polly, 2020). The PCA scores are used to distinguish an
optimal number of clusters, determined by a post hoc analysis using the silhouette criterion —
i.e., an internal cluster validity criterion (Schmidt et al., 2022) — in a hierarchical agglomerative
clustering algorithm (Murtagh & Legendre, 2014). Besides classical applications of geometric
morphometrics, the classes separable by their shape are used in order to assess the diversity
present within the dataset.

Explorative statistics

The obtained artefact properties can be used to perform some explorative statistics. The
metrical data can be compared and displayed in a pairsplot showing Pearson correlation
coefficients (McKinney, 2010). The metrical data can be plotted against time to observe for
chronological trends. This is also possible for the standard deviation of each trait, which gives
insides into the level of standardization. Also a PCA and a LDA can be performed individually.
Redundancy Analysis

In order to identify possible evolutionary trends, PyRENArA provides a function for redundancy
analysis (RDA; Legendre & Legendre, 2012; Roth 2022), which uses the chronological position
of the tools as canonical variable. Of course, also other criteria (e.g., the geographic location)
can be used as canonical variables to assess broader spatial trends.

Retouch analysis

The standard-oriented images are given as output-files with lateral bars for each artifact. These
bars are used by the researcher to color-code information on retouches. Subsequently, the
thus-prepared images can be uploaded again in order to obtain information on length, position,

and kind of retouch are extracted.

Required software

PyRENArA requires Python and R. In order to run functions in Python and R, we recommend
using Anaconda and Jupyter Notebook. PyREnArA makes use of the rpy2-library, that allows
for a combination of both programming languages. It is highly recommended to install all

software in the default directory and settings.

Running PyRENArA

PyRENArA consists of two files where R and Python Scripts are stored separately. Within the
Python file a main.py script is provided. There, the user has to insert the folder directory that
stores the images and the directory to R. We recommend using .png or .tif format for the
images.

The naming of the images should be strictly following the scheme “SitenamePosition-

Layer_number” (e.g. AggsbachB-3_04) as the code develops the naming of the folder directory



and data from the image name. Do not use spaces within the naming. The data from artefacts
with identical site name and layers will later be merged together. When Paint is used to create
the reference object or to color for retouch analysis, the image needs to be saved again by an
other program (e.g. Adobe Photoshop). As mentioned before, the code creates a folder
directory for every image, where all output is stored in. It also creates folders for the results of
the statistical functions, that are by default named “R_statistics” and “Python_statistics”. The
names of the statistical folders can be customized easily. The default set of metrical data, that
is used in the statistical functions can be customized by changing the “feature” argument of

the functions, which is a list of strings ([*...’, ’..."]).
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