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to deliberate. Although not for all purposes of the sciences dealing with these systems,
autonomy and deliberation are necessary ingredients of theory and models, one would not
content oneself with humans being modeled as deterministic or stochastic automata but pre-
fer models that reflect some typically human capability. And one would not content oneself
with models that deal only with the macro level of a society. As early as in the nineteenth
century, Emile Durckheim [?] proposed “sociological phenomena [that] penetrate into us by
force or at the very least by bearing down more or less heavily upon us”, thus anticipating
what Coleman [Coleman, 1990][p.10] introduced as the well-known “Coleman boat” (see
Figure 1.1), a representation describing the process of human actions (co-) determined by
their social environment and at the same time changing this environment, such that social
change is not just a change of the macro state of a society (or organisation, or group) but
at the same time always a change in the micro state of most or all of the individual beings.
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FIGURE 1.1 The Coleman boat describing downward and upward causation and the link between the
micro and the macro level

Coleman’s idea of upward and downward causation coincides with the concept of exactly
two societal levels (micro and macro) — which for many socio-economic models might seem
too simple (cf. [Tilly, August 1997]), which makes it necessary to elaborate on the concept
of levels and to discuss alternatives.

Thus a concept of levels will always be a part of any modeling of complex systems (but
see [Ryan, 2006]). With “level” a set of things of the same “natural kind” [Bunge, 1979] is
understood, and two subsequent levels Li < Lj are sets of things for which the following
holds:

Li < Lj =df (∀x)[x ∈ Lj ⇒ (∃y)(y ∈ Li ∧ y ∈ CLj
(x))] (1.1)

where CLi
(x) means the composition of system x. In plain words this means that the micro

level Li consists of entities which we call y, and these compose the entities x of the macro
level Lj .

Again this refers to Bunge’s definition in [Bunge, 1979] according to which a system σ
is defined as a triple consisting of its composition CLi(σ), its environment ELi(σ) and its
structure S(σ), where both CLi(σ) and ELi(σ) are subsets of the same set of things belonging
to the same “natural kind” (CLi

(σ), ELi
(σ) ⊆ Li) and where S(σ) is a set of relations, among

them “bonding relations”, defined on Li (“bonding relations” are those due to which one
element y1 ∈ Li acts on another element y2 ∈ Lj — y1 .y2 — in a way that “it modifies the
latter’s behavior line, or trajectory or history” [?]p. 6]Bunge79). S(σ), in turn, is a subset
of the set of all relations that can be defined on  Li, where different kinds of systems may
have different structures (see below 1.3 on p.1-13).


