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In this article we analyse the problem of downward causation in emergent systems. Our 
thesis, based on constructivist epistemological remarks, is that downward causation in 
synchronic emergence cannot be characterized by a direct causal role of the whole on the 
parts, as these levels belong to two different epistemological domains, but by the way the 
components are related: that is by their organization. According to these remarks 
downward causation, considered as relatedness, can be re-expressed as the non-
coincidence of the operations of analysis and synthesis performed by the observer on the 
system. 
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1.   Introduction 

Emergence is usually approached from two different points of view. The first is 
an ontological one, which concerns the formation of new levels of reality in a 
way that it is meant to maintain a coherence with the physicalist perspective. 
The other approach is epistemological and it focalizes on the observer and on his 
limits in modelising complex systems. 

In this article we assume the second approach. The reason is that we think 
that the issue of the unpredictability or the non-deducibility of the description of 
a complex system from that of the behaviour of its part in isolation concerns 
primarily the interaction between the observer and the system, as for example 
the limits in the precision of his measurements or the different kinds of 
observation he can perform at different levels of analysis. Also, unpredictability 
and non-deducibility concern the models the observer builds and not the systems 
themselves. 

Following these remarks we assume a constructivist approach mainly 
derived from the one proposed by Humberto Maturana and Francisco Varela in 
the autopoietic theory [9,19,21,22,36,37]. It consists in that the observer does 
not have a direct access to reality but only to his own experiences he performs in 
interaction with it. In such a way knowledge is not characterized by a 
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registration of the features of an objective reality but occurs in a relational 
domain where the regularities of these experiences are expressed in the models 
the observer builds. 

The autopoietic epistemological approach is based on the concept of unity, 
which makes it very suitable in a systemic perspective. The primary operation 
which characterizes the activity of the observer is the distinction of a unity from 
its background, an action that relies on his purpose and his point of view, and 
which specifies the identity of the unity together with its domain of  existence 
[21,33]. Through this epistemic operation at least three levels can be 
distinguished on a unity: 
• its material parts considered in isolation, or better distinguished from a 

generic background; 
• the composite unity, which corresponds to the internal point of view and 

which constitutes the level of the interactions of the functional components 
which, differently from the material parts, are distinguished in relation to 
the system they integrate; 

• the simple unity, which corresponds to the external point of view and is 
distinguished from the medium it interacts with. It is considered as a whole 
with given properties. 

 
Each of these observative levels on the same unity determines a domain of 
existence characterized by the presence of specific elements and relevant 
properties. The problem of emergence is placed at the level of the relations 
between these domains [5] and consists in the possibility or not to express the 
property of one domain in terms of another. The first two levels, which in the 
case of  purely additive interactions can be considered as coincident, have an 
ambiguous status, for they cannot be considered in a hierarchic relation like that 
between them and the third level. Their difference depends instead on the 
direction of the distinction, bottom-up for level 1 and top-down for level 2, and 
it is crucial to understand emergence. 

2.   Complex Emergence 

The use of the term “emergent” to name a non-additive property of a compound,  
in opposition to “resultant”, dates back to George Henry Lewes’ “Problems of 
Life and Mind” in 1875 [16]. With time it assumes more precise connotations 
and it is used to define the phenomena of appearing of qualitative novelties in 
nature, like properties, relations or levels not present in the pre-existent entities. 
The acknowledgment of the importance of emergent phenomena finds its first 
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rigorization during the 20’s with the rising of a line of thought called British 
Emergentism [2,7,18,23,34]. 

Considering the most recent studies since the 70’ and the 80’s, which are 
focused on the role of the observer, it is possible to distinguish between 
emergence as unpredictability or as non-deducibility from some initial 
conditions or basic level [4,8,11,24]. To the first group belong the processes of 
self-organization like those studied by the thermodynamics of dissipative 
structures (thermodynamical emergence) of Ilya Prigogine [25] and the 
computer simulations of Artificial Life (computational emergence): the ordered 
and unitary behaviour which can be observed in a system is in principle 
deducible from the laws which characterize the model which describe the 
behaviour of the constituents, but it is not predictable because of the non-linear 
interactions between them. An infinite precision in the knowledge of the initial 
conditions is required to the observer, whose limits have the consequence that it 
is not possible to determine the evolution of the system after a certain amount of 
time: even a very slight difference in the initial conditions can give rise to very 
different behaviours. The emergence characterizing these phenomena, usually 
called of “self organization”, depends on the intrinsic limits in the process of 
measurement performed by the observer [30]. Therefore, what emerges is not a 
qualitatively new level or behaviour which needs to be described by a new 
model but just an ordered pattern which is recognized by the observer according 
to his properties as a cognitive agent. According to these remarks the models of 
these processes can be better called of self-ordering than of self-organization [1]. 

The new level that we observe is only epiphenomenal. Considering the 
interaction between some objects iA1 , iA2 ... i

nA  with properties iP1 , iP2 … i
nP  at 

the basic level of analysis i, the emerging level characterized by a new object 
1+iA  is totally determined and describable in terms of the elements belonging to 

the level i and their properties (cfr. Humphrey, 1997) [13]: 
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To the second group, which includes those processes which can be 
considered emergent in a proper sense, belong the phenomena of spontaneous 
symmetry breaking studied by Quantum Field Theory [3,24], and autopoietic 
processes [5]: the formation of a system or a new behaviour are not deducible in 
principle by the model which describes the initial dynamics and require a new 
kind of description, a new model which cannot be reducible to the initial one 
neither to a more comprehensive one.  

In this case, where the new level is not describable in terms of the lower 
one, what emerges is not merely epiphenomenal. The relatedness between 
components gives rise to a qualitatively new level with its proper characteristics, 
which needs new kinds of models in order to be described. 
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In this scheme, adapted from Humphrey 1997 [13], we can identify the 

three levels which an observer can distinguish on a unity. According to our 
approach the components i

aC , i
bC … i

nC  integrating the composite unity are 
expressed with different names than those of the basic ones, and their 
interaction, being non-additive, is expressed by *. While in the case of 
emergence as unpredictability the levels of material parts and components 
coincide and that of the simple unity is merely epiphenomenal, in the 
phenomena of emergence as non-deducibility the three levels are qualitatively 
different and the lower one is not pertinent in the description of the others. 

Different terms are usually used to express this kind of emergence. The first 
one, which points out that the non-deducibility depends on the way the system is 
organized and not on the limits in the measurement process, is “intrinsic 
emergence” [11], but this term tends to obscure the role of the observer. Another 



Downward Causation and Relatedness in Emergent Systems: …  595

definition is “emergence relative to a model” [8], which is focused on the limits 
in the descriptions proposed by the observer but does not express the character 
of necessity of this epistemological limit: the impossibility could depend on the 
kind of model, while in this case it is meant as a limit in principle for all models. 
This problem can be solved using another terminological option, that of 
“complex emergence” which can express in a proper way both the limit in 
principle and the role of the observer. We refer here to Robert Rosen’s definition 
of complexity: “to say that a system is complex […] is to say that  we can 
describe the same system in a variety of distinct ways […]. Complexity then 
ceases to be an intrinsic property of a system, but it is rather a function of the 
number of separate descriptions required […]. Therefore, a system is simple to 
the extent that a single description suffices to account for our interactions with 
the system: it is complex to the extent that this fails to be true” [30]. In such a 
way, complex emergence expresses the failure or inadequacy of a single 
modality of description and the necessity to pass to a new one. The lack of 
relation between the different modes of description is what makes the emergent 
phenomena and especially downward causation so puzzling, as we will see in 
the next paragraph. 

In the analysis of emergent phenomena and in order to deal with the 
problem of downward causation a further distinction is necessary, that between 
synchronic and diachronic emergence [35]: 
• synchronic emergence concerns the recognition by the observer of a unitary 

system rising from the interaction between components and the consequent 
presence of different levels of analysis. It focuses on the hierarchic relation 
between parts and wholes and it is strictly connected to the problem of 
distinction exposed in the introduction. 

• diachronic emergence concerns the appearance in time of new entities in 
the natural world – for example the origin of living systems or the birth of 
new species in the evolutionary process – and of new behaviours at the level 
of the interactions between the system and its environment. 

 
We will mainly deal here with synchronic emergence in order to face the 
epistemological problem of downward causation in those systems characterized 
by complex emergence, but few remarks will be made also on the diachronic 
one. 



L. Bich 
 
596

3.   Downward Causation  

With the term “downward causation” we generically mean the causal effect of 
the emergent whole upon the elements that constitute it, in such a way that their 
behaviour inside the system is different than in isolation. The direction is the 
opposite of that of the relation of realization, which goes from the elements to 
the whole they give rise to. 
It is possible to distinguish three different ways to consider this relation [12]:  
• strong downward causation: it implicates an ontological difference between 

the levels considered, due to the introduction of a non-scientific principle, 
as in vitalist theories. It violates the physicalist assumption of materialism 
because the upper level is not completely realized by the entities of the 
lower level and consequently the gap between levels does not depend on the 
ways the constituents are related. The causality of the whole on its parts in 
fact has the form of a non-material principle which directly influences the 
way the constituents behave. 

• Weak downward causation: it considers the difference between levels as 
merely formal. The emergent levels show an ordered pattern, but do not 
have an effective causal power on the elements of the lower levels. They are 
just epiphenomenal, in that they do not imply an effective change in the 
system. 

• Medium downward causation: the upper level influences the lower ones 
without appealing to a sort of vitalist explanatory principle. This influence 
consists in that the constituents behave in the system differently than in 
isolation, due to the way they are related in order to realize the unitary 
whole they belong to. 

 
While we exclude the first kind of downward causation as non-scientific, it is 
easy to associate the other two versions of downward causation to the two forms 
of emergence analysed above. 

Weak downward causation is exhibited by the self-ordering processes 
which are characterized by emergence as unpredictability. It is epiphenomenal 
because the behaviour of the elements of the system does not need a new model 
to be described. Consequently it has just an heuristic value. 

The third kind of downward causation is the more interesting because it 
implies an effective difference in the behaviour of the constituent, which 
requires the construction of a new model. Problems arise when we try to 
conceptualize this causal relation: how can we conceive a causal power of the 
whole on the parts if these belong to two different epistemological levels with 
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no direct connection and which are described by different and incommensurable 
models? 

According to the epistemological remarks we made on complex emergence, 
which are based on models and not on natural objects in themselves, the whole 
cannot directly act at the level of its components, for the two levels belong to 
different and incompatible domains. They are in fact described by different 
models in such a way that a direct interaction between them is not approachable 
from both the conceptual and the operational points of view. A direct causal 
relation would imply that the two levels could be described by a same model, in 
contradiction with the definition of emergence. 

This epistemological problem can be solved if we consider downward 
causation as depending on relatedness [32], that is on organization. The way 
components are related in order to integrate and realize the emerging systems is 
what makes an effective difference in their behaviour. 

A possible way to deal with the problem of downward causation is thus to 
consider the difference between the two levels of the constituents which are 
identified by the action of distinction of a unity performed by an observer. From 
this epistemological point of view downward causation consists in the 
irreducibility of the models which describe the material parts of the system and 
the components, these last ones distinguished from the background of the 
organization of the unity they give rise to. The former depend on their intrinsic 
properties and are identified through a bottom-up approach; the latter depend on 
the organization of the emergent system and are distinguished through a top-
down approach. 

While in self-ordering processes a bottom-up approach is sufficient and 
allows us to modelise the system, here is the top-down one which catches the 
internal dynamics of the system and determines the model of the emergent 
behaviour of components [6]. Downward causation, according to this 
epistemological approach, can be expressed as the irreducible difference 
between the bottom-up and the top-down approaches, which are not one the 
inverse of the other. This difference is not considered as a direct consequence of 
the action of the system as a whole but of the organization, the relatedness, to 
use an expression of the emergentist Conway Lloyd Morgan’s [18], which 
determines the identity of the functional components which it connects. 

Emergence comes up as a problem of observative levels which are 
characterized by a lack of connection. This makes two different conceptual or 
experimental activities performed by the observer, that of synthesis from the 
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material parts and that of analysis from the composite unity, not to coincide 
[31]. 

Two different kinds of models come out of these operations. These models 
do not deal with the states of a system S  in itself but with mappings on them, 
which express the measurement interaction between the observer and the 
system. These mappings, called observables, define some equivalence relations 
R  on S . Given an observable  f: 

 fRSSf /)( =  (1) 

In analytic models the observables are defined on the system S  and they 
are characterized as its projections onto its factors, which correspond to the 
components belonging to the second level of the distinction. The starting point is 
the observation of the system as a whole, which is the domain of the operation. 
Analysis, according to Rosen [31], can be expressed formally in Category 
Theory as a direct product: 

 )()( SfSM αα∏=  (2) 

Synthesis on the contrary is an assembly operation where S is not the 
starting point, the domain of the operation, but the range of it. It is not a 
projection of S  but an injection of its constituents on it. It is a construction of 
the system from the analytic models describing its subsystems – that is its 
material parts – which belong to the first level of distinction. The observables in 
fact are not defined on S  but on its subsystems nA . The synthetic model of the 
system S  can be expressed through the direct sum of the models describing its 
parts [31], as the smallest set containing them: 

 )()( nn AMSM �=  (3) 

In simple systems (see the first scheme in Sec. 2 above) the analytic and 
synthetic models are one the inverse of the other and the system is fractionable: 
the properties of the systems are localised in its material parts and can be 
expressed by models describing them. 

In the case of complex emergence (see the second scheme in Sec. 2 above) 
downward causation can be characterized as the non coincidence of analytic and 
synthetic models of S . Its main consequence is non-fractionability that consists 
in the lack of a one-to-one correspondence between the organization of the 
composite unity, identified by a top down distinction, and the structure that 
realizes it through the material parts, which is instead identified by a bottom up 
distinction.  
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An observer who does not consider the problem of the incompatibility of 
models, but assumes just an ontological point of view focused on object in 
themselves instead of on the relation between models, theoretically approaches 
downward causation as a direct action of the whole on the parts. In this way he 
puts different levels, which are acknowledged as irreducible from the same 
definition of emergence as non-deducibility and which are the result of different 
operations of distinction, on a same one, thus making an epistemological 
mistake. Therefore this approach involves a kind of downward causation which 
contradicts the same definition of emergence it starts from. 

Here we faced the problem of downward causation from a synchronic point 
of view, focused on the relation between the whole and his constituents. 
Assuming a diachronic approach we can identify some differences. In fact 
observing the temporal evolution of the system in interaction with its 
environment we can identify the correlations of the changes in the composite 
and in the simple unity. In order to do this we need to put ourselves on a meta-
domain of second order descriptions, which are symbolic and conceptual and not 
operational [5]. In this case the causality between the whole and its constituents 
appears to the observer as the reciprocal modulation between the internal and the 
external dynamics [20]. Nevertheless this is not a direct causal relation, as the 
two domains are not intersecting and the two levels to which they belong still 
need to be considered distinct. It is rather a relation of  reciprocal selection that 
the observer induces from the correlations he observes in time between the two 
different levels. Like we said above, a direct causal relation would imply a 
reduction between those levels, which would be described together into one 
more comprehensive model. Here instead it is just the identification – on a meta-
domain – of some correspondences which come out of the observation of the 
two different levels at the same time. 

4.   Conclusive Remarks 

In this article, by assuming an epistemological perspective on emergence 
focalized on the models build by the observer and on the three levels he can 
distinguish on a system, we showed that downward causation is more complex 
than the causal effect of the whole on the parts. It depends in fact on relatedness 
and can be considered as the non-congruence in emergent systems between the 
synthetic models, which describe a system starting from the parts in isolation, 
and the analytic ones, which describe the composite unity starting from its 
organization. These two different classes of models depend respectively on a 
bottom-up and a top-down operation which are not one the inverse of the other. 
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We also showed that in a physicalist perspective the assumption of an 
ontological approach to emergence and downward causation can lead to some 
mistakes, for it makes different levels to interact on the same one and it 
contradicts the definition of emergence, based on non-deducibility. 

A further step along this line of research can be to show examples of the 
non coincidence between analytic and synthetic models. An interesting case for 
the application of this theoretical framework is the formal model proposed by 
Robert Rosen to characterize the identity of living systems: the (M,R)-system 
[15,26,27,28,29]. His demonstration of the inequality of the operations of 
analysis and synthesis in this class of system [31] is obscure and it is quite 
controversial [10,17,38], also because it is connected with his thesis about the 
non-computability of the models describing living systems, which would put 
serious limitations to the goals of Artificial Life. 

Studies in this direction would be important for a better understanding of 
emergence in biological systems. Especially, they would open the way to the 
development of a non reductionistic approach to the biological study of the 
organization of living systems focalized on the analysis of their functional 
components in terms of the unity they integrate. 
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