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In the present paper I will focus on one issue that may be considered problematic 
from a philosophical point of view: are there any  analytical laws in the formulation of 
evolutionary explanations? If yes, how do they work? W.O. Quine was probably one of 
the most influent contemporary philosophers who held that there are no really analytical 
(mathematical  or  logical)  laws  that  can  explain  natural  phenomena.  Quine’s  main 
naturalist argument stated that no clear distinction can be drawn between analytic and 
synthetic knowledge and, therefore, the distinction is only instrumental. 

I will try to narrow the topic down and discuss a particular kind of evolutionary 
explanations.  During  the  recent  decades  we  have  witnessed  a  vivid  debate  around 
theories  concerning  cognitive  evolution,  a  debate  that  brings  the  analytic-synthetic 
distinction  back  into  focus.  It  seems  that  not  all  the  complexly-evolved  aspects  of 
cognitive processes can be explained empirically, by invoking natural selection only. 

In the following, I will argue that if we are to pay any attention to evolutionary 
explanations  of  cognitive  complexity  at  all,  then  cognitive  explanations  must 
accommodate at least one analytical (mathematical) law. 

I.  My argument  starts  from a  recent  development  of  the  theory  of  evolution, 
called the  theory of facilitated evolution (Kirschner, Gerhart,  2005a). This rather new 
theory explains several crucial difficulties of the classical Darwinian theory and manages 
to produce convincing empirical evidence in its support.

One  crucial  difficulty  faced  by  Darwinian  evolution  took  the  form  of  the 
following dilemma. The evolutionary adaptations of living organisms are highly modular 
and  specialized  –  there  are  specific  organs  with  determinate  functions  designed  for 
specific  tasks.  This  means  that  each  adaptation  of  each  organism  is  in  fact  highly 
complex.  But  Darwinian  evolution  works  fully  randomly  and,  therefore,  these 
tremendously complex organisms are the result of a fully random process that lasted only 
several  billion  years.  However,  in  order  to  obtain  such  great  modularity  and 
specialization by fully random mutations, the time period should have been a lot longer 
and the number of trials available should have been a lot larger. Let us think, for instance, 
how much time and how many trials it takes to assemble a puzzle game starting from, 
say,  1.000 small  pieces  of 1 square centimeter.  By trial  and error,  the probability  of 
assembling the game correctly is very small while the amount of time necessary for the 
task is huge. And this is only a puzzle game. In the case of a highly specialized organ like 
the eye or the ear the time and the number of trials should be probably infinite. Moreover, 
it  has  been established  by investigation  of  fossil  materials  that  the  number  of  actual 
mutations/trials  that  really took place in the course of evolution is in fact very small 
(Kirschner, Gerhart,  2005a). So, either Darwinian evolution does not work randomly, or 
it works randomly, but it produces only a small number of mutations which happen to be 
the right ones.
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To  this  dilemma  the  theory  of  facilitated  evolution  offers  a  very  interesting 
answer. It is true that natural selection is random and produces only a small number of 
mutations,  but  the  “material”  that  undergoes  mutation  is  special.  In  the  classical 
formulation of Darwinian evolution, natural selection works on individual members of a 
species,  i.e.,  on  their  genetic  traits  understood  generally.  The  facilitated  evolution 
introduces a subtle distinction between what may be called “conserved core processes” 
and “regulatory components” of core processes, both coded in the DNA-structure of any 
organism.  As  Kirschner  and  Gerhart  explain  in  an  interview  published  in  American 
Scientist:  “Regulatory  components  determine  the  combinations  and  amounts  of  core 
processes to be used in all the special traits of the animal. Whereas components of the 
core processes do not change in evolution, regulatory components do, and they are the 
targets  of  random  mutational  change.”  (Kirschner,  Gerhart,   2005b).  For  instance, 
monocellular  organisms, like bacteria, divide and thus reproduce themselves.  Cellular 
division is a conserved core process because it is present in every living organism, no 
matter  how simple or complex it  might  be. But monocellular  organisms evolved into 
multicellular  organisms and the question is:  what  did really  evolve in this  case? The 
answer of the supporters of facilitated evolution is that regulatory processes that control 
cellular division are the ones that evolved. Cells developed means to communicate and to 
adhere one on the surface of another through specialized junction mechanisms1. When 
these processes first appeared they were the result of a random mutation of a truly basic 
process of cellular division.  

So  it  seems  that  evolution  took  place  at  the  level  of  control  and  regulatory 
components of DNA and it was not fully random. Yet, it was not the result of some sort 
of  intelligent  design.  According  to  facilitated  evolution,  natural  selection  tends  to 
increase the internal variety of a system (e.g., an organism or, more generally, a self-
organizing  entity)  through  mutations  of  regulatory  processes.  These  mutations  are 
random, but regulatory processes are few, so the number of trials does not have to be 
immense while allowing enough variability to obtain relevant adaptations2. This balanced 
ratio between trials and actual mutations is considered a mathematical law of maximum 
complexity with minimal  variation and it  explains  how natural  selection can,  in fact, 
work.

I will not get into more details regarding the theory of facilitated evolution. I will 
focus, instead, on some conceptual particularities of “variability” and “selection”.  The 
general claim in the theory of facilitated evolution is that an organism evolves because 
the regulatory or control components of DNA evolve,  resulting in a larger and larger 
variety  of  functions,  modulated  and  specialized.  Yet,  the  rendering  of  regulatory 
mutations may be either functional or structural.  Under the structural aspect, we usually 
say that a multicellular organism differs from a monocellular  one mainly because the 
genes  that  control  division  are  modified.  Thus,  we  say  in  fact  that  the  variation  of 

1 In the same interview the two biolgists explain: “These processes of multicellularity involve the means of  
cell-to-cell communication, of cells adhering to each other and to a blanket of materials that cells deposit  
around  themselves,  and  specialized  junctions  connecting  cells.  The  means  evolved  for  developing  a 
multicellular animal from a single-celled egg.” (Kirschner, Gerhart,  2005b).
2 “Genes  for  regulatory components  comprise a  minority  of  the genome (under a  quarter,  as  a  rough 
estimate), fewer than genes for core processes, but still a lot of genes and a lot of regulatory DNA. The 
thrust of our argument is that rather few mutational changes, affecting regulatory components, are needed 
to generate complex innovation.” (Kirschner, Gerhart,  2005b).



division produces a new and more complex DNA-structure or a new kind of organism. 
Seen under the functional aspect, on the other hand, the variation produces an operational 
modification of the core process of division. By this we mean that something different 
happens when the cells of a multicellular organism divide: cells communicate, joining 
mechanisms are activated on the surface of the membrane etc. To distinguish the two 
aspects I will use the following simplified notation:

a) for the functional rendering of variations: control of A = A’, which represents the 
variation of control of cell division, resulting in a new function; 

b) for the structural rendering of variations:  <S1, S2,..., Sn> = S, which represent the 
variation of organization of individual cells resulting in a new organism.
The notation can be generalized for any regulatory process or component of any 

organism, on any level of complexity.

II.  This frame can now be applied to analyze cognitive evolution. In 1977 the 
Russian scientist Valentin Turchin anticipated somehow this possibility,  in an abstract 
and conceptual fashion, in his book The Phenomenon of Science – a cybernetic approach  
to  human  evolution.  There  he  presented  a  generalized  frame  for  variability,  natural 
selection and heredity, applicable to any type of process oriented towards complexity. 
Curiously enough, facilitated evolution “happened” to be  just this kind of process. Also, 
Turchin applied this frame to another category of interesting processes that exhibit an 
orientation towards complexity, i.e., cognitive processes. Thus, cognitive evolution was 
explained  through  variability  and  selection  of  cognitive  processes,  and  by  the  same 
balanced  ratio between  trials  and  actual  mutations.   Turchin’s  main  idea  was  that 
cognition,  just  like biological  life,  is  a  self-organizing  process,  exhibiting  complexity 
growth with minimal variation.

In  The  Phenomenon  of  Science, Turchin  starts  with  a  simplified  model  of 
cognitive processes. Each cognitive process is basically a reaction to the environment: 
something in the external world stimulates the nerves and the nervous system delivers a 
reaction. Thus, the basic representation of any cognitive process is the following:

stimulus ---> reaction.
This  basic  structure got  more and more complex in the course of the evolution.  The 
successive mutations of the basic structure are called by Turchin meta-system transitions. 
A meta-system transition can be understood briefly as “an evolutionary process by which 
higher levels of complexity and control are generated” (Turchin, 1999), form more basic 
ones via facilitated mutations. 

If we consider the notations used previously, we could represent a meta-system 
transition or mutation3, both functionally and structurally, as follows:

a) control of A = A’;
b) <S1, S2,..., Sn> = S.

Let us take now the basic neuronal structure:  stimulus ---> reaction and complexify it. 
Having  the  basic  structure,  we  may  represent  formally  the  evolution  of  cognitive 

3 A mutation is a variation selected through natural selection, so formally there is no difference between 
variations  and  mutations.  The  difference  is  purely  factual:  some  variations  are  selected  and  become 
mutations,  some others are not selected and do not become mutations.
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structures as a series of meta-system transitions:
(A) stimulus ---> reaction;
A’)   control of reaction = simple reflexes;
A’’)  control of simple reflexes = associating (conditional) reflexes;
A’’’) control of associating = thinking (deliberate associations). Here we find the most 
complex types of deliberate associating, such as causal association which is specific to 
humans.
All  these  steps:  A’,  A’’,  A’’’  represent  significant  cognitive  mutations  based  on  a 
biologically traceable process – the specialization of cells as nerves4 . As we can see from 
Turchin’s  model,  the  consecutive  meta-system  transitions  result  in  a  multileveled 
structure  of control  that  allows for complicated  forms of cognitive  behavior,  such as 
thinking (e.g. making deliberate associations) or learning, based solely on a small number 
of variations on control functions.

Moreover,  it  is  important  to  see  how  this  so  called  “multilevel  structure  of 
control”  generates  cognitive processes.  In order to do that,  we have to represent the 
structural aspect of the cognitive mutations because so far we have focused only on the 
functional aspect. 

The basic structure associated with a basic reaction to a stimulus is a sensation, 
and the more complex the reactions to the stimuli are, the richer is the content associated 
with them. To see how this “bottom-up” process of gaining structure works, I will enrich 
Tuchin’s simple model in the following manner:

A1) stimulus --> reaction –> sensation.
From here, we can derive the subsequent steps:

A1’) simple reflexes –> perceptions.
The structure associated with simple reflexes is perception.  Perception is  the way we 
interpret sensations, for instance that a certain sensation is pain.  

A1’’) conditioned reflexes –> representations.
Representations  are  associated  perceptions  – for  instance,  pain  is  associated  with the 
perception of a certain object. As a consequence, an organism will try to avoid pain by 
forming a conditioned reflex.

A1’’’) deliberate associations  –> concepts.
Associating  representations  deliberately (i.e.,  having control  on association)  results  in 
forming  concepts.  For  instance,  humans  are  capable  to  associate  through causal 
association the representation of an object that may produce pain with the representation 
of someone that manipulates it, even if they do not actually see that person manipulating 
the object5. Causal association is based on inference and not on a conditioned reflex.

This model shows how cognitive structures become “richer” through successive 
cognitive  mutations  and  how  they  are  selected:  richer  structures  exhibit  the  same 
mathematical relation between maximal complexity and minimal variation, thus keeping 

4 (Kirschner, Gerhart,  2005b).
5 “Representations X and Y are associated in an animal only when they appear together in its experience. If 
they do not appear together (as a rule, on many occasions), the association will not arise. The animal is not  
free  to  control  its  associations;  it  has  only  those  which  the  environment  imposes  on  it.  To  control  
associating a mechanism must be present in the brain which makes it  possible to associate any two or  
several  representations that  have no tendency at  all  to be encountered  together  in experience--in other 
words, an arbitrary association not imposed by the environment.” (Turchin, 1977, 68).



realistic  the  ratio between trials  and actual  mutations.  The assembling  of  a  complex 
cognitive process (such as making causal associations) is similar to the assembling of a 
complicated device. If we use simple probability, i.e. if we try o assemble the pieces of 
the device randomly, the process may take a lot of time and a huge number of trials; 
nevertheless, if we take into account the functional relations between components, the 
functional  relations  between  sub-functional  relations  between  components  etc.,  the 
assembling may succeed even from the first try. This is in short facilitated assembling – 
which  means  assembling  based on an analytical  law of  increasing  the  probability  of 
certain combinations, with no appeal to intelligent design (or a predefined architecture). 
Cognitive evolution is in Turchin’s model a kind of facilitated assembling – it is based 
on:  functional  associations  between  stimuli  and  reactions,  functional  associations 
between sub-functional associations and so on.

On the other hand, cognitive evolution,  understood as in Turchin’s model, can 
explain why not all major cognitive mutations (A, A’, A’’, A’’’) were not diachronic: i.e. 
based on interaction,  imitation and learning, but synchronic.  According to this model, 
developmental  interaction  between  the  members  of  a  certain  population  (such  as 
imitation or learning) could not appear very early in the course evolution or before the 
emergence of some basic cognitive abilities such as the control of reflexes. A model of 
cognitive  evolution  that  focuses  only  on  developmental  aspects  (such  as  interaction, 
imitation etc.) neglects  the fact that imitation and social  interaction were not possible 
from the very beginning of life. They were themselves the result of a kind of evolution 
based on simple cognitive heredity with randomly replicated meta-system transitions.

III. In this section I will try to present three concluding remarks.

(i) Cognitive evolution states, basically, that there is an accumulation of structure 
via functional  and  structural  mutations  of  basic  cognitive  processes,  as  in  Turchin’s 
model.  As  we  have  seen,  rudimentary  representations  or  deliberate  associations  are 
results  of such mutations.  Basic causal associations,  for instance,  are  not  learned.  Of 
course, during our lives we learn to make different associations between various kinds of 
objects, but – as Kant would say – the form of the association, i.e., the fact that it is a 
causal and not, say, a spatial association, that is not learned from experience and it is not 
the  result  of  imitation.  It  is  the  result  of  a  cognitive  mutation  based  on  “improved 
probabilities” (i.e., the law of maximum complexity with minimal variation).

(ii) Turchin’s generalized concepts of “variability” and “selection” enable us to 
make an interesting observation: only at a certain point of cognitive evolution synchronic 
(functional and structural) evolution gave way to a diachronic – social and behavioral – 
development. For instance certain species of organisms, such as the red ants, do not have 
means of communicating knowledge,  even though red ants live in large groups.  This 
means  that  their  cognitive  development  is  under  step  (A’’’)  in  Turchin’s  model.  By 
contrast, some species of birds do have means of communicating knowledge through a 
rudimentary language – they signal danger and imitate one another in avoiding it. Ants 
may have signaling systems, but do not imitate each other. By contrast, birds should be 
placed  somewhere  on  the  level  (A’’),  because  their  signaling  and  imitation  are 
conditioned reflexes.  So ants should be placed even lower,  maybe somewhere on the 
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level (A’). Primates, on the other hand, make deliberate associations and therefore they 
can imitate freely –passing knowledge from one individual to another. The evolution of 
this capacity cannot be explained entirely on behavioral or social grounds because, in 
fact,  it  is  the  other  way around.  It  seems  that  the  basic  capacity  to  make deliberate 
associations (as the capacity to form conditioned and simple reflexes) is no learned by 
social imitation, but instead it is a cognitive condition for social imitation.

(iii) One of the goals of this paper was to offer an explanation for why there are 
such cognitive structures like conditioned reflexes or basic deliberate associations, and 
why not everything is learned from experience or behavioristically in a social group. As I 
have tried to suggest, the law of maximum complexity with minimum variation allows us 
to work with a basic synchronic perspective on cognitive evolution, thus keeping random 
mutations and random selection of cognitive control functions. However, this explanation 
does  not  commit  us  to  genetic  realism or  a  transcendental  a  priorism in  respect  to 
cognitive functions. I will not get into the details of this issue here.

The key concept  in the perspective presented in this paper is  “random generation” of 
cognitive functions/structure. It allows for an analytical account of diversity and mutations, just 
like in facilitated Darwinian evolution.  In the Darwinian frame,  only natural  selection works 
empirically. If we follow the model presented in section 2, we see that this may also be the case 
with  cognitive  evolution.  The  fact  that  certain  cognitive  capacities  (such  as  basic  deliberate 
associations)  are  selected  is  an  empirical  matter,  but  how they  are  produced  is  not  entirely 
accountable in terms of empirical generalizations. Cognitive structure enrichment is generated 
randomly  but  constrained  by  an  analytical  law  of  variation.  Without  this  constraint  the 
evolutionary explanation of cognitive complexity would be too loose and unsatisfactory.
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