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Abstract In this article we provide an epistemological analysis of three uses of the concept of 

contingency in biology. On the basis of this analysis we propose a heuristic solution to the issue of 

contingency versus determinism in the domain of studies on the origin of life, which makes it 

possible to approach this problem from a scientific point of view rather than by recurring to belief. 
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1. Introduction 

By the adjective contingent, we characterize those phenomena which cannot be included in 

deterministic causal chains. This meaning of contingency is frequently found in the contemporary 

scientific thought. Increasingly often it is used in the definition of the mechanisms which in nature 

generate novelties - be they positive or disruptive ones – or variety (Bocchi and Ceruti 1993; 2009; 

Oyama et al 2001). Among the well-known examples of this use we can include the “catastrophic” 

hypothesis of the extinction of dinosaurs due to a collision of an asteroid with the Earth, and the 

Monodian explanation of variability as the result of random mutations (Monod, 1970). 

In the following pages we answer the question of “contingency versus determinism” through a 

brief epistemological analysis of the different applications of the concept of contingency in the 

scientific thought. The result consists in the rejection of the statement according to which it is 

impossible to decide in a great deal of cases whether  to the phenomenon under scrutiny should be 

applied the label of “contingent” or “deterministic” on a scientific basis. More precisely our 

analysis leads us to propose the thesis that this choice can be done on a heuristic basis, that is, 

through a criterion of descriptive pertinence. What looks like a hypothesis about Nature herself 

from the more traditional objectivist points of view, from the perspective we adhere to and we’ll 

try to discuss in the following remarks becomes a hypothesis on the limits of our attempts to 

describe her (Prigogine and Stengers 1979; Maturana 1988; Bich 2008; Damiano 2009). 

This proposal contains a methodological suggestion for contemporary science: to consider 

determinism and contingency not as “ontological properties” of natural world, referred to reality 

itself, but rather as “heuristic properties”, which an observer ascribes to nature in order to provide 

a description able to allow efficacious interactions with it. This methodological principle is what 

we propose to the studies on the origin of life, in order to emancipate them from the needs of belief 

in the choice between determinism and contingency. According to this perspective the problem of 

this choice consists in trying to establish what model is more pertinent, that is, as we will show, 

not objectively true but descriptively efficacious. On this point the answer is provided not only 

from the analysis of models, but also and especially by the interactions they allow with reality: 

empirical experiences which today are also made possible by synthetic biology and artificial life. 

The answer we propose to the question is to focus on the empirical corroborations of the models of 

contingency and determinism, in order that the choice would not be arbitrary but consistent with 

the procedure of experimental knowledge. 

 

2. Three versions of contingency 

The issue “contingency versus determinism” has received some attention in various fields of 

physical research and also in the computational domain in its relation with randomness. On the 

contrary, its analysis in the biological domain should be conducted with a more in-depth attitude 

(Longo 2009). Above all, this situation is related to the extreme complexity of the biological 
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domain, characterized by the intertwined interaction of different levels of organization, and also to 

the lack of detailed theoretical and formal models of living systems. 

If we attempt to put some order in the issue of contingency, we can identify at least three different 

applications of this concept in scientific descriptions. All of them have a peculiar characteristic 

which can be summarized as follows: the contingency to which they refer is always susceptible of 

being considered not as an objective property of reality, but rather as the projection on reality of a 

subjective aspect: the incapability of the observer to provide a deterministic description. When 

we’re considering these uses, we can ask which kinds of limits of our descriptive models they can 

entail and, furthermore, whether there is any effective possibility to bring them back to a 

deterministic framework and if there are any, which is the meaning of this sort of reduction for our 

idea of knowledge. 

The first use of the concept of contingency applies to those events whose origin can be considered 

as wholly unrelated to the object of our modelization and thus accidental from the point of view of 

a causal description: they are not included in the original extension of a model of the system 

considered. Surely, the previous example of a celestial phenomenon deeply influencing the biotic 

and climatic ones (the collision with an asteroid) as well as the hypotheses of any celestial trigger 

for the origins of life on Earth, can be considered as belonging to this first class of contingent 

phenomena.  

It is easy to see how the “contingency” hypothesized in this kind of scientific explanations can be 

always considered, rather than a characteristic of the phenomena under investigation, as the 

expression of the incapability of the observer to define a comprehensive deterministic explanatory 

mechanism. A transition from a more contingency-oriented to a more determinism-oriented 

explanation can be envisaged, at least in principle. In these cases there is no theoretical limit to our 

possibility to build a more comprehensive description by increasing the resolution power of the 

starting model, so to incorporate the explanation of the problematic event. We can conceive even 

an ongoing process with several steps, each of them corresponding to a more comprehensive 

deterministic model: a potentially infinite process of reduction of the ignorance of the observer. 

The second use of contingency refers to the very wide class of processes whose temporal evolution 

is inherently unpredictable due to the high number of factors implicated and, above all, to the 

complexity of the dynamical patterns regulating the behavior of such systems. If we start with a 

range of possible pathways that the system can choose in its evolution, it is impossible to say in 

advance which one will be chosen. Furthermore, if we to look backwards at the temporal evolution 

of a systems, it is not possible to explain in a great deal of cases why a specific pathway and not 

another was chosen. This type of contingency is indeed a very widespread phenomenon in living 

systems: we can only think of the so-called “frozen accidents”, crucial threshold of evolution in 

which a peculiar pathway, that has originally developed in an unpredictable way and without 

apparent selective advantage with respect to other possible pathways, becomes fixed and 
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exclusive, thus constituting the initial conditions for further evolution. A wide class of this second 

type of contingency is constituted by the so called ex-aptations (Kauffman 2008): structural or 

functional developments of biological systems that are not the best solutions that can be envisaged 

on the basis of natural selection alone, but that results from a very complex balance between 

heterogeneous and often opposite needs and factors. 

For this class of phenomena we can speak of a “practical” contingency. Although the dynamics 

which characterize the behavior of this kind of systems in our models are usually deterministic, 

such as in the very popular models of deterministic chaos, and we can say that the various possible 

results are in principle pre-determined, these models do not provide a specific evolutive solution (a 

single trajectory), but only a probabilistic one (multiple trajectories). Here chance is not 

dispensable because of our intrinsic limitations as observers in measuring the initial conditions and 

in considering all the elements necessary in order to describe the process in its entirety. They are 

“practical limits” because they concern our observational capabilities; but they are limits “in 

principle” because cannot be overcome by any improvements of our observational tools: with 

Bedau we can say that they involve a practical limitation in principle (Bedau 2008).  

We can therefore identify there a sort of convergence between determinism and contingency as 

deterministic models sustain contingentist descriptions. In fact, it is problematic to consider 

contingency, as well as determinism, as properties of reality. The fact that deterministic tools give 

rise to contingentist outcomes seems to remove the possibility to clearly establish if reality is 

contingent or deterministic. This induces us to think that it is neither one nor the other. Simply, in 

order to describe it we need to combine deterministic and contingentist attitudes. 

This conclusion is strengthened by the analysis of the third use of the notion of contingency. It is a 

stronger one, which can be associated to what Monod calls “gratuity” (Monod 1970). It entails a 

limit in principle in any possible model we can trace of a phenomenon, when it cannot be derived 

from some given initial conditions. This depends on the fact that both the dynamics and the range 

of evolutionary possibilities cannot be pre-established. At different evolutive steps new emergent 

elements and dynamics involving them are observed, in such a way that the whole process cannot 

be considered a simple exploration of a given space of evolutionary pathways and possibilities 

(Kampis 1991; Kauffman 2008; Longo 2009). For example if we consider oxygen as a powerful 

factor in promoting multicellularity and animal diversity, above all in the era of the so-called 

“Cambrian explosion” (Bocchi and Ceruti 2009), we should also bear in mind that oxygen was a 

very toxic gas for the microorganisms that populated the Earth in the very first eons of her history, 

in the first half of the three-billions-eight-hundred-millions long history of life. The transition from 

a biosphere without oxygen to a biosphere with oxygen as a powerful motor of change and 

diversification surely was wholly unpredictable and underivable from any condition of the ancient 

eons of evolution. Another example, to which Monod refers with the concept of “gratuity”, 

concerns the apparent impossibility of deriving the origins of the functions of proteins from that of 
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their respective structures: this connection is only a matter of historical developments and does not 

reflect any selective advantage of a given structure with respect to the others. 

In these cases the phenomena are considered as contingent with respect to their initial conditions 

because not derivable from them, whichever model we are willing to adopt. This radical 

underivability from initial conditions and dynamics expresses the absolute impossibility to 

produce a completely deterministic description. In this way we realize... that determinism (the idea 

that reality is deterministic) was a not an objective truth, but a theoretical postulate founding a 

descriptive approach – an approach that in cases like these one is not productive. 

From this standpoint, the analysis of the last two applications of contingency provides also 

arguments against a strong “computational” view of science - characterized by a deterministic 

assumption and by the use of algorithmic models as the privileged tools in order to describe reality 

- thus opening the way to a scientific practice which promotes the use of a plurality of qualitatively 

different models. The natural world, and above all the history of the living systems, in fact, are 

very rich in phenomena which, from a descriptive point of view, we can consider as “trans-

computational” (Kauffman 2008): they are beyond any practical possibility of computation not 

only of the single human mind, but even of the most refined and powerful web of super-computers 

we can conceive of. In the case of the hypothesis of strong contingency, when it happens to be 

consistent from the theoretical and empirical points of view, we need even to describe the 

phenomena under scrutiny through non-algorithmic models, as none of them can be derived from 

any initial description (Rosen 1991; Bich 2008, Kauffman 2008). However, this latter case is still 

under discussion, and a result of paramount importance would be a formal demonstration of the 

impossibility of a derivation of some crucial step in evolution from the previous ones (may be of 

some crucial step leading to the life as we know it on Earth). This would constitute a crucial step 

towards the development of a practice of multiple models in biology, based on a “negative 

theorem” of non-computability may be comparable to the fundamental ones formulated in physics 

and mathematics during their historical developments in the last century (Bailly and Longo 2006). 

 

3. Conclusive remarks: towards a practice of contingency 

The account of these three applications of the concept of contingency to major changes and 

transitions in evolutionary processes implies a precise diversification in the limits of our 

implementation of models aimed at explaining historical events and developments we testify in 

evolution: limits in fact but not in principle, practical limits in principle, but also theoretical limits 

in principle. These limits, expressing the incapability of producing deterministic descriptions and 

the necessity to recur also to contingentist approaches, provide a good reason to renounce to 

ascribe to the natural world an ontological status of contingency or determinism. If we attempted 

to do it, we would have to assert that reality in some aspects is deterministic, in others contingent 

and other both of them, depending on the descriptive tools we are using at the moment according 
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to our purposes and points of view. Instead of considering “contingency versus determinism” as an 

ontological issue (“is reality itself deterministic or contingent?”), we can conceive it just as a 

heuristic problem (“at the moment which is the better way to describe it?”). In this way we are 

able to treat it as a question to which we can answer scientifically: on the basis of an evaluation of 

pertinence – that is, coherence and experimental effectiveness – of the models we are using. 

According to these remarks our suggestion to life sciences is not to choose one of the two concepts 

(determinism and contingency) in the explanation of the origin of life, but instead to focus on the 

analysis of models and on their pertinence in this domain of research. Furthermore at the present 

state of biological sciences an empirical evaluation of modelizations can be achieved not only 

through the traditional biological investigation, but also through the experimentations provided by 

the science of the artificial, in particular by synthetic biology and artificial life. 
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