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It is in creating the artificial and controllable that science excels (R.E. Gomory)

Why This Issue

This is the introduction to a special issue of Journal of Archaeological Method and
Theory focusing on modelling and simulation in archaeology.

Archaeology is a discipline based on abductive reasoning, where the premises do not
guarantee the conclusions. In other words, hypotheses in archaeology are generated on
the basis of an incomplete set of observations, and the discovery or the acquisition of
new information can modify the previously developed hypotheses. Abductive reason-
ing is a useful tool for developing explanations that are adequate to describe an
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observed phenomenon. However, without further testing, such explanations remain
adequate but are not necessarily accurate.

The importance of abductive reasoning in archaeological research justifies the major
efforts and investments dedicated to data gathering and to the improvement of analyt-
ical methods over the past decades (i.e. from the advent of New Archaeology onwards).
In contrast, few resources have been dedicated to develop a sound methodology that
supports the process of inferential reasoning per se, to make it consistent and repeatable
and generating explicit and reusable models. In practical terms, archaeologists tend to
build their hypotheses using the available data, often selecting a subset and rarely
explicating the details of the model used to reach their conclusions. Furthermore, in
some cases, the formal consistence and coherence of the proposed models are not
explored.

These shortcomings are particularly evident when considering that archaeologists
are constantly dealing with complex and dynamic situations where the non-explicit
models are used to study changes and processes. In doing so, the significance of
equifinality (Premo 2010) and uncertainty (Crema 2012) is rarely pondered, simply
because archaeologist seems to consider these parameters as intractable problems. On
the contrary, we argue that these problems are not so intractable and that they can be
tackled with a different methodology, less focused on data gathering and data analysis
and more oriented towards model building and inferential reasoning. We do not
consider these two realities as antagonistic; on the contrary, we believe that they are
two sides of the same coin, and they both deserve to be explored and integrated.

Building a model consists in building a representation of the structure and function-
ing of the system under study (Epstein 2008). It is also, in a sense, the formalisation of a
chain of reasoning about the pegs and cogs of the system of interest. Significantly, a
model has to be at the same time similar to and simpler than the system under study.
Indeed, it has to contain all the salient features of the system, while being less complex,
to make it understandable. In this sense, a useful model is the best compromise between
realism and minimalism. Once this formalisation and simplification are achieved, we
can carry out trials exploring the dynamics of the model using simulation. In other
words, simulating a system means putting into operation the model of the system.
Simulation can be seen as a multifaceted tool: (1) a technique to investigate the
dynamics of a system; (2) a heuristic tool to develop hypotheses and theories; (3) a
pedagogical tool to understand a process and to divulge its understanding and finally
(4) an experimental tool to produce new scenarios. Computer simulation is, indeed, a
kin to running an experiment, the model can be reconfigured, and parameter’s values
changed as many times as needed, something that would be totally impractical or
impossible in the real world. By observing how the model operates, we are able to
understand its properties by inference from the behaviour of the system. Therefore, a
simulation is primarily an instrument to assess the working of a system, under different
parameter values that are of interest for our investigation, and over long periods of time.

Despite the steep increase of the application of computer simulation in many fields
over the last 40 years, its impact in archaeology has been minimal, and the researchers
exploring this methodology are considered a kind of fringe movement (see Costopoulos
and Lake 2010, Lake 2014, McGlade 2014). The increased availability of simple
software environments together with the publication of models implemented in “ac-
cessible” languages, and a growing interdisciplinary interest in Social Sciences, is
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currently changing this situation by widening the community with access to this tool.
Furthermore, the implementation of supercomputing (parallel and cloud) raised hopes
for using computer simulation to approach complex problems arising from human
behaviour. As a result, the number of challenging opportunities for rethinking the role
of computer simulation specifically in archaeology is rapidly growing.

The SimulPast Project: A Methodological Challenge

In December 2010, a 5-year, blue-sky research project (SimulPast www.simulpast.es)
seeking at developing an innovative and interdisciplinary methodological framework
for modelling and simulating ancient societies was funded by the Spanish government.
SimulPast has been inspired by archaeology but integrates knowledge from diverse
fields such as anthropology, computer sciences, environmental sciences, physics,
mathematics and sociology with the ambition to generate methodological guidelines
for integrating the use of computer simulation in the study of the past (Madella and
Rondelli 2012; Caro et al. 2013). The origin of the project was in the realisation, by a
group of researchers with diverse archaeological backgrounds, which over the year’s
important progress was made in the acquisition of better, more meticulous and/or more
reliable archaeological data. However, this advancement did not match a similar
progress in the understanding of the processes and mechanisms that are behind such
data, and the deductions that could be drawn from their analysis. To comprehend
processes and mechanisms, we need to move into a more experimental ambit, and to
do so, we need to improve our capability of building models specifically for studying
human behaviour with a focus on social transformations. SimulPast research is inspired
from a series of significant case studies from diverse geographical areas (South
America to Europe, the Near East and Asia) with a chronological framework covering
the current interglacial period, i.e. the Holocene (c. 13 ka–present). These case studies
were selected to provide a collection of realities from which to develop our theoretical
and methodological proposal.

The project aims to approach and possibly solve a series of methodological chal-
lenges that are currently open or greatly debated questions in the context of computer
simulation in social sciences:

& The use of computer simulation for theory building versus hypothesis testing, or in
other words, exploratory versus explanatory models. Are the two approaches
completely incompatible or can we identify hybrid solutions? And, are hybrid
solutions useful?

& The possible added value of realistic versus abstract simulation. What are the
advantages, if any, of simulation inspired by realistic data? Which is the right scale
for complexity reduction? How can we build empirically based simulations?

& Model-based versus rule-based. Is the introduction of complex decision-making
algorithms and cognitive models useful (and computationally feasible) for under-
standing cultural processes?

& Validation/tuning and fitting of simulation experiments. Does a coherent and
consistent way of validating simulation results for archaeological problems
really exist?
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& Is it fundamental that models can be replicated and thus useful beyond the case
study from which they are generated? How do we document and communicate the
models? And how can we make the results easily readable and understandable?

All these challenges have been the object of disciplinary studies and reflexions (e.g.
in archaeology, sociology, computer sciences, ecology and physics). However, a
common interdisciplinary debate is still missing, and it is in this context that SimulPast
intends to act. The project works as a common ground in which archaeologists,
sociologists, computer scientists, ecologists and physicists explore the limits and the
potentialities of computer simulation for studying social change. From an approach in
which the different stakeholders (including the public through our dissemination
programme) are able to intervene in and inspire the methodological developments,
we hope to create a transdisciplinary reality for an improved environment for the use of
computer simulation exploring past human behaviour in a wider perspective. As the
Gulbenkian Commission predicted (Wallerstein 1996), much of the most interesting
and exciting research over the last couple of decades has been done outside the
boundaries of the narrowly defined traditional disciplines. The ambition of our work
within the frame of the project SimulPast is to move beyond single discipline knowl-
edge clusters, and we have conceived this special issue as a step in this direction.

This issue’s Contributions

This issue presents a collection of works arising from the diverse research groups of the
SimulPast project, complemented by invited expert contributions. Our aim was to give
the reader a snapshot of the current research in modelling and simulation in
archaeology.

Lake’s paper opens this issue providing the reader with a comprehensive history of
the recent applications of simulation in archaeology. This critical review concentrates
on the variety of approaches to simulation in archaeology, particularly in the last
15 years. The author wonders about the unbalanced application of simulation, where
the biological side (as in human evolution) has greatly benefitted from simulation while
the more “sociological” aspect of archaeological simulation remains a challenge. In
contrast, McGlade’s article provides a stimulating critic to the use of modelling in
archaeology, and in particular, to what the author considers the overvalued approach of
agent-based simulation. McGlade argues for the use of simulation as a laboratory for
exploration of social system dynamics and emphasizes the use of modelling to support
archaeological narratives. Barton’s (2014) contribution is the first paper of the collec-
tion to offer a tangible application of archaeological simulation, where a computational
model of a subsistence agriculture small-scale society is used to illustrate the level of
complexity in a small-scale society and the potential for new modelling methods to
assist archaeological inquiries.

Cooperative behaviour has been thoroughly explored in social sciences for its role in
the evolution of the human species and as a major mechanism of social relationships.
Salgado et al. (2014) explore the evolutionary mechanisms behind the selection of
cooperative behaviour and the potential of ABM to perform highly abstract experi-
ments to connect these mechanisms to the observed patterns. This is a powerful tool for
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exploring behavioural evolution and the intervening social mechanisms. Briz Godino
et al. (2014) contribution, also on cooperation, discusses the need to include in the
modelling process stronger theoretical foundations based on empirical observation of
the archaeological and historical record. Their agent-based modelling work is inspired
by ethnographic sources and it is used to explore the role of cooperation in a hunter-
fisher-gatherer society, the Yamana, where individuals face the social dilemma of
exclusively exploiting or sharing a highly profitable but punctual and unpredictable
resource such as beached whales. The use of archaeological data to inspire and calibrate
models is also debated in Del Castillo et al. (2014), a paper focusing on the emergence
of ethnicity and cultural differentiation in the hunter-gatherer groups of Patagonia. This
contribution illustrates a work in progress on the use of an agent-based model to
explore the consequences that labour exchange and territorial mobility have on identity
formation and cultural diversity.

Crema (2014) proposes a different approach, where abstract agent-based simulation
is used for understanding long-term changes in human settlement patterns. The author
argues for the construction of an abstract model developed from a simple heuristic
approach where universal assumptions, inspired from the ecological literature, are
combined in silico to lower the risk of generating ad hoc complex models that could
be hardly explored exhaustively. On the same line of approach is the paper from
Angourakis et al. (2014) which illustrates an abstract, theory building agent-based
model that explores mechanisms of land use competition between the economical
strategies of farming and herding (where the agent is the land-use strategies rather than
the people behind them). The oasis construction process of Central Asia inspires this
work, and the authors are interested in exploring the influence of aggregate decisions
(i.e. mobility, intensity and interdependence of activities) on the dynamics of land use
patterns. The results of this abstract model are then used as the basis to discuss
historical and archaeological implications for Central Asia oases.

Balbo et al. (2014) propose a hybrid approach. In this contribution, palaecolimatic
and environmental data are used to generate a realistic scenario for the semi-arid
environment of Northern Gujarat (India). Subsequently, an agent-based model is used
to explore the effects of climate change on the population dynamics of Holocene
hunter-gatherer communities. The paper of Balbo et al. (2014) is a substantial step
towards the integration of social, ecological and climatic parameters in a single
computer model. In fact, while computer simulation has become common practise
for the study of climate trends (e.g. Andersen et al. 2004; Clement and Peterson 2008;
Mayewsky et al. 2004), important limitations still exist for the integration of the social
and ecological components (Dearing et al. 2011). Isern et al. (2014) explore the space-
time dynamics of the Neolithisation process in Europe at a regional scale (the Iberian
Peninsula) through equation-based modelling. This contribution is a remarkable exam-
ple of equation-based modelling used to explore the introduction of an economic trait
(agriculture) and its expansion in a geographical area characterised by physiographical
constrains (e.g. mountains and rivers).

Ortega et al. (2014) explore an alternative approach, through ABM modelling, to
challenge models such as the law of monotonic decrement or the down-the-line model
for prehistoric goods exchange (Renfrew 1975). The study focuses on obsidian ex-
change networks in the Near East starting from the Pre-Pottery Neolithic period. These
systems of goods exchange are regarded as complex networks, and ABM is used to
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explore the roles of parameters such as population density or collaboration in dynamics
of long distance transfer. Finally, Barceló et al. (2014) introduce a model contributing
towards the understanding of social mechanisms related to the spread of populations
(demic diffusion models), the spread of ideas (cultural transmission models) and the
spread of goods (innovation diffusion model).

Concluding Remarks

The use of modelling and simulation in archaeology and social sciences with the aim of
exploring traits of human behaviour is still a relatively new discipline. Thus, it is
constantly transforming and adapting to the new challenges that characterise innovative
lines of research. The academic community involved in this work is constantly put to
the test as to how to overcome theoretical and technical drawbacks. Many problems
still exist, and discussion is ongoing, for example on whether realistic models are useful
and scientifically valid. At the same time, reading the papers in simulation, it is clear
that the effective communication of simulation results in a clear, consistent but readable
form is still an open challenge.

In spite of the remaining open questions, the contributions to this volume visibly
demonstrate that this avenue of research is instrumental in advancing our knowledge on
the evolution of human behaviour. Projects like SimulPast, from which this collection
of paper originates, are essential to promote an integrated approach and to create robust
and reliable tools for the behavioural studies of our species.
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