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Abstract 

In this article, several of Heinz von Foerster’s papers have been re-combined in order to 
demonstrate that during the late sixties and seventies he has developed a grand unified theory of 
cognition which is far more radical, complex and encompassing than subsequent or even 
contemporary approaches. Furthermore, the article demonstrates that working with a series of 
recombinative operators one is able to generate new contents out of already published 
materials. Finally, as a last leitmotif, Heinz von Foerster’s cognitive action framework turns out 
to be a devastating criticism of intentional action frameworks like Rational Choice and paves 
the way for a most promising alternative research path. 

 

 

„What is Time?“4 According to Legend, Augustine’s reply to this question was: „If no one asks me, I 
know: but if I wish to explain it to one that asketh, I know not.” Actions have a similar quality, for if 
not asked we all know what actions are but when asked, we find a multiplicity of different answers.5 
However, with a minimal change of the question6 we could have made it much easier7 for Augustine. If 

                                                             
1  HLD1: This article consists of a compilation of several articles by Heinz von Foerster, namely “Memory without Record” (1965), “What Is 

Memory that It May Have Hindsight and Foresight as Well?” (1969), “Molecular Ethology: An Immodest Proposal for Semantic 
Clarification” (1970), “Responsibilities of Competence” (1972),“Cybernetics of Epistemology” (1974), “Objects: Token for (Eigen-
)Behaviors” (1976), “For Niklas Luhmann: How Recursive is Communication?”(1993). All articles except for the first one have been 
reprinted in Foerster 2003. 
Moreover, the article has been arranged in an unusual manner. The recipe for constructing this article, i.e., the generative rules for its multi-
level design, have been assembled in the footnotes. Here, one finds a mixture of high-level descriptions (HLD) of the building of this article, of 
low level references (LLR) on the initial Foerster-sources, of footnotes from Foerster’s published articles (HvF) or of mainly contemporary 
references which link the Foerster-papers with contemporary discussions in the fields of cognitive science and action theory. (KHM).  

2  HLD2: Heinz von Foerster assumes the role of a first order author of this article, being, quite naturally, the generator of his published work.  
3  HLD3: Karl H. Müller (Head of WISDOM-Research, Maria Theresienstraße 9/5, A-1090 Vienna, Austria,  mueller@wisdom.at) 

plays the role of an editor of edited work and, thus, of a second order editor. Additionally, all new parts to this article which have become 
necessary due to the new context of action and action theory are printed in italics. In order to avoid confusion, italics within the articles of 
Heinz von Foerster have been omitted. 

4  HLD4: Continuing with high level descriptions on the evolution of this article, the final version has been the result of a metamorphosis in 
many steps, starting with a vague plan of using Heinz von Foerster’s article “Memory without Records” (MWR) and of transferring its main 
arguments to the arena of attitude research under the working title “Attitudes without Record” up to the final version.  

5  HLD5: The current design of the article takes its basic organization from the “What Is Memory”-article, switches between Chapter 1 and 
Chapter 2 of the WIM-paper by starting with a set of four theses (Chapter 1), adds a small section on complexity constraints from MWR 
(Chapter 2), continues with a modified version on “Clarification of Terminology” out of WIM (Chapter 3), brings in a powerful guiding 
metaphor from MWR (Chapter 4), compiles core materials on neural organization from several Foerster-articles (WIM, ME, OTFE, 
FNL)(Chapter 5), brings in Heinz von Foerster’s solution of the complexity constraint from MWR (Chapter 6) and ends with a short 
outlook on the high relevance of the Foersterian approach towards cognition for contemporary research (ME, COE, ROC).. 

6  HLD6: The final version can be seen as a transformation of a set of articles by Heinz von Foerster plus recent addenda, using a 
“pandemonium” (Daniel C. Dennett) of recombination operators at various levels. For a list of these recombination operators like “adding”, 
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asked “What’s the time?” he may have observed the position of the sun and replied: “Since it grazes the 
horizon in the west, it is about the sixth hour after noon.” 
A theory of action that is worth its name must not only be able to account for Augustine’s or anybody 
else’s intelligent conduct in response to these questions, moreover, it also must be able to account for 
the recognition of the subtle and fundamental difference in meaning of the two questions regarding 
time or action of before, a distinction that is achieved by merely inserting a syntactic operator – the 
definite article “the” – at a strategic point in the otherwise unchanged string of symbols. At first glance 
it seems that to aim at a theory of action which accounts for such subtle distinctions is overambitious 
and preposterous. On second thought, however, we shall see that models of action that ignore such 
aims and merely account for habituation, adaptation and conditioning do not only fall pitiably short of 
explaining anything that may go on at the semantic level. 
Since an approach that attempts to integrate the enigmatic phenomenon of action into the even more 
enigmatic processes of cognition veers off under a considerable angle from well established modes of 
thinking about this problem, it may be profitable to develop the argument carefully step by step, first 
exposing and circumventing some of the  semantic traps  that have become visible in the course of this 
study, and then showing that even at the possible risk of losing track of some operational details a 
conceptual frame work is gained which, hopefully, allows the various bits and pieces to fall smoothly 
into place. At this moment it appears to me that this objective may be best achieved by delivering the 
argument in seven short “chapters”.  
 

• In the first chapter I shall state four theses which are central to the whole argument. 
• The second chapter will bring a complexity constraint which at first sight makes it impossible to defend my theses. 
• The third chapter will be devoted to an attempt to clarify some of the most frequently used  

terms in discussing action, memory and related cognitive concepts. 
• In Chapter IV I shall open the heuristic discussion with a metaphor which will become the guidepost for my 

approach towards establishing the four theses. 
• In Chapter V I shall develop these four theses in details that are commensurate with the scope 

of this paper. 
• Chapter VI will offer a general hint for overcoming the complexity barrier introduced in the second chapter. 
• In Chapter VII I finally shall venture to present several conjectures regarding the implications of cognitive 

foundations of behaviour for action-frameworks. 
 
Throughout this paper I shall be using examples and metaphors as explanatory tools rather than the 
frightful machinery of mathematical and logical calculi. I am aware of the dangers and 
misrepresentations and misunderstanding that are inherent in these explanatory devices, and I shall try 
to be as unambiguous as my descriptive powers permit me to be.8 
 
                                                                                                                                                                                                          

“deleting”,” merging”, “breaking”, “crossing-over”, etc. see Müller 2000, on the multi-level pandemonium of operators, including the “I-
operator” of the second order editor, see, among others, Dennett (1991, 1996) and on the organization of creative processes via 
recombinations, see especially Hofstadter (1981, 1985, 1995, 1997). 

7  HLD7: Finally, the beginning of each chapter gives a low level reference on the main source of the specific section. A detailed account of small 
operational transformations would have created a vast amount of footnotes far beyond the point of readability. 

8  HvF1: I should add that my use of the term computing (from “com-putare”) throughout the article literally means to 
reflect, to contemplate (“putare”) things in concert (“com”) without any explicit reference to numerical quantities. 
Indeed, I shall use this term in this most general sense to indicate any operation (not necessarily numerical) that 
transforms, modifies, rearranges, orders, and so on, observed physical entities (“objects”) or their representations 
(“symbols”). 
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1. Four Theses  …9 
 
In the stream of cognitive processes one can conceptually isolate certain components, for instance 
 

(i) the faculty to perceive 
(ii) the faculty to remember 
(iii)the faculty to infer 
(iv) the faculty to learn 
(v) the faculty to evaluate 
(vi) the faculty to communicate 

(or)(vii) the faculty to move 
 
Functional Thesis: If one wishes to isolate these faculties functionally, one is doomed to fail. 
Consequently, if the mechanisms that are responsible for any of these faculties are to be discovered, 
then the totality of cognitive processes must be considered. 
Local Thesis: If one wishes to isolate these faculties locally, one is doomed to fail. Consequently, if the 
mechanisms that are responsible for any of these faculties are to be discovered, then the totality of 
cognitive processes must be considered. 
Genetic Thesis: If one wishes to isolate these faculties genetically, one is doomed to fail. Consequently, if 
the genetic mechanisms that are responsible for any of these faculties are to be discovered, then the 
totality of genetic processes must be considered. 
Epistemological Thesis: If one wishes to describe these faculties in an external stance, one is doomed to fail. 
Consequently, if the mechanisms that are responsible for any of these faculties are to be discovered, the 
mode of description has to change into an internal stance. 
Before going on with a detailed defence of these four by developing an integrated model of  cognition, 
let me briefly suggest the inseparability of these faculties on two simple examples. 
First Example: If one of these seven faculties is omitted, the system is devoid of cognition. 
 
(i)  Omit perception: the system is incapable of representing internally environmental regularities. 
(ii)  Omit memory: the system has only throughput. 
(iii) Omit prediction, i.e. the faculty of drawing inferences: perception generates to sensation or 

memory to recording. 
(iv)  Omit learning: the system is bound to a fixed modus operandi. 
(v)  Omit evaluation: the system is incapable of selecting. 
(vi)  Omit communication: ……………………….. 
(vii) Omit movement: the system is incapable of acting. 
 
Second example: If the conceptual linkages of action with the remaining six faculties are removed one 
by one, “nolens volens”, action degenerates to a fictitious concept that is void of any content. 
 

                                                             
9  LLR1: The introductory part has been taken with slight modifications from WIM:101 – 102. (The page numbering refers –with the 

exception of the MWR-article - to Foerster 2003) The summary of the seven chapters within the introduction consists of a mixture of 
WIM:102 and additional notes. The final paragraph in the introduction has been taken, once again, from WIM:102. The first chapter is 
based on WIM:105 – 106 plus an extension of the initial thesis. 
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2. … and a Complexity  Constraint 10 
 
The four theses have to be maintained, however, despite a severe complexity constraint which results from the limited 
powers of the genetic machinery to determine the complexity of the cognitive architecture. In order to 
get a quantitative assessment of the complexity constraint, let us see whether or not the information 
that is needed to specify just the connection structure of the nervous system – not to speak of the 
specifications of the operational modalities of its elements – can be genetically determined. Fortunately, 
there exist good estimates for the information content of the genetic program. The most careful one, I 
believe, is still the one made by Dancoff and Quastler (1953). From various considerations, they arrived 
at an upper and lower limit for the amount of uncertainty HG in a single zygote: 

105 < HG < 1012 
In other words, the program that is supposed to define the structure is, by a factor of, say, 1010 off the 
required magnitude of 1020 bits/brain. This clearly indicates that the genetic code which determined far 
more than just the nervous system is incapable of programming nets of the unrestricted generality of 
the human brain. 
 
3. Clarification of Terminology11 
 
I shall now turn to a more constructive enterprise, namely to the development of a crude and – alas – 
as yet incomplete skeleton of cognitive processes. However, before I attempt to suggest a solution for 
this problem, permit me to make a few preliminary remarks on the terminology used throughout this 
paper. 
The hierarchy of mechanisms, transformational operations and processes that lead from sensation over 
perception of particulars to the manipulation of generalized internal representations of the perceived as 
well as the inverse transformations that lead from general commands to specific actions, or from 
general concepts to specific utterances I shall call “Cognitive Processes”. In the analysis of these 
processes we should be prepared to find that terms like “action”, “memory”, “attitudes” – as 
convenient as they may be for referring quickly to certain aspects of cognition – are useless as 
descriptors of actual processes and mechanisms that can be identified in the functional organization of 
nervous tissue. 
Furthermore, I would like to distinguish between the terms “external description” and “internal description”. I wish to 
associate with the term “internal description” or “internal stance” a certain invariance of building blocks which are used 
for the description of cognitive mechanisms and for behaviours, actions or attitudes alike. Similarly, I wish to associate 
with the terms “external description” or “external stance” any description of the overt manifestations of results of cognitive 
operations which uses descriptive elements independent from the internal vocabulary.  
Finally, there are two pairs of terms that occur and re-occur with considerable frequency in discussions 
of action, memory and related cognitive topics. They are (i) “storage and retrieval” and (ii) recognition 
and recall”. Unfortunately – in my opinion – they are used freely and interchangeably as if they were to 
refer to the same processes. Permit me, therefore, to restore their distinctive features. 
On the one hand, I wish to associate with the terms “storage and retrieval” a certain invariance of 
quality of that which is stored at one time and then retrieved at a later time.12 On the other hand, I wish 

                                                             
10  LLR2: Chapter 2 comes almost completely from MWR 1967:412 – 413. 
11  LLR3: The third chapter has been selected from WIM:102 – 105. 



 5 

to associate with the terms “recognition and recall” the overt manifestations of results of certain 
operations, and I wish not to confuse the results of these operations with either the operations 
themselves nor the mechanisms that implement these operations.13 
It could be that already at this point of my exposé the crucial significance of cognitive processes may 
have become visible, namely to supply an organism with the operations that “lift” – so to say – the 
information from its carriers and to provide the organism with mechanisms that allow it to compute 
inferences from the information so obtained. 
 
4. A Guiding Metaphor 14  
 
Perhaps, I should make my position clearer by continuing with a metaphor. Let me confess that I am a 
man who is weak in carrying out multiplications. It takes me a long time to multiply a two or three digit 
number, and, moreover, when I do the same multiplication over and over again most of the time I get a 
different result. This is very annoying. And I wanted to settle this question once and for all by making a 
record of all correct results. Hence, I decided to make myself a multiplication table with two entries, 
one on the left (X) and one on the top (Y) for the two numbers to be multiplied and with the product 
(XY) being recorded at the intersection of the appropriate rows and columns. 
In preparing this table I wanted to know how much paper I need to accommodate factors X, Y up to a 
magnitude of, say, n decimal digits. Using regular-size Type for their numbers, on double-bond sheets 
of 8 ½ xx 11 in, the thickness D of the book containing my multiplication table for numbers up to n 
decimal digits, turns out to be approximately 

D = n . 102n-6 cm                 (1) 
For example, a 100 x 100 multiplication table (100 = 102; n = 2) fills a “book” with thickness 

D = 2. 104-6 = 2. 10-2 = 0,02 cm = 0.2 mm          (2) 
In other words, the table can be printed on a single sheet of paper. 
Now I propose to extend my table to multiplications of ten-digit numbers. This is a very modest 
request, and such a table may be handy when preparing one’s Federal Income tax. With our formula for 
D, we obtain for n = 10: 

                                                                                                                                                                                                          
12  HvF1: Example: Consider Mrs. X who wishes to store her mink coat during the hot months in summer, takes this coat 

to the furrier for storage in his vault in spring and returns in the fall for retrieving it in time for the opening night at the 
opera. 
Please note that Mrs. X is counting on getting precisely her mink coat back and not any other coat, not to speak of a 
token of this coat.  It is up to everybody’s imagination to predict what would happen if in the fall her furrier would tell 
her “Here is your mink coat” by handing over to her a sign on which is printed “HERE IS YOUR MINK COAT”. 

13  HvF3: Example: After arrival from a flight I am asked about the food served by this airline. My answer: “FILET MIGNON 
WITH FRENCH FRIES AND SOME SALAD AND AN UNDEFINABLE DESSERT.” 
My behaviour in response to this question – I believe – appears reasonable and proper. Please note that nobody expects 
me to produce in response to this question a real filet mignon with French fries and some salad and an undefinable 
dessert. 
I hope that after my previous discussion of storage and retrieval systems it is clear that my verbal response cannot be 
accounted for by any such system. For in order that the suspicion may arise that I am nothing but a storage and retrieval 
system, first the sentence: “FILET MIGNON WITH FRENCH FRIES AND SOME SALAD AND AN UNDEFINABLE DESSERT” had 
to be “read in” into my system where it is stored until a querier pushes the appropriate retrieval button (the query) 
whereupon I reproduce with admirable invariance of quality (high fidelity) the sentence: “FILET MIGNON WITH FRENCH 
FRIES AND SOME SALAD AND AN UNDEFINABLE DESSERT.” However, I must ask the generous reader to take my word 
for it that nobody ever told me what the courses of my menu were, I just ate them. 
Clearly, something fundamentally different from storage and retrieval is going on in this example in which my verbal 
behaviour is the result of a set of complex processes or operations which transform my past behaviours into utterances, 
i.e., symbolic representations of these behaviours. 

14  LLR4: The guiding metaphor can be found in MWR (1967):388 – 390. 
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D = 10. 1020-6 = 1015 cm             (3) 
In other words, this multiplication table must be accommodated on a bookshelf which is 1015 cm long, 
that is, about 100 times the distance between the sun and the earth or about one light day long. A 
librarian, moving with the velocity of light, will, on the average, require a ½ day to look up a single 
entry of this table. 
This appeared to me not to be a very practical way to store the information of the results of all ten-digit 
multiplications. But, since I needed this information very dearly, I had to look around for another way 
of doing this. I hit upon a gadget which is about 5 x 5 x 12 inches in size, contains 20 little wheels, each 
with numbers from zero t nine printed on them. These wheels are sitting on an axle and are coupled to 
each other by teeth and pegs in an ingenious way so that, when a crank is turned an appropriate 
number of times, the desired result of a multiplication can be read off the wheels through a window. 
The whole gadget is very cheap indeed and, on the average, it will require only 50 turns of the crank to 
reach all desired results of a multiplication involving two ten-digit numbers. 
The answer to the question of whether I should “store” the information of a 1010 x 1010 multiplication 
table in the form of a 8 ½ x 11 in book 6 million miles thick, or in the form of a small manual desk 
computer, is quite obvious, I think.  However, it may be argued that the computer does not “store” this 
information but calculates each problem in a separate set of operations. My turning of the crank does 
nothing but give the computer the “address” of the result which I retrieve at once – without the 
“computer” doing anything – by reading off the final position of the wheels. If I can retrieve this 
information, it must have been put into the system before. But how? Quite obviously, the information 
is stored in the computer in a structural fashion. In the way in which the wheels interact, in cutting 
notches and attaching pegs, all the information for reaching the right number has been laid down in its 
construction code, or to put it biologically, in its genetic code. 
If I am asked to construct a “brain” capable of similar, or even more complicated stunts, I would rather 
think in terms of a small and compact computing device instead of considering tabulation methods 
which tend to get out of hand quickly.  
In the literature on actions, it is my feeling that people seem to argue as if a person’s actions were a 
search process in a storehouse with gigantic tables. To stay with my metaphor, the argument seems to 
be whether the symbols in my multiplication table are printed in green or red ink, or perhaps in Braille, 
instead of whether digit-transfer in my desk-computer is carried out by friction or by an interlocking 
tooth.  
At this point, I have to admit that, as yet, my metaphor is very poor indeed because my computer is a 
deterministic and rigid affair with all rules of operation a priori established. This system cannot learn by 
experience and, hence, it should not have been brought up in a discussion on cognitive action. I shall 
expand my metaphor, then, by proposing to build an actor (computer, organism, …) that changes its 
internal organization as a consequence of interaction with its environment.  
 
5. Cognit ive  Ti les ,  Recurs ive  Formalisms,  Tesse lat ions ,  Double Closures ,  and Inter -Act ions15 
 
I shall develop the design of such an adaptive unit, starting with a minimal element capable of performing cognitive 
operations and continuing with the basic formalisms for minimal cognitive elements or, alternatively, for “cognitive tiles”. 

                                                             
15  LLR5: The fifth chapter has been compiled from various sources and recombined in a very long mode of recursion. Section 5.1 has been taken 

from WIM:119 – 121, Part 5.2 has been recombined from ME:138 – 141, OTFE:261 – 265 and FNL:316 – 317, Sub-Chapter 5.3 
has been selected from ME:154 – 157 and WIM:121, Part 5.4 is a recombination of COE:242 – 244 and FNL:317 - 322 and Section 
5.5 comes from OTFE:266 – 267as well as from FNL:321 – 322. 
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Furthermore, I shall propose guidelines for the combination of cognitive tiles or, alternatively, for the process of tessellations 
as well as some hints on the dual closure as a result of vertical and horizontal tesselations. Finally, I shall conclude with a 
design overview for high-level processes involving two or more complex adaptive actors. 
 
5.1. Minimal Cognit ive  Ti les  
 
Figure 1 is a graphical representation of the design for a minimal cognitive system in form of a block 
diagram. I shall call this whole system a “Cognitive Element”, for it represents a minimal case of a 
cognitive process, or a “Cognitive Tile”, for it may be used in conjunction with other such tiles to form 
whole mosaics – or “tessellations” – which, as a whole, permit the high flexibility in representing 
relational structures not only of what has been perceived but also of the symbols – the “linguistic 
operators” – that ultimately are to convey in natural language all that which can be inferred from what 
has been perceived. 
 
Figure 1: A Cognitive Tile 
 

 
 
The various components of this cognitive tile are quickly explained. X stands for (external) sensory 
input, and Y for the output of the system as seen by an outside observer. Hence, this elementary 
component is a “through-put” system. However, because of its internal organization, this element is 
quite different from a simple stimulus-response mechanism with fixed transfer function. Sensory 
information X is operated on to yield relations Rs(X) between observed activities with respect to the 
“self” (note subscript s), and is then used as input proper for the recursive function computer which 
may be operative at this moment with any of the functions F belonging to range Φ. Its output is fed 
back over two channels, one being the recursive loop with delay D to allow F to assess its earlier 
actions, the other carrying all the relational information of the system’s own actions Rs (Y) as they refer 
to “self”, and operates on Φ(F) in order to set the recursive function computer straight as to this tile’s 
internal goals. 
This element incorporates all those faculties which I consider to be necessary components of cognitive 
processes: to perceive, to remember, to infer, to learn, to evaluate, to act. However, in this element 
none of these faculties can be isolated functionally: it is the interaction of all the processes here 
involved that “life” the information from the input signal and translate it into action meaningful for this 
tile.16 
                                                             
16  HvF4: If forced to interpret some of this tile’s functional components in terms of those conceptual components I would 

reluctantly give the following breakdown:  
(i) Perception is accomplished by the elements that establish self-referential relations in the spatio-temporal 

configurations of stimuli and responses. 
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5.2. Recurs ive  Formalisms and Eigen-Values 
 
After having introduced the building blocks of a cognitive tile, we are now prepared to define its basic 
operations. With due apologies to the reader who is used to a more extensive and rigorous treatment of 
this topic, these operations are two kinds and may be specified in a variety of ways.17 The most popular 
procedure is first to define a “driving function” which determines at each instant the output state, given 
the input state and the internal state at each instant: 

y = fy (x, z)                  (4) 
Although the driving function fy may be known and the time course of input states x may be controlled 
by the experimenter, the output states y as time goes on are unpredictable as long as the values of z, the 
internal states of the tile, are not yet specified. A large variety of choices are open to specify the course 
of z as depending on x, on y, or on other newly to be defined internal or external variables. The most 
profitable specification for the purposes at hand is to define z recursively as being dependent on 
previous states of affairs. Consequently, we define the “state function” fz of the tile to be: 

z = fz (x
*, z*)                 (5a) 

or, alternatively and equivalently 
z’ = fz(x, z)                  (5b) 

that is, the present internal state of the machine is a function of its previous internal state and its 
previous input state; or alternatively and equivalently, the next internal machine state is a function of 
both its present internal and input states. 
Those who are occupied with chaos theory and with recursive functions will recognize at once that 
these are the fundamental equations of recursive function theory. Those are the conceptual 
mechanisms with which chaos research is conducted; it is always the same equations over and over 
again. And they give rise to completely astonishing, unforeseen operational properties.  
For the sake of brevity (lucidity) of the demonstration on these unforeseen operational properties, I 
propose to compress all that is observed – the output Y - into a single variable “Obs” and all 
coordinating operations by an acting unit – the relational domain of X and Z - into a single operator 
COORD. COORD transforms, rearranges, modifies, etc. the forms, arrangements, behaviours, etc. 
observed at one occasion (say, initially obs0, and call it the “primary argument”) into those observed at 
the next occasion, obs1. Express the outcome of this operation through the equality: 

obs1 = COORD (obs0)              (6) 
Allow the operator COORD to operate on the previous outcome to give 

obs2 = COORD (obs1) = COORD (COORD(obs0))        (7) 
and (recursively) after n steps 
                                                                                                                                                                                                          

(ii) Memory is represented by the particular modus operandi of the central computer whose gross functional 
organization is determined and redetermined by evaluation of eigen-states or relations 

(iii) Inference in this tile appears on three levels, depending on the type of function s, that are in range Φ and on the type 
of processes one wishes to focus on. Adductive inference is operative in the cumulative absorption of comparisons 
of past external and internal experiences that give rise to the functional organization of the central computer. 
Inductive or deductive inferences are computed by the central system concurrently with any new signal, the 
inferential mode being solely dependent on strings of earlier failures or successes and of some of this tile’s internal 
dispositions to “disregard” false inductions. 

(iv) Learning is accomplished by any change in the modus operandi of the cognitive tile. 
(v) Evaluation is performed through the channel T → Rs(Y)  
(vi) At the level of a minimal cognitive tile, communication and movements are related to different types of outputs Y. 

17  KHM1: It should be added that for reasons of simplicity the formalization of minimal cognitive tiles has been undertaken in a somewhat 
reduced form compared to the constitution of cognitive tiles as depicted in Figure 1. However, the two mutually dependent functions - driving 
function and state function – do form the basis in all of Heinz von Foerster’s writings on non-trivial machines. 
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obsn = COORD (COORD (COORD …….. COORD (obs0)))….)      (8) 
or by notational abbreviation 

obsn = COORD(n) (obs0)             (9) 
By this notational abbreviation it is suggested that also functionally (9) can be replaced by 

obs0 → [ COORD(n) ]→ obsn             (10) 
The remarkable feature of this expression is that it clearly shows the dependence of the present 
behaviour on the history of previous operations rather than on just its present state or to put this into 
more poetic terms, this system’s present actions depend on its past experiences. 
Two features should be noted here. First, no storage of representations of past events takes place here. 
Reference to the past is completely taken care of by the specific function that is operative. Second, an 
external observer who wishes to predict the behaviour of this system in terms of its input-output, 
revealed preference or stimulus-response pattern and who has no access to its internal structure may 
soon find to his dismay that he is unable to determine the elusive operator for after each experimental 
session the system behaves differently unless – by lucky circumstances – he finds a repeated sequence 
of inputs that will give him – by the very nature of that particular operator – repeatedly a corresponding 
sequence of outputs. In the former case, the experimenter will in disgust turn away with the remark 
“unpredictable”, in the latter case he will say in delight “I taught it something!” and turn around to 
develop a theory of memory, learning, inference, action … 
How can repeated sequences of behaviours enter into the recursive formalism? Let n grow without 
limit (n → ∞ ): 

obs∞ = lim COORD(n)(obs0)            (11) 
   n → ∞                   

or: 
obs∞ = COORD(COORD(COORD(COORD(COORD ….  (12) 

Contemplate the above expression and note: 
 
(i)   that the Eigen-values are discrete (even if the domain of the primary argument obs0 is 

continuous). This is so because any infinitesimal perturbation ±ε from an Eigen-value Obsi (i.e., 
Obsi ±ε) will disappear, as did all other values of obs, except those for which obs= Obsi, and obs 
will be brought back to Obsi (stable Eigen-value) or to another Eigen-value Obsj (instable 
Eigenvalue Obsj) In other words, Eigen-values represent equilibria, and depending upon the 
chosen domain of the primary argument, these equilibria may be equilibrial values (“Fixed 
Points”), functional equilibria, operational equilibria, structural equilibria, etc. 

(ii)  that Eigen-values Obsi and their corresponding COORD stand to each other in a complementary 
relationship, the one implying the other, and vice versa: there the Obsi represent the externally 
observable manifestations of the (introspectively accessible) cognitive computations (operations) 
COORD. 

(iii)  that Eigen-values, because of their self-defining (or self-generating) nature imply topological 
“closure” (“circularity”). 

 
The state of affairs allows a symbolic re-formulation of expression (12) 
 

lim COORD(n) ≡ COORD                           (13) 
n → ∞ 
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This result, that there emerge Eigen-values, is the only thing we can rely on. It rests upon a theorem. 
Among the many variants and paraphrases of this astonishing theorem I ’ve picked Francisco Varela 
and Joseph Goguen’s version (1979), for I believe I see an affinity here with sociological vocabulary. 
“In every operationally closed system there arise Eigen-behaviors.” (Closure Theorem) 
Let me make just a couple of more remarks about stable Eigen-behaviors. Consider the fascinating 
process that recursively sifts only discrete values out of a continuum of endless possibilities. Think of 
the operation of taking roots which lets one and only one number, namely “1”, emerge from the 
endless domains of the real numbers. Can that serve as a metaphor for the recursiveness of the natural 
process, sometimes also called “evolution”, in which discrete entities are sifted out of the infinite 
abundance of possibilities such as a fly, an elephant, even a Luhmann? I say “yes” and hope to 
contribute additional building blocks to the foundation of my assertion. 
But consider also that although one can indeed make the inference from given operations to their 
Eigen-behaviors, one cannot make the converse deduction from a stable behaviour, an Eigen-behavior, 
to the corresponding generative operations. Therefore, the inference from the recursive Eigen-value 
“1” to the square root operation as the generator is not valid, because the fourth, the tenth, the 
hundredth root, recursively applied, yield the same Eigen-value “1”. Can that serve as a metaphor for 
the recursiveness of the natural process, sometimes called the “laws of nature”, of which there could be 
infinitely many versions that would explain a Milky Way, a planetary system, indeed, even a Luhmann? I 
say “yes” and turn for support to Wittgenstein’s Tractatus, Point 5.1361: “The belief in the causal nexus 
is the superstition.” 
 
5.3. Tesse lat ions 
 
Although a cognitive tile consists of various components, I shall represent the entire tile by a single 
square or (rectangle): its input region denoted white, the output region black. (Figure 2a) I shall now 
treat this unit as an elementary computer – a computational or, alternatively, a cognitive tile Ti – which, 
when combined with other tiles Tj, may form a mosaic of tiles – a computational or cognitive 
tesselation. The operations performed by the ith tile shall be those of a finite state machine, but different 
letters, rather than subscripts, will be used to distinguish the two characteristic functions. Subscripts 
shall refer to tiles. 

yi = fi (xi, zi)                 (14) 
zi = gi (xi, zi)                 (15) 

Figure 2b sketches the eight possible ways (for each of the parallel and the antiparallel case) in which 
two tiles can be connected.  
This results in three classes of elementary tessellations whose structures are suggested in Figure 2b as 
well. Cases 1 and 3, and 2 and 4 are equivalent in the parallel case, and are represented in Class I 
(“chain”) and Class II (“stack”) respectively. In the antiparallel case the two configurations 5 and 7 are 
ineffective, for outputs cannot act on inputs, nor inputs on inputs; cases 6 and 8 constitute Class III, 
consisting of two autonomous tessellations A = [a+, a-] distinct only by the sense of rotation in which 
the signals are processed. Interactions of the same concatenations result in tessellations with the 
following functional properties (for n iterations): 
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Figure 2: Tesselations 
 
Figure 2a: A Schematic Reduction of a Cognitive Tile to an Input (White)-Output (Black) Tile in Three Stages 
 

 
 
Figure 2b: Eight Elementary Forms of Tesselations for Two Cognitive Tiles [1, 2] 
 

 
 

 
 
 
(I)  Stack:          nT:      y = � fi(xi, zi) 
(II) Chain:          Tn:     y = fn (fn-1(fn – 2 ....(x

(n)*, z(n)*) ... z**n-2)z*n-1)zn 
(III) Mosaic:         A = [a+, a-]   nAn [Stack]   An [Chain] 
             [a+, a-], [a-, a+] = 0 

             [a+, a+], [a-, a-] ≠ 0 
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Introducing a fourth elementary tessellation by connecting horizontally T → A → T, or TAT, we have 
 
(IV) TAT          n(TAnT) [Stack] 
             (TAT)n [Chain] 
 
I shall conclude my remarks on tesselations with only a brief report on some properties as they may be 
relevant to this topic of aggregates of such tiles. John von Neumann (1964) was the first to realize the 
high computational potential of these structures in his studies of self-reproducing automata, and later 
Lars Löfgren (1961) applied similar principles to the problem of self-repair. We use these, however, in 
connection with problems of self-reference and self-representation. 
Two features of cognitive tiles permit them to mate with other tiles:  one is its inconspicuous element T 
which translates into a universal “internal language” whatever the “output-language” may be; the other 
one is its essential character as a “through-put” element. Consequently, one may assemble these tiles 
into a tessellation, each cross white or black, corresponding to a single tile, while each square in a cross 
represents the corresponding functional element. Information exchange between tiles can take place on 
all interfaces, however, under observance of transmission rules. For instance, one tile may incorporate 
into its own delay loop pre-processed information from an adjacent tile, but eigen-state information of 
one tile cannot retroactively modify the operations of a “left” tile, although it can – via its own output – 
modify that of a “right” tile, and so on. When in operation, this system shifts kaleido-scopically from 
one particular configuration of cooperating sets of adjacent tiles to other configurations, in an ever 
changing dynamic mode, giving the impression of “clouds” of activity shifting, disappearing and 
reforming, as the task may demand.18 
 
5.4. Double Closures 
 
With the build-up of tessellation structures their functional complexity grows rapidly. One feature of 
these computational tessellations can be easily recognized, and this is that their operational modalities 
are closely linked to their structural organization. Here function and structure go hand in hand, and one 
should not overlook that perhaps the lion’s share of computing has been achieved already when the 
system’s topology is established. In organisms this is, of course, done mainly by genetic computation. 
Remaining at the level of topology, Figure 3a reproduces a schematic overview of the organization of 
the nervous system. The black squares symbolize neuron bundles which can have an effect on the next 
bundle via spaces – a collection of synaptic gaps. The flow of signals along the bundle runs from left to 
right, starting with the sensitive surface and terminating in the motor surface, the changes of which are 
fed back via the exterior world – the “motor-sensory-synaptic gap” – to the sensory surface, thus 
closing the flow of signals through a circuit. A second circular flow of signals begins at the lower edge, 
schematizing the connection of the central nervous system with the neurohypophysis, which, in analogy 
to the motor surface, controls via the vascular system – the “endocrine-operational synaptic gap - the 
micro-environment of all synapses (shown by the minute threads in the spaces)19 
                                                             
18  KHM2: Heinz von Foerster’s approach on the process of tessellations is still highly intriguing. Among current versions, two programs become 

particularly relevant, namely William H. Calvin’s hexagonal mosaics and Gerald M. Edelman’s “neural groups”. On the former see 
especially Calvin 1998, on the latter Edelman 1987, 1988 1989, 1992, Edelman and Tononi 2000 or Edelmann and Changeux 2001. 
On experimental evidence, see, for example, Rieke et al. 1999. 

19  HvF5: If one, in the representation of Figure 3a, interprets the length of the edge of a square with the numbers of points 
of activity in the neuron bundle belonging to it, we would have had to sketch the whole system with 105 x 105 squares in 
order to do justice to the much larger proportion of interior compared with exterior surface. A square would then have 
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Figure 3: Topology of Neural Nets 
 
3a: A Schematic Representation in Two Dimensions 
 

 
 
3b: A Schematic Representation in Three Dimensions 
 

 
 
In order to express this functional scheme geometrically we can close circles of signals flowing in a 
right angle to one another by wrapping them around a vertical and a horizontal axis. A plane figure 
wrapped according to two right-angular axes is called a torus. Figure 3b shows a representation of the 
double closure of the stream of signals. The seam up front corresponds to the motor sensory synapric 
gap, the horizontal seam to the neurohypophysis.  
Here, two systems – the sensory-motor system and the inner-secretoric neural system – control one 
another reciprocally: the operational functions of the one system become functions of the other: two 
recursive functors. Functors operate on a function and produce a function. Functors, too, have Eigen-
values like the exponential function y = ex of the differential operator and on account of the 
extraordinary relationship of the exponential function to the trigonometric functions sin and cosin, sin 
and cosin are the Eigen-functions of the differential operator iterated fourfold.20 
One can find the picture of double closures already in Warren McCulloch’s article “A Heterarchy of 
Values Determined by the Topology of Neural Nets” (1945). His argument is as follows: He shows the 

                                                                                                                                                                                                          
to be represented by a point with a diameter of about 1 micron if the whole diagram were to be exactly the same size as 
the one given here. 

20  HvF6: One doesn’t have to restrict oneself to mathematical expressions. Karl Menger developed these ideas for logical 
functions (1962), a generalization that is significant here. 
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recursion of neural activity where internal components are linked with external elements through the 
neural pathways via the environment. In this circuit the organization is hierarchical, for the presently 
external senso-motoric loops can exhibit the inner loops. He then introduces the diallels (“crossovers”) 
that from lower circle can inhibit the upper: twofold closure. Thus, the senso-motoric and the inner-
secretoric-neural circuits are organized in a double closure.21 
 
5.5. Cognit ive  Inter -Act ion and Communicat ion 
 
Ontologically, Eigenvalues and objects, and likewise, ontogenetically, stable behaviour and the 
manifestation of a subject’s “grasp” of an object cannot be distinguished. In both cases “objects” 
appear to reside exclusively in the subject’s own experience of his sensori-motor coordinations, that is 
“objects” appear to be exclusively subjective. Under which condition, then, do objects assume 
“objectivity”? 
Apparently, only when an actor or subject S1 stipulates the existence of an actor or a subject, S2, not 
unlike himself, who, in turn, stipulates the existence of still another subject, not unlike himself, who 
may well be S1. 
In this atomical social context each subject’s (observer’s) experience of his own sensori-motor 
coordination can now be referred to by a token of this experience, the “object” which, at the same 
time, may be taken as a token for the externality of communal space. 
With this I have returned to the topology of closure where equilibrium is obtained when the Eigen-
behaviors of one participant generate recursively those for the other; where one snake eats the tail of 
the other as if it were its own, and where cognition computes its own cognitions through those of the 
other. 
The word “inter-action”, as well as “group practices”, “social routines” etc. does imply the 
recognizability of regularities, of “invariants” in the temporal course of the social action. Here, among 
social scientists, one is probably not interested in whether the cosin or the sin appears as the Eigen-
behavior of the system, but rather whether in a cultural domain a meeting between two members of 
this cultural domain is celebrated by a handshake or by a bowing. 
One could even go further and be on the lookout for the emergence of invariants that arise when air is 
blown in a certain way through the vocal cords, whose vibrations then elicit hisses and grunt with 
which the meeting of two members of a cultural domain is celebrated and in the southern regions of 
this geographic area are heard as “Hi, y’all” and in the northern regions as “Hello there.” 
In all that I have said up until now I have tried to make it obvious that these invariants, these “Eigen-
behaviors” arise through the recursively reciprocal effect of the participants in such an established 
social domain. Therefore, I’d like to turn to my proposal which can be summarized in three words: 
Communication is recursion. With the vocabulary developed throughout this article I can extend and 
sharpen this first version with a few words: Communication is the Eigen-behavior of a recursively 
operating actor that is doubly-closed onto itself.22 

                                                             
21  HvF7: I find that McCulloch’s article on the circular organization of the nervous system is of such great significance that 

I’d like to draw the attention to one of its concluding sentences. “Circularities in preference instead of inconsistencies, 
actually demonstrate of a higher order than had been dreamed of in our philosophy. An organism possessed of this 
nervous system – six neurons – is sufficiently endowed to be unpredictable from any theory founded on a scale of 
values”. 

22  KHM3: It must be noted that Heinz von Foerster’s “grand unified theory of cognition” could serve as a much needed platform for a current 
wave of cognitive science-literature on consciousness, emotions, language and I’s role in it, since for him, according to his guiding metaphor 
(Chapter 4), the broad stream of cognitive phenomena belongs to the computational domains and to generative computational mechanisms, 
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6. Tesse lat ion as Solut ion o f  the Complexity  Riddle23  
 
At this point I would like to return to the complexity constraint introduced in the second chapter. One 
way out of this complexity dilemma is to assume that, de facto, only an extraordinary small amount in 
the structure of the nervous system is genetically specified, while the overwhelming portion is left to 
chance. Although the idea of leaving some space to chance-connections is not to be rejected entirely, it 
does not seem right to assume that only one hundredth of 1%, or less, of all neurons have specified 
connectivities. This assumption, for instance, would make neuroanatomy impossible, because the  
differences in brains would far outweigh their likenesses. 
Another way out of this dilemma is to assume that the genetic code is indeed capable of programming a 
large variety of networks, each of which, however, involves only a small number of neurons, and each 
of which is repeated in parallel over and over again. Repetition of a particular structure in parallel 
requires very little information indeed, the only command being “Repeat this operation until stop.” The 
various kinds of networks may then be stacked in the form of a cascade. In a very crude way, the appeal 
of this picture is that there is some resemblance to the various laminate structures that bare observed in 
the distribution of neurons in the outer folds of the brain. Let us see now what numbers we obtain if 
we assume that the whole system of parallel networks in cascade is specified by the genetic program. 
I propose to consider a small elementary net that involves only 2n neurons, half of which are located in 
one layer, say L1, and the other half in the adjacent layer L2. The axons of neurons in L1 contact those 
in L2, but there are no return pathways assumed in this simple model. Since the total number of 
neurons located in each layer is supposed to be large, say N, the complete connection scheme for the 
two layers is established by shifting the elementary network parallel to itself in both directions along the 
surface of the layers. The number of parallel networks is, thus, 

P = N/n                 (16) 
Again, a connection matrix for the elementary network can be drawn with n rows and n columns, 
corresponding to neurons in layers L1 and L2, respectively, where, at the intersection of a row with a 
column, the absence or presence of a connection between the appropriate neuron in L1 with a neuron 
in L2 is indicated by a “zero” or a “one”. Consequently, the number of nets is 2n2

, hence the uncertainty 
of this elementary network is 

Hn = n2                 (17) 
Although P such nets are working in parallel between layers L1 and L2, the uncertainty for the whole 
network connecting these two layers is still only n2, because there is no freedom for even a single 
connection in any one of the P networks to change without the corresponding changes in all other nets, 
since their connectivity is determined by the connection matrix which functions as a genetic mould 
from which all P nets are cast. 
I propose to assume that a different connection matrix controls the connections between the next pair 
of layers(L2, L3), and so on, in the cascade of C layers. The uncertainty of the system as a whole is, 
therefore, 

HS = nC2                 (18) 

                                                                                                                                                                                                          
should be analyzed in a bottom-up as well as context-sensitive manner, has to include, as one of its pre-requisites, the role of the observer and 
should lend itself to a process of self-description. For recent literature on the cerebral symphony, its deaf conductor and its blind observers, see 
(?!), for example, Ainslie 2001, Damasio 2003, Dennett 2003, Nørretranders 1998, Smith-Churchland 2002, Wegener 2002 or Wilson 
2002. 

23  LLR6: The solution to the complexity riddle in Chapter 6 has been taken, like the complexity riddle itself, from MWR:413 -416. 
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And is assumed to be specified by the genetic code. Hence: 
HS = HG                 (19) 

On the other hand, we have to accommodate in the whole system a totality of N* neurons which are 
distributed among C layers of nP neurons each: 

N* = nPC                  (20) 
Eliminating n, the number of cells in an elementary network, from the two equations above, we obtain 
a relation between the number of cascades and the number of parallel channels in each cascade 

HG = N2 / CP2               (21) 
or 

P = (N*/HG) . (1/C)              (22) 
Assuming the various choices for triplets C, P, n which satisfy the above equation, it seems to me that, 
for an assumed genetic information of 108 bits/zygote, a system that, on the average, consists of 1000 
layers ( C = 103), each layer incorporating 30.000 elementary parallel networks ( P = 3. 104) which 
involves 300 neurons each, is, in the crudest sense, a structural sketch of cortical organization which 
may, perhaps, not be dismissed immediately for being completely out of the question, quantitatively. 
 
7. Conjectures24 
 
I shall close with several conjectures in order to suggest that there are a variety of new avenues open of conceptualizing the 
grand spectacle of cognition in accordance with the initial four theses.  
 
(i)  There is a high propensity of falling victim to a semantic trap which tempts one to associate with a 

conceptually isolable function a corresponding isolable mechanism that generates this function. 
This temptation seems to be particularly strong when our vocabulary suggests a variety of 
conceptually separable higher mental faculties as, for instance, “to learn”, “to remember”, “to 
perceive”, “to recall”, “to predict”, etc. The hopelessness of a search for mechanisms that 
represent these mechanisms in isolation has a purely semantic basis. Memory, for instance, 
contemplated in isolation is reduced to “recording”, learning to “change”, perception to “input”, 
action to “output”, and so on. In other words, in separating these functions from the totality of 
cognitive processes one has abandoned the original problem and is now searching for 
mechanisms that implement entirely different functions which may or may not have any 
semblance to some processes that are subservient to the maintenance of the integrity of the 
organism as a functioning unit. Thus, the semantic trap lures persistently into a substitution of an internal-
unified mode of description by an external-isolationist mode. 

(ii)  My theses on the four-fold unity of cognitive processes lead almost naturally to a new and most prominent role for 
partial and total ignorance with respect to cognitive mechanisms. Consider, for example, the two 
conceivable definitions for memory:  
(a) An organism’s potential awareness of past experiences 
(b) An observed change of an organism’s response to like sequences of events. 
While definition A postulates a faculty (memoryA) in an organism whose inner experiences 
cannot be shared by an outside observer, definition B postulates the same faculty (memoryB) to 
be operative in the observer only – otherwise she could not have developed the concept of 

                                                             
24  LLR7: The final conjectures have been compiled from ME:135 – 136, COE:231, ROC:195 -196, ME:136, COE 236 – 240, 

OTFE:267. 
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“change” – but ignores this faculty in the organism under observation, for an observer cannot 
“in principle” share the organism’s inner experience. Like in the tale of the emperor’s new suit, 
behavioral sciences have tailored a huge amount of conceptual clothes pretending to hide this dual ignorance without 
overcoming it. Recapitulating, once again, the cognitive architecture from Chapter 5, the level of ignorance for 
behavioural mechanisms is always considerably higher than the conventional wisdom of behavioral scientists. 25  

(iii) In the same spirit, my next point deals with the structure of a complete and closed theory of the 
brain. If someone deals with this problem she will, without any doubt, use her brain. This 
observation is at the basis for my next working hypothesis: The laws of physics, the so-called 
“laws of nature” can be described by us. The laws of cognitive functions – or even more 
generally – the laws of biology must be written in such a way that the writing of these laws can be 
deducted from them, i.e., they have to write themselves. 

(iv) Phrased differently, a theory of the brain T(B) must be written by a brain: B(T). This means that 
this theory must be constructed so as to write itself: T(B(T)). Such a theory will be distinct in a 
fundamental sense from, say, physics since the observer is supposed to have a necessary place in 
it. A science of the brain in the sense of T(B(T)) is, I claim, indeed a legitimate science with a 
legitimate problem. Moreover, experimental designs and test theories have to be modified substantially in order 
to be able to bring to light the generative cognitive mechanisms. 

(v)  Turning to new experimental designs, it is possible to establish, once and for all, the proposition 
that the motorium provides the interpretation for the sensorium and that the sensorium provides 
the interpretation for the motorium. The basis for this experiment lies in the common 
experience that it is extremely difficult, perhaps impossible, to squeeze oneself into the fourth 
dimension. No matter how much we stretch and twist, we remain stuck in the all-too-well-known 
three dimensions. The experiment requires a setting where hardly perceivable four-dimensional 
objects can also be grasped which means that they can be touched and handled. Thanks to 
friendly computers (which do not know of any dimensionality), the experiment can be carried out 
by giving to a test person manipulators which are online with a fast computer. According to the 
position of the manipulators, the computer computes two related two-dimensional projections of 
a four-dimensional body on the screen of a picture tube which – viewed by a person through a 
stereoscope – can be seen as three-dimensional projections of this body floating in space. The 
test person can control, via two manipulators with three degrees of freedom, the projections 
appearing on the screen whereby the right hand controls the three rotations in the xy, xz, and yz 
planes of our space, and the left hand the three in the fourth dimension, namely wx, wy, wz. As a 
conjecture, I expect that the realization that these strangely changing entities are nothing but the 
projections of one and the same object should be normally gained within 20 – 40 minutes if test 
persons themselves are permitted to use the manipulators compared to four to eight hours of 
sessions if it is the instructor who works with the manipulators. 

                                                             
25  KHM4: In the light of the preceding discussion, the state of neural ignorance in a wide array of action approaches seems almost perfect. Simply 

consider the subsequent range of definitions of what attitudes are supposed to be. Attitudes (for an overview, see, e.g., Aiken 2002) are 
conceptualized as  
an internal state (!) which affects (!!!) an individual’s choice (!) of action toward some object, person or event” (Gagne/Briggs 1974:62) 
a relatively enduring organization of beliefs (!) around (!!!) an object or situation predisposing (!!!) one to respond (!!!) in some preferential (!) 
manner (Rokeach 1968:112) 
tendencies (!!!) to evaluate (!) an entity(!!!) with some degree (!!!) of favour or disfavour, ordinarily expressed (!) in cognitive, affective and (!!!) 
behavioural (!) responses” (Eagly/Chaiken 1993:155) 
a frame of reference (!) for organizing (!) information (!!!) about the world …, attaining rewards and avoiding punishment …., managing (!) 
emotional conflicts …., expressing one’s sense (!) of self (!!!), personal values (!), or (!!!) identity (!) …., viewing oneself as being consistent (!!) 
… and distinguishing (!) oneself from other people in a social group (Ostrom 1994:116) 
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(vi) Through further developing the apparatus, the experiment should show, as another conjecture, 
the importance of motor-sensory correlation for the processes of cognition even more clearly: 
entry into the fourth dimension could be carried out via senso-motoric contractions of the 
muscles of the neck, the arm, or the upper part of the leg, i.e., through motor-participation not 
showing 3D, but only 4D consequences. 

(vii) As a concluding conjecture, I shall turn to traditional theories of action and their action schemes26 in general and to 
the Rational Choice-paradigm (RC) in particular27, currently the most prominent representative in the field of 
action theory and action schemes. RC can be considered as the prime offender of my initial four theses. It cannot be 
projected or transferred to the neural realm, neither from its composition nor from its formalisms. From the 
viewpoint of neural composition it is easy to see that the building blocks of an RC-action scheme miss most of the 
necessary elements of minimal cognitive tiles. The input domain is extremely reduced, the state composition is 
absent, memory and inference play no relevant roles. In terms of formalisms, the Rational Choice approach lacks 
the core ingredients for neural operations, namely recursion and dynamic closures. In a strong sense, the RC-
formalism presupposes, aside from perfect amnesia, a perfect correspondence between evaluation results and action. 
Seen with the guiding metaphor in Chapter 4, the RC- formalism resembles much too much a storing device and a 
storehouse concept of cognitive action. 

 
With these conjectures I have returned to the topology of closure where cognition computes its own 
cognitions through those of the - reader.28 
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