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Abstract
This paper surveys a number of approaches in complex systems thinking and their relevance for applications in the
field of archaeology. It focuses in particular on the fundamental role of social interactions and information transmission
as constituent elements for the development of organizational complexity on a community level. Given the impossibility
of direct observations of these constituent interactions and practices, it is then outlined how this theoretical model
can be applied on the material remains found in the archaeological record. It is discussed how material surroundings
– including architectural structures and material objects – are used to shape and structure social interactions and
practices in various ways. It is shown how complex organizational structures develop through underlying mechanisms
of change such as diversification, connectivity and standardization, and how these can be applied in archaeological
case studies. The presented framework will thus show how structures of social organisation and development of social
complexity can be inferred from the archaeological record.
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Introduction

This paper grew out of contributions to the sessions
’Evolution of Cultural Complexity’ at the Conference of
Complex Systems in Cancun and Thessaloniki, focused
on questions regarding the definition, measurement and
breakdown of sociocultural complexity. The wide range of
scientific disciplines present at the session is testimony to the
various ways this important topic can be approached. The
goal of this paper is to offer insight into what archaeology
might bring to the table. Focus will be on the development
of social complexity centred on social interactions as
fundamental components of human societies. This paper will
highlight how complex organizational structures can emerge
out of social interactions, and discuss how this process can
be studied archaeologically.

Social Complexity in Archaeology

Complex systems thinking emphasizes non-deterministic
and non-linear behaviour, interactive interdependencies
among system components, feedback loops, and complex
behaviour emerging from simple interactions (Lewin, 1992;
Mitchell, 2009). The study of complex social systems
particularly focuses on social interactions generating
complex organizational structures (Freeberg, Dunbar, and
Ord, 2012).
Concepts and methods from complex systems thinking have
increasingly started to take off in archaeology as a way to
deal with the complex nature of the archaeological record
generated by life in the past (Bentley and Maschner, 2003;
Chapman, 2003; Kohring and Wynne-Jones, 2007; Turchin
et al., 2017). To discuss all of these approaches would
fall beyond the scope of this paper. Focus will be on the

nexus between social interaction and complexity, and the
development of organizational complexity in community
formation.
Broadly defined, community formation entails the
development of collective action measures to mobilize
a group towards a common goal (Axelrod, 1984; Blanton
and Fargher, 2016). People may initiate collective action
for a variety of reasons, but often these are related to the
material conditions of human existence, i.e. demographical,
ecological, technological, and economic factors, as these
relate to the most basic human needs in production of
subsistence and the reproduction of human life (Sanderson,
1999). Collective action driven by material conditions
constitutes the basic platform for community formation
to develop, as a common plane upon which day-to-day
activities, interactions, and socialization take place (Smejda
and Baumanova, 2015).
To cooperate, people need to interact. Social interaction
occurs when two or more people create an episode of mutual
awareness supplemented by transmission of information
(Turner, 2003). Information transmission is not merely a
“like-for-like” process, but has important multiplicative
effects in generating novelty and innovation (Bettencourt,
Lobo, and Strumsky, 2007). Complex social systems develop
when individuals frequently interact in different contexts
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with many different individuals, often repeatedly many of
the same people over time (Freeberg et al., 2012, p.1787).
It has therefore been argued that the origins of increasing
social complexity lie in growing community sizes and
an exponential increase in (potential) social interactions
(Dubreuil, 2010; Fletcher, 1995; Johnson, 1982). But how
does the multiplicative effect of social interaction come to
be?

One approach is to conceptualize communities as ‘social
reactors’, entailing increased face-to-face interactions -
induced by population growth and aggregation - stimulating
innovation and societal changes (Bettencourt, 2013; S.
Ortman, Cabaniss, Sturm, and Bettencourt, 2015; S. G.
Ortman et al., 2016). The central notion is that when a
greater amount of people is more closely concentrated,
social learning and knowledge transfers can take place more
efficiently. Interactions can take place more frequently in
highly clustered networks and are affected by more rapid
feedback loops, thus decreasing lag time in the transfer of
information.
Emergent effects generated by social reactors are community
formation, socio-economic growth, and scalar stress.
Developments on a social and economic plane via the
first two are not limitless, but delineated by the latter,
which is caused by limits to human information processing
(Johnson, 1982). These form biological limits to group sizes
by inducing group fission (Dunbar, 1993). Human groups
can, however, circumvent these limits and ”self-organize
to better process socially transmitted information and more
effectively make decisions” (Auban, Martin, and Barton,
2013, p. 56; see also Wolpert, Grana, Tracey, Kohler, and
Kolchinsky, 2017).
It is this recursive loop of information input, processing,
and decision making which creates a feedback loop
that eventually leads to the development of complex
organizational structures (Figure 1). This process does
not constitute an inevitable trajectory towards increasingly
complex societies (see works such as Service, 1962). The
creation, perpetuation or disbandment of complex structures
should rather be seen as a series of steps, which can
be ordered in a dual trajectory, consisting of a ‘fast’
process of opportunistic decision-making through collective
action, feeding a second, ‘slow’ process of socio-political
development or decay (Cioffi-Revilla, 2005). The loop is
induced by social groups reacting to situational events,
which can be highly variable in nature, including human or
environmentally induced stresses, opportunities, endogenous
and exogenous processes.

At every step of the loop, adaptation can be successful or
fail, resulting in development or decay of social organisation.
It is clear that complexity is not a given but needs to
be continuously developed and maintained. With every
iteration of the loop, subsequent strategies and solutions are
superimposed. As social organization is maintained, a costly
organizational apparatus develops, consisting of multiple
and partially overlapping and interconnected structures of
administration, laws, social norms and values, all of which
are costly to maintain, both in energy and capital investment.

Figure 1. Recursive loop of complexity development (adapted
from Cioffi-Revilla, 2005)

Materialising complexity

The theoretical approaches highlighted above can be used
as a general framework to trace processes of community
formation and dynamics of social complexity. How can we
now relate this framework to the archaeological record, given
that we cannot directly observe the dynamics of societies in
the past?
To start with, we can go back to the social interactions
that form the constituent components of social complexity.
All interactions inherently have a temporal, spatial, and
social dimension, as they take place at a given time and
place, and within a certain social framework. For example,
a settlement can be considered to largely reflect the actions
and practices of the community it housed (Robb, 2007;
Smith, 2003). In this sense, a settlement can be seen as
a ‘pocket of interaction’ where, given generally higher
population numbers and density, an increased amount of
social interactions occurs compared to the surrounding
areas (Southall, 1973). Archaeologists have, among others,
applied this insight to develop measures to calculate absolute
population numbers of settlements through the abandoned
material residues of these people and their practices (Berrey,
2018).
Communities thus form temporally, spatially and socially
defined ’locales’, in which specific sets of interactions and
practices are manifested (Giddens, 1984). For example,
the practice of exchange will often be concentrated in a
specifically designated market place. Repeated performance
within such contexts, induces structuration of a set of
interactions and practices and determines how space is used
for human activities to provide the context of social life.
This repetition effectively transforms space into ’place’, or
‘lived space’, ascribing meanings, identities and memories
that actively shape people’s daily practices and experiences
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(Feld and Basso, 1996; Low and Lawrence-Zúñiga,
2003; Rodman, 1992). From this perspective, a mutually
constituting relationship can be proposed between settlement
form and the actions and interactions of heterogeneous
individuals, groups, and institutions, each with their own
motivations and identities (Fisher and Creekmore, 2014).

This is all highly relevant for archaeologists, as it
essentially allows material environments to be analysed, not
only as invariant contexts for social action and interaction,
but as inherently reflecting the nature and intensity of these
processes, and thus provides a way to connect the static
archaeological record with the dynamics of the society
which produced it. This approach can be supplemented
with a model of material environment-behaviour interactions
(Rapoport, 1988), identifying three levels of material
communication and information transfers: 1) low-level
meaning focusing on mnemonic cues for identifying the uses
for which certain material settings are intended, enabling
users of a certain place to behave and act appropriately
and predictably; 2) middle-level meaning communicating
deliberate statements about identity, status, wealth, power,
etc.; 3) high-level meaning as a symbolic representation
that only exists within the context of a specific cultural and
religious system.
The approach also includes material objects. Through
repeated usage, objects are ‘enchained’ in interlinked sets
that are structured spatially and temporally, thus creating
distinct and circumscribed contexts pulling together sets of
material linkages to constitute social practices in which these
objects are ‘proper’ to be used (Lucas, 2012). In very much
the same way, one reserves the fancy set of tableware for
special dinner parties rather than for your everyday meal.
In this sense, material culture itself should be considered
as an information transmission device (Clarke, 1968). For
example, it has been suggested that diversity in material
culture can be directly linked to its functionality as an
information transmitter through its role as regulator in
managing cognitive limits to information processing (Kohler,
Van Buskirk, and Ruscavage-Barz, 2004; Nelson et al.,
2011).

The importance of diversity in material culture can be
linked back to the model of recursive feedback loops
highlighted earlier, where social complexity can effectively
be considered a ‘problem-solving tool’ (Tainter, 1996).
The information processing and decision-making strategies
behind this process are built around three general mech-
anisms of change: 1) diversification, 2) connectivity, 3)
specialization (Tainter, 1996, p. 64). Complexity is built up
through repeated combination of these mechanisms. Diversi-
fication - for example in the usage of natural resources and
capital, or in social rules, functions, roles, etc. - increases
system robustness and resilience (Folke, 2006) and aids
recovery from disturbance events (Page, 2010).
At the same time, structurally differentiated components
must also be integrated in order for the system to function.
Connectivity between components is what makes a complex
system truly ”tick”. It has for example been suggested that
the long-term evolution of complexity mainly entails the
development of institutions that integrate sub-units together
in a coordinated manner in political, economic, and social
networks (Currie et al., 2016).

An essential element of connectedness also pertains to the
intensity of its linkages (Rosen and Rivera-Collazo, 2012)
and is determined by the degree of specialization in capital
and energy investment towards a specific outcome. Special-
ization typically induces multiplier effects yielding increas-
ing returns to scale (Arthur, 2015), as has for example been
suggested for the parallel development of Sagalassos as a
specialized pottery production centre and urban community
(Daems and Poblome, 2016; Poblome et al., 2013).
Of course, complexity cannot continue to increase indef-
initely. Increasing complexity is subjected to trade-offs
between costs and benefits, and subjected to marginal returns
on investment, making it harder to sustain complex orga-
nizational structures while maintaining efficiency. Increas-
ing specialization induces a resilience trade-off where the
increased efficiency of the system also entails increased
rigidity, hampering the system’s ability to overcome dis-
turbance event such as climatic changes, natural disasters,
and abrupt shifts in socio-political structures (Gunderson
and Holling, 2002). It is precisely in the deep-time study
of complexity trajectories, assessing the long-term effects of
mechanisms of complexity development and all associated
trade-offs in system organization, that the power of archae-
ology lies.

Conclusions
Despite the limited amount of space, we have covered quite
some ground in this paper. Starting on the micro-scale
with ordinary day-to-day interactions between people, and
concluding with the costs and risks of complexity in the
face of large disturbance events. This paper has tried to
provide a logical sequence going from social interactions
to the development of complex organizational structures,
and suggest a way to contextualize this process within an
explanatory framework based on the material properties of
the archaeological record and complex systems thinking.
This is by no means claimed to be the one and only key
to unlock the complexities of past societies. Still, it offers
way forward that could hold great potential for the future
development of archaeology. Archaeologists have in recent
years started to open up to such approaches, resulting in
increasingly interdisciplinary collaborations and applications
of a variety of concepts, methods and tools derived from
complex systems thinking. It can only be to the benefit of
our discipline.
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