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Chapter VIl
Spatiotemporal Analysis

THE ANALYSIS OF SPATIAL
FREQUENCIES

As we have suggested many times throughout
the book, the general form of an archaeological
problem seems to be “why an archaeological site
is the way it is?” If we translate it into the spa-
tial domain, we should be asking “where social
agents performed their actions and work pro-
cesses on the basis of the observed relationships
between the actual locations of the social action
material traces?,” or more precisely, “why those
archaeological materials have been found here
andnot elsewhere?” Consequently, the automated
archaeologist should infer where social agents
performed their actions and work processes based
on the observed relationships between the actual
locations of the supposed material consequences
of social action. This is the domain of application
for a spatial analysis: to infer the location of what
cannot be seen based on observed things that are
causally related to the action to be placed. Know-
ing where someone made something based on
what she did, is an inverse problem with multiple
solutions, which can be solved using some of the
methods and technologies already presented.

It is important to realize that “location” is a
property of social acts, butitisnota causeinitself.
Social action is produced in physical space, but it

also contributes to the formation process of such
space. The characteristics of space as adimension,
rather than the properties of phenomena, which
are located in space, are of central and overrid-
ing concern. Consequently, “place” can only be
understood according to what is performed ateach
place and at each moment. Social actions should
be analyzed as conditioned and/or determined by
other actions, because they have been performed
in an intrinsically better or worse spatiotemporal
location for some purpose because of their position
relative to some other location for another action
or the reproduction of the same action (Barcelo
& Pallarés, 1998). Some of the actions performed
near the location increase the chances of one type
ofaction and decrease the chances of others. What
we are looking for is whether what happens in one
location is the cause of what happens in neigh-
boring locations (Barceld, 2002, 2005; Barcelo,
Maximiano & Vicente, 2005; Mameli, Barcelo
& Estévez, 2002).

The automated archaeologist’s objective is
then to analyze where, when and why a social
action “varies from one location (spatiotemporal)
to another.” Social action is never performed
isolated or in an abstract vacuum. To solve this
archaeological problem, the intelligent machine
will correlate different social actions, and describe
how the spatial distribution of material effects of
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some action, and hence the place where the action
was originally performed, has an influence over
the spatial distribution of the material effects of
other(s) action(s).

In seeking to understand a spatial pattern in
observed data, it is important to appreciate that
it might arise either from region-wide ‘trends’
(first-order variation) or from correlation struc-
tures (second-order variation), or from a mixture
of both. In the first order case, the spatial fre-
quencies of archaeological features vary from
location to location due to changes in the under-
lying properties of the local environment. For
example, frequencies of archaeological artifacts
may be influenced by variations in terrain. In the
second order case, frequencies of archaeological
data vary from location to location due to local
interaction effects between observations. For
example, material consequences of social action
tend to happen in areas where the social action
has been performed. We should assume a second
order pattern in the data is due to some process
that varies spatially. That means that patterns arise
due to variations in social actions performed at
discrete locations.

The question that also arises is whether the
social action displays any systematic spatial pat-
tern or departure from randomness either in the
direction of clustering or regularity. Random-
ness at the spatial level can be the result of post
depositional alteration, and should be detected
before social action at the spatial level can be
explained. We need tools and methods to differ-
entiate diverse spatial ways in which an action
can be performed at different places. Questions
that are more interesting include:

. Is the observed clustering due mainly to
natural background variation in the popula-
tion from which intensities arise?

. Over what spatial scale does any clustering
occur?

. Are clusters merely aresult of some obviousa
priori heterogeneity in the region studied?

. Are they associated with proximity to other
specific features of interest, such the location
of some other social action or possible point
sources of important resources?

. Ismaterial evidence thataggregates in space
also clustered in time?

All these sorts of questions serve to take us
beyond the simple detection of non-randomness.
Discriminating between random, clustered, and
regular patterns of observed spatial frequencies of
archaeological features is a fundamental concern,
because it will help us to understand the nature of
the causal process (social actions) involved. The
actual evidence of the presence of a social action
should be statistically different from the random
location of its material traces through different
spatial and temporal locations.

To infer the cause (social action performed
at the spatial level) from the effect (the spatial
frequency of material evidence measured at some
finite set of locations), we have to rebuild the real
frequency that was generated in the past by the
social action. This theory forms the underpin-
nings of geostatistics. Geostatistics applies the
theories of stochastic processes and statistical
inference to spatial locations. It is a set of statisti-
cal methods used to describe spatial relationships
among sample data and to apply this analysis to
the prediction of spatial and temporal phenomena
(Fotheringham et al., 2000; Haining, 2003; Lloyd
& Atkinson, 2004).

NEURAL NETWORKS FOR
SOLVING THE SPATIAL
INTERPOLATION PROBLEM

If the intelligent robot has not previous informa-
tion about how observed spatial frequencies of ar-
chaeological observables mighthave been formed,
then estimates of the parameters defining the best
function between input (frequency of material
traces at the spatial level) and output (placement

257



39 more pages are available in the full version of this document, which may be
purchased using the "Add to Cart" button on the publisher's webpage: www.igi-
global.com/chapter/spatiotemporal-analysis/6826

Related Content

Adaptive Interaction for Mass Customisation
Gulden Uchyigit (2012). Machine Learning: Concepts, Methodologies, Tools and Applications (pp. 2101-2116).

www.irma-international.org/chapter/adaptive-interaction-mass-customisation/56244

Heuristic Algorithms: An Application to the Truck Loading Problem

Laura Cruz Reyes, Claudia Gémez Santillan, Marcela Quiroz, Adriana Alvim, Patricia Melin, Jorge Ruiz
Vanoyeand Vanesa Landero Najera (2012). Logistics Management and Optimization through Hybrid Artificial
Intelligence Systems (pp. 238-267).
www.irma-international.org/chapter/heuristic-algorithms-application-truck-loading/64924

How Industry 4.0 Can Benefit From Semantic Web Technologies and Artefacts

Leila Zemmouchi-Ghomari (2021). International Journal of Software Science and Computational Intelligence
(pp. 64-74).
www.irma-international.org/article/how-industry-40-can-benefit-from-semantic-web-technologies-and-artefacts/287397

A Study of Normalized Population Diversity in Particle Swarm Optimization

Shi Cheng, Yuhui Shiand Quande Qin (2020). Handbook of Research on Advancements of Swarm Intelligence
Algorithms for Solving Real-World Problems (pp. 345-381).
www.irma-international.org/chapter/a-study-of-normalized-population-diversity-in-particle-swarm-optimization/253431

Design of Low-Power High-Speed 8 Bit CMOS Current Steering DAC for Al Applications

Banoth Krishna, Sandeep Singh Gilland Amod Kumar (2022). International Journal of Software Science and
Computational Intelligence (pp. 1-18).
www.irma-international.org/article/design-of-low-power-high-speed-8-bit-cmos-current-steering-dac-for-ai-

applications/304801


http://www.igi-global.com/chapter/spatiotemporal-analysis/6826
http://www.igi-global.com/chapter/spatiotemporal-analysis/6826
http://www.irma-international.org/chapter/adaptive-interaction-mass-customisation/56244
http://www.irma-international.org/chapter/heuristic-algorithms-application-truck-loading/64924
http://www.irma-international.org/article/how-industry-40-can-benefit-from-semantic-web-technologies-and-artefacts/287397
http://www.irma-international.org/chapter/a-study-of-normalized-population-diversity-in-particle-swarm-optimization/253431
http://www.irma-international.org/article/design-of-low-power-high-speed-8-bit-cmos-current-steering-dac-for-ai-applications/304801
http://www.irma-international.org/article/design-of-low-power-high-speed-8-bit-cmos-current-steering-dac-for-ai-applications/304801

