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Abstract: Graduated colour maps, created through the mathematical classification of quantitative
variables, are frequently used in archaeology. A Python script for implementing a classification
method based on geometric intervals in QGIS is presented here. This method is more suitable than the
standard methods in case the quantitative attribute to be classified follows a right-skewed distribution,
which is common among archaeological data. After an overview of the main classification methods,
this paper focuses on the benefits of the geometric interval subdivision scheme, describes the technical
features of the script and demonstrates how it works. A final thought on the advantages of using
FLOSS is proposed.

Keywords: geometric interval classification; QGIS; Python; spatial pattern visualization

1. Introduction

The authors of one of the most famous GIS manuals for archaeologists dedicated a
paragraph to the topic of “data classification” [1] (pp. 135-148). The standard classification
schemes were described in detail (equal interval, quantile, natural breaks, etc.; see below)
and a more specific method, based on geometric progression, was introduced. This latter
classification scheme seemed to be the best option in several of the archaeological case
studies I tackled; unfortunately, it was added into ArcGIS with the release of version
9.2 [2], but it was never implemented in QGIS. Therefore, some years ago, I decided
to develop a geometric interval classification function for QGIS on my own, using the
opportunities provided by FLOSS (open code, community mailing list, etc.) and the
effectiveness of Python programming language. I publicly presented my script for the
first time in a programming session during a previous ArcheoFOSS workshop (Verona,
2014 [3]). Thereafter, I claimed its use in several archaeological works [4] (p. 133: the author
states that he used geometric intervals, although the published maps seem to be created by
using the equal interval method) and adapted the code to the subsequent QGIS versions;
nonetheless, this script has never been fully published until now (it has only appeared in
an archaeological blog post [5]).

This short paper focuses on the peculiarities of the geometric interval classification, in
comparison to other standard methods, and on the technical features of the latest version
of my script (v. 0.3, based on Python 5 and compatible with the latest QGIS versions).
The aims are to stress the importance of understanding classification methods in order to
choose the right one, to highlight how the geometric classification scheme may be useful
for archaeologists (and others), and to show how FLOSS can support us in producing work
tools on our own when they are lacking.

2. Classification Methods: An Overview

The visual representation of a quantitative variable by means of graduated (or discrete)
colour charts is a common tool in archaeology. Choropleth maps and survey grids, as
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well as sampling point distribution charts (where regions, cells or points are filled with
different colours, according —for example- to the amount of Roman sites, gathered sherds
or a specific chemical component), are widespread in the archaeological literature. The
different colours are the result of a mathematical process: the classification of a quantitative
variable.

In order to develop a classification, the quantitative variable is divided into n classes
(or intervals)—specific methods (or schemes) define the boundaries of each class. The most
common classification methods are “equal interval”, “quantile”, “standard deviation” and
“natural breaks”. Each of these methods applies different calculation procedures and yields
different outcomes; it follows that the information that is perceived from the map, as well as
the interpretation of the original data, will change depending on the outcome we consider.
For this reason, it is essential to understand the features and aims of each classification
method, and to choose the most suitable method, according to data and purposes.

The choice of the classification scheme mainly depends upon two factors: the sta-
tistical distribution of the variable values and the purpose of the map to be produced.
Different methods must be used depending on whether the data values follow a uniform
(rectangular), normal (or near to normal) or a bimodal distribution. If the goal is to define
classes with the same number of observations, the quantile method must be chosen; if
we want to show how much the attribute values deviate from the average value, the best
choice is the standard deviation method.

Classification theory is discussed in several cartography manuals and websites (for
example: [6] (pp. 138-160), [7,8]); here, we have tried to summarize this well-known
argument in Table 1.

Table 1. Standard classification methods: brief description and conditions of use.

Method Description Distribution Purpose
Divides the data values into intervals that . Creating classes with equal
Equal Interval . Uniform. -
contain the same range of values. range sizes.
Distributes the attribute values into
. equally sized classes, meaning that each ~ Uniform or Normal (not Representing each class
Quantile . . .
class contains approximately the same leptokurtic). equally on the map.

number of observations.

Standard deviation

Defines class boundaries at intervals of
1 standard deviation (or its fractions: Normal (or transformed to
0.25, 0.5) above and below the mean normal).
value of the attribute.

Showing how much the
attribute values vary from
the mean.

Natural Breaks

Applies the so-called “Jenks optimization
method” to minimize value differences
between data within the same class, and  Bimodal or multimodal 1.
to emphasize the differences between the
classes.

Highlighting clusters within
the classified data.

1 This method is potentially suitable for every type of distribution, although it has some disadvantages: it is difficult to compare or replicate
and it is overly sensitive to outliers.

Nonetheless, many natural and archaeological phenomena follow other data dis-
tributions and require different forms of representation; in these cases, more suitable
classification methods are required, such as the method that is based on geometric inter-
vals.

3. Geometric Interval Classification

Many quantitative archaeological data distributions are extremely skewed, particu-
larly right skewed, approximating in turn exponential, gamma, geometric or J-shaped [9]
probability distributions. When plotting a histogram, we may see the initial bins that con-
tain the highest frequencies, and the succeeding bars in the right part of the plot, becoming
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increasingly smaller. This shape appears when the majority of the attribute values the are
the lowest values (the same low value is often duplicated many times) and the high values
are rarer. A typical example in archaeology may be a survey grid, in which the number
of cells with a small amount of finds is much higher than the number of cells including
abundant materials. In these cases, it is important to subdivide the values, in order to
highlight the minimal variations in the data with the lowest values (being the majority).
Most of the classification methods that are suitable for normal or uniform distributions are
not fit for this purpose; a solution is offered by the geometric interval classification. This is
based on a geometric progression that fits the shape of skewed distribution curves very
well.

As an example, I present a grid in which each cell is linked to a number that corre-
sponds to the weight of the finds collected inside. The distribution of the weight values is
clearly right skewed (Figure 1).
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30 !
25 - |
> |
8 |
g 20 !
g 15 - |
u'—_ |
10 - |
|
5 - |
|

=

0 50 100 150 200 250 300 35

Weight (g)
(a) (b)

Figure 1. Example grid: (a) excavation grid with cells containing the weight values of finds in grams; (b) histogram of the

data value distribution.

Data are drawn from an actual archaeological case study. Nonetheless, it was preferred
to extract the data from their own context (and to partially modify them), in order to
generalize the example. This grid might represent an excavation grid as well as a survey
grid; the values inside the cells might represent the weight of the pottery sherds, the
percentage of phosphate in the soil, etc.

I attempted to classify this dataset by applying all of the classification methods that are
implemented in QGIS: equal interval, quantile, standard deviation, natural breaks and the
more recent method that is based on a logarithmic scale (available from QGIS version 3.10).
I did not consider the “pretty breaks” scheme, which is also available in QGIS, because
it is simply a “rounded version” of the equal interval method. I chose the same number
of classes (four) when it was possible; the standard deviation and logarithmic methods
required a different number of intervals to produce a correct or readable outcome. Finally, I
compared the spatial patterns that were achieved with these methods with those that were
obtained using the geometric classification scheme. Figure 2 shows the results.

Classifications based on equal intervals tend to obscure spatial patterning because
the lowest values (being the majority) are lumped into a single class with a wide range:
1-81 g. The subdivision appears to be slightly better when using the standard deviation
and natural breaks schemes, although the values that are lower than 82 g (= the first class
of equal interval), amounting to 82% of values, are concentrated in two classes: 1-51 and
51-109 g for standard deviation and 1-31 and 31-82 g for natural breaks.

On the other hand, the quantile method shows a completely different picture; however,
is it more reliable? As the aim of this classification scheme is to divide the values into
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equally sized intervals, each class contains almost the same amount of data and the classes
with the highest values tend to be overestimated.
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Figure 2. Different spatial patterns in the sample grid using QGIS standard classification methods (a—e) and the geometric
interval classification method (f).
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Increasing the number of classes may help to correct these distortions. However,
it is not recommended to use too many intervals, in order to avoid compromising the
readability of the map (mainly, whether it is in grey scale); the optimum number of classes
is between four and seven [9] (p. 100).

Geometric interval classification yields a more realistic data representation using fewer
classes. In fact, “by mimicking the actual distribution curve” [1] (p. 145), this method
separates the lower classes in more detail, and it does not overestimate the highest intervals.
In other words, each class is correctly weighted within a right-skewed distribution.

The map that is produced using the logarithmic scale method is very similar to the
map that is based on geometric intervals, and it may be a good alternative in some cases.
However, this method has some disadvantages. For example, it is less flexible than the
other methods, because it is anchored to the standard logarithm with base 10. This reduces
the number of possible classes (3, 6 or 11 in our example) and produces very wide intervals,
mainly for the highest classes. In addition, the logarithmic scale is unfamiliar to most
archaeologists. This method is useful for variables with a wide range of values and a
great difference between the classes with the highest frequencies and those with the lowest
occurrences.

Now, let us imagine that our grid is the survey grid of a rural area where a highway
must be built. Observing the maps that are produced by the equal interval, standard
deviation or natural breaks methods, a political decision maker could think that the right
half of the grid is almost free from archaeological evidence, and he will direct the new
road there. However, other maps show different pictures in particular, those that are
classified according to logarithmic and geometric progressions. These maps could lead
our decision maker to make different choices or, at least, to investigate the context in more
detail, before building the new highway. This is purely an example; however, it is useful
for understanding the importance of the geometric interval classification. Even QGIS users
must be offered the possibility to classify data following a skewed distribution by means of
this classification method.

4. Python Script

In order to implement the geometric interval classification scheme in QGIS, a script
was written in Python. The starting point was a simple code to apply the graduated render
in QGIS, posted by Kelly Thomas in 2013, on a famous question and answer website for
cartographers, geographers and GIS professionals [10]. On this basis, I added new code
lines that were influenced by a script for managing classification methods in QGIS, written
by Carson Farmer in 2010 [11]. Finally, I modified these two sources in order to insert the
geometric interval classification algorithm.

The mathematical formula to define the classes’ upper limits is that described by B.D.
Dent [6] (pp. 146, 406) and taken up by J. Conolly and M. Lake, with slight changes [1]
(p. 143):

LxX,LxX5,LxX3...,LxX" 1)

where L is the lowest value of the dataset, n is the number of desired classes, X is the
multiplier, calculated with Formula (2).

o/ Highest dataset value

X @)

~V Lowest dataset value

Since the release of QGIS 3.0, I have updated the code in order to port the Python,
Qt and PyQt libraries from version 2 to 3 (Python) and 4 to 5 (Qt and PyQt). Clearly, this
script has been written by an archaeologist, not by a mathematician or a computer scientist,
and for personal purposes. It is likely that it is neither clean nor completely correct code;
however, it works. The most recent version (0.3), which is compatible with QGIS 3.18,
together with the previous versions, is available on the GitHub platform [12].
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On GitHub, a Readme file containing the usage instructions is also available. Here, I
will summarize how the script works in few points and with an image (Figure 3). Before
running this script, as well as before applying any classification methods, the user must
know his/her purpose and the distribution of the dataset that he/she aims to classify
and visualize. For this latter aim, plotting a histogram of the dataset is enough. A simple
spreadsheet or the use of statistical software (like R) are valid alternatives, although
QGIS provides useful tools as well. For instance, the Histogram tab in Layer Properties—
Symbology—Graduated Symbol quickly produces a clear histogram, ready to be interpreted.
Once the shape of the data distribution (normal, uniform, skewed, etc.) is established, and
we know what we want to visualize on our map, these are the following steps:

Upload and/or select the vector layer to be classified;

Open the geometric interval classification script in the Python console;

Set the variables: name of the attribute field to classify and number of classes;
Run the Python script;

Change colour palette and legend items in the Layer Properties dialog as you like.
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Figure 3. Usage of the script in QGIS, step by step.

One last suggestion: it is convenient to test the results of every available classification
method. Observing the differences, and investigating the reasons for them, may be a useful
exercise for better understanding every possible pattern in the data.

5. Conclusions

The main result of this scripting work is to fill a gap in the QGIS classification schemes
by introducing the geometric interval method. As we have seen, this is very useful when we
are dealing with quantitative data following a right-skewed curve, a statistical distribution
that is very common in many archaeological case studies.

In addition, this work (although simple, and a little “rough”, for the finest program-
mers) testifies the power of FLOSS once again. Open source code, and a wide community
of users that share their works and suggestions, allow us to create the tools we need on our
own, similar to an ancient craftsman building his working tools [13]. In this way, we can
understand how the software functions work, and we can use them correctly, moving from
an “unaware click” to an “aware click”.
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