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Abstract
Keywords: cognition, epistemology, observer, objectivist-experientialist discussion,
constructivism, intentionality, communication, the conduit metaphor, the origin of
writing, mathematical theory of communication, the signification relation, cognitive
modelling, simulations of collective behaviour.

The study starts off as a quest for the core meaning of the term communication. First,
the epistemological grounds of the endeavour are investigated. Findings of experien-
tialist cognition, backed up by e.g. Putnam’s results, indicate that intentionality as
understood by traditional cognitive science might be an incomplete story; so, in
parallel, constructivist approaches are investigated. The two approaches are here
termed as linear and recursive models, respectively.

Through introducing the conduit metaphor and the mathematical theory of communi-
cation, the question of whether communication consists of a transfer is discussed.
Arguments are presented to the effect that the mathematical theory neither does
support this understanding, nor appears to be applicable (but as a cognitive model)
outside the domains where probabilities are assigned to outcomes.

Communication research in three areas is presented: investigations from an ethologi-
cal perspective, process approaches to human communication, and the study of the
signification relation. Finally, a review of some work on simulations of communica-
tion and collective behaviour is given.

In conclusion, intentionality is required for the communicating entities, which – based
on some of the arguments presented in this study – leaves inanimate objects, plants,
bacteria, and most of the animal world (except molluscs, crustaceans, and vertebrates)
outside the communicating world. Communication incorporates signs, and signs are
interpreted. In the process, meaning is created. The objectivist science ideal of point-
ing to an appropriate event and claiming “This is real communication” has to be
substituted by offering descriptions of some idealised cognitive models. One might
argue about these, accept them, or reject them; this is what communication (amongst
other things) is (and is for).

In general, if it is understood that there is no possibility of reaching ‘objective’,
observer-independent knowledge, another way of reaching more certainty than what
just an individual can get might be to turn to others. It is this that brings cognition and
communication into close relationship.
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Preface
This work is submitted as a BSc dissertation in cognitive science.

The proposal for the dissertation, submitted in December 1997, was a significant
revision of an older idea. As this previous idea has left its trace in the present study, I
will describe it briefly. It consisted of two parts: writing a software simulation that
could be interpreted as two artificial agents communicating, and then analysing in
what respect that what happens in the course of the simulation could be understood as
communication, and in what respect it could be not.

The idea was later changed into its present form, where the nature of communication
in general is investigated (the second part of the old idea), while it was decided that
the first part should get its proxy in already performed studies on simulations of
communication. The main reason for this shift was the correct insight – reached
finally even by the author – that the amount of time needed for both tasks, if they are
to be done with a grain of originality, exceeds that time which was at disposal.

As the proxy – review of some of the published work on simulations of communica-
tion in the light of general findings on communication – was now sketched as a part of
the definite and accepted proposal, I have done that what I have obliged myself to do,
and this review consequently constitutes Chapter 8 of the present study. On the other
hand, theoretical results gained in the course of this work, that are the content of the
first three chapters, might give an impression to the reader that Chapter 8 is somewhat
irrelevant in the light of these findings. While that might be the case, I have decided –
and that is what this whole explanation is about – to keep this material anyway, if not
for other reasons, then as it opens the important question of what relevance do results
acquired through a simulation (i.e., a model) have for the original domain.

In general, of the two possible types, this is a theoretical study building exclusively on
reviewing literature. But, the author has on certain occasions not refrained from
expressing own comments.

The study encompasses the fields of philosophy (notably, certain aspects of intention-
ality and epistemology), human communication, communication in species other than
humans, and simulations of communication using artificial agents. The text is gener-
ally written without assumptions of the reader’s previous acquaintance with the fields,
though this is violated mostly with respect to Part IV, concerning simulations. On the
other hand, the reader’s motivation for dealing with this kind of material is assumed,
and it is put to a harsh test as early as in the first, “philosophical” chapter. That chap-
ter might be partially hard to follow, but it provides grounds for the discussions that
ensue, and is therefore nevertheless warmly recommended.

As the study reviews the literature that already exists, what might be novel is the way
that certain findings are linked together; the same might hold for some of the propos-
als for shifts of the research focus within the cognitive science, that are to be found in
the text.

A note concerning language. According to what seems to be a spreading practice (e.g.
Aitchison, 1994), they and their are used as singular forms after the personal pronouns
she, he and one; also, themself in the same position when the subject is gender neutral.
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Introduction
This study is an investigation of the topic of communication, but such that relies
heavily on the topic of cognition. One of the main suggestions resulting from this
work is the proposal that the relation between cognition and communication is much
closer than what it is usually believed to be. Let us begin by presenting these two main
topics. We begin with cognition.

As an example that might help us in introducing the field of cognition, not a repre-
sentative one for this wide field1 but leading us rather straight into the heart of the
debate that will comprise most of this study, we might use the project of developing
artificial minds. The ‘mind-as-a-machine’ proposal – as it was known at least from the
times of Descartes – gained a new impetus with the significant conceptual and, more
important, technological developments in the field of computer science in the middle
of the present century. Very soon after the inception of the electronic computer, great
expectations arose. The following was written in 1957 by the man who was to become
the only Nobel prize laureate in the field:

It is not my aim to surprise or shock you… But, the simplest way I can
summarize is to say that there are now in the world machines that can
think, that learn and that create. Moreover, their ability to do these things
is going to increase rapidly until—in a visible future—the range of prob-
lems they can handle will be coextensive with the range to which the hu-
man mind has been applied…

1.  [W]ithin ten years a digital computer will be the world’s chess cham-
pion, unless the rules bar it from competition.

2.  [W]ithin ten years a digital computer will discover and prove an im-
portant new mathematical theorem.

3.  [W]ithin ten years most theories in psychology will take the form of
computer programs, or of qualitative statements about the characteris-
tics of computer programs. [Herbert Simon, cited in Dreyfus, 1992,
p. 81).

While all three claims have been fulfilled to a certain degree by now, there are not
many who believe that computers think, or that they create. Although such an attitude
might be interpreted as the sceptics all the time raising demands as to what would
constitute a sufficient achievement to grant a machine a mind, another explanation
seems more realistic: in the course of discussing what a mind is and what it is not, a
greater insight is continuously generated.

The present feeling of a nearing breakthrough that nevertheless exists might be attrib-
uted either to reasonable expectations concerning technological solutions pending, or
to the eventuality that the joint forces of philosophers, computer scientists, neurosci-
entists, linguists, anthropologists, and psychologists involved in searching the roots of
cognitive abilities, consciousness, and the mind, will produce answers about the
nature of the mind that will make further search obsolete. Two extreme points of such

                                                
1 Usually assumed (c.f. Gardner, 1987) to comprise of philosophy, linguistics, anthropology, cognitive
psychology, neurology, and computer science.
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expectations might thus be: scientists above giving us a definite product that is an
artificial mind, and scientists above agreeing on why we cannot make minds.

One of the areas where the growing theoretical and technological power of the com-
putational approach has been put to extensive scientific use is modelling and computer
simulations. It has become a practice widely used in the fields as diverse as physics,
engineering, neurophysiology, economics, psychology, linguistics, and many others, to
build theoretical models, formalise the important aspects, and with the help of com-
puter software run simulations whose output is compared to independently collected
‘real-world’ data. Judgements of the adequacy of postulated theoretical relations are
then brought depending on the outcome of  these simulations.

Regarding various domains of research on cognition, the last ten years have seen an
increasing interest in simulating not just isolated cognating systems (such as Newell
and co-workers’ SOAR or Anderson’s ACT*), but also simulating multiple cognating
systems related to each other (mostly in simulations of adaptive behaviour, the name
under which this field came to be known). Thus, areas of research previously reserved
exclusively for social sciences (i.e., interaction, influence, common views, etc.),
became – due to the possibility of ‘societies of artificial agents’ arising – places where
the older traditions met the new technology. This meeting impinges on both partici-
pating sides, leading to both re-examining and enrichment in the fields concerned.

As of communication, it is thus a term primarily seen as belonging to the social
sciences field, but that due to different reasons (some of which are mentioned later on
in the study, for instance Shannon’s mathematical theory of communication) came to
hold an important position even in the so-called natural sciences. It shares its origin
and meaning with the word common (lat. communis2), as when a possession of a thing
or of an estate or of land is shared by two or more persons, or when these have a
common interest, such as to have a stronger fortification around the city.

The present author, being attracted to performing cognitive simulations of the nature
mentioned earlier, began this theoretical investigation having the following questions
in mind:

• What is communication?

• How can we recognise communication, when we see it?

• Under what circumstances may we apply the term communication to e.g. computer
simulations, or to robots?

These questions have launched the present work onto a rather intricate course. Its aims
are to shed some light on communication, and at the same time to shed some light on
cognition. It is these two aspects that are intertwined in the course of expounding the
material. They lead to the place that perhaps condenses the work—the last chapter of
Part III. There, on one hand, a joint picture of different approaches to communication
is presented, built on the basis of distinctions relating to cognition made earlier in the
course of the work; on the other hand, compilation of some of the ideas met previ-
ously in the study results here in a suggestion by the author on how one viable under-
standing of communication might look like.

                                                
2 Which is partitioned further into com- together, and munus duty.
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The argumentation needed for all this is nevertheless built up earlier on in the study.
The main points are on the one hand rather philosophical or cognitive notions such as
intentionality and epistemological solipsism—to which Part I is devoted; and on the
other aspects concerning communication such as, to put it very plainly, whether
communication consists of transferring of something or not (it might suffice for the
present not to go into the details of what this ‘something’ is). Part II is dedicated to
this, and in the course of the exposition both the conduit metaphor and the mathemati-
cal theory of communication are encountered. Part III deals with three different
research approaches to communication: investigations from an ethological perspec-
tive, process approaches to human communication, and the study of the signification
relation. Finally, in Part IV, review of some of the research involving simulations of
communication or collective behaviour is given; the relation between a model and the
original domain for which it is built is briefly discussed.
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1. Epistemological foundations
It was suggested in the Introduction that the present work is as much about cognition
as it is about communication. Let’s try to substantiate this claim somewhat by asking a
question: do we need to deal with cognition if we want to deal with communication?
Well, it might be proposed that those willing to equate the “communication” of two
faxes with the communication of two humans might give a negative answer to this
question: viz., in both instances something is exchanged, so there is no real difference.
Even further, in both cases – under such an approach – the problem is only technical,
placing the process in the domain of mathematics, as revealed (again, under such an
interpretation) by the now well known Shannon’s mathematical theory of communi-
cation (presented in Part II, together with a closer inquiry of the appropriateness of
this interpretation). So, according to this line of argument, when dealing with commu-
nication we should use mathematics, and when dealing with cognition we should use
the apparatus of cognitive terms. No common points between the two fields thus exist,
and neither does any need to investigate them.

That this negative answer is both scientifically acceptable and in fact given by a
number scholars in the field will be seen later on in the present chapter, when dealing
with Turing machines. Nevertheless, it is considered here that even if answering in
this negative manner to the question of relatedness of cognition and communication,
we will be curious as to the deeper (cognitive) theoretical grounds for giving it,
instead of just accepting it as a fact. For instance, we would be interested in relying on
the notions of functionalism as the theory of mind, on Daniel Dennett’s proposal
known as the intentional stance, on the views of Jerry Fodor and John Searle con-
cerning mental states (subsumed under the term of intentionality), and the like.

But, we might suspect that even some affirmative answers have been given to the
above question of whether we need to deal with cognition when dealing with commu-
nication. If intentionality is understood a bit differently, as for instance in the way
Walter Freeman presents it, it gives rise to both some deeper philosophical questions
(of those, primarily the epistemological3 one: what can I know), and to the need to
consider communication and cognition as two closely related processes. For the same
reasons, the views of biologists Humberto Maturana and Francisco Varela, the epis-
temologist Jean Piaget, and the linguist George Lakoff might be of interest.

It is to these topics that the greater part of the present chapter is dedicated. After
starting off with an ontological agreement (that we are dedicated to the existence of a
reality), the chapter ventures into an epistemological discussion, mainly by reviewing
– sometimes in detail – a number of selected works by the authors mentioned above.
This discussion is by no means free from cognitive dimensions (just as footnote 3
would imply). In the final section of the chapter, the author presents a synthesis
containing a proposal for distinguishing between two basically different kinds of

                                                
3 As a side-note, Lübcke (1988) gives Latin cognitio and Greek episteme as equivalents of English
knowledge.

Part I  –  Common grounds of cognition and
communication
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approaches to studying cognition, tentatively called the linear and the recursive
models, the crucial difference being the degree of constraints built into the models of
the two kinds.

Now, let’s start the chapter by agreeing on something.

1.1  Objective and experiential

A real world exists. There is nothing more real for the present author at the moment,
than writing these words here that the reader is kindly reading. But, one might con-
sider this line of thought to be a rather loose one.

So, von Foerster (1960) expresses this more formally. He shows that, given a certain
assumption is accepted, the opposite position of ontological solipsism (the view that
only one themself exists) leads into a contradiction. As it is also a beautiful piece of
reasoning, I’ll give it here verbatim:

Assume for the moment that I am the successful business man with the
bowler hat in Fig.[…], and I insist that I am the sole reality, while every-
thing else appears only in my imagination. I cannot deny that in my imagi-
nation there will appear people, scientists, other successful businessmen,
etc., as for instance in this conference. Since I find these apparitions in
many respect similar to myself, I have to grant them the privilege that they
themselves may insist that they are the sole reality and everything else is
only a concoction of their imagination. On the other hand, they cannot
deny that their fantasies will be populated by people – and one of them
may be I, with bowler hat and everything!

With this we have closed the circle of our contradiction: If I assume that I
am the sole reality, it turns out that I am the imagination of somebody else,
who in turn assumes that he is the sole reality. Of course, this paradox is
easily resolved, by postulating the reality of the world in which we happily
thrive.

1.1.1 Objectivist cognition

As we accept that there is a real world, we might now raise the questions of what can
be known or cognised and how that can be done. In other words, what kind of theory
of knowing do we want to impose on the observer. Two approaches to answering this
question have been identified by the cognitive linguist George Lakoff, these being
“experiential cognition” and “objectivist cognition” (Lakoff, 1986, here and through-
out the rest of this section, if not stated otherwise).

Although different – this will be seen shortly – these two approaches to studying
cognition have certain things in common. Above all, it is a commitment to the exis-
tence of reality, and to the reality of human experience. Further, it is jointly held that
human conceptual systems are linked in a certain way to other aspects of reality. Truth
is in both views seen as not based exclusively on internal coherence within each
individual. Both approaches advocate the use of standard scientific procedures that
purport to rule out the biases and prejudices of investigators. Lakoff calls these com-
mon grounds “basic realism”.

The differences arise when taking a closer look at how reality is conceived. Von
Foerster (1973) draws the same distinction by naming the respective parties as
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“The”-school-of-thought and “A”-school-of-thought, derived from the views on there
existing “the reality” and there existing “a reality”. Interestingly, Putnam (1981, cited
in Lakoff, op. cit.) refers to the former approach as a “God’s eye point of view” of
reality.

What is contended is the ability of the observer to experience an observer-independent
reality. It can be shown (von Foerster, 1972, for this paragraph) that such an ability is
constrained even by physical laws (i.e., the relativity theory, and the uncertainty
principle). Further, the assumption that pictures scientific enquiry as (a) postulating an
objective world, (b) demanding of a scientist to write a description of such a world
without referring to themself, seems not so plausible: describing life in its totality is a
task of a scientist, who then needs to account even for their accounting of the life in its
totality. This circle is resolved by the insight that, in a scientific discourse of any
appreciable level of relevance, one is to give a description of a
“description-invariant”4 world which includes the observer.

The “God’s eye point of view” approach is nevertheless adopted by objectivist cogni-
tion. In adopting it, this kind of cognition makes certain assumptions about the prop-
erties of reality that Lakoff argues have no foundations. Hence yet another name has
been proposed for it: “metaphysical realism” (due again to Putnam; c.f. Lakoff, 1986).
Lakoff lists the assumptions as follows5:

1. Meaning is based on reference and truth.

2. Truth consists in the correspondence between symbols and states of af-
fairs in the world.

3. There is an “objectively correct” way to associate symbols with things
in the world.

4. The properties and relations of entities in the world are independent of
the understanding of any beings.

5. Natural kinds are proper sets, as defined in mathematical,
set-theoretical models.

6. Complex properties are logical combinations of primitive properties.

7. Rational relations hold objectively among the entities and categories in
the world.

Experientialist cognition, on the other hand, considers following aspects crucial:

1. the role of the bodily and social experiences in creating meaningful
conceptual structures; such concepts are meaningful from the start, that
is, they do not acquire meaning through some process of matching;

2. the human imaginative capacity to project from bodily and interactional
experience to abstract conceptual structures. Among these basic cogni-

                                                
4 Von Foerster’s, op. cit., term; it is this we can argue about, not the ‘objective’ world per se.
5 Comprising probably a précis of the forthcoming book “Women, Fire, and Dangerous Things”
(Lakoff, 1987) that has categorisation in the context of cognitive linguistics as one of its major topics,
even this article (i.e., Lakoff, 1986) is starkly related to categorisation, as suggested even by this quote.
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tive processes are: focusing, scanning, superimposition, figure-ground
reversal, etc.

Objectivist cognition rests on two main assumptions: the correspondence theory of
truth (points 1-3 in the list of the assumptions, above), and the assumption of the
existence of natural kinds (points 4-7 above). The first assumption, very coarsely,  is
about how we are related to our environment, and the second one about what there is
in the environment; one might view the first group as dealing with epistemological
aspects, and the second group as dealing with ontological ones.

As of experientialist cognition, Lakoff insists that experience is to be taken in a broad
sense, including sensory-motor, emotional, and social experiences, plus innate capaci-
ties that shape such experience. In that, he is not a long reach from not only what von
Foerster refers to as the recurrent relation of cognition computing itself (von Foerster,
1973), but also to the basic position that functionalists hold (see subsection 1.3.3.1 of
the present study) that mental states stand in causal relation to other mental states. The
difference between experientialists and objectivists seems basically to be whether this
is a process actively pursued by the organism, or not. On the first option, Lakoff says:

“Experiential” should definitely NOT be taken in the empiricist sense as
mere sense impressions that give form to the passive tabula rasa of the
empiricists. We take experience as active functioning as part of a natural
and social environment. We take common human experience – given our
bodies and innate capacities and our way of functioning as part of a real
world – as motivating what is meaningful in human thought. [Lakoff,
1986, p. 120]

As we see, experiential cognition takes it that there is an inner motivation that drives a
cognating organism. To get a taste of how the opposite camp, the objectivist cogni-
tion, sees the same process (which is more extensively presented in subsection 1.3.3),
here is a quotation from Fodor (1985).

...the machine is sensitive solely to syntactic properties of the symbols;
and the operations that the machine performs on the symbols are entirely
confined to alterations of their shapes. Yet the machine is so devised that
it will transform one symbol into another if and only if the symbols so
transformed stand in certain semantic relations; e.g., the relation that the
premises bear to the conclusion in a valid argument. [Fodor, 1985, p. 22]

He is describing, of course, the human (and the ‘computer’) mind.

Much of the rest of Lakoff’s article (Lakoff, 1986) is devoted to refuting objectivist
cognition. Lakoff proceeds along two lines: advancing along the first one, the results
of the philosopher and mathematician Hilary Putnam are recalled in order to point out
that certain assumptions of objectivists do not hold in the accepted logical framework;
taking the second one, the results of the biologist Ernst Mayr and of the experiential-
ists themselves are presented so as to point to a concrete fallacy and to insufficiencies
of the objectivist cognition. Brief accounts will be given here. But, before that, the
correspondence theory of truth is introduced, it eventually being helpful in assessing
the arguments that follow.

The correspondence theory of truth. It is accepted that it is sentences and beliefs that
can be true or false, not states of affairs in the world themselves. Truth is thus a
relation, coupled to an observer. In the correspondence theory, the truth is conceived
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of as correspondence between the statement or belief that P, and the fact which holds
in reality, that P.

To take an example: my sentence “This is a cup” said pointing to an X, is true if and
only if (a) X is a cup, (b) I hold/believe/have a representation to the effect of an X in
front of me as being a cup, (c) my thought/representation of a cup must refer to cups
in reality.

This relation might be represented as in Figure 1.1, showing the classical triangle of
semantics.

               “CUP”

cup

Figure 1.1 – The triangle of semantics. [Adapted from Lübcke, 1988, p. 406]

Figure 1.1 presupposes an orderly world, where cups are cups, rabbits are rabbits, and
so on. More formally, objects are assumed to belong to clear-cut classes or categories,
whose memberships are determined according to necessary and sufficient conditions
for inclusion. Defined in that way, objects are members of sets, as accepted in the
mathematical theory of sets. Further, this picture presupposes an equally ordered set of
states in the mind (compare with functionalism, subsection 1.3.3.1), where represen-
tations of cups are (only) representations of cups, etc. Finally, it presupposes a pairing
between meanings and referents, which must be such so as not to produce equivocal
results. That is, my representation that has label “rabbit” on it should not sometimes
refer to rabbits, and sometimes to dogs.

Putnam’s results point to two basic problems of reference, when reference is con-
ceived in the manner of the correspondence theory. The first one stems from the fact
that the meaning of meaning escapes any definition, anyway when definition is de-
fined in the way the correspondence theory of truth will have it – as a correspondence
between a thing in the world and a mental aspect. To understand this, try to use the
semantic triangle presented in Figure 1.1 to see what the referent of refer is (put it,
that is, in the place of cup in the lower left corner of the triangle). You’ll soon meet
refer (the unknown!) even as the operator connecting the lower left to the lower right
corner, that is, exactly on your path which should show you what the referent of refer
is. You might consider taking another turn, but the problem will show up again, with
one more refer unexplained.

Yet another problem for the correspondence theory of truth, and thus the objectivist
cognition, identified by Putnam stems from a proof concerning model theory, a
mathematical-logical tool for dealing with semantics. The relevance of the finding (to
be presented immediately) lies in the fact that it is proposed by objectivists that
functions and relations equivalent to the ones applied within the model theory are at

Meaning

Symbol

Referent
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work in humans concerning semanticity of their thoughts. Putnam shows that there is
always more than one way of correctly pairing model-elements (i.e., the
‘representations’ of the ‘real world’, as the objectivists hold) with symbols that are
operated upon in the model6. The result of this is that the semantic properties of
elements of a sentence can be changed without changing the semantics of the sentence
as a whole. This latter result, which is the finding of Putnam, brings into question the
assumption of conserving correct semantic properties in the course of syntactically
correct operations on symbols (i.e., exactly the assumption functionalists hold, see in
subsection 1.3.3.1).

As to the second line of argument taken by Lakoff (1986), the biologist Ernst Mayr’s
results are presented, questioning the second group of assumptions of objectivists,
namely those of the ‘objective existence’ of natural kinds (points 4 - 7 in the list of
assumptions given previously). The appeal of using Mayr’s (a biologist’s!) results in
relation to objectivist cognition is that these results question not just a possibility of
‘objectively’ categorising things as e.g. being cups and non-cups, these being human
products after all, but also cast a doubt on the possibility of ‘objectively’ categorising
the most natural of ‘the natural kinds’: the species. So, the findings of Mayr are
relevant as they more broadly show that there does not exist a completely ordered
world which we are just to adjust to. We are not just to find the necessary and suffi-
cient conditions for belonging to a category within natural kinds, as such conditions
simply do no exist. Mayr’s results from the field of biology will be presented very
briefly here (the interested reader is referred to the original articles), through the
following six points:

1. Not all members of a species do share defining properties for a certain species; so,
the method of defining properties can not lead us to pick out all and only members
of a species.

2. If a species is defined in terms of being able to reproduce with other species, such a
definition is relative (i.e., not in terms of internal properties).

3. If a species is defined in terms of its gene pool, it is clear that each individual bears
only a very small portion of the genes in the pool.

4. The relation belonging to a same species is not transitive. There are cases where A
breeds with B, and B with C, but not A with C.

5. Physical characteristics and interbreeding give mutually exclusive answers as to a
membership in a species.

6. Sometimes, it is habitat that ‘determines’ if it is the same species or not: inter-
breeding is observed in certain habitats, but not in others.

The expected conclusion is that definition of what a species is, is relative. The main
point Lakoff is making through this exposition is that, if ‘natural kinds’ do not exist in
so natural a phenomenon as the species, it is implied that it is only less reasonable to
expect that ‘natural kinds’ exist in categorising the things in the world as being, for
instance, chairs and non-chairs, in things being nice and ugly, etc.

                                                
6 This appears to be essentially identical to the claim von Foerster (1972) expressed, prior to Putnam, in
notes 5.3 and 5.31: “Since the computation of equivalence relations is not unique, the results of these
computations, namely, “objects” and “events”, are likewise not unique. This explains the possibility of
an arbitrary number of different, but internally consistent (language determined) taxonomies”.
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Now, having presented ‘external’ critique of the objectivist cognition (drawn from the
results of a philosopher/mathematician and a biologist), Lakoff (1986) proceeds by
bringing in some cognitive-science aspects into the discussion, these thus being
‘internal’ with respect to the argument. In doing so, Lakoff also exposes in more detail
the experientialist cognition standpoint, as an alternative to the objectivist approach.

1.1.2 Experientialist cognition

So, our questioning of the notion of categorisation as establishing correspondence
with “the external reality”, began by the result that the assumption of preserving
semanticity by formal manipulations of symbols is untenable, and continued by
realising that the validity of the term “natural kinds” is only approximate, is com-
pleted by the findings of experientialists themselves.

The experientialist critique goes like this: the existence of categories is postulated to
be objectively true. Categories are assumed to be delimited by discontinuities that, so
to speak, exist in the environment, and to have certain exact physical properties.
Given that these properties are represented in the mind, the task of the objectivist
research on categorisation is to determine how representations of properties are
organised in the mind so as to correspond to external categories. The reader will
notice parallels with the correspondence theory of truth.

Experientialist cognition holds that, besides cases of categorisation where the exis-
tence of physically determinable categories is possible, there are many other kinds of
categorisation where this is not so, and where thus objectivist cognition can not give
an account for the categories present in human mental activity. In general, such cases
arise when one of the following holds (Lakoff, 1986):

• the nature of the human body (perception or motor capacities) determines some
aspects of the category.

• some imaginative aspect of the mind plays a role in the nature of the category; the
imaginative projections that might be at work are schematisation, metaphor, me-
tonymy, and categorisation, as well as the cognitive processes of focusing, scan-
ning, superimposition, figure-ground shifting, vantage-point shifting, etc;

Examples where this holds, and where objectivist cognition does not seem to be able
to give satisfactory accounts, are: metaphors, categorisation of colours, consequences
of the existence of basic-level categories, and schemas/frames/idealised cognitive
models. Except for metaphors, presented in more detail in the subsection that follows,
just a cursory acquaintance will be made with some of the terms mentioned.

To begin with, take schemas as in the Lakoff’s example of Tuesday. What is it in the
objective reality, independent of human minds, that physically characterises Tuesdays,
and only Tuesdays? Given the only reasonable answer of “nothing”, Lakoff proceeds
by asking – paraphrasing objectivists – whether Tuesday is an internal representation
of external reality. The answer is again negative. Tuesdays, and other days of the
week, are an imaginative creation of the human mind. This, and many other similar
examples, such as “bar mitzvah”, “associate professor”, “second base”, and – as
Lakoff puts it – “thousands upon thousands of others”, bring to foreground the exis-
tence of cultural schemas, as identified by cultural anthropologists. They are not an
independent reality, but a cultural product that we actively relate to, in one way or
another.
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Yet another kind of schemas are kinaesthetic image-schemas, as identified by Mark
Johnson (Lakoff, op. cit.). The key idea is that experience is structured prior and
independently of concepts. This prior structuring occurs due to the fact that we are
embodied, that is to say, it is our bodies that provide a basic, early experiential struc-
ture. Lakoff does not make this explicit, but it is clear that experience structured
through the body is present from the very beginning of the existence of an organism
(human or other), whereas the objectivists’ view concerning age for the onset of
concept formation in humans is presumably much higher. Schemas of this origin are:
the container schema, the link schema, the part-whole schema, etc.

To take the container schema as an example, its foundation lies in relation to our own
bodies, experienced as containers, taking things in, keeping things within, and throw-
ing things out. Thus, the existence of borders, plus the IN and the OUT, are present
throughout our cognitive functioning: visual field, spatial and temporal relations, and
even personal relations are often built on this schema: to go out of sight, to enter into a
new era, to remain within the family. In these examples, ‘sight’, ‘era’, and ‘family’ are
schematic containers.

1.1.2.1 Metaphors

It is one of the tasks of Chapter 2 to show that the so-called conduit metaphor is a
phenomenon that strongly shapes both our understanding of communication and our
communication practice. Proper introduction of this metaphor is postponed until
section 2.1, but here, in the present subsection, more light is shed on the main charac-
teristics and the significance of metaphors in general.

A metaphor was until recently usually conceived of as a stylistic figure of speech met
in the works of art (the poetic metaphor). Aitchison (1994) ascribes to Aristotle the
definition ‘the application to one thing of a name belonging to another’. This defini-
tion might leave one with the impression that a sort of mistake is committed when one
uses a metaphor. And, a reference book, “Pears cyclopaedia” (edition 1995), confirms
this impression by pointing out that although only a likeness rightfully exists between
the two domains, it is an identity that is stated in a metaphor: “I fall upon the thorns of
life” (Shelly, “Ode to the West Wind”), whereas – if the reader will allow such a
prosaic interpretation to be made – what could ‘correctly’ be argued would have been
‘I meet right now, in the course of my life, those characteristic problems of life, and
they feel (or, are usually conceived of) as if one falls on thorns.’7

The results of an increasing number of researchers since the late seventies have
nevertheless shown that the use of metaphors is much more widespread (the everyday
metaphor), that they are one of the main mechanisms of comprehending and reason-
ing, and that they are conceptual, and not linguistic in their nature (i.e., as Lakoff,
1993, puts it, “the locus of metaphor is thought, not language”). They have their roots
in human imaginative processes.

The basic structure of metaphors is basically the same regardless of whether it is a
poetic or an everyday metaphor, thus no real ground exists for the distinction (Lakoff,
op. cit.): it consists of a mapping between two conceptual domains. The link is ac-

                                                
7 A reference obviously more up to date in respect to the results of linguistics, the COD with its
accompanying “The Oxford Dictionary of English Grammar”, evades this ‘error’-reading by stating that
the descriptive term is “imaginatively, but not literally applicable” to the other domain.
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complished by an imaginative projection of source domain inference patterns (thorns,
that can induce pain) onto target domain inference patterns (life, that can induce pain).
So, accumulated experiences regarding the source domain are mapped onto the target
domain, and thus structure conceiving of this latter domain – presumably conceptually
more complicated – enabling its easier comprehension.

Mappings are grounded in the body and in everyday experience and knowledge.
Metaphors are interconnected, they form a subsystem within the conceptual system.
The use of metaphors takes place constantly, it is automatic, and demands “no notice-
able effort” (ibid.)

Examples of literally hundreds of metaphors, as documented by the linguistic material
that they appear in, have been identified by now. They aid comprehending things
spanning from human relations (MARRIAGE IS A JOURNEY, ARGUMENT IS WAR)
to scientific theories of various complexity (ATOM AS A SOLAR SYSTEM, MIND AS
A MACHINE).

It might be suggested that metaphors in the context of cognition can plausibly be
described as being historical (lacking a better term), where the existing metaphors not
only shape comprehension but also recursively influence which new metaphors will
subsequently be integrated into the cognating system: the process exhibits an interde-
pendency, that is, is historical.

1.1.3 A reflection on the objectivist-experientialist discussion

The common-sense aim of science is still “to reach the objective truth”. The first field
where understanding arose, after the introduction of the positivistic approach to
science, that a shift in the usual meaning of the word ‘objective’ is necessary was
physics, the particle physics at the beginning of the 20th century. In this section, two
somewhat differing views were presented concerning approaches to human cognition:
one that is called objectivist, which holds that there exists a single correct description
of reality (this description we have not reached yet, but we are in the process of
reaching it); and the experientialist cognition, which holds that the description of
reality each and every one of us reaches depends on our bodily structures and bodily
experiences, on specific human cognitive processes, and on social structures we
build—where all of these organise our descriptions prior to and beyond any concepts.
So, this latter approach holds that the postulate in cognitive science of there existing a
completely objective reality should be abandoned, as there doesn’t seem to exist
reasons for calling certain descriptions more ‘objective’ than others.

We have seen from the quote by Lakoff in subsection 1.1.1 that experientialists hold
cognitive functioning as an active and motivated process, rather than passive manipu-
lation of sense impressions. It appears that in the view of experientialists, cognitive
functioning is biologically grounded through its bodily and motivational aspects. In
the section that follows, this line of thought is investigated further by introducing
constructivist position, which will show to share these same views.

1.2 Constructing reality

Taking, in this section, the perspective of reality experienced by a cognating system as
being constructed by that system, some approaches within this framework are pre-
sented. More to the point, three theoretical structures are presented: genetic episte-
mology of Jean Piaget, the recursive approach of Heinz von Foerster, and autopoiesis
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of Humberto Maturana and Francisco Varela. Many times later on in the present study
these views are called upon, implicitly showing the importance they have for the topic
of communication.

1.2.1 Formation of knowledge

In exploring cognition, two approaches with respect to ontogenetic development can
apparently be taken: one, where the focus of attention is on cognition as present in
adults (i.e., no account taken of ontogenetic development); and the other, where even
the path to achieving the adult cognition is accounted for – that is, where a develop-
mental point of view is taken. While the final results within both groups do vary
significantly, the latter approach seems more often to be to a higher degree con-
strained, compared to the first ones, and the nature of constraints often does seem to
have biological aspects. We now proceed to meet one very well known theory of the
second kind.

Having had his scientific works published since the age of eleven, the Swiss episte-
mologist and child psychologist Jean Piaget is presumably one of the most productive
scientists of the century. His total bibliography encompasses 1232 entries. The short
presentation that follows draws mainly on a secondary source, Brainerd (1978).

In Piaget’s theory, the main constructs are: cognitive structures, cognitive functions,
and cognitive content (Brainerd, 1978, for the subsection on Piaget). Cognitive struc-
tures are defined as the common properties of the intelligent acts in a certain period of
mental growth. Cognitive structures change in the course of life, and they do this in a
non-linear manner: there are discrete stages in their development. Usually, four stages
of cognitive development are identified: sensorimotor, preoperational, con-
crete-operational, and formal-operational stage.

Sensorimotor stage differs from other stages in that there are no cognitive structures
present during its existence (approximately first year and a half after birth), according
to Piaget. Instead, there are sensorimotor schemes that are active in this period. They
are, as their name implies, inferred organisations of sensory and motor activity, knit
together and triggering each other. They are believed to be entirely overt. Later on in
life, starting from the preoperational stage, sensorimotor schemes are complemented
with, and often subsumed under, cognitive schemes—these ones not being directly
observable. In this latter case, cognitive schemes are identical with the cognitive
structures mentioned above.

There are three points about schemes that should be noted. First, the construct of
schemes requires that behaviour on which schemes are inferred upon be repeated; or,
as Brainerd puts it, “[i]f a behavior sequence does not occur repeatedly, then Piaget
does not see fit to infer a scheme underlying it” (Brainerd, op. cit., p. 28)8. This is then
presented as the so-called functional-reproductive property of schemes, that is, that
they have the tendency to be applied or exercised. Second, another property of
schemes is that they are refined through repetition in that (i) they are generalised, and

                                                
8 To maintain the continuity of this chapter, which mostly presents other’s work, a discussion on
sameness (or, identity) is delayed to subsection 3.3.3, “Icons, and symbols”. It should though be noted
here that the concept of repetition implies either an observer who is to decide upon the sameness of
behaviour that is eventually repeated, or a kind of a cognating system that is itself capable of keeping
track of this, that is, that is capable of performing mental operations Piaget (Brainerd, op. cit., p. 213)
calls second-order operations—where the system operates on its own states.
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(ii) they become internally differentiated. In other words, they are applied to more
differing situations, and in doing that they specialise. Finally, to account for the
intuition that an adult as a cognating system is a functioning whole, Piaget introduces
the process of reciprocal assimilation, that is, the development of mutual interde-
pendence among different schemes.

Schemes that Piaget mentions are ubiquitous and at the same time seem hard to
notice. As for the sensorimotor schemes, the present author suggests to the reader to
change the place where they keep an often used object (a toothbrush is recommended);
this might produce rather astonishing effects, as a hand reaching towards nowhere. For
somewhat more cognitive schemes, an appropriate example might be, for a recreation
soccer player (or any other team sport, for that matter, just that it has several roles), to
change the position from, say, the goal-keeping role to that of the left back: both the
allowed moves, and the goals of this player will change with the change of the role.
This player nevertheless manages this change rather easily, which reflects the exis-
tence of two different schemes.

The two processes (or, cognitive functions) that govern the change from one stage to
another are organisation (a holistic, conserving tendency to get things that are present
to work together) and adaption (a tendency to incorporate new things amongst the
existing ones). Cognitive functions are constantly at work throughout one’s life, and
Piaget therefore refers to them synonymously as functional invariants. Adaption itself
takes on two forms: assimilation, where incorporating is done by altering the new
material so as to suit those structures already present, and accommodation, whereby
the existing structures do get changed. The effect of these two cognitive functions
working in parallel is that states of equilibrium (balance) and states of disrupted
equilibrium follow each other. The new stages are always more stable than the ones
they succeeded, this increased generality stemming from the fact that a lesser number
of new things can disrupt them.

Cognitive content also changes with age, reflecting the changes in cognitive structures
of the organism. Content is the only directly observable of the three main constructs of
Piaget’s theory: that can be phenomena such as circular reaction, object permanence,
conservation of various properties such as number, length, weight, volume, etc.,
seriation, transitive inference, and so on.

Piaget holds that cognitive functioning is a special case of biological functioning. For
instance, when discussing constrains that are put on the early cognitive development,
the following physiological factors are evoked: the system of endocrine glands,
embryology of the foetus, and myelination of the nerve fibres. So, in order to under-
stand mental growth, one should understand biological development. From this it also
follows that motivation for cognitive development is internal, and not primarily due to
reinforcement contingencies from the environment; one might say that we actually are
realising ourselves through our development. This points to the role of an organism in
determining its own development. The concept of schemas reflects the fact that the
human intelligence is active and constructive.

To conclude this section, the work of Jean Piaget as we have just seen points to the
strong links that exist between the biological and the mental development. Or, to put it
stronger, it points to the unity these two developments. One might even say that the
difference is in the eye of the beholder – that is, what the observer chooses as their
locus of attention (i.e., biological or mental aspect of the development, or both).
Secondly, motivation for the development (as well as motivation for one’s own
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existence as such; compare. with organisation above) does not come just from the
environment, but it has an inner source within the organism as well; it might even be
argued that the inverse is the case, namely, that besides the inner sources, there is also
some influence from the environment, to put it rather bluntly.

Thirdly, there is the question of the relation between the organism and the environ-
ment, from the point of view of an organism. The starting point is that the environ-
ment is constructed. According to Brainerd, it is not possible to overstate this matter:
it is not just that a child, or an adult for that matter, having nothing else to do, engages
itself into thinking ‘What if this were so’ etc., thus at that moment being sort of
constructive by ‘putting together the blocks of the existing knowledge’, imagining
things eventually not present, etc.; it is much more than that. It is that the smallest
little thing one can imagine, however essential or primitive it might seem (a letter, a
number, a voice, a colour, everything) is actually constructed. This yields that “The
mind organises the world by organising itself” (Piaget, 1937, cited in von Glasersfeld,
1995), that is, by operating recursively on its own constructs. If some readers find this
as being on a verge of a kind of epistemological solipsism (closedness in one’s own
mental world, without any relation with the outside of it), let they be reminded that in
the theory of Piaget the “mind” consists (mainly) of schemes, which, through their
functional-reproductive property, maintain an active relation to the environment. The
proposal of solipsism is thus in contradiction to a basic element of the theory. It also
clashes with the unity of an organism: an organism being “physically” in contact with
its environment, will be that “mentally” too.

Let this brief overview of Piaget’s theory be closed by reiterating the point made in
the preceding paragraph. Piaget formulates it like this:

What then remains is construction as such, and one sees no ground why it
should be unreasonable to think that it is the ultimate nature of reality to
be in continual construction instead of consisting of an accumulation of
ready-made structures. [Piaget, 1970, cited in von Glasersfeld, 1995, p.  ]

1.2.2 Inventing the environment

Yet another contributor to the constructivist approach to cognition, the physicist and
the cybernetician Heinz von Forester was editor of several of the Macy Foundation
conferences publications in the 1950s, founder in 1960 and the director until his
retirement in 1975 of the Biological Computer Laboratory at the University of Illinois.
Among the guests and collaborators there, he had Warren McCulloch, Gordon Pask,
and Humberto Maturana. Early on, his interests turned to self-organising systems.

In the article entitled “On Constructing a Reality”, von Foerster (1973) develops
iteratively a definition of what cognition is. The proposal put forward as the first
approximation is the phrase Cognition is computing a reality. Here, computation is
understood as any kind of rearrangement, including semantic ones (that is, not just
rearrangements of “symbols” without any intrinsic meaning, as in formal logic and
Turing machines, for which, see subsection 1.3.3.1, “Functionalism”), and including
even contemplation and reflection on prior rearrangements, prior contemplation, and
prior reflection.

In analysing the above stated proposition, a distinction between the two schools of
thought concerning the possibility of an observer-independent description of reality is
made: the “The”-school-of-thought and the “A”-school-of-thought (more thoroughly
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presented in subsection 1.1.1, “Objectivist cognition”). What the
“The”-school-of-thought does is that it – according to von Forester – puts aside the
real problem. The real problem is to see the fact that the environment (as we experi-
ence it) is our own creation, that descriptions of reality can not be written ob-
server-independently. If the problem is realised, one can cope with it, e.g. develop
“description-invariant” scientific presentations of the world, ones that also include the
observer. But, if the problem is denied, one has no chance of getting to cope with it.
So, if one instead devotes themself to producing ‘objective’ descriptions of reality,
this can turn wrong both as regarding the results achieved, and the experiences the
researcher has provided themself.

So, von Forester continues to build the definition of cognition, and in the next passing
it is transformed to Cognition is computing descriptions of reality. This is done as the
result of cognition is not equal to actions taken by the cognating organism; so “reality”
from the previous version of the definition is replaced by “descriptions of reality”.
But, soon will – as we are to see – both “reality” and “descriptions” disappear from
the definition. “Reality” disappears as cognition is mostly contemplation of contem-
plations9, and “descriptions” disappear as they are equivalent to arrangements of
themselves (i.e., they are computations, according to the definition of computation
previously given). So, we have the view Cognition is computation of computation as
the final result, that is, as the definition of cognition offered by von Foerster.

A cognating organism is a closed structure, but not isolated from its environment. It
consists (Figure 1.2) of sensory and motor surfaces, as well as synaptic processes
regulated by neuromodulators. But, it is closed in both that our motor activities are
inseparable from the sensations related to them, and in that the activities of neurones
stimulate the neuropituitary gland that secrets neuromodulators that again affect the
activities of neurones. This twofold closure is represented in Figure 1.3 by connecting
the sensory and motor surfaces, as well as closing in the synaptic and modulating
processes. The gap between the motor and the sensory surfaces is the meridian in the
front.

Figure 1.2 – Cognating organism as a functioning whole. N–bundles of neurones;
syn–synaptic gaps; SS–sensory surface; MS–motor surface; NP–neuro-

modulators (neuropituitary gland). [Reprinted from von Foerster, 1973, p.  ]

                                                
9 von Foerster calls upon the fact that there are about 1013 synapses in a human nervous system, and
about 108 sensory receptors, to point out the relatively much greater importance of the internal envi-
ronment (local conditions at the synapses) as compared to the external one. This proportion is of the
order of 100 000 to 1.
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Figure 1.3 – Closure of the cognating organism. The structure is the same as in
Figure 1.2, but now closed. [Reprinted from von Foerster, 1973, p.  ]

What the recursive view of cognition mentioned previously gives is a way of finding
stable states in relating with an environment, which are then states of equilibrium.
Values of such states are stable objects of cognition (von Foerster, 1973, 1976).
Although such stable states presumably may exist within individual organisms, what
is crucial for getting out of the solipsistic state is the appearance of at least one more
organism. When both these organisms experience the common environment,
“objects”10 will slowly be identified through tokening of the experiences. Thereby, the
environment will become “objective”. Now – and that is the difference from previ-
ously having just one organism – the recursive relations within each of the two organ-
isms will include even the stable states that the other organism has reached; this
happens recursively in both of the organisms, taking account of the other, leading to a
stable joint equilibrium. Here we have the roots of both knowledge and of communi-
cation; and also, as von Foerster puts it, of “the origin of ethics” (von Foerster, 1976).

It is suggested here that one of the main ideas carried in von Foerster’s work is the
realisation that a different kind of mathematical tools is needed in order to continue
scientific research of cognition – namely recursive relations, and by the same token, a
different kind of scientific method is needed – namely, one that will not exclude the
observer. And he shows both that the required mathematical formalism exists (this
was, of course, not a problem, since recursive theory has been present in mathematics
for at least a century now), and that it can be applied to studies of cognitive processes.

As for the scientific method, the realisation of the existence of (observer relative)
limits is already accepted in, for instance, physics. When the object of investigation is
the instrument of investigation, a proposition that there might be some interaction at
work seems quite reasonable to consider. In other words, humans with their cognitive
capacities are engaged in scientific endeavour of explaining that very cognition. Thus,
a plausible question, which Heinz von Foerster seems to put forward is: What if we let
the observer in? What if we develop theoretical models that do not break down when
this is the case?

The models he proposes are not from the computational field (see subsection 1.3.3.1,
“Functionalism”). Rather, they come from cybernetics, a science that somehow seems

                                                
10 Quotes around object and objective both here and in the article referenced; the reason presumably to
distinguish this descriptive use of the terms from the “objectivity” of the type objectivists presumably
have in mind.
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to have fallen in the shadow of computer science, though the former one’s field is
much wider.

The questions just posed are of course only rhetorical, and the whole thing was put
forward rather mildly. The reality (the one that we – you, the reader, and myself, the
author – are engaged in agreeing upon right now, the “description-invariance” we
want to produce) is much more cruel: the observer is already in; no one of us asks for
such a permission, as we simply cannot be denied it. The only question left is: How
much do we loose by not acknowledging this? With “loose”, the present author means
the inaccuracies in interpretations of findings, the deformed theories, the wasted time
(provided there is such thing). It is this that von Foerster means when he, at the
beginning of “On constructing a reality” (von Foerster, 1973) says that not many have
yet discovered that “The environment as we perceive it is our invention”11.

The second pivotal element of von Foerster’s work is the ethical stand that he with a
formidable force of a real scientist draws from his findings. This comes in quanta,
scattered throughout his work, not in a batch, but is nevertheless of utmost impor-
tance. The main assertion is that we, by realising that we are observers in an environ-
ment that we ourselves construct, thus gain both an additional incentive, and a more
direct push, to fully engage ourselves in this construction. Of course, it is not certain
that too many too active people is something that the present system can accommo-
date, whereas the system can presumably accommodate TV-consuming,
not-demanding, profit-producing, very predictable entities. It is neither certain that
von Foerster’s ethical views are equally well accepted at all levels (or, more realisti-
cally, it is not certain that his ethical views are well accepted at all).

1.2.3 Autopoiesis

Finally, the third constructivist approach presented here is the work of two Chilean
biologists, an older and a younger one. The older one, Humberto Maturana became
through his work on the vision of frogs (with McCulloch), pigeons and primates
interested in finding a biological explanation of cognition. Joined by his student
Francisco Varela (now living and working in Paris), the two developed in the late
1960s and early 1970s12 a theory of cognition that integrated the two aforementioned
aspects – the biological and the cognitive one. Their main conclusion is that cognition
and the living are irrevocably tied together.

The two admit of having had the feeling, the same as several other scientists and
philosophers must have had too (for instance, Heidegger and Reddy, as mentioned in
section 2.1, “Metaphors for communication”), that the existing language of science is
limiting them in expressing their views. Especially so, as one of the questions they
address is “What is life”. The answer they give is not the standard one of enumerating
what the contemporary science considers as living, and what not (for which the
present vocabulary of science would suffice).

                                                
11 He does, of course, not mean that the act of invention of the trolley-car or of the TV is the inventing
act of each and every one of us. It is our so-called perceptions of these artefacts that is a creative,
inventing process.
12 Both authors have, of course, even afterwards – both together and individually – continued to
investigate within the field of cognition.
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Instead, they try to present an universal ‘machine’, such that – given that it fulfils
certain criteria (to be detailed in what follows) – it could be considered as living
(Maturana and Varela, 1980, here and throughout this subsection if not stated other-
wise). The machine is called an autopoietic machine. Poiesis being approximately
creation in Ancient Greek, this would amount to ‘self-creating machines’; but, the
reader is advised to note that the authors could themselves have called their machine
so, had they considered this appropriate (do note the remark on language, above). And
in general, having ventured into an area where no established paths exist, the authors
had produced texts that require rather drastic re-positioning from the readers side, as
will be noted shortly.

The two authors begin by assuming that there is a certain organisation that is common
to all living systems, and they set as their goal to investigate this organisation. Their
focus is on the relations that the physical components of such an organisation must
satisfy. They are not interested in enumerating or describing the components, as these
components themselves are not what makes a system living. Neither are they con-
cerned with particular ways these components can be realised, as they presume that
these can be realised in many different ways (cf. subsection 1.3.3.1, “Functionalism”;
there seem to exist both similarities and some rather significant differences between a
Turing machine and an autopoietic machines).

An autopoietic machine is, in the view of the authors, defined as something that
maintains constant, or within a certain limit, some of its variables. Machines whose
processes are occurring completely within their boundaries, so that all the feedback is
internal to them, are called homeostatic machines. Autopoietic machines are homeo-
static machines characterised by a special variable that they try to keep the same: it’s
its own organisation. An autopoietic machine is defined as follows13:

“[A] machine organized as a network of processes... that produces the
components which: (i) through their interactions and transformations con-
tinuously regenerate and realize the network of processes that produced
them; and (ii) constitute the machine as a concrete unity in... space”.
[Maturana and Varela, 1980, pp. 78-9]

The authors distinguish between three types of autopoietic system: those of the first
order—cells; those of the second order—multicellular organisms; and those of the
third order—societies (Maturana and Varela, 1987, pp. 87-9 and 180-1).

A distinction is made between autopoietic machines and allopoietic machines. The
latter ones have something else, not the relations that produce them, as their products.
Thus, the authors give examples of a crystal, which maintains its structure constant –
but, structure is not a process; and of an automobile – but, an automobile does not
produce other automobiles.

                                                
13  For the sake of clarity, an abbreviated version of the definition is given in the quote above; in
extenso, the portion in question reads as follows: “An autopoietic machine is a machine organized
(defined as a unity) as a network of processes of production (transformation or destruction) of compo-
nents that produces the components which: (i) through their interactions and transformations continu-
ously regenerate and realize the network of processes (relations) that produced them; and (ii) constitute
it (the machine) as a concrete unity in the space in which they (the components) exist by specifying the
topological domain of its realizations as such a network.”
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Autopoietic machines can exist only in certain domains, those defined by a set of
transformations that the system can withstand without losing its defining organisation.
If the transformations proceed outside this range, deformations will be produced such
that an organism cannot compensate for them, which will result in the end of the
autopoietic process, that is, in disintegration.

It was stated above that an autopoietic machine can be realised in different physical
materials. But, it can be noted now that a realisation of an autopoietic machine, when
performed, defines the domain in which the machine can exist. That is, its physical
properties have the consequence of defining which transformations the system can
withstand without breaking apart.

In addition, autopoietic machines (Maturana and Varela, op. cit.):

• are autonomous; everything that they change within themselves is ultimately
changed for the purpose of maintaining their own organisation, “independently of
how profoundly they may otherwise be transformed in the process” (p. 80);

• have individuality; it is maintained independently of interactions with an observer;

• are unities; they themselves define their boundaries; this is not the case with
allopoietic machines;

• do not have inputs or outputs.

The last of the four points presented above is a very interesting one. The authors
comment on it by reiterating that a machine might be perturbed by some events within
its domain, and will then change in order to compensate for the effect of the original
event; the changes are ultimately subordinated to the goal of maintaining the machine
organisation. If one is to observe certain perturbations, and observe also certain
changes of the machine organisation, and finally find some relation between these
two, this finding pertains to the domain of the observer, not to the machine’s organi-
sation. Thus, by treating them as defined by inputs and outputs, one treats autopoietic
machines as if they were allopoietic ones.

Consider, for instance, a laboratory situation where an Aplysia is given electrical
impulses (shocks) of different intensity. These might be – by the experimenter –
termed as stimuli or inputs to the snail. But, for the snail, the electricity is either a
danger (whereupon it will retract) or not (whereupon it will do nothing drastic). If we
go some levels up, to say testing a human in a laboratory on recall, the human will
answer according to the instructions, but at the same time the whole human will
change a little: embed the stimuli and the experimental situation in their corpus of
previous experiences, reinforce or not their decision to take part in the experiment,
gain insight on how psychological tests are performed, reach some conclusions con-
cerning the experimenter and probably even concerning psychology as a science, etc.
That is, the human is living completely (as well as the Aplysia above), whereas the
inputs and outputs are defined only in terms of the experimenter. To put it even a bit
more bluntly: that human participants might understand what an experimenter consid-
ers as inputs and outputs (a hiding game required in some types of psychological
research) does not mean that they are restricting themselves to only those things.

Another interesting characteristic of the present view, the one that distinguishes it
from Piaget’s approach, is not to concern oneself with the function of components,
etc. Maturana and Varela view these as defined only in relation to an observer,
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“...belong[ing] exclusively to his domain of description... [and] not constitutive of the
organization of an autopoietic system, they can not be used to explain their operation”.
It might of course be noted that explanation in general seems to be a process of
relating things with respect to at least one observer, and therefore any explanation will
by definition be relative to some observer. The conclusion therefore seems inevitable.
The authors continue by stating:

Therefore any machine, a part of one or a process that follows a predict-
able course, can be described by an observer as endowed with a project, a
purpose or a function, if properly handled by him with respect to an en-
compassing context. [Maturana and Varela, 1980, p. 86]

The reader might later find the idea expressed in the quote strikingly similar to the
intentional stance hypothesis that Dennett proposes to be acquired in relation to
machines, living and otherwise (subsection 1.3.4, “Dennett’s intentional stance”). But,
it is obvious that the two authors here take the claim to be appropriate only when
relating to an observer’s point of view, while rejecting this idea completely for organ-
isms themselves: “Living systems, as physical autopoietic machines, are purposeless
systems” (Maturana and Varela, op. cit., p. 86). It seems, of course, plausible to
propose that they actually mean, ‘purposeless, were it not for the maintenance of their
own organisation’. That purpose – like meaning will show to be later in this study – is
in the sole domain of the autopoietic system itself, and an observer might only create
their own interpretation of another system’s purpose.

1.2.4 Conclusion

The three views presented in this section have grown relatively independently of each
other. They come from people related to basically different sciences: a psychologist, a
physicist, and two biologists. That there are aspects uniting these views should thus be
seen not as a result of the same intellectual climate in which they matured, but rather
as a parallel but independent recognition of certain basic principles of cognitive
processes. Common for the three approaches seem to be the following:

• stressing the importance of the biological structure for cognitive functioning (to be
compared with the explicit assumption of the independence of “levels”—see sub-
section 1.4.3, “Levels of explanation”);

• pointing out the creativity of cognating systems;

• a cognating system operating not only on inputs, but also – or primarily, or exclu-
sively – on its own states.

Not surprisingly, there are even differences between the approaches. For instance,
while Piaget proceeds by investigating cognitive functions, Maturana and Varela state
that any function attributed to a cognating system (i.e., to an autopoietic machine) is
an act which solely the observer is responsible for: purpose is ascribed by an observer,
while living systems are purposeless systems. Also, the observer is explicitly taken
into account by von Forester and by Maturana and Varela, but not by Piaget.

But, these differences fade and similarities gain in significance when this general
approach to cognition is compared to certain other approaches. Making acquaintance
with some of these is one of the aims of next section.
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1.3 Intentionality

At the onset of this chapter, we pointed in two directions: towards the objectivist
cognition, and towards the experientialist cognition. In what came thereafter, we
nevertheless seem to have followed mainly the experientialist path reaching even
beyond, into the domain of constructivist cognition. The reasons for this were two-
fold: an expository/pedagogical one of introducing terms of relevance for the remain-
ing parts of the study14, and one that pertains more directly to the matter proper of the
present chapter, namely to epistemological grounds of cognition and communication.

In what follows, we will investigate more closely yet another important term, namely
intentionality. (As will be seen, this is a term of long-standing tradition, for which
wildly differing interpretations have been invoked.) It is probably hardly possible to
overestimate the importance of intentionality in the cognitive science frame of refer-
ence: it is the term that, in a way, condenses one’s own approach to cognition. In the
context of the present study, intentionality might be the clue to answering the question
of when we might see it as appropriate to call something an instance of communica-
tion, as opposed to other situations when this appears to be inappropriate. For in-
stance, why should two robots equipped with a link of some sort be seen as communi-
cating, while two faxes in the same situation not be seen as such.

In introducing intentionality, it will also seemingly happen that we would follow the
other path mentioned previously, that of the objectivist cognition. For, it will appear
that intentionality, understood in a certain way (related to Turing machines, according
to the functionalist view—both terms elucidated further on in the text), might be seen
as a view directly opposing the one presented up to now in the text, that held by the
experientialists and constructivists (putting aside for the moment the differences
within that direction). This new approach might be condensed as claiming: irrelevance
of the biological realisation, non-motivational and mechanical/algorithmic nature of
cognition, and replacement of a cognating system’s unity by its modularity: all of
these actually opposites of the constructivist approach. (The author hopes that con-
trasting the two approaches will aid us in better understanding the field of cognition; it
is for that reason that the functionalist view is given a considerable amount of space in
the text.)

But, as mentioned above, this picture is by far not true: there do exist different ap-
proaches to intentionality. So, to present a somewhat greater variety of these, we meet
in this section the following views on intentionality (in the order they are introduced):
the mixed (symbol-based15–biological) one of John Searle, the purely symbol-based
one of Jerry Fodor, a hard to define one (at least for the present author) of Daniel
Dennett, and the mainly biologically based one of Walter Freeman.

1.3.1 Intentionality, a short introduction

Although it existed in philosophy at least since the scholastic times (the name of
Thomas Aquinas is worth mentioning in this context, as well as the one of Immanuel

                                                
14 Terms such as: experientialist/objectivist distinction, correspondence theory of truth, scheme,
metaphor, assimilation and accommodation, the “The”-school-of-thought and the
“A”-school-of-thought, autopoietic and allopoietic machines, to name some prominent ones.
15 Or logical, as termed by Hubert Dreyfus (1993), referring to logical conditions of satisfaction that
Searle is investigating in relation to intentionality.
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Kant later on) it was the philosopher Franz Brentano who re-introduced and elabo-
rated upon the term intentionality towards the end of the 19th century. The construct
was subsequently developed even further by Husserl and eventually by other phe-
nomenologists. The core meaning of intentionality (in this sense) is “aboutness”. To
take some examples, our wishes are about something, our beliefs are about something
too, our thoughts as well. Presented in that way, this construct spans the following
scheme: there exist mental states (thoughts, beliefs, wishes, etc.) which are about
something, and then there exist ‘somethings’, that is, objects that these mental states
are about. It is suggested here that the importance of the construct of intentionality has
laid in applying the Cartesian view to (or, making it more precise within) the frame of
the then developing science of psychology. To spell out the thought even more clearly,
we have mental objects on the mind side, real objects on the physical side. And, then,
there is some connection between them. This connection is not easily expressible
mathematically or through other formal systems, and so is suitable to become the
object of investigations of a new science, that will take upon it to do the formalisation.
The new science is psychology (we are talking about fin de siècle, the end of the
nineteenth century), and its proliferation has coincided with the renewed appearance
of this philosophical term.

An excerpt that follows, from an entry on intentionality in a lexicon of philosophy,
(Lübcke, 1988, translated for this purpose to English by the present author) may help
to clarify some finer distinctions:

Intentionality is characterised in Husserl’s philosophy through the fol-
lowing basic properties: 1. Directedness towards an object, a relation, a
goal, a mathematical entity, an idea, etc. 2. Within intentionality, a dis-
tinction can be made between that the consciousness is directed towards
(called intentum, noema or cogitatum) and the consciousness about
(intention, noesis or cogitatio). 3. On the intentio-side, a distinction can
be made between two types of experiences (Erlebnisse); the bare data that
come from the senses (Empfindungsdaten) that in themselves are not in-
tentional but do function as “carriers” of the intrinsically intentional states
of consciousness (acts[16]). 4. These acts take part in a stream of con-
sciousness, which 5. points back to the self as the pole of identity of con-
sciousness. 6. On the intentum-side, there is an object (Gegenstand), for
instance a thing or a relation or an idea, and this object is intended through
7. a meaning (Sinn, Bedeutung). 8. The objects can be more or less di-
rectly given. [Lübcke, 1988, p. 265]

This lexicon entry continues by pointing out that the description presented above has
been the object of revisions by both Husserl himself, and by the philosophers to come
after him. For instance, point 5 has been criticised by among others Heidegger and
Sartre, and they have replaced it with a philosophy about the way an intentional being
exists, whereas Merleau-Ponty insisted that prior to a conscious directedness towards
an object, there must exist an original intentionality that comprises an implicit bodily
relation to the phenomena.

                                                
16 In the gloss pertaining to “acts” in the same reference, it is explained that, in Husserl’s philosophy,
these are experiences that are directed towards objects; the name ‘act’ comes from the fact that Husserl
supposes such experiences are actively performed (are intentional).
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The most usual among the contemporary theories regarding intentionality are those
that, although differing in some details from the 19th century construction of Brentano
and Husserl as described here, nevertheless are within a not too long reach from it.
Namely, a ‘mental’ aspect and a ‘physical’ aspect are still present, and also some more
or less plausible way of relating things pertaining to the one of these domain to things
pertaining to the other.

From these general aspects, we now proceed to introduce some individual philoso-
phers’ accounts of intentionality.

1.3.2 Searle’s intentionality

John Searle is a philosopher of language and mind. Intentionality has a pivotal role in
his theory, being the thing that distinguishes systems that can think, hope, fear, etc.,
from those that can not (i.e., distinguishes between systems that do have minds from
those that are just machines).

Searle defines intentionality as follows: “...that property of many mental states and
events by which they are directed at or about or of objects and states of affairs in the
world” (Searle, 1983, p. 1)—a statement not far from Brentano’s and Husserl’s view.
Searle proceeds by pointing out that although many of the mental states are character-
ised as being intentional, not all of them are; nervousness and undirected anxiety are
among these latter ones; therefore he introduces a distinction between mental states
that are intentional and those that are not. Yet another distinction is the one pertaining
to the matter of consciousness: some mental states, according to his approach, are
conscious and some are not. Thus intentionality and consciousness are not the same
thing. Searle mentions (ibid.) beliefs that one may have but that are not conscious at
some specified moment, or those that might never have been conscious before the
moment one is thinking of them; these were nevertheless characterised by their
directedness (i.e., intentionality) even then.

Searle makes a further distinction between the following two components of inten-
tional states: representative content and psychological mode (ibid.). He clarifies the
distinction both through examples, and by drawing a parallel between intentional
states and speech acts. Representative content is what a belief, hope, fear, etc. is
about, the psychological mode is what kind of a state it is: a belief, a hope, a fear, or
some other psychological state. For instance, I might believe it will rain, I might fear it
will rain, or I might hope it will rain. The representative content is in all of these cases
“it will rain”, and the psychological modes are a belief, a fear, and a hope, respec-
tively. It might not be of interest to the reader right now, but Searle is the author of an
influential book on speech acts, titled Speech Acts, where he developed the earlier
work of J. L. Austin on the same topic. In the speech act theory, a distinction is made
between locution, illocution, and perlocution of an speech act (that is, of an utter-
ance). Basically, the distinction is between: what actually is said, what the speaker
wants to achieve with the utterance, and what effect did the utterance have on the
hearer, respectively. Thus, (with an example similar to the one in Austin, 1962), the
locution of “Don’t do it” is not to do it, the illocution might be an advice or an order,
and the perlocution an annoyance or a thankfulness (of the hearer).

The similarities Searle finds are between the representative content of an intentional
state and the locution of a speech act, and also, between the psychological mode of an
intentional state and the illocution of a speech act (Searle, 1983). In both cases, there
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is a content, and in both cases it is operated upon by a psychological (or similar)
process. Further, Searle draws a distinction between those intentional states whose
content must always be expressible as a whole proposition (such states are called
propositional attitudes), and those intentional states that do not require this. For the
first of these two types of representative content, he uses the term propositional
content, the term that he also uses for the locutionary aspect of a speech act. He
applies the term representative content to both of these groups together. To give an
example, if I believe that it will rain, then the whole thing of my believing this is an
intentional state, or a propositional attitude; the proposition ‘it will rain’ is the repre-
sentative – and more precisely, the propositional – content, and the belief denotes
what kind of a psychological mode I’m engaged in. If I fear lions, then lions are the
representative, but not the propositional content of that intentional state—‘lions’ is not
a proposition, as it does not express a relation of any kind.

Amongst the differences between speech acts and intentional states, according to
Searle, an important one is that intentional states have an intrinsic intentionality, while
the intentionality of speech acts understood as production of sound waves (or, for that
matter, writing as production of marks on e.g. a piece of paper) is derived. It is in this
derivation of intentionality that Searle sees the possibility of the products of speech
acts (that is, utterances) or the products of writing (that is, texts) to have meaning.
Namely, intentional states are intrinsically endowed with meaning, and it is meaning-
less to ask, say, what is the meaning of my belief that it will rain. Nevertheless, it is
quite correct to ask me what I meant with uttering on a clear sunny day: “It will rain”.
The reason is that “[m]eaning exists only where there is a distinction between Inten-
tional content and the form of its externalization” (Searle, 1983, p. 28), and thus
ascribing meaning to something is equal to bridging the gulf between that externalised
something and the intentional content it was derived from.

But, given that Searle devotes at least a chapter of his book Intentionality (Searle,
1983) to investigating conditions of satisfaction of intentions, and relating these to
semanticity of our intentional states, the problem of meaning seems not to be easily
solvable by claiming its intrinsic property.

In another place, Searle makes it clear that the roots of intentionality as he views it are
biological:

[I have intentionality] because I am a certain sort of organism with a cer-
tain biological (i.e. chemical and physical) structure, and this structure,
under certain conditions, is causally capable of producing perception, ac-
tion, understanding, learning, and other intentional phenomena. [Searle,
1980, p. 422]

It is when ascribing causal capabilities to neural (or biological) processes that Searle
shows where he sees the origins of intentionality. In that respect, he seems not far
from Piaget’s view, nor that of the neurophysiologist Walter Freeman (subsection
1.3.5). But, on the other hand, in apparently accepting the subject-object dualism (e.g.
vocalisation or a written text seen as “external”, while intentional states are internal)
and – in doing that – taking “God’s-eye point of view” (subsection 1.1.1, “Objectivist
cognition”) so as to be able to ascribe objectivity to ‘external’ things, Searle might
have painted himself in the corner: in the view of the present author, it is very difficult
to reach a coherent understanding of meaning (and intentionality) when assuming this
dual (both an intrinsically relative, and an objectivist) approach.
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That problems with semanticity are manifest in Searle’s work is argued by Hilary
Putnam. He presents (Putnam, 1988), amongst others’, Searle’s position through the
following three assumptions:

1. Every word [the speaker] uses is associated in the mind of the speaker
with a certain mental representation.

2. Two words are synonymous (have the same meaning) just in case they
are associated with the same mental representation by the speakers who
use those words.[17]

3. The mental representation determines what the word refers to, if any-
thing. [Putnam, 1988, pp. 597-8]

When we read “mental representations” in the quote above, we should remind our-
selves that it is precisely that what Searle’s (and certain others’, as we shall see in the
subsection that follows) account of intentionality is about: internal representations of
external reality.

Putnam, in the article referred to above and in some other of his works, points out the
problems with this general approach. As the level of detail needed to adequately
present that discussion would lead us outside the scope of this study, the interested
reader is directed to Putnam’s article. Even Hubert Dreyfus, claiming uniqueness of
Searle’s approach to intentionality manifested in attempting to integrate logical
conditions (characteristic of the objectivists’ approach, subsection 1.1.1.) and phe-
nomenological description, sees problems with Searle’s account of intentionality
(Dreyfus, 1993, p. 21).

Finally, although investigating mind by investigating language – though both being
historical phenomena – should, in itself, not constitute any insurmountable problem, a
difficulty might eventually arise when grounding research on linguistic material and at
the same time applying those results to reach that what could be termed definite, or
non-relative truths: in the case of Searle, those conditions of satisfaction, or the logical
conditions as Dreyfus calls them. The historicity of language is very well documented
in for instance David Olson’s The World on Paper (Olson, 1994), where he amongst
other things shows that most of current English intention and speech act verbs were
introduced into that language in the 16th and 17th century, presumably due to the
definitive shift from orality to literacy that forced writers to find ways of indicating to
the reader how to interpret the text. As Olson puts it:

[I]n reporting another’s speech an orator can report not only the words
employed but also the speaker’s attitude to those words, that is the speech
act; the orator does not need to say “He insisted that …”; the orator can
simply repeat the claim using an insistent tone of voice. To make writing
serve the same functions that speech has served, new verbs and new con-
cepts have to be invented… These are the things out of which modern
epistemology was constructed (Febvre, 1942/1982, p.355). [Olson, 1994,
p. 108]

It is this duality of (a) relying on linguistic material, which is a historical phenome-
non, and (b) wishing to come to logically grounded (in terms of say first-order logic)

                                                
17 Putnam mentions later on in the text that Searle has in discussions, but not in writing, abandoned this
second assumption.
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structure underlying meaning, that the present author sees a potentially weak point in
the work of Searle.

1.3.3 Fodor’s guide to mental representations

In this subsection, the article ”Fodor’s guide to mental representations” by (of all)
Jerry Fodor (Fodor, 1985) is presented. In the course of this, several terms of rele-
vance to cognitive science, as well as to philosophy of mind as a whole, are intro-
duced or expanded. Among them are: propositional attitudes (expanded with respect
to their causal properties), functionalism, Turing machines, and several others.

Jerry Fodor is a philosopher of language and mind, also sometimes considered as the
prototype cognitive scientist18. In the aforementioned article, with the full title
“Fodor’s guide to mental representations: the intelligent Auntie’s vade-mecum”, he
commits himself to exploring the foundations of cognitive science by reviewing the
positions of various researchers in the field with respect to – a bit surprisingly, having
the title of the article in mind – the construct of propositional attitudes.

This term was already met in the preceding subsection: there, a distinction was made
between those mental states whose content is expressible as a proposition (e.g., “I
think it’ll rain”, where ‘it will rain’ is a proposition), and those whose content is not
expressible in this way (e.g., “I fear lions”, where ‘lions’ is not a proposition). It is the
former kind that bears the name of propositional attitudes.

The approach Fodor uses in guiding the reader through the article is to pose a number
of what he calls diagnostic questions relating to propositional attitudes, and to answer
them as if by the philosophers that the readers kind of meet (himself included – the
only relatively real encounter) on this sightseeing tour. In that way, a kind of a map of
a part of cognitive science is generated. (Actually, Fodor presents his results in the
form of a decision tree.)

Fodor’s questions are as follows:

1. How do you feel about propositional attitudes?

2. How do you feel about functionalism?

3. Are propositional attitudes monadic functional states?

4. How do you feel about truth-conditions?

In expounding the first question, propositional attitudes are understood in approxi-
mately the same way as defined by Searle, but with two interesting additions. Fodor
first binds propositional attitudes to the domain of ”common sense” (or everyday
psychology, or folk psychology), and then, within this domain, proceeds to assign
causal properties to propositional attitudes.

                                                
18 By Howard Gardner. He is also referred to (apparently first by Daniel Dennett) as the Pope of High
Computational Church. In passing, it might be mentioned that, in the course of his intellectual career,
Fodor has defended such indispensable causes of cognitive science as perception viewed from an
information-processing perspective (from Gibsonians), physical symbol systems (from connectionism)
and representations (from anyone who dared to raise doubts about the existence of such a thing).
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With causal properties, given this common-sensical domain, it is meant that proposi-
tional attitudes cause behaviour19 (or, at least, in the reading of the present author, that
they may serve as an explanation for an observed behaviour). Two examples might
make it more understandable: if I believe that it is going to rain, then I might take an
umbrella with me when I go out; or if I fear lions, I’ll take care not to go right into the
African savannah without any protection, etc. According to Fodor, these explanations
exhibit the property of counterfactual support. That is, had I not believed that it is
going to rain, then I would not (everything else being the same, as – for instance – not
needing to take the umbrella to repair) taken the umbrella with me; also, had I not
feared lions, then (again, everything else being the same, as – for instance – not
fearing other inhabitants of the savannah) I might in proper occasions have got into
the African savannah without any protection. Thus, an adequate explanation of my
one or another behaviour is given, at least according to this everyday approach, by
stating that I hold such or another belief, desire, fear, etc. (Sometimes, this is in the
literature accordingly referred to as the belief-desire psychology or folk psychology.)

Regarding the first question, whether propositional attitudes are to be considered as
real, Fodor himself answers affirmatively. So, given that they are real, and that the
common-sense explanation does not suffice, the task for the theory Fodor is putting
forward is to propose an account of what the propositional attitudes really are, as
opposed to what they are held to be in the everyday psychology.

A negative answer, that is not to consider propositional attitudes as being real, comes
according to Fodor either from the neurophysiological direction, where the intention is
to reduce the explanation of mental states to referring to neural processes, or from the
direction of some instrumentalists (notably, Dennett), who, while holding that propo-
sitional attitudes are useful in explaining behaviour (this usefulness stemming from
the fact that people in general act as if these mental states do exist), nevertheless
maintain them being non-existent.

1.3.3.1 Functionalism

Fodor’s second question concerns functionalism. What is, then, functionalism?
Simply stated, it is one of the approaches to scientific endeavour, the one according to
which the proper way to do science is to decompose the entity under observation into
its constituent parts, and then investigate what function, with respect to the function of
the system as a whole, these parts do have (Eliasmith, not dated, referring to Block’s
“Introduction: what is functionalism?” Readings in Philosophy of Psychology. Ed. N.
Block. Cambridge, MA, Harvard University Press. 1: 171-184, 1980). Functionalists
maintain that physical characteristics of the entities under investigation are basically
irrelevant, that it is just the function performed that is relevant: if we replace a part of
a system with another, maybe constructed in a completely different way in a com-
pletely different material, and the systems still functions exactly as it did prior to
replacement, then we have understood that part of the system, as we now know which
function it performs.

What is described in the previous paragraph is functionalism as a scientific methodol-
ogy. But, as an approach to the matters of the mental, functionalism is expanded

                                                
19 It should be added that propositional attitudes can, according to this account, cause other proposi-
tional attitudes as well. If I believe that it will rain, then I might start desiring to reach home before it
starts to rain.
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(Block, not dated) into a theory of mind. If this theory of minds would hold, then its
consequences would be far-reaching and of relevance – amongst other things – for the
topic of the present study: a broad range of systems exchanging symbols with one
another might be claimed to communicate with each other. For that reason, the func-
tionalist theory of mind is expounded in some detail in what follows.

A system (e.g. mind) is defined, and its function determined, in terms of inputs to it,
plus in terms of internal states of the system. Internal states can cause other internal
states, thus giving substance for the folk psychology observation mentioned earlier
that beliefs/desires/fears/etc. can cause other beliefs/desires/fears/etc. Main propo-
nents of this approach (early Putnam, Block, etc.) have strongly bound the theory of
mind just described to the mathematical abstraction known as the ”Turing machine”
(TM). The notion of TM was developed in order to investigate what is computable.
An endless tape is imagined, partitioned into squares, and a device travelling on it,
being always above exactly one of the squares (it is just an abstraction, so this might
be allowed for20). Each square is either blank or has a symbol written on it (in the
most simple case, this symbol might be a dash: �). The device is able to distinguish
between the presence and the absence of a symbol. Besides that, it can do one of the
following four things21: halt, write a symbol in the square under it in place of what
there was previously, move one square to the right, and move one square to the left.
Imagining a man performing the tasks of the device in question, Boolos and Jeffrey
(1980) describe in the following manner what happens:

...the man will perform one or another of these [4] overt acts [mentioned
above]. Unless he has halted (overt act number 1), he will also perform a
covert act, in the privacy of his box, viz. he will determine what the next
instruction (next state) is to be. Thus, the present state and the presently
scanned symbol determine what overt act is to be performed, and what the
next state is to be. [Boolos and Jeffrey, 1980, p. 22]

Block (1978) illustrates this with a very simple vending machine: if it receives a dime,
it will release a drink, if it receives a nickel, it will do nothing, but, if it receives
another nickel, then it will release a drink. Two adapted representations of this ma-
chine are given: one by a flow diagram (Figure 1.4), and another by a table of machine
states (Table 1.1)22.

TM is constructed so as to be deterministic. That is, a certain input in a certain state
always results without variations in a certain, determined output, plus a certain
(possibly same) determined state. Amongst the general mathematical results concern-

                                                
20  The process might also be pictured as being performed in time steps, where it doesn’t matter what
transitions are performed between the edges of the time signal; this is actually the way the things are
done in electronic computers.
21 I am more and more inclined to believe that distinguishing which symbol is written in a square is also
an action, the fifth one here. It might also be the case that, in any natural applications – that is, not as a
mathematical abstraction – this rather provisionally “solved” (read: avoided) problem of ‘perception’
does have deeper consequences.
22 For the functions of the presented vending machine, a simpler kind of automaton, the finite state
machine with output, would really suffice. Also, the reader has certainly noticed that this vending
machine can cheat: if first a nickel and then a dime is put into it, no change will be returned. This
should, of course, not be put against Turing; the example chosen is, probably for the sake of clarity,
almost too simple.
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ing TM, it is known that any function that is computable, is computable by a TM
(results amounting to this were established in the 1930s independently by Alfonso
Church and Alan Turing). It was also proved that there are functions that are not
computable. Curiously enough, one of the things that is not computable is whether a
TM will halt or not (i.e., come to an end with its calculations, or continue infinitely).
The two latter results are often used against the ‘mind as a machine’ hypothesis by
those who hold that mentality is not reducible to computation, e.g. Richard Penrose;
cf. for instance Penrose, 1989.

Figure 1.4 – The flow diagram of the Turing machine described in Block (1978).
Either a nickel (N) or a dime (D) is accepted, and either nothing (∅) or a drink

(C) is returned; Q0 – start state.

Table 1.1 – The machine from Figure 1.4, represented in a table of machine
states. It is read in the following manner: if in state Q0 (left margine) and if N is

the symbol in the input (top margine), change to state Q1 and output nothing (the
top left entry in the table), etc. In ordinary words: if no money was received up to

now, and if a nickel is now received, change to state Q1 and output nothing.

Block (not dated) presents functionalism in the following manner:

(1) According to functionalism, the nature of a mental state is just like the
nature of an automaton state: constituted by its relations to other states and
to inputs and outputs. [...] (2) [...] Mental states can be totally character-
ized in terms that involve only logico-mathematical language and terms
for input signals and behavioral outputs. [...] (3) [An automaton state] is a
second order state in that it consists in having other properties, say me-
chanical or hydraulic or electronic properties that have certain relations to
one another. These other properties [...] are said to be the realizations of
the functional properties. [...] (4) One functional state can be realized in
different ways. For example, an actual metal and plastic machine satisfy-
ing the machine table might be made of gears, wheels, pulleys and the like
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[...or the realization...] might be an electronic state, and so forth. (5) Just
as one functional state can be realized in different ways, one physical state
can realize different functional states in different machines.

Besides having an appeal of mathematical founding and/or connection to the devel-
oping field of computer science, there is another important benefit of positing things
in the functionalist manner: it reinforces the existence of a special level of scientific
endeavour, namely the mental or representational level, which is then open for phi-
losophers, psychologists, linguists, etc. to analyse and theorise upon. (The hypothesis
of levels and its significance is presented in somewhat more detail in subsection 1.4.3,
“Levels of explanation”).

Now that the functionalism with its deterministic and mechanical approach is intro-
duced, we go back to the original discussion. Concerning the second diagnostic
question, the one about the reader’s feelings towards functionalism, Fodor sides with
functionalists, and mentions Searle as someone who does not do that.

If a position of real existence of propositional attitudes is taken, and if a functionalist
approach is taken, then one might wish to make a closer examination of the nature of
propositional attitudes. Fodor pursues this by posing his next diagnostic question: are
propositional attitudes monadic functional states? In doing that, he addresses two
issues, the issue of the structure of propositional attitudes, and the issue of the manner
in which propositional attitudes gain their semantic properties.

As to the first of these two topics, what the structure of the propositional attitudes is,
two different types of answers are standardly given. According to the first, a proposi-
tional attitude, that is, a functional state of a system, is to be conceived as a unit, a
node in the network of all causal interrelations within the system (“a census of mental
states”, p.13). To give an example, if I believe that it’s going to rain, we can imagine
this whole thing as one entity, one unit; further, this node is connected to other nodes
within the system, such as the node that I wish that it would not rain, or that I wish
that I had an umbrella with me, etc. A prerequisite in order to conceive things as such
is that the nodes (i.e., functional states) are uniquely identified. This theory provides
that they are that by proposing that a functional state is completely determined by the
causal relations of other functional states in respect to it. Or, if two states have the
same “ancestors” in this tree of connected causations, then these two states are actu-
ally the same functional state; this is called type-individuation of functional states.
Again, a prerequisite to do this is to postulate that propositional attitudes (i.e., func-
tional states) are monadic, that is, are not comprised of sub-parts. This approach is
referred by Fodor as the Standard Realism (SR) theory.

The second type of answer to the question of the structure of propositional attitudes
follows from not making this last mentioned assumption of monadicity. So, if func-
tional states are not monadic, then they must be composed, and the argument is put
forward by Fodor that they are composed of a proposition (or, a mental representa-
tion), and an intentional system that bears an appropriate attitude to that proposition.
Fodor calls this hypothesis The Representational Theory of Mind (RTM).

So, if I again believe that it will rain, than this state of affairs has actually the follow-
ing three ‘parts’: me as a functional and causal system, a tokening of the proposition
that it’s going to rain (being, according to Fodor, a mental representation of this, or –
in the context of language – the written words or the sounds uttered to the effect in
question), and finally a function that is bearing the system (myself) to this token. It is
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worth noting that the mental representation in question need not be, and in most cases
is not, a simple symbol/token/representation. In Fodor (1987), this is put as:

...the [language of thought] story amounts to the claims that (1) (some)
mental formulas have mental formulas as their parts; and (2) the parts are
‘transportable’: the same parts can appear in lots of mental formulas.

and is exemplified with

...the subexpression that denotes ‘foot’ in ‘I raise my left foot’ is a token
of the same type as the subexpression that denotes ‘foot’ in ‘I raise my
right foot’. [Fodor, 1987, p. 137]

The building blocks of RTM are thus mental states (believing, expecting, fearing, etc.)
and mental representations; these latter being a kind of symbols (tokens) for proposi-
tions, and are operated on in the functionalist manner.

RTM provides explanations for certain aspects of mental functioning that may be
considered important. These are: productivity and semanticity.

With productivity, at issue is to answer how a practically infinite number of thoughts
can be entertained (for instance “no grass grows on kangaroos”, as exemplified by
Fodor). And the answer is that thoughts consist of simpler units, that thoughts can be
decomposed into these units, and that new thoughts can be built up by putting these
units together in some or other new way. These units show nevertheless not to be
other propositional attitudes, but their tokens, that is, their mental representations (for
the reasons that are beyond the scope of this presentation).

With semanticity (semantic properties of propositional attitudes), we turn to address
the other topic tackled by Fodor’s diagnostic question number 3. At issue is to answer
how these nodes/tokens/symbols just mentioned do have semantical aspects
(meaning). Within SR and RTM, this is dealt with either by implying an isomorphism
between the causal role of mental states and the implicational structure of propositions
(this way of reasoning is called the functional-role semantics), or by a process identi-
cal to establishing adequacy in certain formal languages (this latter assumption seem-
ingly maintained only by Fodor). Namely, symbols have certain physical properties23

that determine their syntactical characteristics; further, semanticity arises because
there exists a parallelism between certain syntactic systems and certain semantic
systems. In formal logic, a number of formal languages have been presented so far that
have the characteristic of adequacy – that is, the characteristic that theorems within the
language that can be proved by mechanically manipulating symbols according to a set
of accepted rules are those and only those formulas of that language that are defined as
logically true (truth or falsehood is the prototype form of semantics). Quite simply, it
is proposed that the same thing applies to propositional attitudes. The quote:

...the machine is sensitive solely to syntactic properties of the symbols;
and the operations that the machine performs on the symbols are entirely
confined to alterations of their shapes. Yet the machine is so devised that
it will transform one symbol into another if and only if the symbols so
transformed stand in certain semantic relations; e.g., the relation that the
premises bear to the conclusion in a valid argument. [...] So if the mind is

                                                
23 Besides having causal aspects, being tokens of propositional attitudes.



Epistemological foundations

33

a sort of computer, we begin to see how you can have a theory [...] which
explains how there could regularly be nonarbitrary content relations
among causally related thoughts. [Fodor, 1985, pp. 22-3]

What is essential is thus that mental symbols should exist, if such an account of
functioning of the mind is to be accepted as viable. Although not mentioned but in
passing in the text reviewed, Fodor’s proposal, in essence, is that humans think by
way of a special language, a language of thought (see for instance his book Language
of Thought from 1975), by virtue of its syntactic properties quite comparable to the
one that is used in overt linguistic interaction (speaking, writing). For the reason that
this ordinary, natural language of course has all of the properties considered important
for the RTM (productivity, semanticity, etc.), the appeal of proposing such a solution
as Fodor does is quite understandable.

                                           Realist about the attitudes?

                    Instrumentalist?                                 Functionalist?

                                          Dennett                   Searle                Attitudes monadic?
                                                                                                                          

       Functionalist?                                                 FR semantics?                     FR semantics?

Churchlands           Stich                                     Fodor                Harman                            Loar
                                                                                                              Block                                Burge?
                                                                                                              Sellars                          Stalnaker?
                                                                                                             McGinn
                                                                                                             Lycan

Figure 1.5 – Fodor’s decision tree. [Integrated into a whole from
the three partial figures in Fodor, 1985]

Fodor mentions by way of concluding – and in answering the fourth question, to
which not much space is dedicate in the article24, and will not be here either – that
there actually is no adequate account of the semanticity of mental representations.
Nevertheless, things have changed since 1985, and he has in the meantime published
works that purport to answer this question: “Psychosemantics” (1987) and “The
Theory of Content” (1990b).

In case the reader’s curiosity is aroused as to the results of Fodor’s survey, the picture
that he gives is reproduced in Figure 1.5.

1.3.3.2 Vade-mecum under a closer analysis

As to the applicability of the results of formal logic to everyday linguistic practice and
eventually to mental processes, questions may be raised both of whether it is possible

                                                
24 The question was: “How do you feel about truth-conditions?” Here, Fodor argues against the
functional-role semantics, which is the prevailing view within the SR approach, and for the semantics of
RTM, as expounded in considerations of the third question.
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to do an adequate translation from a natural language to a formal one, and of the
eventual applicability of such a formalised natural language. As of the first of these
two points, it is the multiplicity of meanings in a natural language, in the best case
only with hardships translated from a selected domain of a natural language into a
formal language, that at present occupies the minds of computer linguists. As of the
second point, we know from the Gödel’s Incompleteness theorem (Hofstadter, 1978)
that in any formal system of at least certain degree of complexity (natural languages
are above that degree), there will exist true sentences not provable within that system.
Thus, even if formalisation of a natural language is successfully done, such a formal
system would ostensibly not be able to model human thinking. The result of Putnam,
mentioned earlier (subsection 1.1.1, “Objectivist cognition”), seem to confirm the
appropriateness of these questionings.

Another suggestion given here is to investigate more closely Fodor’s use of the ceteris
paribus clause in deducing the existence of causal powers of propositional attitudes.
In general, the story goes like this. Behaviour is caused in some way: by inputs, as
behaviourists would have it, or by inputs and mental states, as e.g. Fodor proposes
(1985, p. 9). That this is so, we have a proof of (the same proof, it should be added, as
elsewhere where the causal approach of explaining a phenomenon is taken) in this
‘everything-else-being-the-same’ clause. Namely, if two situations are completely the
same, except for one and only one thing, and a behaviour is observed in one of them
and not in the other, then we say that it is this one thing that causes the behaviour in
question. An example of this was given previously, that my belief that it’ll rain causes
my taking my umbrella with me, which is checked by the counterfactual: ceteris
paribus, had I not believed that it’ll rain, I would not have taken the umbrella with me.

Now, what is suggested presently is that the ceteris paribus claim is too strong, and
that Fodor probably doesn’t mean, and presumably cannot mean, everything else, as
such a claim would have no value whatsoever for any reasonable predictive activity.
What is probably meant is something different, more diffuse, namely that everything
of importance should be the same. And the problem is that, defined in such a way, the
statement unfortunately seems to, so to speak, beg the question.

If we ascribe to a causal point of view, we must hold that something causes my be-
haviour of taking an umbrella with me. The question is what it is. Given that no two
situations are alike, a process of deciding what features are of importance must be
performed prior to applying the ceteris paribus clause, if we want to claim that the
ceteris paribus holds; otherwise, we assert something scientifically unrefutable and
thus unverifiable. It is suggested here that this is just what Fodor does: states a ceteris
paribus but offers no ways of verifying it. Had Fodor done that, viz. stated what
features are invariant across situations and are hypothesised as causing a certain
behaviour, this would eventually have identified those important aspects of the situa-
tion. Fodor hasn’t done that, and the claim that he puts forward begs therefore pre-
cisely this question.

In Fodor’s attempt to prove causal powers of mental states, there is also an element of
circularity. To see it, let’s look at the same problem from a different point of view:
two situations, needed for the ceteris paribus, might be the same if and only if they are
the same (which is a tautology, or rather, an identity, and thus without any relevance
here), or if and only if they are type identical. But, this requires that we define types,
that is, what it is that is held the same between these two situations—in other words,
what ceteris paribus actually means when applied to these situations (i.e., what is it
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that is the same). And Fodor leaves us with no other prescription on how to do that,
except to check if they obey the rule of the causal powers of our beliefs: if in one
situation I did take my umbrella with me and in another I didn’t, and in the first one I
entertained the thought of taking the umbrella with me and in the other I didn’t, then it
was my thought of taking my umbrella with me that caused my taking the umbrella
with me, and the two situations mentioned are type identical with respect to my
thought of taking my umbrella with me. But, it was this that we were supposed to
prove, namely that mental states have causal powers.

To the present author, thus, it seems that Fodor’s proof of causal powers of proposi-
tional attitudes by the use of ceteris paribus clause cannot fulfil the goal it was in-
tended to accomplish.

1.3.4 Dennett’s intentional stance

In the preface of his book The Intentional Stance (Dennett, 1987), the distinguished
professor of arts and sciences Daniel Dennett mentions that his article “True Believ-
ers” (Dennett, 1981) expresses in the best way his theory of intentional stance. That
explains why this article is included in the present review of positions regarding
intentionality.

He begins his exposition by the claim that in predicting future behaviour of a system
(be it molecules, a pot on the burner, an alarm clock, a galaxy, a flower, or a human),
one can take the following different approaches (or stances):

• the physical approach – given a completely known structure of a system and its
present state, and a complete knowledge of all influences on it, it is – according to
the view presented – possible to predict the state of the system under investigation
for any given point of time in the future. This approach is used with particularly
great success in e.g. astronomy, but has good chances of predictive success even in
the kitchen, for example when an egg is cooked.

• the design approach – given that a system has a certain design, one might make a
prediction on the basis of knowing how the system was designed to behave. If a
prediction about an alarm clock is to be made (e.g., when it will ring), people may
resort to looking at what the clock shows (i.e., its current settings). No need to
know its mechanical structure, or the manner in which it is driven. The approach
works not only for objects made by humans (artefacts), but also for living things:
plants and animals, and functional parts thereof (stamens, kidneys, etc.). The rea-
son that the approach works is that these are not just physical systems, but also de-
signed systems.

• the intentional approach – one might assume that the system of interest is a rational
agent; under this assumption, the agent must have beliefs and desires. So, the way
to proceed is to predict by assuming that the agent will act so as to further its goals
given the beliefs it has. (Dennett, 1981, here and throughout this subsection if not
stated otherwise.)

Dennett points out that there might be too many beliefs and desires that can be attrib-
uted to a system. The solution is: “attribute as beliefs all the truths relevant to the
system’s interests (or desires) that the system’s experience to date has made avail-
able”. As it is pointed out, this leads to attributing rather too many beliefs, as in reality
we forget things, and this also fails to explain false beliefs. The latter consequence
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being more serious, Dennett concludes that even false beliefs, which are not many
(“less than ten percent”), consist in general in true beliefs.

Another, more general, rule about attribution of beliefs and desires boils down to:
attribute those beliefs and desires that the system ought to have. For people, most
basic such ones are survival, absence of pain, food, comfort, procreation, entertain-
ment, in which way an answer to the question of “Why?” in regard to a behaviour can
be given. For desires, these should be towards objects and states the system believes
are good for it, that is, the rule is: “attribute desires for those things a system believes
to be best means to other ends it desires”.

Dennett turns then to the use of the intentional stance. He shows that, of course, it is
used all the time. When considering the effects of a potential decision within, say, a
company, one has in mind what reasons people would have to act in certain ways, and
what reasons would these actions provide for other actions, etc.

The intentional stance might also be used in predicting the behaviour of animals (a
clam will not open its shell until it starts believing that it is safe outside), computer
programs (a chess-playing program will not take an opponent’s knight, as it believes
that this will lead to subsequently loosing one of its own rooks), thermostats (a ther-
mostat switches off the heater when it comes to believe that the temperature in the
room is the desired one), and lightning (which wants to find the best way to the
ground, and must sometimes be cheated to take another path by making that other path
more obvious to it).

Dennett then raises the question concerning the grounds on which systems can be
classified as “true believers”. Consider a layman and an expert trying to predict a
thermostats functioning. While the layman will probably use the intentional approach,
the expert might not need to do that, knowing for instance in detail how the thermostat
is constructed. It might thus be the level of knowledge is of essence for the classifica-
tion. “We would not want to classify [thermostats and computer systems] with the true
believers – ourselves – on such variable and parochial grounds, would we?”, meaning
by these grounds the knowledge one has. Dennett proceeds:

That would be a particularly radical version of interpretationism, and some
have thought I espoused it in urging that belief be viewed in terms of the
success of the intentional strategy. [...] but I now want to discourage it.
The decision to adopt the intentional stance is free, but the facts about
success or failure of the stance, were one to adopt it, are perfectly objec-
tive. [Dennett, 1981, p. 24]

It is probable that he has the predictive success in mind.

Martians are mentioned in the text by way of a thought experiment. They namely
possess a complete knowledge of the physical state of the world and of the laws
governing changes in it. And, being such perfect physicists, they take the physical
stance in predicting what’s to happen. But, they have never heard of the intentional
stance. A Martian and an Earthling compete in predicting a sequence of events con-
cerning human behaviour. The Earthling, who is a much worse physicist, is neverthe-
less, in the story, as good a prognostician of the behaviour as the highly developed
Martian. He takes the intentional stance, and thus does not need to do long computa-
tions on physical data. The Martian is “baffled”.
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The fact that the two compete prompts Dennett to conclude about the “unavoidability
of the intentional stance with regard to oneself and to one’s fellow intelligent beings”
[italics in the original]. Such an approach is necessary “if one intends, for instance, to
learn what [fellow beings] know”. And further: “If they observe, theorize, predict,
communicate, they view themselves as intentional systems[25]” (p. 27-28).

Finally, some interesting relations are proposed. They all concern changes that occur
when making the system more and more complex (i.e., more inputs and more out-
puts). Firstly, this enriches the semantics of the system. A quote might help:

A more formal way of saying this is that the class of indistinguishably
satisfactory models of the formal system embodied in its internal states
gets smaller and smaller as we add such complexities; the more we add,
the richer and more demanding or specific the semantics of the system,
until we eventually reach the systems for which a unique semantic inter-
pretation is practically [...] dictated. [Dennett, 1981, pp. 30-1]

Secondly, a constraint of growing specificity between the device and the environment
develops.

There is a familiar way of alluding to this tight relationship that can exist
between the organization of a system and its environment: you say that the
organism continuously mirrors the environment, or that there is a repre-
sentation of the environment in – or implicit in – the organization of the
system. [Dennett, 1981, p. 31]

Near the end of the article, the following italicised paragraph appears, with which this
section could end:

It is not that we attribute (or should attribute) beliefs and desires only to
things in which we find internal representations, but rather that when we
discover some object for which the internal strategy works, we endeavor
to interpret some of its internal states or processes as internal represen-
tations. What makes some internal feature of a thing a representation
could only be its role in regulating the behavior of an intentional system.
[Dennett, 1981, p. 32]

Dennett’s article seems to be about an epistemological question (how do we get our
knowledge, e.g. predict what will happen), but it also seems to be about an ontological
question (what is there, and what is not there, e.g. are there belief systems or not). In
assuming a stance (be it physical, design, or intentional), there is nothing that obliges
us to make this or another ontological assumption – we might as well believe that
everything takes place in our heads. A completely different thing is to claim that
intentional systems do exist. The grounds on which such a claim is put forward do not
seem to be quite compelling in the text reviewed. It sometimes even seems that an
ontological claim is put forward precisely in the middle of an uncompleted argument
that appeared to be epistemologically oriented; and vice versa.

As understood by the present author, this work of Dennett produces an uncertainty as
to the status of the intentional stance, and reduces possibilities of the use of the term.

                                                
25 Defined as the class of objects for which the intentional stance strategy works (p. 23) – footnote
added.
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Of course, a creative approach is possible, that is, to choose just one of the two plau-
sible readings, and to supply a definition of it according to one of the following:

• adopting the intentional stance gets one to move around more successfully in the
world; there is no mention of what the world actually looks like;

• intentional systems is what is populating the world we’re living in: the humans, but
also other mammals, invertebrates, flowers, alarm clocks, and thermostats. In the
original text, the line between intentional systems and those that are not seems ac-
tually to divide this list at an undefined point; if one chooses to further apply this
approach, a labour to draw or re-draw this line is to be counted upon.

Given that Dennett seems to have allowed for too wide an interpretation of the con-
struct of intentional stance, the present author has generally refrained from using the
term in this study.

1.3.5 Freeman’s neuroactivity

The final account of intentionality presented in this study is the one of Walter Free-
man, drawing on his book Societies of Brains (Freeman, 1995). It is, nevertheless,
very different from the other views on intentionality presented in the section: for
instance, Freeman acknowledges the epistemological solipsism, viz. the unavailability
of the “the reality” for cognating systems, distinguishing it from Searle’s and Fodor’s
approaches.

Freeman, educated in physics, mathematics, philosophy, internal medicine, and
neurophysiology, and a professor of brain sciences by vocation, bases his conclusions
on more than two decades of neurophysiological experimentation regarding cortical
processes related to perception and conditioning. The results of this are, amongst
others, a rather startling mathematical model of cortical activity based in non-linear
dynamics, which will nevertheless not be presented here (see Skarda and Freeman,
1987, for details), as well as some rather intricate and refreshing scientific and philo-
sophical insights. It is these latter that are of primary interest here. But, the whole
effort can certainly be considered as an attempt to resolve the mind-body dualism.

The origin of the construct of intentionality is here traced earlier than Brentano, to
Immanuel Kant and, before that, to Thomas Aquinas in the 12th century. In the view of
the latter philosopher, intentionality was to be seen as an epistemological process
whereby “...a mind shaped itself by changes in scale to conform to an object in com-
ing to know it” (Freeman, 1995, referring to Basti and Perrone, 1993). Understanding
that every intentional system is isolated in an epistemological solipsism, and that there
are no meanings in the world per se, Freeman departs from the phenomenologists’
view of intentionality as aboutness, conceiving of it rather as being equivalent to a set
of properties actualising purposive behaviour (presented later on in this subsection).

Freeman grounds his assertion concerning epistemological solipsism on neurophysi-
ological research of olfactory (smell) perception in rabbits conducted in his laboratory.
Smell being one of the philogenetically earliest senses, the principles developed here
are assumed to have later been adopted in other senses, such as audition or vision.

There are about hundred million olfactory receptor cells on the receptor surface in a
rabbit’s nose. They belong to about one thousand different classes of equivalent
receptors. These classes are determined in the course of learning. The fact that there
are so many receptor cells and receptor types results in the input pattern always being
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different; its equivalence is only established by the cortical activity. When such
stimuli arrive into the cortex, what happens is “a sudden destabilization of an entire
sensory cortex… The new pattern is triggered, not selected, by the stimulus, and it is
determined by prior experience with this class of stimulus. The pattern expresses the
nature of the class and the meaning for the subject rather than the particular event…
Sensory data merely serve to trigger the structuring of the Neuroactivity… Having
played its role in setting the initial conditions, the sense-dependent activity is washed
away, and the perceptual message that is sent on into the forebrain is the construction,
not the residue of a filter or a computational algorithm” (Freeman, op. cit., pp. 66-7).
It is interesting to note that each rabbit’s patterns are characteristic, different from
other rabbit’s patterns, and that these patterns have a kind of a drift, or change, of
about two percent per day (ibid., p.96).

It is thus this relative independence of sensory input – the proposed fact that meanings
are constructed – that serves for Freeman as a ground for reaching the conclusion
about the epistemological solipsism, mentioned earlier.

Intentionality is realised by complex neuronal activity – termed Neuroactivity by
Freeman – which is the result of the evolutionary appearance of complex neuronal
structures, brains. Philogenetically, this has happened on three different occasions – in
the evolution of some of the molluscs (e.g. octopuses), of crustaceans (e.g. lobsters),
and of vertebrates (animals having spinal column, comprising fish, amphibians,
reptiles, birds, and mammals).

In the vertebrates, neuronal structures that are responsible for intentionality are located
in the forebrains. Evidence for this is gained through experiments consisting of
removing the whole forebrains. While retaining all the regulatory mechanisms, loco-
motion, etc., such individuals do not pay attention to stimuli, nor initiate goal-directed
behaviour. As Freeman puts it succinctly, “They can walk and run, but they don’t go
anywhere” (ibid., p. 71).

Although located in vertebrates in the forebrain, it is not the whole forebrain that
effectuates intentionality, but a rather old or primitive part of it, called the limbic
system. Both through experiments, accidents, and medically motivated interventions,
individuals have suffered losses of parts of the forebrain. If these lesions were not to
the limbic system, consisting of sensory and motor cortices, and the hippocampal
lobes, the goal-directed behaviour was rather preserved. It is the losses in the limbic
lobe that lead to losses of intentionality.

Generation of intentional behaviour is a complex process involving receptors and
brain structures. It seems viable to suppose that this process first emerged in olfaction
(the smell sense), and that it later became adapted to visual and auditory senses.
Complexities stem from both the properties of stimuli and from the characteristics of
the input pattern that they produce. As of the former, the stimuli, this is seen through
several facts, for instance that there is no stable or countable number of odours
(chemicals) in the background, that a traced odour ages or becomes masked, etc. As of
the latter, the input pattern, there is a great number of olfactory receptors and a great
variety of their types, as already mentioned above.

Freeman proposes a mechanism of creating goal-directed behaviour that consists not
of, as is usually thought, matching of input from the receptors to some pre-existing
pattern, or of some kind of filtering, or the like. Rather, cerebral mechanisms
co-operate so as to exert an effect to output from the e.g. olfactory cortex, and thus
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produce movements that lead to construction of certain input patterns. Freeman
continues by asserting:

The role of the motor cortex in mammals is to position the limbs so as to
optimize the sensory inflow in respect to search... [Freeman, 1995, p. 83]

And, in another place:

More importantly, brains move their bodies through the world. Knowledge
of space and time is constructed by combining the messages sent to the
muscles with the subsequent changes in the receptor activity. This is the
basis for brains knowing when things happen and where things are out-
side, including their bodies, which are outside brains. We have all forgot-
ten when our brains learned to construct space and time, because they did
it in infancy when they functioned intentionally at the level of the brains of
salamanders[26]. [Freeman, 1995, p. 77]

Such integration of sensory information, needed for intentional behaviour, differs in
its maximum time span from a few seconds in fish, minutes in mammals, hours in
higher primates, and indefinitely long in humans (ibid., referring to Beritashvili,
1971). But, if by an injury or through other cause, a limbic system is impaired, then it
leads to the loss of “... the capacity for continuing construction within himself of his
life history by his actions embedded in time and space” (Freeman, of losses suffered
by a H.M., whose both hipocampi were removed, ibid., p. 79). Such phenomena are
usually described as impaired consolidation of long-term memory, within “the con-
temporary framework” (loc. cit.), viz. the computer model of the mind.

Freeman offers some general attributes of intentionality. Firstly, it is a process of a
living brain. Secondly, it has the following properties: unity, wholeness, and intent.
These are defined as:

Unity refers to a state of integration by which a self distinguishes itself
from nonself. This property attaches to bacteria, neurons, brains, and the
immune system of multicellular animals.

Wholeness refers to a bounded process by which through stages a self ac-
tualizes its mature form, ultimately to die, holding for plants, animals,
brains, and healing bodies.

Intent refers to a relation in which a self modifies itself into conformance
with aspects of nonself. [Freeman, 1995,  p. 19]

Compared to the rather abstract discussions concerning the relation between an
intentional system and the world met earlier in this section, Freeman’s findings appear
to show in more detail a plausible actual possibility of minds creating their reality and
their meanings. The non-linear dynamics approach he and his co-workers use is a
rather new but apparently rather promising modelling tool.

1.3.6 Conclusion

The tour of intentionality performed in this section seems to have led us quite a long
way in the direction of the objectivist cognition, just as it was promised at the outset

                                                
26 Very simple amphibians - footnote added.
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of the section. Specifically, the functionalist theory of mind was introduced, with its
disregard for the physical way in which a cognating system is realised, and the interest
for the processing of symbols by particularly Turing machines. In order for this
approach to work semantically, the symbols must relate to “the reality” in a ‘proper’
way, best described by the correspondence theory of truth.

But, we have also met a varying degree of dissatisfaction with this kind of approach:

– Searle’s attempts to biologically ground intentionality while holding onto the
logical properties of satisfaction of mental states (in order to establish an objectiv-
ist semantics),

– Dennett’s quite appealing view of the importance of taking a certain attitude,
namely the intentional stance—a naturally subjective approach, were it not for the
fact of Dennett himself denying us the possibility to interpret him in that way,

– and Freeman’s outright denial of the possibility of acquiring an objectivist episte-
mology,

all these in the framework of intentionality. So, rather than concluding that intention-
ality has led us towards the objectivist cognition, we may understand it as helping us
to sharpen up the distinction between the two approaches, and to test their appropri-
ateness in some new situations.

Apart from this, the construct of intentionality has direct bearing to the matter proper
of this study—communication. But, in order to evade repetition, comments on the
direct relevance of the results presented in this section for the topic of communication
are saved for the next two chapters, “Is communication transfer?” and “A historical
perspective” (especially sections 2.1, and 2.2.1). Instead, let it be hinted briefly that it
is the symbol-manipulating, functionalism-as-a-theory-of-mind approach on one hand,
and constructive, biologically grounded approach on the other, that will have a promi-
nent place in the rest of the study.

Now, to finish this chapter – intended, as mentioned earlier, to have the epistemologi-
cal basis of cognitive science as its main topic – let the author propose the existence of
two apparently quite different general approaches to the study of cognition, and two
correspondingly apparently quite different types of cognitive models, that seem
plausible to suggest from the material presented in the body of the present chapter.

1.4 State of the world

As the motivation for proposing the two kinds of approaches and models just men-
tioned is to be found in the material presented earlier in the chapter, a short review of
these works is given at the beginning of the first subsection that follows. The rest of
that subsection is devoted to proposing the two general approaches mentioned. In the
first of the three remaining subsections, In the second subsection, the significance of
the hypothesis of levels in cognitive science is discussed in some more detail, having
proved to be relevant earlier in the chapter (it is also referred to later on in the text, in
section 2.2, “Mathematical theory of communication”). Finally, the chapter is closed
by urging for the dissolution of the subject-object divide in epistemology.27

                                                
27 The author hopes to be excused for the terrible title of the present section; it is an obscure attempt to
play on the apparent contradiction exhibited between the author’s almost unrestricted siding with the
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1.4.1 Two kinds of approaches in the studies of cognition

Although not all of the works reviewed in this chapter might appropriately be termed
general theories of cognition, most of them seem able to withstand bearing that name.
But, instead of defining exactly what is meant by ‘a general theory of cognition’
(which can be a hair-splitting process), the author just hopes to get by – for the present
purpose, anyway – by admitting to having doubts in eventually “granting” the inten-
tional stance concept of Daniel Dennett to be named a general theory of cognition.
This, of course, says nothing about the complete opus of Dennett, but is the result of
the fact, for which it is the present author that is mostly to be blamed for, that just one
of that author’s articles (Dennett, 1981) is reviewed here. Secondly, doubts as to how
to understand Searle’s approach should also be admitted: should a larger weight be
put on the part dealing with the logical conditions of satisfaction in relation to mental
states, or on the part trying to establish biological grounding of intentionality. In the
former case, this work seems to bear a resemblance to for instance Fodor’s work, and
in the latter to Freeman’s or Piaget’s work. So, the present author has left even
Searle’s work out of the discussions that follow.

But, the claim above of being ‘a general theory of cognition’ appears not to be too
hard to apply to functionalism as a theory of mind in general, and to Fodor’s repre-
sentational theory of mind in particular as an instantiation of the functionalist pro-
gram. The term appears also to be appropriate for Piaget’s theory, as well as for the
other two constructivist theories reviewed: that of von Foerster, and Maturana and
Varela’s autopoietic approach to cognition. Freeman’s views, although not comprising
a formally stated theory, certainly are relevant for the discussions regarding cognition,
and they seem to side, broadly seen, with Piaget’s theory to quite a significant degree,
at least in the context of present considerations.

So, the question to which an answer is proposed in what follows is: how to conceive
of cognition, human or in general. It is suggested here that there seem to exist two
kinds of general models that could be conceived of. One kind could be termed linear,
or planar, or open models, whereas the other could be termed recursive, or circular,
or closed models28.

To elaborate on this view, let it be proposed that primarily classical informa-
tion-processing models (i.e., classical cognitive science models, such as grouped
under functionalism as a theory of mind earlier in this chapter) are open, or linear,
models. Their general pattern seems nevertheless to be at least several centuries old,
stemming from Descartes and de la Mettrie in the form of the ‘man as a machine’
construct. A machine can be treated as having inputs and outputs, and usually even
different parts that perform certain specialised functions. The classical cognitivist
model – organism having its inputs and outputs – suits well into this scheme, with
function modules such as memory, perception, learning, linguistic function, etc.,
called upon to perform on the input, or on each other’s output.

                                                                                                                                           
experientialists and the advocates of the unavoidability of epistemological solipsism, and the wish to
present own solutions concerning ‘how the things really are’, implicit in writing any study.
28 The readers acquainted with the Systems Theory might recognise the names. But, the intention here is
practically just the opposite of what von Bertalanffy and the other systems theorists had in mind. It is
though outside the scope of the present text to review what is the same and what is different in the
present author’s understanding, with respect to the Systems Theory terms.
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The other group of models are those circular, or closed, ones. Regarding the exposure
earlier in the present chapter, models that match this scheme the most are those of
Piaget, von Foerster, Maturana and Varela, and Freeman. As to their predecessors,
Leibniz’s monadology, Ancient Greek’s circular vision of universe, and certain
philosophies/religions of the Far East seem to have laid within the same vein of
thought. In this group of models, a cognating system is basically closed, operating
mostly on its own states (Figure 1.6), and its function being to perpetuate the organi-
sation. In these models of cognition, reality is usually not presented; if it is, then only
as what concerns the system under exploration, and as through that system.

Figure 1.6 – According to recursive approaches to cognition, we operate mostly
on our own states. M. C. Escher: “The Picture Gallery”. Lithography, 1956.

[Reprinted from Locher, 1971].

Namely, these models assume that what is conceived of as a reality is always relative
to an observer; thus, a “reality” placed within a model of a cognating system is mean-
ingful only in relation to the observer supplying this reality, whereas reality as re-
garding the system itself is already present – it can be said indirectly, or implicitly –
through the existence and organisation of that very cognating system.

The main differences between the two models are summarised in Table 1.2. While
most of the characteristics mentioned in it have been rather clearly stated by the
authors in question, what might appear to be somewhat novel is the fourth point.
Though the wording is somewhat presumptuous as both kinds of models actually just
try to solve these relations, the stress should be put on the difference, namely that
concern for the relation from output to input is missing in classical cognitive science
models.
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Linear (open) models  Recursive (closed) models

1. environment defined by the ob-
server

environment dependent on/created by the
cognating system

2. ? system reactive (processes input) system active (creative)

3. system operates on inputs system operates (mainly) on its own states

4. solve the input-output relation solve both the input-output and the
output-input relation

5. accept the mind-body dualism ? transcend the mind-body dualism

Table 1.2 – Distinctions between linear and closed cognitive models. “?” should
be read as a lack of the necessary level of certainty for asserting the property.

That this is so – assuming that it is so – should on the second thought come as no
surprise. The linear approach is typically dedicated to the idea of environment being
independent of the cognating system in question. In practice nevertheless, this inde-
pendency29 appears to be substituted by environment being defined by (and dependent
on) the observer—usually the scientist conducting the investigation.

As for the closed models, three examples of such directing of attention towards the
relations from output to input are offered here:

• in von Foerster’s model, motor surface is connected to the sensory surface (Figure
1.2, Chapter 1 of this study), and it is presumably exactly this fact that seems to
have led (together with the need to represent the effect of neuromodulators on syn-
apses) to the closed, toroidal model (Figure 1.3);

• Maturana and Varela discuss in detail (1987, pp. 142-63) the structural coupling of
sensory and motor surfaces (though most of the discussion relates to neuronal
structures, i.e., from input to output);

• Freeman claims: “The role of the motor cortex in mammals is to position the limbs
so as to optimize the sensory inflow...” (Freeman, 1995, p. 83). This presuposes
some kind of knowledge on the side of the cognating system about what happens
from output to input, in any way enough for the possibility of the organism to
‘optimize the sensory inflow’.

It is specifically this aspect that places greater constraints on models of cognating
systems within the recursive kind of approaches, as compared to linear models, where
just what happens from an input to an output is to be taken care of.

Generally, the conclusion advocated for here is that both parts – that from input to
output and that from output to input – are of importance for more completely under-
standing the relation between a cognating system and its environment. This author has
a hunch that failure to recognise this might lie behind the very well known frame
problem in artificial intelligence (cf. e.g. Pylyshyn, 1987).

Pronouncements regarding delineating models in the two groups could easily become
a matter of dispute. For, it could happen that authors of models here termed open,
would hold that their respective models contains everything a closed model does, plus

                                                
29 For, how should an observer-independent environment really look like?
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a bit more. They could claim that their model contains all the states of a system under
consideration, as a closed model might be considered to have, but also a reality within
which this cognating system resides. This itself is not a matter of contention, as it
really is the case that the open models – which by the way are those that are in the
overwhelming majority in terms of software implementations – most usually contain
both a cognating system and its environment (‘reality’). This should hardly come as a
surprise: if the point of conducting a research on cognating systems is to predict their
performance relative to an observer (i.e., in observer’s terms), then even the reality
relative to that observer should be present.

But, what might be raised as an objection in this case is that such (a model of) a
cognating system is then solving the researcher’s problems, not its own: the model is
thus not a cognating system, but a machine. And again, this is OK if we are solving
some practical problems of ours; it is only when we get into the realm of investigating
cognating systems when this relation gets in the ways of acquiring a better under-
standing of these systems.

The other kind of models, as far as this author is informed, is not implemented at all30.
As to the reasons of this, it might be hypothesised that what constitutes (delineates) a
cognating system is actually in the realm of the system itself (cf. Maturana and
Varela’s position, subsection 1.2.3, “Autopoiesis”), whereas real-life modelling, as in
computers, does seem to request that this be specified by the programmer. In other
words, whereas a cognating system has to ‘worry’ only as of how to comport, a
researcher wishing to model that system must also reach some decisions as to how the
world looks like to that system. Such decisions the researchers of the second, recur-
sive approach seem to be reluctant to make, apparently being aware that the decisions
would then be their own, and not of the system in question.

1.4.2 The close relationship of the two main topics

The next point that the author wishes to make concerns the claim that we have begun
this study with. Namely, at the outset, it was proposed that epistemological insights
can aid us in understanding communication, and that communication has a substantial
role for cognition. It is the task of the remainder of the study to show this. But, let us
here briefly point out that at least two works reviewed in the present chapter already
have explicitly claimed this close relation.

• in the view of von Forester, in order for a stable object of cognition to be formed
by a cognating system, it is beneficial that this process takes place in the course of
the shared experiences of two cognating systems (c.f. subsection 1.2.2), whereby
‘objectivity’ is achieved as a result of this social experience (or action),

• according to Freeman’s proposal, intentionality is the property of just three phyla of
the animal kingdom (molluscs, crustaceans, and vertebrates), in all of which the
individuals are unisexual and the reproduction takes place by pairing; this means

                                                
30 When this study was practically finished, the author became aware of certain simulations performed
recently by Francisco Varela using cellular automata (mentioned in F. Kapra’s The Web of Life). Not
claiming any knowledge of the specific details of these implementations, the author nevertheless recalls
that in the standard cellular automata approach (Mitchell, 1996) the environment can be – in the best
case – considered as represented indirectly, if ever; this would thus be in accord with the assertion
presented above.
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that these individuals actively seek another individual, a member of the opposite
sex: courting is present, with all of the richness of its varieties.

A maybe coarse generalisation of these two views might thus be put forward: that
cognitive processes are inseparable from interactions of at least two cognating system,
that is, from their communication.

1.4.3 Levels of explanation

We have already touched upon the topic of levels of explanation in cognitive science
when discussing functionalism (subsection 1.3.3.1). There, it was hinted that propos-
ing a mental level of explanation opens up for the possibility of the existence of
psychology as a science. And really, intentionality was in modern times introduced by
Brentano at the end of the 19th century, coinciding with the introduction of psychology
as an empirical science.

But, if this hint seems plausible, it might be suggested to consider that intentionality
(as understood by functionalists) played the same role even on its second arrival, in
the 1950s and 1960s: this time as a reaction to the oppressions of behaviourism (see
Fodor, 1985, p. 9.).

Specifically, a psychological level of explanation was introduced. It was most for-
mally presented – with a cognitive science flavour – in Marr (1982, here drawn mainly
from Rumelhart et al., 1986, pp. 122-3). It posits the existence of three levels of
analysis:

1. Computational theory of the task

• What is the goal of the computation?

• Why is the computation appropriate?

• What is the logic of the strategy?
2. Implementation of the computational theory

• How are input and output represented?

• What is the algorithm for the transformation from input to output?
3. Hardware implementation

• How can the representation and algorithm be realised physically?

It is on the representational level (level 2) that cognitive science was expected to give
its contribution. The reader might take a note of the fact that no dependencies among
the levels are posited.

To understand what importance the levels have, one might consider what the picture
would look like without one of them, e.g. the representational level (level 2): without
it, it would ultimately be the task of neurophysiologists (on level 3) to explain our
motives, beliefs, thoughts, etc. This approach is usually called reductionism. Jerry
Fodor is very much aghast at it. “It might very well be that it’s neurones, or wa-
ter-pipes, or mice-and-cats-gates, or even integrated circuits”, to paraphrase31 Auntie,
now in her advanced age. “We as psychologists will not take upon us to decide that.

                                                
31 On its origin, this has the shape of: “This comforted the emerging intuition that the natural domain for
psychological theory might be physically heterogeneous, including a motley of people, animals,
Martians (always, in the philosophical literature, assumed to be silicon based), and computing ma-
chines” (1985, p.9).
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We’ll stick to motives, and beliefs, and desires, and let no one take this from us!”
Approaches that tend to make this story of levels somewhat less clear-cut – e.g.
Rumelhart et al. (1986, pp. 125-129) – annoy her deeply.

If this is not just mere stubbornness, then neurological findings seem to support such a
careful approach: in what we imagine is a quite simple physiological state – say one
that, being usually conscious, is also a psychological state – of smelling a rose, there is
no neurological stability between different occasions of being in that state, if one
judges this from physical measurements of neuronal activity in the brain. So, that what
we experience as a single or same state, is apparently something very different from
one situation to another, seen neurophysiologically (Skarda and Freeman, 1987). But,
one might doubt the sincerity of the psychologist’s commitment, when such a psy-
chologist ventures into proposing how things really are, on a neurological level and
from God’s [sic]32 point of view (Fodor, 1990a, pp. 124-7).

According to the view of Fodor (when not making transgressions as just referred to), a
psychologist proper should thus stick to the psychological level, and not go up or
down the scale. Of course, the question is, will psychology be sufficient to find the
answers to topics raised, having in mind all the advances of for example neurophysi-
ology. For, both the names of sciences and their domains are matters decided histori-
cally, in practice.

1.4.4 End of the dualism

Already at its re-introduction a hundred years ago, intentionality understood as about-
ness carried with it the Cartesian seed of dividing the experience into ‘subject’ and
‘object’. The signs that not all is well with such a comprehension of intentionality had
shown rather immediately, already in the generation after Husserl (that is, with Hei-
degger, etc.), and continuing afterwards (H. Dreyfus, Haugeland, Derrida amongst
others).

What one would desire, is for this duality to be overcome. What seems reasonable in
the light of the work of experientialists, constructivist and the neurophysiologist
Freeman, amongst others, is the need to acknowledge the unity of our bodies and our
cognitive functioning: these are just two faces of the same thing! From the works
reviewed in the present chapter a conclusion is drawn that this role exists on several
levels: the direct link between neurological processes and cognitive ones; the role of
our bodies in structuring experience prior to – or, as a ground for – concept formation;
motion not as a result of sensory activity, but as a way to establish and advance
sensory activity; etc.

                                                
32 To substantiate this misplaces sic, let the author submit a lengthy quote from Fodor (1990a):
“For simplicity, I assume that what God sees when He looks in your head is a lot of light bulbs, each
with a letter on it. (High-tech heads have LCDs.) A mental-state type is specified by saying which bulbs
are on in your head when you are in the state. A token of a mental state type is a region of space time in
which corresponding array of bulbs is lit. This is, I imagine, as close to neurological plausibility as it is
ever necessary to come for serious philosophical purposes.
  What God sees when he looks at the relations between what’s in your head and what’s in the world is
that there are many cases in which the bulbs turn on and off in lawful correlation with features of, say,
the local distal environment. He can tell that these relations are lawful because He can tell that they are
counterfactual supporting. And He can tell that they are counterfactual supporting because, by assump-
tion, He can see not just actual causal relations but the space of counterfactuals that surround them”.
[Fodor, 1990a, p. 125]
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One gets an impression that both the conceptual apparatus of the present day cognitive
science, and the methodological instruments at hand are inadequate for confronting
these research challenges. The mathematics needed to model cognitive processes
seems to be of a different kind compared to that applied up to now: a more developed
formalism of the recursive kind, and non-linear dynamics, might show to be promis-
ing candidates.

To close this chapter, permit the author to quote the philosopher Hubert Dreyfus, from
his book Being-in-the-World (Dreyfus, 1991, p. 156):

Philosophers seek an ultimate ground. When they discover there is none,
even modern philosophers like Sartre and Derrida seem to think that they
have fallen into an abyss—that the lack of an ultimate ground has cata-
strophic consequences for human activity. Whereas Wittgenstein, and
Heidegger […] see that the nonground is not abyss. Counting on the
shared agreement in our practices, we can do anything we want to do: un-
derstand the world, understand each other, have language, have families,
have science, etc.

This idea of shared agreements, though contained more or less explicitly in several of
the approaches presented in this chapter, leads us also to the other main topic of this
study—to communication.
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2. Is communication a transfer?
In this part of the study, comprising of the present chapter and the next one, our aim is
to acquaint us somewhat more deeply with the topic of communication. Within certain
manners of expounding the matter, it would be deemed feasible to proceed by intro-
ducing a definition of the term, thereby fixing its meaning. But, we have seen in the
previous chapter that meanings are not so easy to fix (or, more to the point, it is still
contested vigorously whether that is any possibility of that at all or not33). Certainly,
were we about to develop a formal system for say modelling cognition, building a
definition of communication would make sense, as within that formal system the
meaning of the term would thus be fixed. But, we are not developing such a system,
and at least according to some of the views presented in the preceding chapter, it
would be rather questionable whether any such fixing would be possible at all in
relation to the matters of the mind.

So instead, the introduction of the field of communication will in these two chapters
be done kind of indirectly, by way of presenting three topics which in turn have direct
bearing to this main theme, communication. These three topics are in a way continua-
tions of the issues already brought up in the previous chapter on the epistemological
foundations of cognition and communication, but they are also an expansion, as they
touch more directly upon communication proper.

The first of the three topics is a metaphor, the conduit metaphor. The reader will recall
from section 1.1 that metaphors, rather than being just stylistic figures, are an impor-
tant kind of cognitive tools, in that they structure our experiences. The conduit meta-
phor, discovered (so to speak) by Michael Reddy based on the analysis of the every-
day linguistic material, relates to the way in which communication is usually under-
stood. It is a hard to notice but ubiquitous conception that meanings are transferred in
the course of communication (or, more specifically, in the course of verbal inter-
change). The review of this topic gives us the good possibility to apply to the field of
communication the two types of cognition introduced in the preceding chapter—the
objectivist cognition and the experientialist cognition.

The second topic is the mathematical theory of communication, developed by Claude
Shannon. If there is any aspect that is common for the wide variety of the ways com-
munication is presented in text-books, monographs, etc., it is the presence of Shan-
non’s theory. But, besides being practically unavoidable, there were three important
reasons the author has had in mind when deciding to include this theory in this study:
it is intrinsically relevant for the topic of communication, it ostensibly gives the
formal grounds for the conduit metaphor (which leads us to relatively thoroughly
investigate whether this really is so, or not), and as its terms are applied by researchers
of wildly differing interests and in situations where not all of the prerequisites for the
mathematical precision are fulfilled (some such real-life applications are met later on,
in section 2 of Chapter 5). Through presenting the mathematical theory of communi-

                                                
33 To repeat the argumentation from the previous chapter, if meanings are equivalent to that what is
created solely by cognating systems, then by the virtue of the epistemological solipsism it is impossible
to interpersonally fix (or to compare) two meanings.

Part II  –  Approaching communication
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cation, the opportunity will arise to discuss both its limits, and its eventual misuses
when applied outside the scope it was originally designed for.

Finally, the third topic – the origin of writing – is the subject of next chapter. Begin-
ning with a walk through history, there will even the consequences that the appearance
of writing eventually has had for the human cognitive development in general be
discussed. In that chapter, the reader will also be asked to themself consider what
communication is, and what it is not.

2.1 Metaphors for communication

More than anything else, the everyday conception of communication seems to be
shaped by the conduit34 metaphor. But, its influence is at the same time rather subtle,
making it hard to identify. The metaphor was described first by Michael Reddy in the
late 1970s (Reddy, 1993), and has been further explored in the course of the generally
growing attention that scientists interested in cognition have paid to metaphors since
then.

Although metaphors operate on cognitive, or conceptual, level, the research regarding
their structure and properties is based on the linguistic material. The present author
does not know of any research regarding the existence of the conduit metaphor outside
the English language, nor on any research that would pertain to the question of when
this metaphor did arise. The discussion that follows is therefore constrained to the
English language and to the period of time for which the examples given below can be
accepted as correct English sentences.

Technically, in the conduit metaphor, the source (see subsection 1.1.2.1, “Metaphors”)
is transfer of physical objects, the target is interpersonal communication, and the basic
mapping is the one that ideas, thoughts, meanings, etc., are objects. Some examples
might be helpful (cited from Reddy, 1993, here and throughout this section):

(1) “Try to get your thoughts across better.”

(2) “None of Mary’s feelings came through to me with any clarity.”

(3) “You still haven’t given me any idea of what you mean.”

Are these metaphors? If thoughts or feelings do not travel between persons, or if ideas
are not given or taken, then these should be considered as metaphors. In that case,
these sentences contain a figurative assertion amounting to identifying language as
means for transferring thoughts and feelings. So, as Reddy points out, language does
not transfer ideas etc., but is used by the listener to construct a replica of someone
else’s thoughts, with a greater or lesser degree of accuracy.

Further, according to the conduit metaphor35, words have an outside and an inside – it
is in their inside that the meanings reside. This idea is quite accepted, as witnessed for
example by the use of the term content (e.g. “the content of that letter is...”, or “the

                                                
34 A channel or pipe for conveying liquids – COD.
35 There seems to exist a certain discrepancy between Reddy’s (Reddy, 1993) and Lakoff’s (Lakoff,
1987) understanding of the conduit metaphor, which is not relevant for this text and will not be ex-
pounded on here. It concerns words understood as being vessels by Reddy, and minds explicitly
declared as being vessels – while the same characteristics for words not mentioned – by Lakoff.
Reddy’s view is accounted above.
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content of his remark was that...”), the expression that might have sneaked itself even
in the present text.

The general framework of communication, according to this metaphor, is thus as
follows: thoughts, feelings, etc. are put into words by the speaker; the words are
transferred to the listener, who ‘opens’ the words, and finds in them the thoughts that
were put into them. For instance

(4) "You know very well that I gave you that idea".

(5) “If you salesmen can’t put this understanding across to the clients
more forcefully, our new product will fail.”

Problems in communication can be attributed to the speaker

(6) “Never load a sentence with more thought than it can carry.”

(7) “It is very difficult to put this concept into words.”

or the listener:

(8) “Please pay attention to what’s there in the words.”

(9) “I missed that idea in the sentence completely.”

Words contain thoughts, as shown by:

(10) “That thought is in practically every phrase.”

(11) “The sentence is without meaning.”

Reddy (ibid.) tried to reach some estimate as to how widespread this metaphor is. In
the appendix of his text, he gives about 140 expressions pertaining to the metaphor,
and about 40 which are independent of it, both groups relating to communication. His
conservative estimate is that at least seventy percent of the mental apparatus concern-
ing interpersonal communication within the English language is based on the conduit
metaphor.

The reader might be curious as to what these non-metaphorical expressions look like.
Here follow some, along with examples of how they might be transposed into the
conduit metaphor (preceded with an asterisk).

(12) “John can write of his feelings with real clarity.”

(13) * “Try to write about your feelings in simpler words.”

(14) “She does not comprehend my thoughts.”

(15) * “John comprehends few of the thoughts in Mary’s paper.”

(16) “Is that the feeling that you are trying to communicate?”

(17) * “Why not communicate this thought in the next paragraph?”

But, it is the conduit metaphor that is overwhelmingly dominant in our conceptualisa-
tion of communication. Reddy proceeds by claiming that the metaphor, being so
influential, even restrains this conceptualisation, it “bias[es] our thinking” (ibid.,
p. 176). It does that by allowing only for conceptualisation of communication con-
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forming with the objectivist cognition to be expressed linguistically. The core of
Reddy’s argument is presented here as follows:

i. The conduit metaphor is pervasive.

ii. The proposition inherent to the conduit metaphor that there are meanings in the
words does not allow for the constructivist view regarding communication.

iii. Thus, the conduit metaphor biases our conceptualisation against the constructivist
view (and hence towards the objectivist view on cognition, cf. section 1.1,
“Objective and experiential”).

One of the ways to realise that the conduit metaphor is pervasive, is to try not to use it.
Reddy suggested to his readers to test this on themselves, and the present author
invites the reader to do the same. To achieve the desired is very far from easy. It
demands constant attention, and produces highly non-idiomatic English. Consider
Reddy’s own experience: instead of asking his students “Did you get anything out of
that article?”, a teacher who does not wish to use the conduit metaphor ends up saying
something like “Were you able to construct anything of interest on basis of the as-
signed text?” (ibid.).

It was already rather clear from the examples above that the conduit metaphor pro-
poses the existence of two different kinds of entities: one is ‘containers’, and the other
is their ‘content’. In trying to understand their relations, one reaches the conclusion –
completely uncontested – that terms such as text, poem, sentence, word, message,
sign, signified, representation, information, symbol, etc.36, have two different senses.
To take poem as an example, one can find in the linguistic material instances such as

(18) “The poem has five lines and forty words” (POEM 1),

as well as

(19) “That poem was so completely depressing” (POEM 2).

In the first sense it is the text that is referred to, in the other concepts and emotions
constructed while reading or hearing a poem37. Or, the other example,

(20) “I got your message, but had no time to read it” (MESSAGE 1),

versus

(21) “Okay, John, I get the message, let’s leave him alone” (MESSAGE 2).

The phenomenon of the existence of two incompatible senses of a term that can figure
meaningfully in the same context is sometimes referred to as semantic pathology
(Ullmann, 1957, cited in Reddy, op. cit., p. 178).

                                                
36 The list given here has grown somewhat during the writing of this work, some items added by the
present author. It is, of course, far from complete.
37 Or, if we take the term sign, the present author attempt to contribute to the discussion: the distinction
is best seen if we consider our endeavours to decipher an unknown script. We clearly see the signs
(SIGN 1 in Reddy’s terms) but we do not know what they are signs for (SIGN 2). If we would try to
broaden our language a little, we could say – by the parallel with signs signifying something – that
poems (POEM 1) poemify (enable us to construct some POEM 2) and that texts textify. Thus, we would not
say that a poem is depressing, but instead that it poemifies a depressing feeling. The author, of course,
has no big hopes that this usage will stick.
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The constructive nature of the second kind of senses – for instance, those of poem and
message indexed with a 2 in subscript in the examples 18 - 22 above – is lost in the
conduit metaphor. Instead, meanings are supposed to be objectively present within the
words or sentences, spoken or heard. Which is, as Reddy mentions, not at all a prob-
lem if one holds an objectivist position. But, if one is of the opinion that there are no
meanings and ideas in words, sentences, etc., but that these are constructed by the
hearer, then one is pretty unable to make this conviction obvious to their listeners and
readers just through the language used. It is the conduit metaphor that gets in the way:
one ends up either using a non-idiomatic language38, or resorting to a meta-language
to convey these ideas.

The effect of such a misconception is that communication appears to succeed auto-
matically, the only thing requiring explanation being failures in the process. Whereas,
according to the constructivist paradigm, a successful communication demands effort;
some aberrations are almost always to be expected, but those more serious ones can be
countered through large amounts of verbal interaction. Reddy continues to say that

In [the constructivist] view, things will naturally be scattered, unless we
expand the energy to gather them. They are not, as the conduit metaphor
would have it, naturally gathered, with a frightening population of
wrong-headed fools working to scatter them. [Reddy, 1993, p. 175]

One further field which Reddy mentions where consequence of the conduit metaphor
are felt, now on a larger social plan, is that culture is understood to exist independ-
ently of people. According to the conduit metaphor, and the objectivist view it is
related to, given that we have the biggest libraries nowadays, and that we can store the
largest amount of data ever on CD-ROMs, DVDs, etc., it is mistaken that books,
pictures, films, etc. contain all this amount of culture. But, there is actually no culture
and no information in books, CD-ROMs, and so on; there are only print-marks and
curvatures, and only if there are humans who can construct something out of these –
and to the extent that they can do this – there is meaning and culture there. To have
such humans, we must cultivate them, and it is for that that Reddy argues humanities
and humanists are needed39.

In the course of the article, Reddy (1993) proposes his own metaphor for communica-
tion. It is named the toolmakers metaphor, and it reflects the constructivist point of
view. As it would take the present author at least a couple of pages to explain what

                                                
38 On p. 181, op. cit., Reddy writes: “So far, none of the thinkers who have tried to present alternate
theories of language and the nature of meaning have had [our present awareness of the biasing power of
the conduit metaphor]”. The present author sees, nevertheless, Heidegger’s philosophy with its very
characteristic terminology as a gigantic work dedicated not just to eliminating this bias, but generally to
resolving the subject-object dualism, on which even the conduit metaphor nourishes through the
objectivist position.
39 Although first appearing in the first edition of Ortony’s book in 1979, Reddy’s article seems to have
only gained in significance in the years that have passed, in the light of the present discussions con-
cerning ‘sciences’ (i.e., natural sciences) and ‘humanities’ (i.e., social sciences), and the relative
importance of the two categories – a crucial aspect of these discussions obviously being to exert
influence on policy makers and sponsoring agencies. See, for instance, the article “Undressing the
emperor”, Scientific American, March 1998, pp. 17-18, for an attack saying that while we might tolerate
relativism in the social sciences, this is not to be the case in the natural sciences; to quote the physicist
Alan Sokal: “that’s what’s most shocking—somehow that the validity of any statement is relative to the
individual making it or relative to the social group or culture to which that individual belongs.”
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these toolmakers do, the interested reader is instead warmly recommended to check it
themself.

Let us conclude this section by noting that much of the position taking mentioned
above depends on what is considered by construction. Even the functionalist view
could be termed constructivist, as texts, sounds and other things that serve as the basis
of communication certainly are not identical with the postulated mental representa-
tions. The process of transformations that eventually takes place might be termed
construction, and thereby make constructivist out of functionalists.

But the difference, and the problem, is not just terminological. The basic contention is
about the creation of meaning. On the constructivist account, meaning is created
through bodily experience; it is relative (never absolute), but it can successively get to
be more refined (as, for example, through equilibrations and disrupted equilibrations
that are reflected in the stages of Piaget’s conception of the intellectual development).
Those functionalists that adhere to the correspondence theory of truth, while also
holding that some processes resembling construction take place, nevertheless do
assume that there are certain elementary concepts or representations or symbols, and it
is these elementary entities that are hypothesised to gain their semanticity through
corresponding with ‘the reality’. As accounted by Harnad, the position of symbolists
(the RTM-approach) is that “the meaning of symbols comes from connecting the
symbol system to the world ‘in the right way’” (Harnad, 1990, p. 340). It is this
process that is non-constructive, automatic in this latter approach; and, it is – precisely
for this reason – the root of the contention between the approaches.

In the next section, we will look at the mathematical theory of communication. We
will see that it concerns reproduction of symbols on a distance. But, it is not so seldom
misunderstood as being equal to a transfer of symbols, where even these symbols
might be considered as being ‘packed’ with meanings—that is, as the conduit meta-
phor misleadingly suggests. After presenting the basics of the theory itself, it will be
argued that there are no grounds for such an understanding.

2.2 The mathematical theory of communication

The present section addresses some of the mathematical-theoretical grounds relating
to the studies of communication. Specifically, Shannon’s mathematical theory of
communication is focused upon, both as it introduces some terms that will later show
to pervade the field in general, as well as owing to the fact that the theory has retained
the influential position that it gained on its inception.

But, it has probably not escaped the reader’s attention that the topic of the mathemati-
cal theory is not placed under the heading of general approaches to communication (to
be reviewed in Part III). The reason for this is that there are some uncertainties con-
cerning application of this theory that arise when probabilities of outcomes – or, in the
continuous case, the probability density functions of variables – are not assigned.
These aspects are presented in greater detail in the final part of this section—
subsection 2.2.1, “Dubious uses of the mathematical theory”.

The engineer Claude Shannon had already contributed significantly to the developing
computer science even before presenting the mathematical theory of communication
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in an article from 1948 (Shannon, 194940). His 1936 MSc thesis – sometimes deemed
as one of the most significant master theses ever – as later even his Ph.D. thesis, were
the first successful realisations of the idea to build electrical switching gates that
would implement the laws of  logic. In the mathematical, or sometimes equivalently
called statistical theory of communication, he gave a unified approach to measuring
information, channel capacity, the effect of noise etc. In what follows, just some very
basic constructs useful for further progress will be introduced with no mathematics
whatsoever, as well as the model itself.

The mathematical theory of communication has its roots in telegraphy41. It was
telegraphy, the reader might recall, that was the first of the techniques – appearing as
early as in 1840s – that were to lead to the modern information society42. The telegra-
phy is, in its basic form, almost completely obsolete today, but its schema will be
presented here for explanatory purposes.

To send a telegraph, one went to the telegraph office with a text. The clerk, trained to
do so, translated (coded) the text into a sequence of dots and dashes, and at the same
time transmitted them by performing short and long presses on the telegraph key.
When pressed, the key actually turns on the electricity in the wire, while when de-
pressed, it switches the electricity off. At the other end of the wire, which is presuma-
bly at the destination point, this turning on and off of the electricity produces inter-
mittent short or long sounds that the receiving operator either notes down in the form
of dots and dashes, or directly translates (decodes) these into letters of the alphabet.
This in principle produces a text same as the original one. The text thus written is
finally handed to the person it was addressed to.

Telegraph wires between sites could be several hundreds of kilometres long. Condi-
tions on the way, such as lightning or the state of switching stations, could induce
deterioration of the electrical signal in them, and thus effect the accuracy of the
received message. With the advent and rather fast acceptance of telephony, another
important question, that of the capacity of the lines, began to emerge. The growing
economical basis of telecommunication gave grounds to tackle these questions scien-
tifically. It was the beginning of the 20th century that marked the onset of these inves-
tigations, Bell Telephone Laboratories (where Shannon was working later on) being
one of the prominent places for this research.

The example with the telegraph can completely be projected to more automatic,
contemporary media, such as telephony, radio and TV signal transmission, computer
traffic, etc. So, if we term the influences on the signal along the way noise, then the
problem could be described as measuring the effect of the noise on the signal. The
reader will notice that the point of interest is not whatever influences on the electrical
signal, as – for that – a voltmeter, amperemeter, etc. would suffice, but just such

                                                
40 The work, here referred to as Shannon, 1949, is a book co-authored with Warren Weaver. As the
book is really a compilation containing two independent articles, Shannon’s – published previously the
year before in the Bell System Technical Journal, and Weaver’s – published in Scientific American in
the year the book has appeared, it is just the Shannon’s work that is accounted for in the present study.
41 Tele – distance, graph – mark, sign, writing.
42 The invention was described as “effect[ing...] the annihilation of time” by a contemporary awed
newspaper commentary, cited in Czitrom, 1982.
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influences that result in the diminishing accuracy of the final symbols produced, such
as a “Sell the house” becoming “Tell the mouse”.

The goal can be stated as expressing the degree of agreement between the message
sent and the message received. To do this, we should have a measure of the content of
the message before sending, and the parallel measure of the content after reception.
Again, the content expressed in relation to the symbols, not to whatever other aspect
one might conceive.

To put things in a somewhat more formal way, the mathematical theory of communi-
cation supposes that each message consists of a selection of symbols from a finite set
of symbols. The message is prepared for transmission by coding it into a form suitable
for the medium at hand whereby a signal is created. The signal is sent through the
channel. It is received at the other end, and decoded back into a string of symbols
from the set.

     Text                                                          Text’
        ̀ --> coding(clerk)                      decoding(clerk’) ---̂
                 ̀ --> Signal                Signal’ ---̂
                        ̀ -->  transmission ---̂

                                   ̂
                                   |
                                   |
                                 Noise

Figure 2.1 – Illustration of the telegram sending schema, intended to help in
presenting the mathematical theory of communication.

The telegraph schema should enable the reader to picture this (Figure 2.1). Message is
the text given to the telegraph operator, and the finite set of symbols it comes from
consist of the 26 letters of alphabet, plus some punctuation marks and an empty space.
The clerk codes these into dots and dashes (another finite set of symbols), and gener-
ates the signal (and transmits it at the same time) by typing short and long electrical
impulses on the telegraph key. It is these that are the signals that ‘travel’43 through the
wire. The effect of the signals at the receiving end – the short and long buzzes – are
decoded by the receiving clerk through writing down appropriate symbols from the
finite set.

In order to measure the effect of noise, the idea is to compare Text and Text', and see
to what degree do they match. The more they match, the less did the noise effect the
transmission (in terms of telephone companies, this would mean that they have lines
that are robust to influences from the environment). But, how to measure a text? As
already pointed out above, this is not to be done in terms of the signal (i.e., comparing
the quality of the electrical signal in the vicinity of the sending telegraph office, and in
the vicinity of the receiving telegraph office). Such an analysis is highly irrelevant, as
it can not reveal anything about the symbols the Text' might or might not consists of.

The answer, known even before Shannon, was to consider a message (a text) as a
sequence of choices from the set of symbols. Each performed choice ‘produces’
information, in that it provides an answer to the previous uncertainty expressed as
“What will be the next symbol?”.

                                                
43 Actually, the effect is exerted locally throughout the wire.
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By stating things in these terms, it is only the statistical properties of the material that
have significance to further considerations. As Shannon (1949, p.3) puts it: “[The]
semantic aspects of communication are irrelevant to the engineering problem”.

Let us now see how the information is measured. If we are looking for an address in a
neighbourhood we are not acquainted with, then we are in need of the information as
of the concrete location of the address. If we succeed in getting such an information
from a passer-by, we appreciate it very much. But, how much exactly? Well, this is
really hard to say. It almost certainly depends on what kind of errand we have there,
which turns to be a relative measure; at best, one could try to rank the various possi-
bilities. It might look promising to evaluate this in terms of money (i.e., how much are
we willing to pay for this information), but this would still appear rather relative (for
instance, depending on how much money we have at our disposal).

We might proceed by asking what the most simple case of an information need would
look like. It turns out to be a so-called binary choice or binary outcome: for instance,
whether your favourite team will win or not. Before an important match, you would
surely be relieved by knowing the outcome in advance. Although we might imagine
some science-fiction solution to the problem, and put a price tag on this too, let us
instead call this amount of information need one bit (derived from binary digit, as
proposed by the statistician John Tukey). We might readily note that the information
need is one bit regardless of what it concerns: it might be whether your team wins or
not, whether you have turned off the oven or not (reminisced from somewhere outside
the reader’s home), or whether a particular stock will go up or not. The content, as
Shannon has pointed it out, is irrelevant – the only thing important is that the outcome
is binary.

We go now back to the comparison of the original Text and the Text' that slowly
appears under the pen of the receiving clerk. We are uncertain as of what the next
character would be. This information need should be expressible in bits. Let’s see how
we can measure it. Assuming that there are 32 symbols all in all in the symbol set (all
the letters of the alphabet, plus some punctuation marks, plus a blank space), we
might play the following game: We begin by numbering all the symbols in the set
from 1 to 32 (say, a=1, b=2, ...). Then, imagine that we have, independently of the
telegraph wire, a direct contact with the sending clerk. We proceed by repeatedly
asking the clerk in which part of the list the next symbol can be found: the first part
(numbered as 1-16), or the second (17-32). The clerk knows of course the correct
answer; suppose that the letter is really an “a”, the first symbol in the list. Getting the
answer from the clerk that it is in the first part of the list, we might now reiterate the
question with respect to just the list from 1 to 16: is the symbol in the first or the
second part of this new list. As “a” is in the first part of even this new list, we get a
new answer from the clerk that narrows our search to just eight choices. Continuing in
this manner until reaching certainty, we will come to the insight that we need to ask
five binary questions to be sure which symbol comes next. We can then draw the
conclusion that a symbol in such circumstances is worth 5 bits44. And, a sentence
consisting of say 15 symbols has 15 symbols * 5 bits = 75 bits of information.

                                                
44 Instead of playing the game, one may proceed by taking a pocket calculator and checking what the
result of log232 is. This is done by division of log32 by log2. The result obtained is 5.
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A note on terminology: the author has up to now used the term information need
rather than information, this latter term found both in the Shannon’s article, and in the
literature in general. Motivation for coining a new term stems from the impression
that the usual one seems to confuse a bit. It is the common usage of the term informa-
tion that appears to get in the way of understanding: if I know something, and then I
get to know some more, I now have more information, according to common sense.
But, in terms of the mathematical theory of communication, as we have seen, it is the
other way round: the information (or the information need, as is proposed here) is at
the beginning say 5 bits, and when more knowledge is gained, it is reduced to say 2
bits. Common sense would have it that the value associated with more knowledge is
higher, while the opposite seems to holds in the present theory. We might then want to
express it so that, if we get say five bits of information, then we are worth – from the
point of view of someone who does not have that information – five bits. One of the
other terms Shannon uses interchangeably, entropy45, seems to be more intuitive in
this context: it sound natural that the more we get to know about something, the less
entropy there is. The two still other terms Shannon uses interchangeably with infor-
mation and entropy, are uncertainty and choice. While uncertainty seems quite syn-
onymous with entropy in this context, choice should possibly best be viewed as the
choice we have after we have committed us by making some previous choices or
guesses. When playing the game with the telegraph clerk, we have at the beginning 5
bits of choice until certainty, while after making the two first guesses, thereby know-
ing from which quarter of the list the next letter is coming, we are now committed to
continue the search in just this quarter of the list, and at the same time need only 3
more choices to make (that is to say, need 3 more bits of information).

To introduce redundancy, yet another term in the mathematical theory of communica-
tion, consider that it can nevertheless happen that we do have some prior knowledge
which could have an effect on the value of the information need. Let us take a brief
different example. In a test situation, we are to answer by selecting one among the
four choices (the question asks for the year of publishing “The Mathematical Theory
of Communication”):

a. 1943
b. 1959
c. 1949
d. 1956

If we could engage the teacher in the game described above, we would come to the
conclusion of the information need of 2 bits (One possible way of proceeding: the first
question “is it a-b or c-d”, the second “is it c or d”; likewise log24 = 2). But, suppose
that we already knew that the book was published in the 1940s. Then, our information
need is actually less than 2 bits—if we would ask for the help amounting to 2 bits, we
would ask for too much help. We actually need just 1 bit of information: “is it a or c”.
If we have played the game with the teacher from the beginning, then one bit of
information we have received is redundant.

In the same way, the English language is redundant to about 50% (Shannon, op. cit.).
This means that knowing already a part of a word, we could be much more certain as
to what letter comes next. In English, a “q” is always followed by a “u”, so we need

                                                
45 Disorder, for the present purposes.
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not even guess; a “t” is very often followed by an “h” (the two making the most
common di-gram of English), so seeing a “t” coming, especially as the first letter of a
word, we would make a rather smart guess by betting on an “h” being next. With the
knowledge of such statistical properties, it is possible to make codes that significantly
raise the capacity of a channel.

By stating that “[t]he fundamental problem of communication is that of reproducing at
one point either exactly or approximately a message selected at another point”, Shan-
non (1949, p. 3) comes closest to offering if not a definition of communication, then
anyway a clear claim about its function46.

In the text above, we have met some of the terms of the mathematical theory of
communication, like information, redundancy, coding, noise, entropy, etc. Other
aspects that Shannon elaborated in his article are measurements of channel capacity,
the use of continuous channels, and many others. The schematic diagram of this
model, which looks not much different from our telegraph clerks schema, is presented
in Figure 2.2 (telegraph clerks schema revised so as to take on the new terms) and
Figure 2.3 (the original Shannon’s model); the reason that both are given is to make
the relation to the previously used telegraph example obvious.

   Source                                                  Destination
      ̀ --> coder                                    decoder ---̂
              ̀ -->  Transmitter            Receiver ---̂
                        ̀ -->    channel   ---̂

                                   ̂
                                   |
                                   |
                                 Noise

Figure 2.2 – The “adapted” schema of the mathematical theory of communica-
tion, with the telegraph example (Figure 2.1) as its predecessor.

Figure 2.3 – The model for the mathematical theory of communication.
[Reprinted from Shannon, 1949, p. 5]

To conclude, although not the only approach to communication, the mathematical
theory of communication seems to have retained a special position among the existing
models. Several reasons might have led to this:

                                                
46 Do note, though, that the ‘semantically pathological’ noun message is used (Reddy, previous section),
and that Shannon must mean – judging from the way probabilities in general are assigned – MESSAGE1,
and not MESSAGE2.
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• it was one of the first theories to appear,

• its formalism is appealing,

• it is mathematically grounded,

• some of its terms, like source, receiver, noise, etc., have – by themselves or in
synergy with the conduit metaphor – pervaded other theories and approaches, and
thereby even our everyday way of thinking (i.e., common sense, or
folk-psychology).

Because of certain questions that might arise when extrapolating from this model to
applications outside its domain (the subsection that follows is dedicated just to this),
the pervasion just mentioned is according to the present author a mixed blessing at the
best.

2.2.1 Dubious uses of the mathematical theory

In this subsection, we proceed to analyse and argue against two ways in which the
mathematical theory of communication is stretched outside of its domain: (a) not
seldom, it is claimed that it views communication as a transfer of something (a
message, presumably); (b) not seldom, the theory is applied even when the assumption
of definite probabilities assigned to each in a finite set of symbols (discrete case) is
not fulfilled, or where a probability density function (continuous case) does not exist.
(For simplicity, in what follows only the discrete case will be considered. Extension to
the continuous case is rather straightforward—in place of summation, integration is
performed.)

Arguments against transfer

Three arguments against transfer are given: one relying on authority, one external,
from a physical point of view, and one internal, building on the concepts of the
mathematical theory of communication itself. Briefly presented, these are:

• Shannon says so,

• physically, there is no transfer,

• communication systems are conceived so that the existence of greater energy and
lesser energy (proper introduction follows) is postulated; it is greater energy that
‘works’ (i.e., reproduces, re-creates) symbols, and this energy is local; thus, sym-
bols (or corresponding effects, in the continuous case) are not transferred.

We now look at each of these arguments in more detail.

Referring to authority

Shannon introduces the notion of communication in the context of the mathematical
theory as follows: “…reproducing at one point either exactly or approximately a
message selected at another point” (Shannon, op. cit., p. 3); we might recall that a
message is easiest to consider as a concatenation of symbols selected from a finite set
of symbols. Even semantically, while one might replace ‘reproducing’ with ‘copying’
without significant distortion, one should not be able to replace it with ‘transfer’ with
the same ease and at the same time maintain the old meaning.
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Argumentation from the physical standpoint

In any practical realisation of human-engineered communication, there is nothing that
is travelling along the way.  What might be considered as ‘travelling’ might eventually
be eventually waves, but here, particles – as we can convince ourselves from watching
a stone hit a pond – actually move nowhere; all effects are local. In addition, in any
system for communication of some level of complexity, switching stations disable the
continuity that would be needed to maintain the claim of transfer.

A potential reason that ‘transfer’ is substituted for ‘reproduction’ is that apparently
the text keyed in at the sending telegraph office has ‘come’ (i.e., is ‘transferred’) to the
receiving office, and likewise that sounds spoken into a telephone receiver have
‘come’(i.e., are ‘transferred’) to the loudspeaker of another receiver, and they ‘come
out’ of this second receiver. But, let’s be reminded that physically nevertheless noth-
ing is actually transferred, no single entity travelling all the way in any of these cases.

Argumentation within the mathematical theory of communication

In order to state this view clearly it is first needed to look in more detail into the coder
and the decoder functions of the mathematical model.

Both of these functions have their own sources of energy, which are independent of
what is coded or decoded. For the decoder-function, take the example of a ra-
dio-receiver in a stereo-set, where waves in the ether are influencing the state of the
stereo-system so as to produce sounds: it is only with the presence of electric power in
the power outlet that this is possible. This electric power is present all the time inde-
pendently of whether sounds are currently coming out of  the loudspeakers or the
station is ‘sending’ nothing for the moment. Or, for the coder-function, to make use
one more time of our telegraph example—it is the energy embodied in the ‘sending’
clerk as a functioning human: the clerk that is pressing the telegraph-key. In both
cases, the energy that is at disposal of the coder or decoder is constantly present, and it
is by the mathematical theory of communication assumptions considered independ-
ent47 of the content that the station has for the moment (the radio-receiver example) or
of what is keyed in (the telegraph clerk example).

Having no better terms to offer, the author will here name the constant energy at the
disposal of the coding and decoding functions as greater energy, and the one of the
signal, with which it impinges on the coding or decoding system, as lesser energy. So,
even if there is a signal (lesser energy) in the telegraph wire, this will not be decoded
into a text unless there is a clerk (greater energy) at the other end who will do that;
neither will a TV-set reproduce a picture even with the signals (lesser energy) present
in the ether, if there is no electricity (greater energy) to which the set is connected.

Although we might be tempted to see this as an amplification function, this would not
be true, as the signal (lesser energy) influences the decoder (greater energy) in a way
such that the final product is something that is of a completely different nature as
compared to that of the signal (lesser energy): radio signals in the ether (lesser energy)
influence through the stereo system’s circuitry the electric current supplied from the
power outlet (greater energy) so as to produce movements of loudspeaker membrane
(and thereby air-movements)—this final product being different from the lesser
energy. Thus, this is not an amplification function either.

                                                
47 In that, it resembles the assumption of levels of cognition, as discussed in Chapter 1.
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With this distinction, the author now simply reiterates that the mathematical theory
incorporates the notion of reproduction or recreation (or, this might be put forward
more clearly as re-production and re-creation) of signals. Namely, assuming that the
structure exposed in the preceding paragraphs is accepted by the reader, then it fol-
lows that it is greater energy that recreates a symbol (or similar) on the basis of lesser
energy, which thus makes it impossible that a symbol (or similar) was transferred: it
was just lesser energy that might have ‘travelled’ (although this was argued against in
a preceding point on the basis of physics), and the lesser energy is not by itself a
symbol. So, lesser energy just takes part in the recreation process.

Conclusion

So, there seem to be no grounds supporting the conclusion that communication
according to the mathematical theory is a transfer of something48: reproduction is not
the same as transfer. (Definitions of e.g. Hailman, Kimura, Johnson-Laird, DeVito,
and Philips and Austad in Table 2.1 present examples of what seems to be at variance
with this conclusion.)

This view seems to be of importance for a major topic of this study, the nature of
communication. Namely, it apparently denies the notion of communication in mathe-
matical terms to such instances as e.g. a cell communicating with its environment by
taking in a certain chemical. That appears not to be communication in the present
sense of the mathematical theory of Shannon—a chemical incorporated by a cell
ceases at the same time to exist outside the cell; this type of “communication” might
be equated to the “communication” between a mouse and the fox that has just caught
and consumed it49: neither of the two examples does seem to be communication.

Mathematical theory of communication without assigned probabilities

In introducing the second point, we might note that one thing that is important for the
success of communication in the above defined technical sense is left out of the
model. (This was already noticed in an unpublished collaboration of the author –
Lorenc and Larsson, 1996 – but it will be repeated here.) The model namely leaves
completely undecided how the coder and the decoder are co-ordinated so as to exhibit
the mutually inverse functions that they do exhibit. As this co-ordination is neverthe-
less always present in all constructed systems to which the mathematical theory may
apply, there must in these cases exist a prior-to-the-model or to-the-model-exterior
way of doing this (prosaically, e.g. technicians arranging this in advance). This seems
to suggest that: (a) the model is incomplete50, and (b) this nevertheless reiterates that
what the mathematical theory of communication is concerned with is the process of
replicating original symbols. This second point appears obvious simply because
measures are taken so as to be able to reconstruct a symbol that was sent (a letter by a

                                                
48 The only example where this apparently does not hold is a letter. A letter is actually being sent and
received. But, on the other hand, a transfer of a letter from a sender to a receiver does not include
coding and decoding, and thus is not communication in the mathematical-theoretical sense.
49 In terms of Maturana and Varela (1980), autopoietic processes in the mouse have ceased. No
meanings there to create, no symbols to manipulate.
50 But not the theory. Shannon puts that as: “The receiver ordinarily performs the inverse operation of
that done by the transmitter, reconstructing the message from the signal” (op. cit., p.6). It is, though, not
mentioned how this complementary function of the two decoders is achieved.
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receiving telegraph clerk, air-vibrations in the studio of a radio-station by a receiving
stereo-system, etc.).

Wilson (1975)

Sociobiology

“Communication occurs when the action of or cue given by one organism is perceived by
and thus alters the probability pattern of behavior in another organism in a fashion
adaptive to either one or both of the participants” (p.111).

Hailman (1977)
Ethology

“Communication is the transfer of information via signals sent in a channel between a
sender and a receiver. The occurrence of communication is recognized by a difference in
the behavior of the reputed receiver in two situations that differ only in the presence or
absence of the reputed signal… the effect of a signal may be to prevent a change in the
receiver’s output, or to maintain a specific internal behavioral state of readiness” (p.52).

Dusenbery (1992)
Sensory ecology

“The term ‘true communication’ is restricted to cases in which the transmitting organism
engages in behavior that is adaptive principally because it generates a signal and the
interaction mediated by the signal is adaptive to the receiving organism as well” (p.37).

Krebs and Davies
(1993)
Behavioral ecology

“The process in which actors use specially designed signals or displays to modify the
behaviour of reactors” (p.349).

Kimura (1993)
Neurophysiology

“The term is used here in a narrower sense, to refer to the behaviors by which one
member of a species conveys information to another member of the species” (p.3).

Johnson-Laird
(1990)
Cognitive
psychology

“Communication is a matter of causal influence… the communicator [must] construct an
internal representation of the external world, and then… carry out some symbolic
behaviour that conveys the content of that representation. The recipient must first
perceive the symbolic behaviour, i.e. construct its internal representation, and then from
it recover a further internal representation of the state that it signifies. This final step
depends on access to the arbitrary conventions governing the interpretation of the
symbolic behaviour” (pp. 2-4).

Lindblom (1990)
Linguistics

“Human communication… includes forms of verbal communication such as speech,
written language and sign language. It comprises nonverbal modes that do not invoke
language proper, but that nevertheless constitute extremely important aspects of how we
communicate. As we interact, we make various gestures—some vocal and audible, others
nonvocal like patterns of eye contact and movements of the face and the body. Whether
intentional or not, these behaviors carry a great deal of communicative significance”
(p.220).

DeVito (1994)
Human communi-
cation

“Communication refers to the act, by one or more persons, of sending and receiving
messages that are distorted by noise, occur within a context, have some effect, and
provide some opportunity for feedback” (p. 8).

Burgoon et al.
(1994)
Human communi-
cation

“Communication is symbolic behavior that occurs between two or more participating
individuals. It has the characteristics of being a process, it is transactional in nature, and
it is affective. It is purposive, goal-directed behavior that can have instrumental or
consummatory ends” (p. 22).

Philips and Austad
(1996)
Ethology

 “Communication occurs when: (a) an animal transfers information to an appropriate
audience by use of signals; or (b) an animal gains information another animal intends to
convey by means of signs” (p. 260).

Table 2.1 – Some definitions of communication. [Table reprinted from Hauser,
1996, p. 33, with the last three entries added by the present author.]

But, is the similarity of the sent symbol and the received symbol necessary? What if
the set of symbols is not finite, or if we due to other reasons are not able to assign
probabilities to each of the symbols? Or, what if we are not even in the position to
decide whether there are symbols, or not? Put simply, to borrow again from our old
example, the identity or the similarity of text and text’ is not claimed or even
desired.
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How plausible is such an application of the mathematical theory of communication?
An unequivocal answer seems hard to be given. On the one hand, the well-known
formula for measuring information51 cannot be applied in such instances as we do not
know the probabilities associated with each symbol (and even further, maybe do not
know whether symbols or – generally – any discrete states exist, not to speak of not
knowing probabilities that might eventually be associated with them). On the other
hand, Shannon himself seems to have left open for such or another similar application
in saying that “[t]he receiver ordinarily performs the inverse operation of that done by
the transmitter” (op. cit., p. 6, italics added). This namely implies that the receiver
need not operate in inverse of the transmitter. But, while Shannon did apply the theory
even in such cases where events are continuous rather than discrete, the present author
is not informed of that cases of applying the mathematical theory of communication
where probabilities were not assigned to events or where a probability function did not
exist.

What might be the problems associated with such an application of the mathematical
theory? In the technical sense, consider again human communication as adequately
represented by the mathematical model (i.e., meanings coded into say speech decoded
into meanings, as in the example above). Intuitively, one would remark that the
meaning re-created (meaning’) can not be compared to the original meaning (meaning)
in the way text and text’ can be compared in the telegraph example: we can not
measure the success of the communication process without initiating another commu-
nication process (more on that in Chapter 4).

In a somewhat more theoretical sense – and this objection appears to the present
author to be a more serious one – we might notice that a substantial difference exists
between the two types of examples. On one hand, e.g. signals in the ether effectuating
our TV-set to have its screen illuminated appropriately, and on the other, say a human
being induced by inscriptions on the piece of paper to create some meaning. The
distinction seems to be that while lesser energy (signals in the ether) in the first type of
examples does not have any effect on the availability of greater energy (power sup-
plies in our houses), this independence of the two kinds of energies is not easy to be
claimed in the second type of examples. On the contrary, not just that we learn how to
interpret things, but also the meanings we create affect our states.

So, in the case of intentional systems, there might be a kind of coupling between the
signal and its interpretation which the mathematical theory does not take into account,
simply for the reason that such things are not allowed in the domain it was created
for52.

To return to the topic, the idea described here that the mathematical theory can be
applied to domains where the probabilities are unassigned, is theoretically not re-

                                                
51 H= –Σpi log pi. This is the formula for the case of discrete events, where pi is the probability of the
event (or symbol) i. It was not given previously as its form is basically irrelevant for the exposition.
52 The same line of argument can be led with respect to humans (and other organisms that are inten-
tional according to Freeman’s neurophysiological view): operations of a Turing machine (if what we
run on are Turing machines) do not and should not affect the energy on which it works [the assumption
of levels; c.f. Chapter 1]; but, if we create or construct meanings, which seem to influence us, we then
seem not be running on Turing machines as Turing machines are not allowed to function in that way.
[This discussion touches upon the proposal of cognitive impenetrability, as advocated for by e.g.
Pylyshyn.]
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searched; it also appears to be somewhat contradictory in the present context. It also
appears to counter the image of the theory as being mathematically grounded and
formal—both properties vanishing when probabilities are not assigned.

Yet, this usage seems nevertheless to have stuck in some domains, e.g. unmediated
communication of humans. This might be due to, or amplified by, the conduit meta-
phor. The usage will be met both in section 5.2, “Some linear models proposed for
human communication”, and also to a degree in section 5.1,  “Communication in other
species”.

In conclusion of the present section, the mathematical theory of communication does
not actually provide any ground for either the general notion expressed in the meta-
phor of something being transferred or carried within, or the more specific and cru-
cially wrong notion of meanings being transferred. In that respect, it is especially
definitions suggesting – as does the one in a popular introductory text-book (DeVito,
1994, reprinted in Table 2.1) – that a message is transferred that are misleading
because of the two senses this term has, one of it being the meaning of the message in
question (compare examples (20) and (21) in section 2.1, “Metaphors for
communication” ). The theory seems neither to provide grounds for applying it in the
cases where the probabilities are not assigned, or can not be assigned. Human com-
munication might be a domain characterised by this latter state of affairs.

The reader might note that the metaphor is nevertheless present in the language
concerning telecommunication: at the beginning of this section, even the present
author has used the term “to send a telegram”. Simply, there is no other verb in
English that describes that what is done with a telegram53. Still further, one can not
avoid blaming Shannon: if there are a sender and a receiver, is there anything else
more natural to assume than that something is sent and received. A proposal from the
present author would be to carefully in distinguish between the names of different
terms of the mathematical theory and what their actual meaning in the frame of
reference they are applied in is: usual, everyday meanings of the terms might some-
times mislead.

2.3 Conclusion

In the bigger part of the present chapter – in its first section regarding the conduit
metaphor, and in its second section regarding the mathematical theory of communica-
tion – we have discussed whether communication can be understood as equivalent to a
transfer of something or not, and in the case that a positive answer was given then
what is that that is transferred.

The analysis of the mathematical theory of communication yielded though a negative
answer, and a one that might be put forward in two forms—a weaker, and a stronger
variant.

• Weak statement: meanings are not transferred; they are constructed by an inten-
tional or, equivalently, cognating system. This line of thought follows from the un-

                                                
53 Maybe the term “to send a telegram” is a projection from the earlier “to send a letter” (where a letter
really was sent) onto the newer technique? Again, we have human imaginative processes at work
(subsection 1.1.2, “Experientialist cognition”).
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derstanding of intentionality in the sense proposed by some of the models classified
in Chapter 1 as closed ones.

• Strong statement: nothing is transferred; communication might be understood as
equivalent to re-construction of symbols from a finite set (discrete case), or
re-construction of a (continuous) probability function. The argumentation here is
grounded in Shannon’s writing, in the physical considerations, and in the assump-
tions of the mathematical theory of communication—as presented in the preceding
subsection.

The present author sees at the moment no arguments against this interpretation.
Would it be so, the appealing result is that it is not at all necessary to take up the
argument about the weak statement: if nothing is transferred, than certainly neither
meanings are transferred.

This denial of transfer occurring in the course of communication contrasts with the
conduit metaphor of communication, the apparently everyday understanding of
communication that would have it that meanings are put into spoken or written words,
which then are transferred to the receiving individual, that opens up the words and
picks up the meanings securely lying there.

As noted in the context of this discussion (section 2.1, “Metaphors for
communication”), the representational theory of mind can be understood in two
different ways on this issues. In one reading – starting from the formula of there being
internal representations of external reality – these internal representations are by
assumption not equal to external reality they purportedly represent; so, a transforma-
tion must take place, and one might be tempted to name it construction. But, it seems
that the true nature of functionalist understanding hinges on the relation between these
internal representations and the reality: if the correspondence theory is applied, then
the symbol system connects to the world “‘in the right way’” (Harnad, 1990), which
thus makes the whole process practically independent of the cognating organism. In
this reading, whether the process in question is transfer or re-construction would be
irrelevant, for it amounts to the same effect: a symbol amounting to being, we can say
functionally at least, completely identical to the sent one is received/reconstructed in
the mind of the receiver. So, here, only the above stated argument based on the
mathematical theory would eventually hinder the functionalist understanding of
communication as transfer.

This discussion on communication bears thus rather clear characteristics of a cognitive
discussion, and can be considered of significance for our understanding of what mind
is. This would then apparently give some backing for the claim put forward in the
Introduction—of the close relation between the two topics.

In the chapter that follows, communication is illuminated from a historical perspec-
tive; in the course of the presentation, the origin of writing – itself a means of com-
munication – is also encountered.
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3. A historical perspective
We have up to now refrained from offering an explicit definition of communication.
We’ll try to proceed yet a bit further in the same manner, at the same time attempting
to gain an even deeper understanding of the term communication. So, a proposal is put
forward to allow us an experience inspired by a story for children (provided that it is a
story for children): the author proposes us to venture down the rabbit hole of history,
resembling Alice’s fall down Mr. Rabbit’s rabbit hole in Alice in Wonderland. In the
course of falling, a historical perspective on the matters pertaining to communication
might eventually be gained, and also, some interesting hypotheses are hereby prom-
ised to wait down at the bottom: two hypotheses concerning the origin of writing, of
which one rather new, plus a discussion relevant for understanding the dynamics of
the human cultural development. (The reader not interested in taking part in this
excursion might choose to directly proceed to Chapter 4.)

3.1 Down the rabbit hole of history

While ‘falling’ down the rabbit hole of history, the reader is suggested to have, as a
kind of a check-list, the following questions in mind (but not necessarily to give any
answers to them—some do appear to be hard):

• Is talking to one another communication?

• Is raising children communication?

• Do relations within a society always imply communication?

• Are some kinds of relations between humans and their domestic animals communi-
cation?

• Are some kinds of relations between members of species other than Homo sapiens,
e.g. between bees in a bee-hive, communication?

• Is the process whereby limbs are moved by neural impulses from a brain communi-
cation?

• Can robots communicate?

Watch out! Get set… Get ready… Jump!

We will go back slowly, in steps54. A hundred years ago, electricity has reached
households in bigger cities, the cinema has just been invented, and the radio too—but
not to be put into public use until some twenty years later (TV is to wait some fifty
years more). The telephone was though already in service, expanded by the side of the
telegraph which has for some sixty years now faithfully connected bigger cities mainly
in North America and Europe, supplying news concerning events, trade, etc. In gen-
eral, this is the age of the press, the yellow press establishing itself some ten to fifteen
years ago in the USA. It was cheap, and it reached many. Public elementary education

                                                
54 Due partially to sources at hand, and partially to the author’s lesser own knowledge about other
cultures, a so called Western perspective is taken here. But, it is absolutely no intention of the author to
allude to development in Asian, African and pre-colonisation American cultures as less interesting.
Tracing back in time, which is the purpose of this section, can certainly be done with respect to every of
these cultures too.
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has so far been introduced in a certain number of countries, but illiteracy was still far
from eradicated.

But, in spite of all this technical advances, people everywhere lived in structures like
families, neighbourhoods, etc., they talked to each other and did relate in many other
different ways, like raising children, agreeing upon common interests, etc. Even
further, humans owned domestic animals and performed with them the tasks that they
needed to do; bees, as well as many other animal species, lived in different kinds of
social formations and eventually related to each other; and all of these could move
their limbs. (Only the robots didn’t exist; refined mechanical artefacts produced so as
to mimic an animate model were though popular at least from the 17th century on-
wards).

If we now take a step of five hundred years, we meet a world which seems much more
slowed down than the one we came from. What one traveller can now cover in a day
is 60 or 70 kilometres at the most. The only exception are ‘special services’, like
messenger services of papal curia, the royal houses of England and Aragon, the
Venetian republic, and the University of Paris, or couriers of the Meddici bank family,
having at their disposal stations to exchange exhausted horses for the fresh ones; these
could average 150 km a day (Burke, 1985). Otherwise, travelling is usually done in
groups, not just for the sake of security, but also as it is hard to orient oneself. This
world is to a much greater degree oral, too. Literacy is limited to monks, certain
government officials, and scholars and students in those few existing universities.
Thus, the news travel mainly from mouth to mouth. A variation of this are travelling
entertainers, and their plays that also contain references to contemporary events.
About a hundred years ago, the renaissance has stepped in: the first universities were
started, and the hunger for books began to raise. At the moment, copying of books is
done in scriptoria of monasteries55, and also at the newly started “stationers”, secular
writing shops (Burke, op. cit.). The demand for books is much higher than what the
limited number of literate copyists can produce, which will accelerate the inception of
mechanical press, as achieved in about 50 years by Gutenberg.

Still, everything else mentioned previously, like people in their social structures,
people domesticating animals, animal societies, and even physiological phenomena,
did exist even now, quite like before (or after, given that we are going back in time).

It takes a rather big step back, from the referential point of the previous station in
time, to change the matters somewhat drastically. Through a long period of history,
most of the people lived in groups of rather limited size, typically in villages, the
culture was almost exclusively an oral one, all what was of the knowledge was that in
the collective awareness of the group and in its skills and tools. News was travelling
from mouth to mouth, very rarely having to do with something somewhat distant.
Literacy was scarce, contained mostly to religious and governmental spheres. The
number of existing books – generally, and at disposal of say a library of a university –
was limited, couple of hundred at the most. Among the things that seem to have been
recorded from the onset of literacy are possessions and transactions concerning land,
and domestic animals, and property; heroic epics, mythologies and religious affairs;
also the lives of rulers and events related to them. But, once again, people and their

                                                
55 The charming thriller The Name of the Rose by Umberto Eco is recommended to the reader who
wishes to get a feel of this atmosphere.
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social structures, the animal societies mentioned previously, and the physiological
phenomena that eventually are describable as communication, etc., did exist.

The big step leads to the onset of literacy. The earliest forms of writing can be traced
to approximately 5000 years back in time. It is the Sumerian cuneiform script. On the
other hand, we also have examples of cave “art”, dating as much as some 25000 years
before that. These also might be suspected of having some role in the origin of writ-
ing. It is this we look at next.

3.2 Hypotheses on the origin of writing

Besides the apocryphal view of writing being given to humans by God, there are two
other hypotheses regarding the origin of script (Friberg, 1994). The first one, origi-
nating in the 18th century, suggests that writing emerged from pictographic inscrip-
tions, as suggested by findings at different sites throughout the world. Steps in the
development, according to this hypothesis, consisted of gradual simplifications of
these originally totally pictorial inscriptions, leading for example to Egyptian hiero-
glyphs and Chinese pictographic characters.

Hieroglyphs are found starting from the time of the First Dynasty in Egypt, about 3100
BC (Foley, 1995), and – as the hypothesis would predict – their change has in the
three millennia that followed led to a phoneticized variant where each sign received a
rather stable phonetic interpretation56. The first appearance of Chinese characters is
dated to about 1700 BC (Foley, op. cit.), and has later led not to phonetisation, but
towards simplification of the characters and to building complex ideograms by joining
elementary characters in specific ways.

There are nevertheless reasons to believe that the process is not really as simple as it
looks. More on that below, but even here one might notice that this hypothesis as-
sumes writing systems and cultures as completely independent, separated,
non-interacting entities. But, on the contrary, at least when dealing with the Egypt and
the other Middle East cultures, we are dealing with societies that were both physically
near—it is about 1500 kilometres from one end to the other, from Egypt to Mesopo-
tamia, and in constant economical relations of different kinds57.

The other hypothesis stresses the importance of tokens, “small and seemingly insig-
nificant clay objects of various forms and sizes” (Friberg, 1994), found since the
1920s at archeological sites of the Middle East—Mesopotamia, Syria, Jordan, and
dated as far back as 8000 to 6000 BC. Understanding of their function, now almost
certainly identified as having to do with counting and record-keeping, emerged slowly
from the 1950s and onward, and is now substantiated significantly by the three dec-
ades of Denise Schmandt-Besserat’s  continuous work on the subject.

With the change of the way of life for groups of humans in the arid areas around the
rivers of Tigris and Euphrates in present-day Iraq – from the gathering and hunting
one to the one of cropping – these could for the first time afford both to have (due to
favourable conditions for agriculture) and to keep (due to not needing to wander)
surplus. It seems that the need to keep track of this new wealth was rather instant,

                                                
56 One is of course still free to pictorially interpret both this kind of hieroglyphs and even our pres-
ent-day written words. Nowadays children seem to do that in their pre-literate stages (cf. Olson, 1994).
57 It is probably not completely wrong to consider war a kind of an economic relation.
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anyway historically speaking. Archeological findings show the contemporaneous
appearance of tokens of property: differently shaped pieces of stone, clay, bitumen,
and plaster, which would represent (stand for) sheep, olives, etc. (Schmandt-Besserat,
1986). Their relation was in the beginning “one-to-one” to objects they represented, so
that if there were three sheep to be represented, the representation would amount to
“sheep, sheep, sheep”. Then, nothing important happened in the next 5 millennia, save
for the eventual fact that during that time the number of wealth mentioned previously
increased, and in parallel with that, the number of types of tokens. To keep the tokens
of the same kind together, vessels of clay were made, spherical in form and practically
completely closed. In order to make it visible what kind of tokens was to be found in
them, the practice of imprinting a token of the appropriate kind in the wet clay on the
outside of the vessel before baking was initiated. So, the imprinted token on the
outside was now a representation of those tokens that were inside the vessel, that were
representations of some real assets, say sheep, to be found in the belongings of a
certain owner.

From this moment, the next change seems to have taken not more than mere two
hundred years: it was found that it was not absolutely necessary to imprint a very copy
of a token onto a vessel, but that it was enough to make a somewhat similar sign by
the use of an appropriate sharp object. But then, it was neither necessary to make this
sign on the very vessel that the tokens were placed in, but that the sign could stand
alone, independently of them (say, on a plate of clay). To put it somewhat differently,
the tokens became dispensable: the first script was born. The rest is, as it is usually
said, history.

More specifically, the basic assumption of Schmandt-Besserat’s theory of the early
development of writing as a tool for counting and communication can be put forward
as follows (Friberg, 1994):

• the appearance around 8000 BC (at the time of agricultural revolution) of five or
six basic types of tokens

• gradual introduction in the late fifth and early fourth millennia of types and sub-
types of tokens, so-called “complex tokens”; also occasional use of perforations,
allowing groups of tokens to be strung together

• an explosion of diversity of tokens with the formation of first cities and states, at
the limited number of locations, connected to the increase in the variety of mer-
chandise and/or production at these sites

• the invention of clay bullae (“spherical envelops”) where tokens were kept, some-
times marked on the outside with more or less schematic representations of the to-
kens inside

• a short parallel use about 3300 BC of “impressed tablets” together with spherical
envelopes, both yielding the same information

• the invention of writing on clay tablets, with sometimes pictographic, but most
often abstract signs representing in two dimensions the complex tokens they re-
placed

So, on the account of token hypothesis of the origin of writing, we also have inscrip-
tions that are supposed to look like something else, but that ‘else’ is not something
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unmediated natural, an inscription resembling a natural sheep or cow, but resembling
a proxy of the nature – it also natural – the token for sheep or cow.

It is within this system that also the syntactical property of writing has developed
(Olson, 1994, p. 73). The practice of representing each entity with its own token
(one-to-one mapping) was replaced by a new one, where the sort that the entities
belonged to was represented with one token, and their number with another one
(many-to-one, for the both cases). For instance, “sheep sheep sheep”, replaced by “3
sheep” (of course, all in the Sumerian cuneiform). The inscriptions of the latter form
are now free to enter into new and differing relations.

The writing system that came to be shaped in this way is what is known as the cunei-
form Sumerian writing. Through interactions such as trade and war, existing systems
did influence each other. Olson (op. cit., here and for the next several paragraphs) sees
precisely this mutual influence as the path that, about two millennia later, led to true
phonographic alphabets.

The Sumerian cuneiform is a logographic58 script, meaning that one inscribed sign
was one word, say denoting a sheep. When such a system is borrowed to another
language, it might happen that the new users adopt it so as to keep the phonological
properties but not the semantical. In other words, in expressing in writing a word such
as “beer”59 in their language, they might take from the previous system those symbols
that when written, amount to the sounds of saying ‘beer’ in the present language (for
instance, the symbols for ‘bee’ and for ‘ear’ from the previous).

The first step in the course of this transformation is for a script to become syllabic.
This happens as the symbols borrowed from another system are such that they perform
the role of that what we now call syllables.

In the next step, certain aspects of syllables are lost, or rather taken for granted. This
development is seen in a script where only consonants are denoted, whereas vowels
are supposed to be filled in (as in the modern Arab as well as in the modern Hebrew).

In yet another adoption by another culture, the complete phonetic alphabet is created.
As the Ancient Greek was an irregular language in terms of consonants and vowels
(i.e., not having just regular structures of the kind C-V-C-V-C, but also for instance
C-V-C-V-V) it was not able to accept the phonological properties as they existing in
the script of the culture the Greeks borrowed from (the Phoenician culture). The
Greeks needed also to have signs for vocals. Not having as many consonants as the
Phoenicians, they turned some of the Phoenician consonant signs into vowels (for
instance aleph60, or alpha), and also invented some, thus completing so as to get what
they needed.

As we have seen, the difference between the two hypotheses does not concern that
much the idea of pictorial representation—it is present in the both. Rather, it concerns
that what is inscribed: a ‘natural’ thing (ox, sheep, etc.), or a token. The difference is
not essential, as even ‘natural’ things are learned to be constructed by a cognating

                                                
58 Logos – word, amongst other meanings.
59 This pedagogic example of the author is obviously in English; Olson (op. cit.) has an example in
Akkadian.
60 Originally meaning ox in Semitic; also beth (later, beta, a letter in Greek) – house, gammel (gamma)
– /probably/ camel.
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organism, but probably concerns different processes or mechanisms involved (cf.
Chapter 6, “The signification relation”).

3.3 Lessons from history

As in reality having taken ten millennia to complete, the story just told is of course
drastically reduced. But, it nevertheless has some telling things to say. There seem not
to exist giant steps in the development of even the most vital aspects of the human
culture, but rather a mutual interactions usually having other, mainly everyday eco-
nomic desires as the primary motives.

One of the great cognitive achievements of the human pre-history (or, rather, of the
dawn of history), was the decision to settle down and start agriculture, instead of
leading the gatherer and hunter lifestyle as before that. This decision obviously lead to
the appearance of surpluses that themselves lead further to the need of exchanging,
and keeping track of the exchanges, of these surplus.

One other cognitive achievement of this period of human development, maybe as
great or greater than the pervious one, is the decision to domesticate animals such as
sheep and the like, instead of killing them and eating them at the first sight. It seems
that the greatness, or deviousness, of this discovery lies not as much in the constituent
developed ability not to act by the first impulse, but more in the resulting state of
affairs that much greater number of animals became thus available for consumption by
a much lesser effort, and in the by-product that the animals – if maybe not really
gaining trust in humans – seem to have completely lost courage and abilities to fight
such dominance.

Establishment of the schemes61 needed for these and many other feats in the course of
human development is probably an important ground for further advance. Here,
‘ground’ is meant both cognitively as formation of the schemes, and as a realised
economic foundation that enables further economic growth. It seems to be the law of
the development that it has such manifold effects, including both the growth in com-
plexity of the cognitive structure, and of – what in terms of the present-day physics, as
constructed by humans, might be described as – a reduction of entropy in the envi-
ronment of the cognating organisms in question.

Concerning the origin of writing, we have unavoidably dealt with hypotheses. But,
these are plausible hypotheses62; we should also remind ourselves that the process of
re-constructing our history is a continuous one: if we accept what was mentioned
previously – that one of the functions writing has taken was to keep record of histori-
cal events – then beyond the point of inception of script, the nature of our
re-constructions of the history changes somewhat, taking a different form: artefacts
come into focus, substituting inscribed symbols.

Several further points seem to be worth noting. Concerning the token hypothesis, it is
obvious that the concretely realised physical form of the previous phase, the manner in
which the tokens were kept, had a direct influence on the realisation of next phase, the

                                                
61 That these schemas did, or do, exist is clear when one considers the parallel attempt at enslaving
other humans, that has just recently – if it did – seized to exist.
62 See, for instance, Ong, 1982, pp. 85-93, and Olson, 1994, pp. 69-78, for a somewhat broader but in
general concordant account.



A historical perspective

73

idea to draw/write the images of tokens. This has then, in the course of ages, led to
refinements of this skill and to that what is nowadays termed the cognitive capacity to
write. But, there are other ways of record-keeping that have been invented in the
course of history. We might for the moment picture another course of developments,
where for instance the very intricate technique of record-keeping of Incas has come to
dominate the human society. Referring the reader to other sources for details (e.g.
Ascher and Ascher, 1981), it will be just pointed out that the quipu technique, as it is
called – involving tying dyed cords together according to certain structural principles
– is considered to have engaged rhythmical and colour aspects of the practising
individuals to a very significant degree. The point here is that persistence of this
system would necessarily have developed somewhat different aspects of humans using
that system, and lead to somewhat different functioning of what we currently call a
human cognating system: we might have had complex representational systems
structured on the rhythm or on colours instead of inscribed signs. That world would
certainly not have looked the same as the one we have today, for better or for worse.

The idea is that certain ‘decisions’ in history do not have just direct consequences
related to the events in question, but also significantly constrain what future
‘decisions’63 might be made. This appears to relate significantly to the vision of
cognition as a recursive process operating on itself, as proposed by von Foerster and
by the autopoiesis approach, coarsely approximated to the form: “Now that we have
this, what can we do with it?”

Further, a cognating system of say humans is without a doubt a dynamic, changing
system viewed in the course of history. It is precisely the changes that the system is
undergoing in this historical perspective, that have not yet been in the focus of re-
search in cognitive science.

Yet another thing to note concerning our falling down the rabbit hole of history is
certain general trends and shifts: from an exclusively oral but also visually unre-
strained past, the humankind has under the last five millennia shifted, if slowly, to a
literate era with the ability, characteristic of reading, of scanning which certainly
shaped the mind. All this to be lately and powerfully replaced by a new shift to the
image-like medium – that of TV, and various forms of virtual reality. It is an exciting
field of a science of cognition that seems to be in want of further attention.

3.4 Conclusion

In the present chapter, we have studied neither communication nor cognition explic-
itly. Rather, we have taken a historical approach, viewing processes spanning hun-
dreds and even thousands of years. It was nevertheless stressed that taking such
perspectives isn’t met very often in classical cognitive science.

The processes that we have viewed are cognitive and seem to be of importance when
we later introduce signification relation (Chapter 6). In addition, two rather “purely
cognitive” proposals were made in the course of the chapter:

                                                
63  Scare quotes as, of course, no decision-making of any individual or body on the level of history is
involved; rather, it is a process taking place on the level of individuals and having a certain historical
outcome.
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• in line with the idea of recursive functioning of cognating systems, it is proposed
that even the phylogenetic development of cognating systems is in a sense recur-
sive, too. If this is so, then this would question the notion of an existence of a his-
torically constant set of characteristics that define a cognating/intentional system
(say, humans). Rather, we would – in a historical perspective – create our cogni-
tion.

• and, a proposal is put forward that structuring of a new cognitive scheme within a
system is paralleled by a change/increase of entropy (as entropy is contrived, de-
fined and measured by today’s mainstream science) in the vicinity of the cognating
system. While this proposal is not stated in a formal or testable manner, it might
serve as an impulse for further elaboration.
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4. An overview of the field
Under the heading of communication, one can meet a wide variety of differing con-
ceptions. The entry in “Encyclopaedia Britannica” on communication identifies the
following main foci of interest for the research in the field:

1. the mass communication industries, the people who run them, and the
effects they have upon their audiences

2. persuasive communication and the use of technology to influence dis-
positions

3. processes of interpersonal communication as mediators of information

4. dynamics of verbal and nonverbal (and perhaps extrasensory) commu-
nication between individuals

5. perception of different kinds of communication

6. uses of communication technology for social and artistic purposes, in-
cluding education in and out of schools

7. development of relevant criticism for artistic endeavours employing
modern communication technology.

While we might have some hesitations considering the appropriateness of the list (viz.
whether it is exhaustive and non-overlapping), it serves well the purpose of showing
the diversity within the field.

In order to be able to present the research in the domain of communication in a some-
what compact form (without a doubt omitting quite a few of the topics contained in
the list above), it will be necessary to impose a certain structure on it. For that pur-
pose, the two by now familiar constructs from earlier chapters, namely intentionality
and the phenomenon of epistemological solipsism, will be used. In doing that, we will
follow the line of exposition introduced at the outset of the study, namely to regard
cognition and communication as two closely interrelated topics.

So here in Chapter 4, we partition the field of communication so as to gain an appar-
ently simple structure. We identify two general approaches within communications
research, the behavioural approach and the studies of semiotics. These two are then
elaborated in two separate chapters, focusing on three different domains: investiga-
tions from an ethological perspective, and process approaches to human communica-
tion in sections 5.1 and 5.2 of Chapter 5, respectively, and the study of the significa-
tion relation in Chapter 6. Finally in Chapter 7, we first summarise these above
mentioned approaches by presenting them in a single diagram, and then proceed to
expose a certain compilation of different ideas reviewed earlier in the study. These are
chosen by the author so as to produce what seems to be a (yet another) proposal for
understanding the construct of communication. Although originality is not claimed,
the perspective taken is not one that is too often met in texts concerning communica-
tion. It combines a biological standpoint regarding intentionality with the recursive
understanding of cognition and cognitive development (both ontogenetically and
philogenetically).

Part III  –  Communication research
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4.1 Partitioning the field

The vast extent of the field of research on communication was already mentioned
previously. The first decision that must be dealt with is thus: how to partition this
field, how to give an appropriate picture of it? Two solutions are standardly offered:

One appropriate way of partitioning the field, in accordance with the approach in a
popular introductory text to communication (Fiske, 1990), seems to be the following:

• Communication as a process of influencing others, vs. communication as a way of
creating meaning.

In the former of these approaches, a behavioural aspect is usually taken. The focus is
on how the influence is achieved and what it consists of. Such an approach conceives
of communication as having at least two parties, or roles: the role of the one who
influences, and the role of the one who is influenced. Most usually, the names used for
the two roles are source or sender and receiver64 (cf. for instance definitions pertain-
ing to biology, ethology, and ecology in Table 2.1 in Chapter 2, and Gerbner’s model
in Figure 5.3). These terms originate in the mathematical theory of communication
and, as pointed out in section 2.2, this might give an impression to the users of the
terms that the security of the mathematical formalism lies in the bottom of one’s
reasoning although this might not have been secured by the theorist in question. It is
thus proposed here to the reader to accept using two neutral terms instead, such as x1

and x2, in order to evade the usage of the terms related to the mathematical theory of
communication.

The latter of the approaches above should, to a first approximation, be considered
identical with semiotics, the science of understanding the signification relation. In this
approach, most of the attention is devoted to the process of interpretation of signs
(‘one-sidedly’, so to say, if we compare the present approach to the previous one), and
it is in parallel assumed that the process of production of signs involves similar but
inverse activities (Fiske, op. cit.).

Another, apparently rather different direction from which to approach the question of
partitioning the field under examination is to evoke the construct of intentionality. Put
very directly, the question might be:

• Communication as an intentional behaviour vs. communication without intentions.

It is as such that the question is posed in for instance the introductory text by Burgoon
and his co-workers (Burgoon et al., 1994).

Before answering, we might give a short résumé of our previous discussion of the
term intentionality. The main distinction seems to be the one between the under-
standing of intentionality as aboutness, which is common for functionalists (and
partially Searle), and that as a specific biological phenomenon, for instance the under-
standing of the neurophysiologist Freeman, who sees it as a neural structure of a
certain level of complexity, having the distinctive features of unity, wholeness, and
intent (section 1.3, “Intentionality”). How might communication be reflected in these
distinctive positions on intentionality?

                                                
64 Which makes one wonder. For, these two are not – according to Shannon’s model – the opposites.
One would rather expect source and destination, or transmitter and receiver.
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In the view of functionalists (the functionalism-as-a-theory-of-mind approach), for
instance Fodor as expounded in subsection 1.3.3, a prerequisite for communication
might be assumed to be the existence of an internal symbolic system, plus a relation of
the elements of this system to an external reality, and finally, an ability of this system
to effectuate that what is called external representations (i.e., symbols). To the best
knowledge of the present author, there is no work of Fodor’s relating explicitly to
communication, but the assumption is that, say, two present-day computers connected
over a network (a server and a client) might65 be an instance of genuine communica-
tion according to this approach. So, the answer here seems to be reached in a rather
formal manner, depending of the structural characteristics of the systems (as seen by
an observer, unavoidably): the main prerequisite being that there exist what can be
termed internal representations within both parties (both x1 and x2, if we use the labels
proposed above). Further, it seems reasonable to conclude that the approach holds that
there is no possibility of communication if the prerequisite on intentionality, as
defined within the approach, is not fulfilled on both parties.

In the sense of the neurophysiologist Freeman (subsection 1.3.5), intentionality can be
approximated to the purposive behaviour of intentional systems, which are humans,
other vertebrates, crustaceans and some molluscs. Some of their purposes might
concern other such intentional systems (that is, other humans, vertebrates, crustaceans
or some molluscs), presumably in a way that respects and preserves the unitary inten-
tional aspects of these others (thus, the event of a human doing away with a domestic
animal for the purposes of consumption does not qualify as a communication event).
Here, we have the alternatives: x1 ‘communicating’ with an entity being an intentional
system but not for the moment engaged in purposive behaviour with x2 (so-called
attempted communication, discussed further below), and x1 ‘communicating’ with an
entity not being an intentional system itself (misfired communication, not discussed
further below; reminiscent, though, of Dennett’s intentional stance). This approach
falls then within the frame of the next heading.

To return to the question posed above, whether communication has to be an inten-
tional behaviour or not, it appears to the present author that one of the three answers
might be given. These are: no, maybe, and yes. As for the first of these, it is the one
given by most of the scientists in the large field of the research on communication in
species other than Homo sapiens (although, the views are far from completely homo-
geneous, as indicated later). It is the field of ethology, which encompasses communi-
cation as well as other kinds of behaviour of members of other species. There, inten-
tionality is typically not seen as a prerequisite for communication. As to why this is
so, the most probable reason appears to be that there is no accepted criterion for
identifying intentionality. Instead, some of the aspects of behaviour are – under a
certain proposed definition of communication – simply accepted as instances of
communication. But, this mostly behavioural approach to communication nevertheless
certainly widens the views both on communication as the phenomenon in general, and
on communication in humans. The field has become very productive in terms of

                                                
65 ‘Might’ as Fodor – according to Dennett (1987, p. 288) who relates a public debate in which they
both took part – seems to agree with Searle on computers not really being intentional systems. But, that
could also have been a slip of the tongue; the claim does not seem present in the writing. Actually, one
might wonder what assumptions within the functionalist approach to the mind would support the claim.
But, we need not connect such reasoning only to Fodor. We might assume the view of communication
as expounded above as a functionalists’ view in general.
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research, and a glimpse of it is in this study presented in the first section of the chapter
that follows.

As for the other two answers, the uncertain and the positive one, they might best be
understood if we consider two possible cases. We might consider the case where
intentionality is considered as a prerequisite in general for the organism communi-
cating, but that it might not be considered of importance to ‘exhibit’ that intentionality
at the very moment of communication. Or, it might be considered important both that
the organism is an intentional one, and that it is intentionally engaged in communica-
tion.

Intentionality as a prerequisite in general. The functionalist understanding of inten-
tionality was just restated a couple of pages ago. In addition, there are many research-
ers unsatisfied with the notion of intentionality as it was received from Brentano and
Husserl, as well as with the Cartesian dualism that it entails. There seem to exist two
main ways in which this was dealt with throughout the present century :

• disregarding intentionality, as behaviourism, the autopoietic approach, and von
Foerster – to name some – did; in passing, it might be noted that this is not a com-
pact group, as some of these approaches try to solve the problem of dualism, while
others do appear to accept it,

• modifying it, as Heidegger, functionalists, Searle, Freeman, etc., did; needless to
say, neither is this group homogenous.

Further indicating the complexity of the problem is the fact that it is possible to define
intentionality operationally, and thus ostensibly deal with ‘intentionality’ while being
in the absurd situation of holding oneself on just one side of the problematic Cartesian
divide (this approach might be views as characteristic of functionalists).

So, concisely, while it might be claimed that intentionality in general is important for
communication, there are deep disagreements about how to comprehend it. Thus,
taking this as a condition upon which to perform our partitioning of the field appears
not to be very advisable. Now, let us look at the other answer.

Intentionality as a prerequisite at the moment of communication. If one is deter-
mined to take this temporal aspect of intentionality as relevant for the study of com-
munication, then one presupposes that – in one way or another – intentionality in
general is present in the organism eventually communicating. This seems to be the
most usual approach taken. What is investigated then is consequences of the presence
or absence of the intent to communicate at a certain moment on the part of x1 and x2

(the party that influences and the party that is influenced, as mentioned earlier). This
gives rise to Table 4.1, reprinted from Burgoon et al. (1994).

Prior to relying on the Intention Matrix depicted in this table, a notice on its use
should be made. The matrix is made so as to assume a sender and a receiver, that is, a
one-way process which is rather seldom in usual situations. If one adheres to this
model, then the way to describe usual situations would be to propose a constant
exchange, or even parallel existence, of the two roles (for instance, as depicted in
Figure 5.1 in Chapter 5). In the discussion that follows, the author will follow the
simplified Intention Matrix structure, but an awareness of the factual constant ex-
change of the two roles would be appropriate to have in mind.
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                                X2

                       |Intends |Does not|
                       |        | intend |
               ----------------------------
                       |        |        |
                Intends|   A    |    B   |
           X1   ____ ____|________|________|_
                Does   |        |        |
                not    |   C    |    D   |
                intend |        |        |
               ----------------------------

Table 4.1 – Communication and Intention Matrix. (A-Communication,
B-Communication attempt, C-Ascribed communication, D-Behaviour).

[Reprinted, slightly adapted, from Burgoon et al., 1994, p.21.]

It is held (e.g. Burgoon et al., op. cit.) that cells A and D represent no problem for any
analysis, that is, that purposive activities that x1 and x2 engage in with the intent to
communicate (cell A) are certainly communication, and that cases of no intention for
purposive activities on both parties are clear cases of no communication (cell D).

While this might be accepted for the purposes of partitioning the field, a problem
should nevertheless be pointed out, that neither x1 nor x2 can take the “God’s eye point
of view” (subsection 1.1.1) and know whether the other also intends to communicate,
or not. Further still, no researcher is in the position to take this point of view themself.

The consequence of this is that, if one is dedicated to using this Intention Matrix in
their research, one is usually forced to apply one kind or another of a behavioural
analysis (which then is used as a proxy of the “God’s eye point of view”): one posits
some observable criteria that need to be fulfilled in order to ascribe intent to the
parties eventually communicating. This is probably better than having no criteria at
all, but an awareness should exist that this is not more than just one way of determin-
ing things, while other ways might also exist.

In passing, it is most interesting to note that none of the parties eventually communi-
cating can, under the course of that interaction, get a definite knowledge of the exis-
tence or non-existence of the intent of the other party to communicate by asking such
a question (i.e., through communication). Instead, each party engages in something
that to the other party looks like communication, and – most often  – even that other
party seems also to intend to engage in the activity. In the course of communication,
both its matter proper and its length and shape are agreed upon.

If we continue with the line of thought indicated above, we might proceed to cells B
and C. This brings us to the possible paths of further investigation.

Cell C reflects the case where x2 intends to communicate but x1 is not engaged in that,
and cell B the reverse situation. Starting form the cell C, it seems obvious that the
activity of x2 behaving as if the intention to communicate existed on the side of x1, is
an integral part of instances of ‘true’ communication (cell A) according to the Inten-
tion Matrix. In both cases, x2 engages in constructing meaning from what is perceived
to originate from x1. But, exactly because of this, x2 has no possibility of discerning
instances of A from instances of C. Namely, x2 is not in the position to independently
of the communication itself find out about the state of x1’s intentions.

So, if it is only communication procedures themselves left for trying to reach this
knowledge, then we see that one must start off a new attempt to communicate, and
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thereby initiate own interpreting mechanisms before new knowledge of the state of
other’s intention to communicate is gained. If we would now wonder if this latter is
communication – that is, if the intention to communicate exists now at the other end
too – we would again need to start an interpreting mechanism as a part of a new
communication in order to assess that. This circle seems never to stop. Thus, it seems
obvious that situations represented by cells C and A are indistinguishable from the
point of view of x2.

Instances depicted in cell C of the Intention Matrix seem thus to fall into the broader
field of the research of semiotics. At the beginning of this section, it was mentioned
that semiotics investigates the signification relation, where interpretation is a promi-
nent part, which seems to coincide to a great deal with what x2 does with relation to
both cells C and A. so, the topic of signs is covered in Chapter 6. (Both of the inter-
locutors, x1 and x2 actually perform – in the course of intentional, goal-directed com-
munication – in parallel their both roles of producing and interpreting signs and of
constructing meanings based on their present and previous experiences and their
bodily structure. In the present exposition, the simplification is done partially in order
to be able to use the Intention matrix.)

As for the cell B, this possibility will be treated here as x1 – intending to
communicate – ‘goes through the motions’ of communication in the hope of getting
intent from x2 for the same thing. We might say, paraphrasing Dennett, that a commu-
nicational stance is assumed by x1. This stance appears possible to be applied to
others, those both intending and not intending to communicate—and, for that matter,
even to non-intentional systems. Intending to communicate, x1 is here in the same
situation as that of x2 in the previous situation discussed. Namely, x1 is not in the
position to independently of the communication itself find out about the state of x2’s
intentions. Outside the concept sketched by the matrix, it is both interlocutors that – as
just mentioned above – constantly exchange their roles; just for the explanatory
purposes, the approach dealing with schemes of communication is here assigned to
cell B.

So, for the sake of explanatory clarity, cell B cases will be considered as attempts of x1

to produce things that, according to some process approach, look like instances of
communication and hope that x2 will respond so that the response, according to a
communication scheme existent in the social structure the two parties belong to,
corresponds to an intent to communicate. Namely, x1 – intending to communicate, and
even performing a ‘communication attempt’ – probably has some scheme or structure,
and an expectation of what a dynamics of an interaction should look like. So, in-
stances belonging to cell B are here treated as process approaches, of which some
linear models are treated in section 5.2.

To conclude, the line of exposition that will be followed is presented in Table 4.2. It is
assumed that the table accommodates the roles of x1 and x2 (or the source and the
receiver, as in the original) only for the explanatory purposes, and that these roles are
permanently exchanged during the course of an instance of communication. The case
of cell A is, according to the present author, an abstraction or a metaphysical asser-
tion, and will thus be considered just indirectly here—through dealing with the other
two approaches. The initiating part of a communication instance (cell B) is here
presented under the heading of process approaches, as it is supposed that x1 has some
scheme of the communicative process and that this scheme might be represented by
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what process approaches usually give as models of communication. The interpreting
part (cell C) is presented in the chapter concerning the signification relation.

                                  X2

                       | Intends  |     ?    |
                       |          |          |
               -------------------––-––-------
                       |Not discus–|          |
                Intends|   sed    |         Ch. 5           |
           X1   _______ _|__________|__________|_
                       |          |          |
                  ?    |        Ch. 6          |Not discus–|
                       |          |    sed   |
               ----––––------------------------

Table 4.2 – The plan of the exposition for the rest of Part III: chapters where
particular instances are discussed are given here as the content of the cells. (Also,

a summarising discussion follows in Chapter 7.)
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5. Observing the behaviour
In approaches of this kind, an observer’s perspective is taken while performing a
research on communication, and attention is paid to the behaviour of eventually
participating organisms. The results of such analyses are, or might be, presented as a
flow diagram of some sort. These result, and their graphical depiction, can be under-
stood either as descriptions of reality, or as representations of those schemes of
communication that we all have built up in the course of our social comportment. If
understood in the former way, that is, as a description of ‘what really takes place’,
then one must have, in the course of producing the description, treated the participat-
ing entities as having inputs and outputs (i.e. treated them as allopoietic machines, cf.
subsection 1.2.3, “Autopoiesis”), which means that whatever system that behaves in
such a way would here be understood as a communicating system.66 This view ap-
pears to lead either to an outright behaviourism, or to postulating some mental entities
that would anyway enable the behaviouristic paradigm (the causal role of the stimu-
lus) to be theoretically permitted.

These results might, on the other hand, be conceived as kinds of schemes that humans
(and other cognating systems) build and use in conducting their communicative
processes with others. Within this approach, an eventually presumed exact content of
these schemes is known only in outlines, and to only that same limited degree mapped
onto these constructed schemes (i.e., scientific results).

With these dilemmas in mind, we now proceed to meet two approaches to communi-
cation: communication in species other than Homo sapiens, and linear models of
human communication.

5.1 Communication in other species

Used first as a food source and later for doing work instead of humans, other species –
those who could not escape – have slowly gained a more prominent status in the
course of the human cultural development. If we disregard the sacrificial role here, it
was in studying human physiology and the effects of medicines that members of other
species got up the scale of interest for Homo sapiens. It was with the experiments of
the Russian neurophysiologist Ivan Pavlov on dogs performed about a hundred years
ago that other species stepped into the scientific inquiry of the human mind.

From the beginnings in the 1930s67, a new science was slowly formed, and it later
received the name of ethology. It focuses on the scientific study of the behaviour of
animals. The new approach – as represented most prominently by the pioneering
works of Karl von Frisch, Konrad Lorenz, and Nikolaus Tinbergen – was character-
ised by its interest in behaviours of animals in a broad range of natural situations, as

                                                
66 Compare with the Turing Test for computer programs: it is ‘passed’ by a programme if it lures a
human judge into considering the verbal performance displayed in a teletype dialog as have been led
with a human, though it actually was a computer programme that ‘interacted’ from the other side of the
teletype line (c.f. Franklin, 1996).
67 Prior to this, gestalt psychologist Wolfgang Köhler, being interned on the island of Tenerife during
the years 1913–1917, devoted his time to the study of problem solving in chimpanzees. He claimed that
these primates reach a moment of insight in problem solving, the phenomenon apparently appearing in
humans too (McFarland, 1993).
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well as by turning to a wide variety of sources for finding explanations of the behav-
iours observed.

The relation between Homo sapiens and other species is a complex one, with humans
both exploiting other species and being fascinated by them. On the one side, the
difference between Homo and other species is often exaggerated while similarities
repressed and minimised68; on the other hand, there seems to exist a growing under-
standing and a hope that we will learn more about us, and that we might come closer
to the solutions of the great unresolved puzzles of our existence by researching exis-
tence of other species. Part of this understanding seems to be reflected in the growing
interest in simulating animal behaviour (to which part four of this study is devoted).

The presentation that follows is based mainly on two text-books (McFarland, 1993;
Krebs and Davies, 1993). Although with some differences, their approach is basically
rather similar, and it is these common grounds that are of primary interest here.

Concerning communication, an ethologist is interested in signals and displays
(explained below). These are special behaviours and structures related to communica-
tion (for a definition, see Table 2.1 in Chapter 2 earlier in this study, the Krebs and
Davies entry), and are designed by natural selection (Krebs and Davies, 1993). This
last factor is a very important one, for it appears to minimise or eliminate the need to
deal with intentionality, or even simple intentions. If intentionality is claimed to have
been identified in some ethological research, it is usually put under close scrutinising
by other researchers, in order to investigate if some other term could be used instead
(see e.g. Wilder, 1996, for an example of such investigations).

But, if intentionality or intention might be considered a hot potato in ethology, what is
much less disputed is the existence of intention movements (Krebs and Davies, 1993,
p. 359; McFarland, 1993, p. 409), such as by “a bird when it crouches and tenses its
muscles for take-off”. A comment might be in place that if intention movements are
accepted to exist, it might then be assumed that there also exists an intention to move
in that particular way. Such a view would conform somewhat more closely to Free-
man’s (1995) position (as expounded in section 1.3 on intentionality), but the discrep-
ancies between different positions within biology and neurophysiology seem not to
have converged yet.

Further, the roles of an actor and a reactor, or sender and receiver, are introduced.
Here, we do have some differences between the two approaches. Namely, Krebs and
Davies belong to the approach to ethology that calls itself behavioural ecology, an
approach that recognises almost exclusively the role of evolutionary processes. Fur-
ther, they adhere to the “selfish gene” idea proposed by Dawkins, which leads them to
assign only actors as benefiting from these evolutionary changes induced by natural
selection. McFarland, on the other hand, reiterates the traditional ethological view that
“evolutionary developments in communication must occur in both actor and reactor”
(McFarland, 1993, p. 421). So, the distinction between the actor and the reactor is
made more often in Krebs and Davies (1993), while a view of mutual interactions of
the two is met more often in McFarland (1993).

                                                
68 Freeman (1995) assumes that humans have systematically through history eliminated those species
that were close to them, but not really them. In support of this assertion, Freeman mentions the fact that
present-day great apes can be found only in jungles, that humans have left long time ago.
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To acquire a better understanding of this distinction, we might consider that ethology
is characterised as a discipline striving to give answers in terms of the following four
aspects (Jamieson and Bekoff, 1992):

• causation: what triggers the behaviour, e.g. a change in hormones;

• ontogeny: how does the behaviour develop, e.g. by learning it from parents;

• survival value or survival function: what is this behaviour for; how does it affect
the survival of members of the species, e.g. startling reflex in birds triggered by any
dark hovering object, which might be a predator;

• evolution: why did the behaviour evolve, e.g. why did the behaviour change since
that of the ancestors.

So, according to the traditional ethology, the results should be derived from these four
sources. (These are also known as Tinbergen’s four questions.) But, behavioural
ecologists rely mainly on the so-called ultimate causes (Krebs and Davies, 1993).
Namely, a distinction is made between proximate causes, for instance causation
(another example: birds migrate south due to decreased length of daylight) and ulti-
mate causes, which is for evolutionary ecologists survival value (another example:
birds migrate south in search of richer food supplies).

In the rest of this section, in order to give the reader an opportunity to acquaint them-
self with the communication research from the ethological perspective, the topics of
the origin of signals and displays, mutuality, deceit, and manipulation are given short
presentations.

The origin of signals and displays. The onset of a signal is assumed to have hap-
pened in the following manner (Krebs and Davies, 1993): it favoured reactors to be
able to anticipate from a slight movement (signal) of the actor what the actor’s next
action will be. For instance, a dog might be better off by being able to predict an
attack on the basis of the other dog’s bared teeth, compared to another dog unable to
do so. This difference might represent an advantage and, under appropriate conditions,
it might spread by means of genes to other individuals in that population.

When this first fixation of the signal is presumably established, it might be in the
second phase used by an individual in its role of an actor to induce the reactor into
anticipating the behaviour thus fixed even without really being necessary for the actor
to engage into that behaviour itself. To continue with the example above, when baring
the teeth is established as a signal, it might be displayed by a dog-actor even if that
dog is not really prepared to attack, but only displaying its threat.

There are two hypotheses for the evolution of ritualised signals: the reduction of
ambiguity hypothesis, and the manipulation hypothesis. The first draws on the
stereotyped form of most of the signals, and suggests that it resulted from a selective
advantage: individuals whose signals are less prone to be confused by reactors are in a
more favourable position, compared to ones where confusion of signals appears more
often. Yet another advantage, according to the same hypothesis, lies in the fact that –
although a signal shows the present general mood of the displaying organism – it does
not reveal the exact balance between say the readiness to attack and the readiness to
flee. So, it allows for a more unreliable interpretation from the reactor’s side than
what would have been the case had the signal been of a less rigid character.
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The manipulation hypothesis, on the other hand, conceives of evolution of signals as a
kind of contest. It starts by claiming that “Signals are specially evolved pieces of
behaviour with which one individual, the actor, alters or manipulates the behaviour of
another, the reactor, to the advantage of the actor” (Krebs and Davies, 1993, p. 365).
According to the hypothesis, the reactor will tend to resist being influenced, and thus
develop resistance to the signal. This would in turn lead the actor to increase the
amplitude of the signal, or exaggerate it in some other way, making it more character-
istic, stereotyped. On this account, it is manipulation that is of the primary evolution-
ary importance. Krebs and Davies point out that it is not specific individuals, but the
roles of the actor and the reactor throughout generations, that take part in the devel-
opment described above.

Manipulation above, the authors are careful to note, should not be understood as
conscious thought or intention. What is though acknowledged is, as mentioned previ-
ously, existence in various species of intention movements. It is from these that the
signals can be created by evolution.

In general, as the reader has probably noticed by now, although most of the research-
ers in the area are unwilling to assign intentionality to species other than humans, the
language met is filled with intentionalistic terms (‘searching’, ‘deceiving’,
‘predicting’, ‘manipulation’, etc.). This might give rise to the possible understanding
that it is these evolutionary processes taking place in time that are themselves that
living agency that is endowed with intentionality. Such a conclusion should then be
contrasted to the view that intentionality is a characteristics of an embodied cognating
structure, as presented in Chapter 1 (Freeman, 1995, eventually Maturana and Varela,
1980), and not of a process by itself.  On the other hand – and this explains the reser-
vation relating to Maturana and Varela’s work just expressed – one might consider
evolutionary processes by which evolution is sustained, say on Earth, as an autopoietic
process; the two authors themselves seem to have been of divided opinions as re-
garding a similar point, namely whether social relations do consist autopoietic proc-
esses (c.f. Maturana and Varela, 1980, p. 118). As for the researchers within the field
of ethology, another way out would be to maintain that there exists no intentionality at
all; but the present author could not find this statement in the works cited.

Mutuality. Mutuality occurs when “both signaller and receiver benefit from the
interaction” (McFarland, 1993). Mutuality between species can take on two forms:
commensalism, beneficial for just one of the two species, and mutualism, beneficial
for both (ibid.). Example of the first kind: the bird cattle egret lives close to cattle and
feeds on insects disturbed by the cattle; still, it does not remove parasites from the
cattle (as some other bird species do), and cattle seem not to benefit from the close-
ness of this bird.

An example of the true symbiosis, or mutualism, is in McFarland (op. cit.) described
as follows:

...the honey badger (Mellivora capensis) lives in symbiosis with a small
bird called the honey guide (Indicator indicator). When the bird discovers
a hive of wild bees, it searches for a badger and guides it to the hive by
means of a special display. Protected by its thick skin, the badger opens
the hive with its large claws and feeds on the honeycombs. The bird feeds
upon the wax and bee larvae, to which it could not gain access unaided. If
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a honey guide can not find a badger, it may attempt to attract people.
[McFarland, 1993, p. 420]

Deceit. Deceit occurs when “the signaller’s fitness increases at the expense of the
receiver’s” (McFarland, 1993). Taking mimicry as an example, a species (mimic)
develops characteristics resembling those of another species (model) so as to deceive
members of a third species (usually, predators of the mimics). In a caterpillar mimic,
there are certain markings on the head, and the caterpillar has the possibility to inflate
the skin around the head: when this occurs (usually when the caterpillar is disturbed
by someone approaching), the head resembles the head of a snake (ibid.). The mem-
bers of the third species, the predators of the caterpillar, are thus deceived into consid-
ering caterpillars as something that they are not – namely, snakes – and thus missing
their pray. Here, there is no use of the mimicry to the model69, just to the mimic.
Parasitism – as exemplified by cuckoos laying eggs in certain other avian species’
nests – is another kind of deceit, this time harmful for that other species. Cuckoos’
eggs (mimic) resemble the eggs of certain species of birds (model, a selected species
of birds, such that the mimic and the model eggs become difficult to discern). The
newly hatched cuckoo chick ejects out of the nest the eggs laid by the nest’s rightful
owners; besides that, these adoptive parents get engaged in feeding the strange chick
as if it were their own.

Manipulation. Manipulation can occur when “the receiver obtains information about
the signaller, against the interests of the signaller” (ibid.). For instance, a song of a
male bird might attract not only females, but also predators. This form is called
eavesdropping (ibid.).

Although manipulation is by McFarland placed as one amongst other ways of com-
munication in animals, it is in the view of evolutionary ecologists that phenomenon
that is actually identical with communication. Dawkins (1982) characterises commu-
nication as “a means by which one animal makes use of another animal’s muscle
power. This is roughly synonymous with manipulation”. As pointed out above, evolu-
tionary ecologists – and Dawkins is one of the frontal figures – view benefits
one-sidedly, only from what they term the actor’s side.

All of the three kinds of phenomena above (mutuality, deceit, manipulation) can exist
even in communication within species. It is interesting to note concerning deceit that
although “[w]henever there is any form of assessment, for example in combat, court-
ship or between parents and offspring, bluff, exaggeration and deceit might be profit-
able strategies... ethologists have failed to find many unequivocal cases of successful
intraspecific deceit” (Dawkins and Krebs, 1978, quoting Otte, 1974).

In conclusion, two points: one on understanding other species, and one on using terms
of the mathematical theory of communication. As of the first point, one might both
protest that so much of the presentations by the researchers is mixed with unnecessary
interpretations (specifically those in terms of intentional verbs and adjectives, such as
“selfish gene”), and at the same time regret that more valuable methods for the pur-
poses of presenting and understanding behaviour of other species – those that would

                                                
69 There appears, on the other hand, to exist a loss to the model: the signal (i.e., the display) might loose
its ‘value’, given that these caterpillars are not as dangerous as the snakes they mimic. So, even the
snakes might in the long run be disturbed by attackers not making a distinction between the model (the
snake) and the mimic (the caterpillar).
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be less immersed in human practices and values – have not yet been devised. Is living
close to members of the species one is interested in (as for instance Jane Goodall,
Dian Fossey and Biruté Galdikos have done in relation to the three great ape genera)
maybe a better way to understand other species (though certainly not the one ‘less
immersed in human practices and values’)? An expansion of this idea is explored
further in subsection 5.1.2 on signing in genus Pan; namely, interacting while taking
part in shared experiences seems to offer the best possibilities for establishing com-
munication. But, this is obviously possible in only a small subset of the range of all
possible interactions imaginable: neither with lions nor with sharks can humans have
much shared experiences. To borrow the terms from constructivists, the meeting of
intentions, which is a prerequisite of communication, might sometimes be a clash to
hard for the autopoietic systems involved to retain their autopoietic organisation after
it.

As of the mathematical theory of communication: terms pertaining to it are used quite
often in ethology. Krebs and Davies (1993, p. 370) note that the usage of the term
‘information’ is twofold, technical and colloquial. In the first sense, it is “[t]he reduc-
tion in uncertainty of an observer about the actor’s future behaviour following a
signal. [...] There is no doubt that most animals convey information in this sense”. In
the latter, “...when we talk of information we mean information ‘about something’.
[It] might be about the species, size, age, intentions, mating status and so on of the
actor. ...[W]e have referred to... information in this second sense”.

Although animals use information mathematically, the authors have used it colloqui-
ally. This is an interesting suggestion. Uncertainty being an intentional state
(intentional both in terms of “aboutness” – viz. ‘uncertain of …’ – and when regarded
in the context of goal-directed, unitary systems), this suggestion would unwittingly
reveal that members of other species might nevertheless be considered intentional.

Among the questions arising concerning the approach presented in this section, one is
prominent: how is one, from a continuing comportment of a creature, to delimit a
certain passage and term that ‘an action’, or ‘the next action’? Is this not rather an
idealisation from an observer’s point of view, than an operation performed by a
cognating organism itself. On the other hand, performing such a feat – that is, to
partition, or chunk own experience, including that of observing the behaviour of
others – might be exactly what is needed for a viable comportment of a cognating
organism in its environment, and also something that both Homo sapiens and other
species share. The mathematical formulation, that is, assignment of probabilities and
calculation of ‘information gain’, would thus be just a model atop the already existing
scheme of partitioning the experiences. This question is left open here.

We end this section by presenting in some greater detail two rather celebrated exam-
ples of communication in species other than Homo sapiens: the so-called bee dance,
and the attempts to teach chimpanzees and bonobos sign-language.

5.1.1 Bee communication

Besides signals, which are considered as being shaped by natural selection to have a
communicational function, Seeley proposes the existence of another kind of stimuli,
that have the same function, but are not shaped by natural selection: they are called
cues, and they “carry information only incidentally” (Seeley, 1989). In order to present
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them, and at the same time gain more insight into an example of communication in
other species, we take a look at a bee hive now.

First, a short guide to the honey-bee life. Honey-bees (Apis mellifera) live in societies
of the size of about 20 thousand individuals. There is only one queen, and a few
drones (males); the rest are female workers whose sterility is ensured through inges-
tion of appropriate chemicals present in the nourishment70. The first half of the life of
a worker is spent in the hive, cleaning, tending the queen and the larvae, building
combs, receiving the pollen from foraging bees and storing it, and the like. The second
half is spent mainly in foraging; this may take a bee up to 10 km from the hive in the
search for sources of pollen. By the age of about 6 weeks, a bee is dead (“usually from
wear and tear”, as McFarland, 1993, puts it).

A form of signalling in bees takes place when a forager has returned with a load of
nectar from a site. It will then try to recruit other bees to visit the same site. The
forager will do this by performing movements that are functions of the location of the
site, in the following manner: the angular position of the site in relation to the present
position of the sun is mapped onto the angle between the main direction of the bee’s
movements, and the vertical axis (this is thus usually performed on a vertical surface);
the distance of the site is mapped onto the duration of these recruitment movements
(ibid.). Depending partially on the vigour of the movements, and partially on how
many other recruiting bees are there at that moment, the recruiter will in a greater or
lesser degree succeed in attracting other bees to visit that site.

But, besides signalling, which is considered a result of natural selection pressures,
there is another kind of interaction within bees. This other kind also influences the
behaviour of individual bees but seems not to be a result of natural selection. It is
referred to, as mentioned above, as cues (Seeley, op. cit.). It is known that a forager
will, depending on the amount of reserves of honey in the hive, act so that, if the
reserves are high, search only for highly profitable patches of flowers, but if the
reserves are low, it will gather nectar even from patches of lesser quality. The question
is how it is possible for an individual foraging bee to acquire insight about such
complicated matter as the state of reserves of the whole hive; this becomes especially
significant when one takes into account that honey-bee societies are not centralised in
any way—no governing organ that possesses important information about the hive in
general, not even the queen.

The solution to this puzzling phenomenon was found to lie in the waiting time that a
forager experiences when returning with the nectar. The forager delivers the nectar to
a younger bee whose task is to condense the nectar into honey, and store it. In a hive
with enough reserves, it will take a single storer bee significantly more time to find a
comb to place the honey and finish the whole process of storing honey. This will
result in a general delay in service of arriving forager bees, which might have to wait
more than a minute before they get served. It is this that cues them on the status of
food reserves in the hive. Whereas, if the hive is almost empty, it takes the storer bees
much less time to perform their cycle, with the result of foragers waiting as little as 15
seconds. This is also a cue for the foragers that the hive is in the acute need of nectar.
Experimentally removing the storer bees from a hive having almost no food reserves

                                                
70 It is interesting to note that to which class an individual will belong is not determined genetically, but
through the diet at a particular early stage of life (Krebs and Davies, 1993, p. 322).
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at all has produced the effect of foragers choosing just highly profitable patches, as if
there was no looming hunger in the hive (ibid.).

5.1.2 Signing in genus Pan.

Although research concerning communication has been done with all three great ape
genera – that is with Gorilla (gorillas), Pan (chimpanzees and bonobos), and Pongo
(orang utans) – here for the sake of brevity only some of those concerning the Pan
genus will be reported on.

In the course of more than half a century, the views have changed significantly on
both the most appropriate signing system, and on the right method of establishing the
behaviour in the great apes that could eventually be termed communication.

One of the first attempts on chimpanzees (Pan troglodytes), made in the fifties,
involved the vocal production, and gave – in terms of sign communication – rather
disappointing results: four discernible spoken words. Later, it was realised that the
apes’ vocal tract is generally unsuitable for human-like articulation. Thus, the research
has since the late 1960s relied either on the American Sign Language (ASL—
otherwise used for persons with impaired hearing), or on specially designed tokens, or
finally on specially designed keyboards.

Even the procedures for teaching signing have changed. Somewhat in parallel with
how school-children are taught writing, the early ape students were exposed to short
but regular daily sessions where they were to respond by e.g. placing tokens appropri-
ately on a board, thus performing tasks that are interpreted by trainers as completing
analogies or making same/different judgements (see Savage-Rumbaugh and Brakke,
1996, for a review of these methods). Alternatively, with ASL, “[p]hysical molding of
the apes’ hands, shaping of desired behaviors, and forced imitation were used as
teaching techniques... Once the sign was learned, [the students] were required to
produce it afterward within certain routines” (ibid.).

To elicit behaviours that they considered correct, the teachers used food as incentives,
or refused to commence a joint activity with their student until the proper signing was
displayed. As Savage-Rumbaugh and Brakke (op. cit.) notice, this is just a means of
getting someone do what you want, and not anything that enhances communication:
everything of importance between the ape and the caretaker was already understood
by other means.

Generally, these procedures place the greatest significance on the production of
symbols, and not on understanding as the necessary prerequisite for production. And,
motivation for signing seems not to be the one of establishing genuine communica-
tion.

In an alternative approach – based here on the use of keyboards containing signs – one
immerses an ape in the flux of daily activities, verbally comments everything that is
being done, and at the same time presses keys of a specially designed keyboard
containing lexigrams (signs that in that sign system are related by the users to certain
words of English) when corresponding words are spoken. The idea, developed in the
last ten to fifteen years much owing to the pioneering work of Sue Savage-Rumbaugh,
is to expose the apes – in parallel with the situations in which human children really
acquire speech – to a rather large (but, of course, limited) number of symbols, and let
the apes themselves pick out first those symbols that are the most relevant for them
individually. Further, students are in this approach not rewarded by food or some
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other desired thing or activity just for that they have pressed a sign, nor are they
denied anything just for not doing so.

This latter approach was applied by Sue Savage-Rumbaugh and her co-workers at the
Language Research Center of the University of Georgia, following the discovery that
no special training sessions are necessary in order for apes to acquire language. She
describes this approach in the following way:

All of the young bonobos were exposed to caretakers who pointed to key-
board symbols as they spoke. Caretakers talked to them about daily rou-
tines, events, and about comings and goings of the laboratory. These
events included trips to the woods to search for food, games of tickle and
chase, trips to visit other primates at the laboratory, play with favourite
toys such as balloons and balls, visit from friends, watching preferred TV
shows, taking baths, helping pick up things, and other simple activities
characteristic of daily life. They were not required to use the keyboard to
get the caretaker to tickle, play, open doors, or give them food.
[Savage-Rumbaugh and Brakke, 1996, p. 277]

This approach, Savage-Rumbaugh argues, leads to comprehension appearing well
before production, as the only motivation here for the ape is to understand the social
context and predict what will happen next. So, when “they begin to produce a symbol
which they have already learned to comprehend, they neither expect nor receive a
reward for doing so. Instead, symbol production functions to provide information
regarding their internal state” (ibid.).

Of the three bonobos (Pan paniscus) trained up to now by this method, the oldest –
Kanzi – could by the age of 6 years produce about 150 lexigrams; comprehension tests
put him on the level of a human 2½-year old child, while production tests put him on
the level of a human 1½-year old. Even creative use of combinations of lexigrams is
reported: they are used in novel but appropriate situations (Rumbaugh and Sav-
age-Rumbaugh, 1994).

Finally, an instance of interaction between Kanzi’s younger cousin Panbanisha and
her caretakers is related here, which eventually makes claims for a rudimentary
communication between humans and another species plausible:

PANBANISHA, a Bonobo chimpanzee who has become something of a
star among animal language researchers, was strolling through the Georgia
woods with a group of her fellow primates -- scientists at the Language
Research Center at Georgia State University in Atlanta. Suddenly, the
chimp pulled one of them aside. Grabbing a special keyboard of the kind
used to teach severely retarded children to communicate, she repeatedly
pressed three symbols -- “Fight,” “Mad,” “Austin” -- in various combina-
tions.

Austin is the name of another chimpanzee at the center. Dr. Sue Sav-
age-Rumbaugh, one of Panbanisha's trainers, asked, “Was there a fight at
Austin's house?”

“Waa, waa, waa” said the chimpanzee, in what Dr. Savage-Rumbaugh
took as a sign of affirmation. She rushed to the building where Austin
lives and learned that earlier in the day two of the chimps there, a mother
and her son, had fought over which got to play with a computer and joy-
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stick used as part of the training program. The son had bitten his mother,
causing a ruckus that, Dr. Savage-Rumbaugh surmised, had been over-
heard by Panbanisha, who lived in another building about 200 feet away.
As Dr. Savage-Rumbaugh saw it, Panbanisha had a secret she urgently
wanted to tell. [Johnson, 1995]

As to the reasons why this approach might have given results somewhat better than
previous ones, it is valuable to look at Savage-Rumbaugh’s understanding of what
reference and meaning are. She writes:

This view of “reference” is not a Lockean one. Rather, it stresses the in-
ter-individual cause-effect nature of the development of the representa-
tional process. “Meaning” or “reference” is not seen as extant in the words
themselves or even in the mind of the speaker (though it is partially de-
termined by the expectancies the speaker brings to the outcome of his
communication). Meaning exists in the interaction between speaker and
listener. [Savage-Rumbaugh and Brakke, 1996, p. 271]

Savage-Rumbaugh stresses the importance of interactions in establishing meanings of
signs used. She points out that meanings are not ‘objectively’ given independent of
the interlocutors, but on contrary that it is precisely their joint activity that creates
meanings. The ‘objectivity’ here is reminiscent of the kind mentioned in von Forester
(1976), where an ‘object’ is created by a cognating system in interactions ensuing
when it shares the same environment with another cognating system (subsection 1.2.2,
“Inventing the environment”). Also, Putnam seems to reason in the similar vein when
arguing that reference is a social phenomenon, and that meaning is interactional
(Putnam, 1988), as well as the psychologist Jerome Bruner, in the claim that
“reference is a form of social interaction having to do with the management of joint
attention” (Bruner, 1983, cited in Herman and Morrel-Samuels, 1996).

As Savage-Rumbaugh notes, “[t]he ape’s initial attempts to assign reference may
differ from the accepted referent either by being too specific or too global. However,
the constant attempts to interpret utterances produced by the [caretakers] will eventu-
ally result in the appropriate delimiting...” (ibid.).

When this kind of work is scrutinised by other researchers, it is often requested that no
cueing from the researcher’s side is given to the subject tested as to what the correct
answer might be. And, the results of Sue Savage-Rumbaugh and the co-workers
reported above seem to have included these double-blind procedures necessary to
preclude such cueing (Wilder, 1996). Nevertheless, the critic argues:

If [cueing is], in fact, absent from the formal tests to which Kanzi has been
subjected, and if, in accord with Morgan’s Cannon, no more parsimonious
interpretation of his behaviour is available, then perhaps Kanzi has indeed
mastered these elements of language.

Of course, problems remain... The skeptic may always say that some
[cueing] may have still escaped our attention... [and] that we haven’t
looked hard enough for a more parsimonious interpretation, or that per-
haps one will be found next week. [Wilder, 1996, p. 43]

The yes/no question, which lies behind this approach, is presumably too simplified.
When language is defined, several characteristics are usually mentioned (e.g. arbitrary
relations between symbols and meanings, syntax, and generativity), and their devel-
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opment in one individual seems not to be completely parallel. Kanzi or other great
apes might in their usage of signs be more or less versatile in any of these aspects.

As of the scepticism mentioned in the quote above, it is probably useful as long as one
does not apply it to other humans: for, one can wonder whether what is said by some-
one is really ‘understood’, or something said as a result of conditioning71. But, this
wondering ceases when it is realised that we all humans are intentional, goal-oriented
creatures, and that we interact in order to reach our goals. We are usually ready to
grant other humans the existence of goals, irrespective of culture (even to individuals
coming from cultures sometimes considered as ‘primitive’). Whether language ap-
pears in the course of such interactions, is a matter of lesser importance: intentionality
is still granted humans.

Campuses of universities are probably not the best places one might imagine for
coming in contact with all the richness of animal behaviour (Homo sapiens excluded).
In this subsection, some aspects of such behaviour – put in intentional terms such as
deceit, manipulation, etc. – were presented. One such aspect, curiosity, was neverthe-
less not mentioned. On the other hand, it is tempting to propose that it is curiosity that
distinguishes intentional beings from machines. (The present author does not imply
that this term is less intentional that those others just mentioned.) How a meeting
between members of several species might look like is in what follows described by
Dian Fossey:

[U]pon awakening I looked out of the cabin window and observed a sight
more credible to a Walt Disney movie than to real life. All the hens, led by
Walter, were tiptoeing awkwardly toward a young male bushbuck. The
chickens’ heads bobbed like yo-yos from their stringy necks. The curious
antelope minced towards them with a metronomically twitching tail and
quivering nose. Each chicken then made a beak-to-nose contact with the
bushbuck as both species satisfied their undisguised interest in the other.
Just about this time [the dog] Cindy came trotting up the path and froze,
one foreleg suspended in the air, as she gazed at the weird spectacle before
her. Her presence was too much for the young buck, who bounded off
with a bark, his white-flag tail held high. [Fossey, 1983, pp. 132-3]

The venue for this interaction is not a university campus, but the slopes of Visoke, a
mountain in Parc National des Volcans, Rwanda’s national park.

5.2 Some linear models proposed for human communication

In the previous section, we have looked at some ethological approaches to communi-
cation. Although humans are also a species of living beings, the theories and methods
of the previous subsection are usually not applied to human communication. Instead,
those specific to humans are proposed. In what follows, we direct our interest to such
approaches.

The reader should immediately be notified that there is no one generally accepted
model of human communication, nor a generally accepted theory. Even worse, there
are not only a few alternative approaches, with the distinctions between them clearly

                                                
71 As Freeman (1995) points out, we know too little about the process of learning; it can thus not be
claimed with certainty that conditioning and understanding are two completely distinct phenomena.
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outlined. Instead, in every field, and within a field from a researcher to another and
from a book to another, there is a rather wide variety of characteristics included and
specified in the definitions, and a variety of more or less dissimilar models being
graphed. An attempt to make certain generalisation, together with acquiring only a
cursory familiarity with some of them, will now follow.

What seems to be a usual practice in most of the text-books and other presentations of
communication is to review some standard process models of communication
(Burgoon et al., 1994), sometimes even some approaches to semiotics (Fiske, 1990),
and then to proceed by presenting one’s own view (DeVito, 1994). The first part of
this tradition will be followed here. The models usually met are Shannon’s model (as
if a mandatory element), as well as Lasswell’s, Gerbner’s, and some other models,
sometimes followed by some of those dealing with mass-medial communication (for
instance Westley and McLean’s model); these are nevertheless left out here.

Shannon’s model is clearly a linear model, and also a unidirectional one (please,
check Figure 2.3 in Chapter 2). The problem arises when this model is presented as a
model of human communication. Namely, Shannon’s is the model that is explicitly
concerned with the reproduction of symbols through a channel. The models of human
communication are, in principle, concerned with exchanges of meanings or influences,
which is a significantly wider area. To have a meaningful application of the mathe-
matical model to human communication, one needs to adhere to the functionalist view
and the complementary correspondence theory of truth (subsection 1.3.3.1)—that is,
one needs to assumes that the symbols have an intrinsic meaning related to them.
Most of the reviewers do not mention this assumption, but anyway do present Shan-
non’s model as a general approach to human communication. Application of this
model outside its domain was discussed in greater detail in subsection 2.2.1, “Dubious
uses of the mathematical theory”.

It is worth mentioning that this problem lies not in the domain of the mathematical
theory, and that it appears only when the theory is applied outside of its domain. Even
more, Shannon’s model was made simple (though not the mathematics of the theory)
probably not of not knowing better, but presumably in order to be able to formalise
that what is essential. If the domain of application of the model is extended so as to
add to the graph a similar chain of events in the opposite direction (for instance, see
Figure 5.1), indicating now that there is a kind of a feedback between the parties
involved, it is then that the problems discussed arise.

Here, this so-called feedback is not at all that kind of feedback that pertains to the
mathematical theory, that is, related to the symbols reproduced. It is not the feedback
of the type “Was this last an ‘a’?”, “Yes, it was”, a kind of an error-detection and
correction exchange reserved for the domain of the allowed set of symbols. Such error
correction (or feedback) is already built into the mathematical model (though not
expounded above for the reasons of brevity). Instead, the term ‘feedback’ is in the
model discussed here given to normal, usual continuation of intercourse: developing a
topic, searching for meanings, creating an insight, etc.
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Figure 5.1 – An extended version of Shannon’s model. [Reprinted from DeVito,
1994, p. 9]

As of the other models, Lasswell’s is a unidirectional linear model. It is a rather
self-explanatory construction (Figure 5.2), but it might be noted that it also resembles
somewhat Shannon’s mathematical model of communication. They originated ap-
proximately simultaneously, and the former seems to be a simplification of the latter
in that the mathematical precision is taken away. The unwarranted possibility that this
opens is for an understanding to arise that – by analogy with the mathematical model
– here meanings are the entities under investigation instead of symbols, and that it is
they that are copied or even worse transferred between the source and the destination.
As expounded in section 2.1, such a conclusion would without a doubt represent a
misconception, probably made easier by the effect of the conduit metaphor.

  Who

  Says what

  In which channel

  To whom

  With what effect?

Figure 5.2 – Lasswell’s model of communication. [Reprinted from Fiske,
1990, p. 30]

Yet another model usually mentioned is Gerbner’s, reproduced in Figure 5.3. It is
claimed (Fiske, 1990) that the model is an expansion of the mathematical model. It
even encompasses a theory of perception, and an assertion is put forward in the
secondary source (Fiske, op. cit.) that “we try to match the external stimuli with
internal patterns of thought or concepts”. Although Fiske continues by saying that the
model “… never addresses itself directly to the problems of how meaning is gener-
ated”, it appears clear at least to the present author that this claim stands in contradic-
tion to the immediately preceding quote.



Observing the behaviour

95

Figure 5.3 – Gerbner’s model. [Reprinted from Fiske, 1990, p. 29.]

Many of the existing models are applicable in some limited domain, the mass-medial
situation being one such that has drawn the attention of many researches. These are,
due to irrelevance to this study, not presented here, but an interested reader might
check the popular introductory texts to mass communication to find more about them.

5.3 Conclusion

The few process models presented in the preceding section, as well as similar other
models existing in the literature, seem to treat communicating individuals as taking an
input, processing it, and giving back some output.

Such approaches are understood here as descriptions of schemes each of us has built
in the course of coping with communication situations, idealised cognitive models
(subsection 1.1.2, “Experientialist cognition”). They probably have two functions:
they are descriptions of cognitive tools that we presumably use in our own comport-
ment, and they are also proposals for a viable description of reality (viz., what we are).

As of the influence that these schemes exert, a parallel may be drawn with a map. A
map enables considerations about possible moves and their results, even when it is a
very provisional map. In the same manner, a cognitive scheme of communication
enables us to built an expectation of the communicating process we have engaged us
in, check if it goes as planned or not, etc.

If we now happen to reach, in the course of our scientific endeavours and other social
interaction, an agreement on another, presumably more viable description of commu-
nication, this description will probably be schematised into another cognitive model.
This new model will be different from the one already described, but anyway a cogni-
tive model, having functions similar to the ones that the present model has: to struc-
ture our descriptions of reality, and to help us in our comportment. Being different,
that model will probably result in us changing descriptions or comportment—
comparable to the effect better maps of the world and the universe have had on hu-
mans’ activities. In the map example, as the view of the Earth as a sphere did not gain
general acceptance before the 14th or 15th century, earlier maps were quite usually
drawn – and the world conceived of – as a plane, with edges around it. Such a con-
ception has had the effect on some of the sea voyagers not to dare sail outside of the
known waters, for the fear of falling off the edge of the Earth. But now, they do.
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Now, we might go back to discuss the viability of the linear models proposed thus far:
what we gain and what we loose when accepting them as good descriptions of reality.
To begin with, we might invoke the construct of intentionality in both of the two main
senses identified in the present study: intentionality as the relation between mental
representations and reality (functionalism), and intentionality as a unitary,
goal-directed, self-actualising stretching forth (neurophysiologically).

In the first of these senses, intentionality can, and already has been, realised artificially
—though with some problems. It has been realised e.g. in the form of general cogni-
tive architecture that is the results of the quest for “a single set of mechanisms for all
of cognitive behavior”, as proposed by the Soar unified theory (Newell, 1990). Such
an architecture satisfies completely the basic assumptions of the functionalist ap-
proach, with inner representations, inputs and outputs, etc. Thus, it must be inten-
tional, according to that view. And it seems to be plausible, were it not for some
problems.

Amongst the problems, there seem to exist some hard ones72. Here, only one will be
mentioned, as it relates to the topic already mentioned previously in this study. It is the
symbol grounding problem. That is:

How can the semantic interpretation of a formal symbol system be made
intrinsic to the system, rather than just parasitic on the meanings in our
heads? How can the meanings of the meaningless symbol tokens, ma-
nipulated solely on the basis of their (arbitrary) shapes, be grounded in
anything but other meaningless symbols? [Harnad, 1990, p. 335]

That Harnad proposes a solution for the problem (ibid.) has nevertheless no real
relevance for the present discussion, as the functionalist approach – in synergy with
the correspondence theory of truth – still clings onto the idea of a relation, existing
outside of the cognating systems, that links symbols and their meanings (i.e., meaning
as a process of acquisition, not of construction). In one of its more recent versions,
this is expressed as symbols “carry[ing] information about” their referents (Fodor,
1990a, p. 90), where this carrying information appears to be conceived of as an
absolute (i.e., independent of the cognating organism) process. But, on the contrary,
information (or meaning, or INFORMATION2 in Reddy’s terms) is claimed by the
approaches termed earlier as the recursive ones to always be constructed by a cognat-
ing organism (cf. Reddy’s stand on information, section 2.1 “Metaphors for
communication”). On the other hand, if INFORMATION1 is meant by Fodor, then it is
clear that INFORMATION1 can be constructed into different meanings by different
individuals73, and thus the theory apparently does not explain that what it purports to
do, namely, how syntactical elements (e.g. “cow”) acquire meaning.

What this understanding of intentionality boils down to in relation to communication,
is a reinforcement of the views contained in the conduit metaphor (section 2.1),
namely of meanings as existing ‘objectively in the reality’. On the contrary, in the
view of intentionality as seen from a neurophysiological perspective, it is not just that
meanings depend on the context (which is a notion more or less generally accepted by

                                                
72 The frame problem, the symbol grounding problem, the computational explosion problem, might be
mentioned amongst these.
73 Note also that we are not in the position to compare these meanings, but rather the descriptions of the
meanings that those individuals would eventually come up with when asked to provide us with such.
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now) but also that, to a first approximation, meanings depend on cognating organisms,
or more precisely, that there are no meanings outside cognating organisms (Freeman,
1995).

So, in the neurophysiological view – and also on von Foerster’s account regarding
cognating systems as closures (subsection 1.2.2, “Inventing the environment”) – one
might begin with inputs and outputs. But one realises soon that inputs are replaced by
a brain’s own activity, a kind of a constructive process. There is no real meaning in
drawing here inputs and outputs like in a process approach without knowing more
about what happens with these inputs and outputs in relation to the cognating organ-
ism in question. And this knowledge is for the time being not available to us. Thus,
the description according to process approaches is a not so plausible description of
reality, according to this understanding of intentionality.

We now proceed to meet the third field of communication research, namely the study
of signs and of the signification relation.
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6. The signification relation
Two hypotheses concerning the origin of script were presented in an earlier chapter
(section 3.2). The script is nevertheless just a part of an even more encompassing field
of research, that of semiotics. Semiotics is a science of the “logic of general meaning”
(Peirce, 1931, cited in Tobin, 1990, p. 24), irrespective of what is the origin of the
sign under investigation or what is the field of its usage. Signs can then be used –
depending on one’s preferences – for transferring, or for (re)constructing of meanings.

The process of signification, viz. establishment of the signification relation, is at least
according to the present author the core itself of cognating systems: understanding
these relations properly will without a doubt coincide with our proper understanding
of the mind and of ourselves. For, if we make a “cross-section” of the process of
signification, we will find all the ‘modules’ that the classical cognitive science (or for
that matter classical psychology) appropriates as its subjects proper of investigation:
perception, attention, learning, memory, concept formation, categorisation, and
problem solving (cf. e.g. Best, 1995).

What is then a signification relation? Well, to begin with, it is something that should
account, for instance, for how we understand things like this text, expressions such as
“4 × 2 = 8”, a pointing gesture, or a crucifix; it should also be able to account for why
there are no thirteenth floors in American hotels (Foley, 1995), why the Ancient
Greeks “were content… to listen to trees or rocks, provided these told the truth”
(Plato, Phaedrus: 275; see also R. Graves’ The Golden Fleece for many similar
instances), and why some people claim perceiving things no one else acknowledges to
notice74.

In dealing with this complex matter, we proceed by first following the introduction
into this topic as is met in another text—that of Fiske (1990). We present basic terms
and their relations. Then, we wander off in a somewhat different direction, trying to
find cognitive grounds for different signification relations that are encountered, and
we eventually find some plausible suggestions concerning the ways these relations are
established. In doing that, we draw upon our previous findings in this study.

6.1 Peirce’s work

In analysing the matter of signification about one hundred years ago, the philosopher
and physicist Charles Sanders Peirce introduced three terms. These new terms are
sign, interpretant, and object, and they might soon appear familiar to the reader as
they can with almost no hardship replace the terms met in Chapter 1 and graphically
presented in Figure 1.1, where they have built the semantic triangle. These new terms
come instead of the old terms symbol, meaning, and referent, respectively. For con-
venience, this is reproduced in Figure 6.1.

                                                
74 Some proposals as to how to answer these questions are given at the end of this chapter.
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                 sign

  interpretant        object

Figure 6.1 – The semantic triangle; the entities named according to
C.S. Peirce. [Adapted from Fiske, 1990, p. 42]

In the first chapter of this study, a critique of the correspondence theory of truth was
presented. The possibility now arises that these new terms are subject to this same
deficits. There is, of course, nothing in those terms themselves that determines their
meaning; it is the way they are understood that does that. Firstly, Peirce defines the
terms in the following manner:

A sign is something which stands to somebody for something in some re-
spect or capacity. It addresses somebody, that is, creates in the mind of
that person an equivalent sign, or perhaps a more developed sign. The sign
which it creates I call the interpretant of the first sign. The sign stands for
something, its object. (In Zeman, 1977) [Fiske, 1990, p. 42].

It is obvious here that sign is defined in terms of and in relation to a cognating organ-
ism (“to somebody”), not independently of it. Secondly, Peirce – though he lived and
wrote in an earlier time – seems to have held views that still look modern, not yet
gaining general acceptance. He writes:

The meaning of a representation can be nothing but a representation. In
fact, it is nothing but the representation itself conceived as striped of ir-
relevant clothing. But, this clothing can never be completely stripped off;
it is only changed for something more diaphanous. So there is an infinite
regression here. Finally, the interpretant is nothing but another representa-
tion to which the torch of truth is handed along; and as representation, it
has its representant again. Lo, another infinite series. [Peirce, Collected
Works, I, p. 171, reprinted in Silverman, 1983, p. 15]

This claim is commented (Silverman, 1983) as if signs and interpretants in Peirce’s
work appear to be locked in self-containment, precluding any reference to the object.
And really, Peirce’s view seems quite compatible to the one of von Forester (viz. that
cognition is computation of computation—von Foerster, 1973; von Foerster of course
presenting his views more than a half a century later than Peirce). Peirce’s own
conclusion was that the process is a historical one:

The real... is that which, sooner or later, information and reasoning would
finally result in, and which is therefore independent of vagaries of me and
you. Thus, the very origin of the conception of reality shows that this con-
ception essentially involves the notion of a COMMUNITY...[Peirce, Col-
lected Works, V, pp. 186-7, reprinted in Silverman, 1983, p. 17]

And involves the notion of communication, it might be suggested. Again, the present
author sees only harmony between this view and the one of von Foerster, where
“objects assume ‘objectivity’” (von Foerster, 1976) when they are experienced by at
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least two observers in a common environment, with interactions recursively taking
place leading up to some equilibration—‘object’.

This preliminary discussion shows that, when dealing with the signification relation,
we do not necessarily need to cling to the correspondence theory of truth. Also, it
stresses that a property of being a sign is not determined by – and a sign can not be
recognised by looking for – any characteristics of an object which potentially might be
a sign. Nor by properties of a cognating organism. Instead, something is a sign only by
the virtue of taking part in a signification relation established by a cognating system to
which that object (i.e., eventual sign) signifies something. This just said is an ap-
proximate definition of the signification relation proposed here, and examining this
relation is the topic proper of the present chapter.

We continue now by making a closer distinction between different kinds of significa-
tion relations.

In Peirce’s work, a categorisation of signs depending on the “relationship between the
sign and its object” (Fiske, 1990, p. 46) can be found. Even at the outset, the reader
might protest saying that this contradicts the statement we have just put forward: that
a sign is regarded as such only in relation that someone for whom this sign is a sign
for something. And now, we have not said: related by whom, or related within whom
(i.e., the interpretant is missing). The objection appears plausible, and it is expounded
upon in the section that follows, after we have met the three types of signs. Peirce
presents them as:

every sign is determined by its object, either first, by partaking in the char-
acter of the object, when I call the sign an Icon; secondly, by being really
and in its individual existence connected with the individual object, when
I call the sign an Index; thirdly, by more or less approximate certainty that
it will be interpreted as denoting the object in consequence of a habit...
when I call the sign a Symbol. [Fiske, 1990, p. 47]

According to Fiske (op. cit.), examples of icons are maps and pictures in the visual
domain, onomatopoeia in the linguistic sphere, or some musical pieces containing
musical expressions (icons) of natural sounds. Further, examples of indexes are smoke
as an indexical sign of fire, or sneeze as an indexical sign of cold. Finally, the most
appropriate examples of symbols are letters and numerals.

It is thus far we will follow Fiske’s text. In what preceded, we have met Peirce’s
conception of the signification relation, as well as the three types of this relation. In
what comes next, we investigate general requirements for something becoming a sign
(in the first section that follows), and then try to substantiate the distinction between
the three types (in the one after that).

6.2 Indexes, bacteria, and a dog
Peirce’s way of partitioning the field of the signification relation is not the only one.
For instance Herman and Morrel-Samuels (1996) do not offer any formal definition,
but instead give the example of a grunt which they understand differently depending
on whether it is produced by a weight-lifter pulling up 200 kg, or by a twelve year old
lifting a pen to do the homework. The former of the two types the authors term sig-
nals, and the latter signs. It appears that signals here remind of Peirce’s indexes, while
signs here maintain approximately that sense in which symbols are defined by Peirce.
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In yet another work, that of M. Critchley (Divine Banquet, cited in Freeman, 1995), a
distinction – performed mainly on vocalisation – is drawn between sounds that an-
nounce events, and sounds which remind of events. Those first ones are described as
being in the nature of signs, while the second ones are described as not being re-
stricted to the confines of immediate time and place. The author terms the first ones
signs and the second ones symbols, and continues by asserting that “[s]igns indicate
things, while symbols represent them” (cited in Freeman, op. cit., p. 91). Here, rela-
tion to Peirce seems to be that indexes are put to one side (signs), and icons and
symbols to the other (symbols).

A doubt can thus be expressed about the appropriateness of placing indexes en gross
under the heading of signs, that is, under the description of something standing to
somebody for something else. What seems to be warranted instead is to differentiate
between two types of indexes: ones that drop out of Peirce’s conception of signs (and
thereby out of his conception of indexes), and the other group that does coincide with
Peirce’s view.

To take first some examples of the former kind, few drops of rain are not just the
index of rain; they are rain. Sunshine, seen even just in scattered rays in an otherwise
heavily grown forest, is nevertheless sunshine, and not an index of it. Except for some
pyrotechnic effects, smoke is created only through fire, and is thus inseparable from it,
or is in its nature. To put it slightly differently, we can hardly think of some real world
where there exists a smoke that does not have a fire (though maybe in extinction) in
its origin; neither can we think of some world where sunshine exists but not the Sun,
or where there are falling drops of rain but where it is not raining.

Are these the examples of indexes? To a first approximation (as that by whom is not
mentioned yet) it appears that they are, judging by the above definition given by
Peirce (“really and in its individual existence connected with the individual object”).

On the other hand, a personal pronoun like “I” is indexical too, being it also “in its
individual existence” connected with that individual who is using it for the moment:
its referent shifts depending on who uses it. But, it is also a sign, standing “to some-
body for something”, and is not identical to that something, as in the foregoing exam-
ples of fire, sunshine, or rain.

It is between these two types or indexes that the present author suggests a distinction
should be made. On the one hand, indexes that are signs, as they stand for something
else (a tentative proposal: sign indexes), and on the other those that are unseparable
from that they are attributed to signify (a proposal: non-sign indexes)75.

Further – and thereby we enter the by whom sphere – the origin of these two types
seems to be rather different, and possibly requiring somewhat different neural mecha-
nisms. For, non-sign indexing reminds of concentration gradient, and so related to for
instance trace-following behaviour present in life forms of relative simplicity such as
bacteria (see e.g. Maturana and Varela, 1992, p. 149). A bacterium, whose molecules
of the membrane interact with sugar molecules in its surrounding, will follow the
gradient of concentration of molecules of sugar in the solution and will thus eventu-

                                                
75 An example that puts this division to a test: an automobile, identified by its number plate, is nowa-
days taken as indexical to its owner, in as much as it is to the owner that parking fines are sent; most
often, this substitution (or, this established signification relation) is quite correct. Is a number plate a
non-sign index or a sign index? The author opts for the latter answer, for the reason that symbols
(numbers and/or letters on a plate) are used to establish this relation.
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ally reach the part of the water tank with the greatest concentration, where the sugar
lump itself is immersed.

The other kind, sign indexes, are – as their name will suggest – signs. It was noted
earlier by the philosopher Susan Langer that conditional reflexes are the origin of
signifying and of knowing:

The use of signs is the very first manifestation of mind. It arises as early in
biological history as the famous “conditioned reflex”, by which a con-
comitant of a stimulus takes over the stimulus-function. The concomitant
becomes a sign of the condition to which the reaction is really appropriate.
This is the real beginning of mentality, for here is the birthplace of error
and therewith of truth. [Langer, 1957, p. 29]

By conditional reflex it is assumed here the behaviour that was observed on some
molluscs (e.g., the sea snail Aplysia; Baxter et al., 1991), on some crustaceans, and on
vertebrates—those phyla that coincide with Freeman’s (1995) extension of organisms
that are intentional. Very sketchy, presenting that what is to become a sign sufficiently
many times just moments before presenting that what we want the sign to signify, we
can get the living system already when meeting the sign to behave as if it is meeting
the thing that we want the sign to signify. For example, blowing a whistle before
giving a meal to a dog. After repeating this procedure often enough, the dog will now
begin to prepare itself for taking food in the same way as it, before this coupling was
established, did on presenting only the food. But, it should be noted that this early
reaction is not completely the same as if it was the real thing: the dog is not behaving
as if it really received the food (for instance, it is not chewing).

It could be argued that even here the organism might follow a gradient, e.g., a dog
following the gradient of the sound waves of the bell oscillations. But, if the dog is
following that gradient, it is not following the gradient it is primarily interested in –
that of the food – but instead that of the sound which (approximately) stands to the
dog for the food. It is this that makes the difference from the previous group, and it
appears convincing that here a signification relation is established.

The assertion with which Langer closes the citation above can be verified by the
insight using the example of the dog: we can cheat it by blowing a whistle but not
giving it food. It is an organism’s responsibility to discern between different kinds of
signs that appear in different circumstances.

So, it is proposed here that the distinction between the two types of indexes, which at
first appears to be on the basis of physical properties, should actually be made on the
basis of organisms establishing (or not establishing) the indexical relation: a dog (and
apparently all other organisms capable of establishing a conditional reflex) is able to
follow the sound gradient in search of food, while a bacterium is not able to seemingly
substitute one gradient pursuit in favour of another in searching for the same goal. It is
thus to a dog that ringing of a bell can be an index (sign index) of food, while a
bacterium can establish only non-sign indexical relations.

As for examples such as use of personal pronouns or number plates of automobiles,
these both seem to require a previous existence of symbols (“I” requires either speech
or writing, number plates require writing). These are discussed in the subsection that
follows.
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We close this subsection with a claim concerning general prerequisites for establish-
ing a signification relation. In order for something to become a sign, it is proposed
here that first a difference – a kind of chunking, or experience partition – is needed to
be performed by a cognating system. Here, a notion close to Derrida’s différance is
entertained:

[We] will designate as différance the movement according to which lan-
guage, or any code, any system of referral in general, is constituted
“historically” as a weave of differences.

Différance is the non-full, non-simple, structured and differentiating origin
of differences. [Derrida, Différance, cited in Spinosa, 1992, p. ]

Thus, there are always some differences that to a cognating system appear as being
important, these possibly sought after actively (stretching forth, as mentioned by
Freeman, 1995; or similar to the Piagetian point of view, equilibrations and disrupted
equilibrations as the result of mutual effects of assimilation and accommodation
processes). These differences can be in principle thought of as equivalent to ge-
stalt-psychology constructs of figure and background. Once established, the differ-
ences may serve to establish a signification relation; prior to that, there is no possibil-
ity of this being the case76.

6.3 Icons and symbols

Having in the previous section dealt with indexes, we proceed here to deal with the
establishment of iconic and symbolic relations. We will discuss the origin of such
examples of signification as for instance pictures and written text.

While indexes are according to Peirce connected to objects they signify, icons share or
represent some prominent characteristics of objects they signify. We have just seen in
the previous section that determining even an existence of a connection is not a simple
task, and here we have to deal with characterisation, which seems to be a kind of an
abstraction process. Furthermore, the term icon is originally Ancient Greek for image,
implying the primacy of visual forms in determining the eventual existence of simi-
larities in characters.

To determine an eventual sameness of characters, it seems necessary to investigate
first the identity relation. With the help of the understanding we will eventually get
through that process, it might show possible to expand the results to the characterisa-
tion domain.

So, when are two things identical? It was known from the times of Heracleitus that
“[u]pon those who step into the same rivers different and ever different waters flow
down” (“Heracleitus”, Britannica Online, not dated) – or, as it is more popularly
known: “We cannot step into the same river twice” –  and this conjecture is just
strengthened by the results of the 20th century particle physics. Therefore, we must
distinguish between identity in the sense of the same object (e.g., the key we seem to
have lost, that we search for, and eventually find: the key we have lost is identical to
that we have found), which is in terms of contemporary philosophy called token

                                                
76 McFarland (1993) writes in the context of imprinting, a kind of learning occurring in the first days of
life of most of the birds: “For the newly hatched bird, nothing is familiar and nothing is strange, but as it
becomes familiar with some stimuli, it is able to differentiate others”.
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identity, and the identity in the sense of that existing between two different objects that
happen to share some thing in common (e.g., two keys – the original we have lost, and
the spare one, where this latter one is obviously a different entity from the first one –
of which both happen to unlock the cabinet we would like to open).

In this latter case, these two objects – to put it bluntly – have different physical atoms,
but they are for different reasons accepted as if they were the same. This is called type
identity, expressing the fact that there might exist some type or category that both
objects (tokens) are seen as belonging to.

The bacterium introduced in the previous section might be imagined as feeding on
several kinds of sugar, of which all for the sake of the example at hand do give equal
energetic values per unit. All these will then be accepted as food by the bacterium:
that is, molecules in its membrane will make chemical bonds with all these different
kinds of molecules of sugar. An observer might then interpret this as these different
sugar molecules being for the bacterium type identical. But, the same bacterium
might, on the other hand, not react at all to the molecules of fats that it might come in
contact with. In that case, the observer might conclude that fats and sugar are two
distinct types for the bacterium.

Compare this with a dog, that might (though probably not in their pure chemical
forms) accept both fats and sugar as food. For the dog, these substances might then be
considered as type identical: they are food.

And finally, whatever differences there might exist between John A. Smith and John
B. Smith, they are both bank clerks, and for a bank recruiting a new clerk, they are
both of preliminary interest because of being type identical in being bank clerks.

From this, the author proposes that the conclusion follows that type identity – or, in
general, any identity of something and something else, where both these entities exist
parallel in time – is relational or relative viz. the observer.

This proposition will now be exported to the domain of sameness of characteristics. It
will be claimed that even their sameness is relative to the observer. For, if we examine
the relation between a portrait of someone and that person itself, we (humans) might
find a characteristic of that real-life person represented even in the portrait. But, the
question is: who else discovers this relation?77

It will be argued presently that both iconic and symbolic signification relations are
established almost solely in Homo sapiens (and maybe in some other primates), that
these relations are philogenetically rather new, and that the inception of this develop-
ment might have coincided with the appearance of some artefacts like cave paintings
and tokens representing objects.

Let us begin by looking at the iconic relation. The claim was just put forward that the
property of having a common characteristics (the requirement of the definition by
Peirce) is relative to the observer. Although it is difficult to determine the onset of the
possibility to establish this relation, it might be argued that it was existent by the time
of creations of the so-called cave paintings, and by the time of engraving the images
of (usually) animals on tools—earliest found records of these both types of artefacts
dated to about 30,000 years ago (Marshack, 1978). It consists of the ability to project

                                                
77 A variation on this theme is the example of a caricature. It might be accepted as resembling the
model, but it need not. The resemblance is in the eyes of the beholder
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from a living animal onto a structure of coloured lines and areas on the wall of a cave
(in the case of those who produce these structures), and to project from such a col-
oured structure back onto a real-life animal (in the case of those others who, even if
not able to perform the feat themselves, very likely were able to understand78 this).
This ability is by the present author seen somewhat akin to, or in the root of what
experientialists describe as the human imaginative capacity to project (subsection
1.1.2, “Experientialist cognition”).

What seems to be few doubts about is that this ability and this praxis has steadily
developed ever since, as books on art history witness. This is presumably the basis of
the modern human’s proneness for establishing iconic signification relations.

Before continuing with the symbolic relation, it is interesting to note that while most
species (e.g. dogs) regard their own mirror image first as if it belongs to another
creature, and then disregard it completely79, chimpanzees and orang utans are able to
connect it to their own images, and to use mirror to inspect their own bodies (Heyes,
1994)80. As some kind of imaginative projection presumably takes place when using a
mirror to find out about own body, it might be assumed that even these other primates
share to some degree with humans the possibility to establish iconic signification
relations. This conjecture should of course be put to some empirical investigation.

But, if it would prove to be true, this might imply that the task of establishing signifi-
cation relations was in some cases of teaching apes to sign made more difficult than
necessary: e.g., in the ongoing Think Tank project of the Smithsonian’s National
Zoological Park (“The Orang utan language project”, not dated), and presumably at
the Language Research Center (where Sue Savage-Rumbaugh and her colleagues
conduct their investigations), lexigrams that the apes are to cope with appear to have
intentionally been created so as not to have iconic relations to objects they signify. In
case that there exists an intrinsic readiness to establish iconic projections, it could
have shown feasible to build signification relations on the basis of these projections.
This suggestion is of course open to further experimental confirmation.

The same claim put previously with respect to iconic signification relation is now put
forward with respect to symbolic signification relation. Namely, that they are estab-
lished almost solely in Homo sapiens, that they are philogenetically rather new, and
that they might have coincided with the appearance of tokens (section 3.2,
“Hypotheses on the origin of writing”). There is, nevertheless, one other aspect which
seems hardly recoverable from artefacts at hand, but which is of importance for the
development of the ability to establish symbolic relations: the formation of speech in
humans. The present author sees two possibilities: to hypothesise a long development
of speech that might have started for several hundred thousand years ago. For in-
stance, Freeman (1995) imagines human ancestors half a million years ago stomping

                                                
78 By which it is meant the above mentioned ability to perform the projection back from the coloured
lines and areas to living animals.
79 At least, from what can be concluded on the basis of simple observations.
80 The present author (B.L.) recollects reading somewhere that Dr. Francine Patterson claims her
companion gorilla (Gorilla gorilla) Koko to use mirror for the same purpose; the source seems unfortu-
nately to have been forgotten. In passing, it might be commented that it is unclear whether Heyes (1994,
p. 287), when asserting “that chimpanzees and orangutans, but not other primates, are capable of…”,
suggests that chimpanzees (Pan troglodytes) but not bonobos (Pan paniscus) pass this so called Gallup
test, or whether the author does not differentiate between the two species.
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and chanting in unison around ceremonial fires, as a precursor of both dance and
speech. On the other hand, one might conjure that the process of recovering meaning
from speech co-developed with writing—that is, in the last five to ten thousand years
(some of the assertions of Olson, 1994, e.g., pp. 85-90, seem to eventually allow for
such a reading).

In any case, it appears that two (pictorial/iconic projections, and the system of tokens
first used for bookkeeping—section 3.2) or three (the previous two, plus speech) more
or less independent processes began to be integrated with the advent of writing about
3,200 BC. The subsequent process of successive approximations to that we currently
see as an on convention grounded set of symbols called alphabet (section 3.2), has
presumably induced Peirce to define it as “certainty that [the signs] will be interpreted
as denoting the object in consequence of a habit...” (definition of symbols, cited in
section 6.1), that is, the symbolic signification relation. As it was mentioned previ-
ously in section on Peirce’s work, this process resulted in such kinds of signs as letters
and numbers.

It is maybe worth to comment the usually claimed arbitrariness of symbols by pointing
out the intricate process of creating the alphabet (section 3.2), which took more than
two thousand years to complete and which seems not at all to have been arbitrarily
chosen but all the time guided by or determined by the needs of humans developing it,
and by the already reached ‘decisions’ (that is, realised outcomes) in the development.
‘Conventional’ is instead proposed as an adjective apparently more to the point,
indicating the social aspect of the process.

Finally, a parallel seems to exist between the views exposed above and the proposal
Harnad (1990) has put forward in searching for the solution to the problem of how
symbols might be made meaningful in the context of computers. He sees two such
paths as viable: iconic representations, that are the result of analog projections of
distal objects, and (nonsymbolic) categorical representation, which are the result of
discretization of features. It is these two kinds of representations that are considered
elementary, of which later ‘true’ symbolic representations are built, according to
Harnad.

While the idea seems quite appealing, the question is whether – to put it somewhat
informally – the cognating system in question, be it even a computer program, can
bear this signification relation or not. As it is not certain whether such complex
cognating systems as dogs are capable of establishing for instance iconic signification
relations, it might happen that a computer program should need to reach first a certain
level of complexity in order to make use of these processes. This discussions is, as
Harnad himself points out (op. cit., p. 340), relevant for cognitive modelling (the topic
met in Chapter 1 of this study), but it does not question the results of artificial intelli-
gence in general.

In this subsection, we have looked at icons and symbols not as if they were members
of sets of signs satisfying certain properties. Instead, we have had the signification
relation as our object of study. It has a cognating system on its one end, and an
(eventual) sign on the other, irrespective of what kind of sign it is (i.e., an index, an
icon, or a symbol). As of the indexical signifying relation, a distinction was proposed
to be made between the so-called non-sign indexes and sign indexes, where estab-
lishment of this latter relation seems to coincide with the domain of only those species
that are endowed with intentionality (at least intentionality as understood by Free-
man). It was further argued that both the iconic and the symbolic signification relation
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seem to be for the most limited to Homo sapiens and probably some apes). With this,
we proceed to discuss the general approach to communication by the study of signs.

6.4 Conclusion

The process of establishing signification relations seems to be closely connected or
equivalent to the learning processes. Although conditioning as well as several other
mechanisms of learning have been identified up to now, not much is known about
learning. As Freeman (1995) points out, some future plausible theory of learning will
probably at the same time be a theory of intentionality. A proposal as of how the
process eventually proceeds might be put forward: that while discriminations (to be
understood as a kind of différance) are always dealt by first on the level of an individ-
ual organism, these become fixed later, either through genetic solutions or – in some
cases – through culture (which is another way of enabling knowledge, in spite of
generation changes, to be withheld in a species), while organisms continue to explore
and try to fix new differences, those that are actual for the historical moment and the
particular organism.

Beginning from physiological functions such as sweating or urinating, these mostly
indexical aspects are ‘amplified’ through evolutionary processes (as explained in
section 5.1, “Communication in other species”). But, these evolutionary processes
need not, and probably do not (Freeman, 1995) exclude intentionality and
goal-directed behaviour. Rather, this exclusion which is nowadays noticeable within
the most of the ethology and many other disciplines, has probably two sources: par-
tially, non-readiness to accept the continuity of cognition between Homo sapiens and
other species, and partially not yet knowing how to account for the ostensibly very
large differences between these two groups.

It is argued here that to understand the formation of signification relation with respect
to symbols, a longitudinal approach to cognition in humans should be pursued. The
reason for advocating such an approach lies in the growing evidence that previous
achievements in cognitive development should be conceived of not as adding
“modules” in a program, where these are mainly independent of one another and
co-ordinated through a central process. On the contrary, previous cognitive achieve-
ments recursively take part in the on-going ones (von Foerster, 1973; Maturana and
Varela, 1992; Freeman, 1995) and are integrated in the cognitive system as a whole. In
doing all this, we might find that research on cognition of other species is invaluable.

Finally, in the course of considering various types of signification relations, and the
ways of establishing these, we have touched upon perception (in discussing the need
to discriminate, amongst other things), attention (implicitly), memory and learning (as
ways of establishing the relations), and concept formation (through the discussion of
type identity, and in mentioning Stevan Harnad’s views). Except for problem solving,
the whole spectrum of the classical cognitive science artillery was met, thereby possi-
bly providing some grounds for the claim put forward at the outset of this section—of
the central place that the signification relation has for understanding cognition.

To keep the promise from the outset of the chapter and suggest some answer to the
(actually rhetorical) questions introduced there, some kind of understanding of how
symbols like letters and numbers signify has eventually been generated throughout the
section. As for the significance of number thirteen, Foley (1995, p. 28) connects it to
the number of those that were present at the Last Supper and to the fact of who was
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the first to leave, while the great authority on ancient times, Robert Graves, (Graves,
1992, p. 16) links it to “sun’s death month”, the thirteenth month, in the matriarchal
times of the then 364+1 ([28 days × 13 months] + 1) days long year—when the king to
be annually sacrificed was chosen amongst queen’s lovers81. As for the habit of
Ancient Greeks (and others, for that matter) to consult rocks and trees, birds and
clouds, this author proposes that it is an emanation of the use of the ability to establish
signification relations—to generate meaning based on (what are perceived as) sym-
bols; in the course of history, we might now have reoriented us somewhat concerning
what things are deemed more suitable to generate meanings upon, and what things are
deemed less suitable82. Establishing relations between the field of semiotics including
various cognitive science approaches towards signification, and the field of psychia-
try, is probably the endeavour that hasn’t received enough research attention yet.

                                                
81 This latter account refers to events some two millennia earlier in time than those former ones.
82 Today, we seem more comfortable to draw predictions from scientific endeavours than from listening
to trees and birds.
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7. Communication: A condensation
In Chapters 5 and 6, three different kinds of approaches to communication research
were presented: the ethological approach to communication in species other than
Homo sapiens, a cursory introduction to some of the models of human communica-
tion, and a short presentation of the signification relation.

In the present chapter, two goals are aimed for. Firstly, a map of the field traversed up
to now is presented, similarly to what has been done in the conclusion of the first
chapter. Secondly, the author is proposing a view on communication that might seem
viable based on some of the results presented earlier in the study.

7.1 A “decision tree”

The basic question that partitions the field of the communication research is proposed
to be (Figure 7.1): Does communication need to be intentional? Understanding this
question in two different ways yields the following two directions of inquiry one
might follow (c.f. Chapter 4): (1) intention as a general characteristics of an organism
engaged in what eventually is communication, and (2) intention present or absent at a
specific instance of what eventually is communication.

                         Intentionality necessary?

                                                               �
    Irrelevant                                       As a general property
 (presumably ‘no’)                                      of an organism

 Behavioural ecology                              Functionalism   Neurological
(evol. behaviourism)                             as a theory of    approaches
                                                      mind       (Freeman; Matu-
                                   �                             rana & Varela?)
                            Present on the
                               occasion

           "Non-problematic"               "Problematic"
          but quasi-objective              but plausible

            x1 +      x1 -                  x1 +     x1 -
            x2 +      x2 -                  x1 -     x2 +

                                          process-    semiotics,
                                         approaches  interpretation

Figure 7.1 – Approaches to communication

As of the former direction of inquiry, two kinds of understanding of intentionality
appear to be possible, one asking for a set of internal representations of external
reality (“aboutness”, functionalism as a theory of mind), and the other conceiving of
intentionality as an immanent aspect of a certain type of neural structures.
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As of the latter direction of inquiry, it in principle presupposes intentionality for
organisms eventually partaking, but explores variations in relation to the actual
presence or absence of intent in a specific event. Although this approach seems to
consider cases of presence/absence of intent as clear-cut, this clarity seems to be the
result of the requirements imposed on the observer that is to bring the judgement
about the instance in question, rather than on the actual possibility to gain such
knowledge (because of the epistemological solipsism). This casts a shadow of doubt
on the clarity of the results. Namely (c.f. Chapter 4), it appears impossible for anyone,
be it an observer or a party in a communication, to get a definite assurance as to the
existence of the intent to communicate of the observed parties, or, of the other party,
respectively, or not. (It is therefore correspondingly termed “non-problematic” but
quasi-objective in Figure 7.1: “non-problematic” as situations most easy to consider
would be those where both parties communicate with each other, or do not do—had it
not been the case that we are unable to decide this: therefore quasi-objective, sug-
gesting that it is not understood that the problem of epistemological solipsism exists.
The other two approaches jointly termed “problematic” but plausible might be
aesthetically less appealing, not being symmetrical; here, they are nevertheless seen as
more substantial as the previous two, and are presented as two approaches to commu-
nication, as reviewed in section 5.2 and in Chapter 6.)

Finally, one might consider intentionality as completely irrelevant, and assign the
forces of dynamics wholly to evolutionary aspects (as in the so-called behavioural
ecology approach). But, it seems that neither in this approach is intentionality com-
pletely eliminated: organisms still do have intentional movements (c.f. section 5.1).
There seem to exist two possible interpretations of this term: it is either related to
organisms themselves, which would make them after all intentional; or, it is related to
the observer (somewhat in the senses of Dennett’s intentional stance), making then
this approach subjective in a way these researchers would probably not approve of.

7.2 Yet another proposal

In what follows, a view on communication is put forward. It starts with an a priori
assertion that crucial differences between humans and other species as cognating
systems should not be assumed as given. Instead, only after determining what is
different and how did that come about can adequate claims be put forward. Therefore,
specifically the assumption that only humans are intentional, cognating organisms is
rejected on the grounds just explicated.

The view of the neurophysiologist Walter Freeman – that all the organisms with a
certain level of complexity of neuronal structure, namely that of brains, are intentional
– is instead accepted (Freeman, 1995). This, at the same time, negates the idea that a
Turing machine is intentional solely on the basis of the fact that it operates on symbols
representing something else. Such a representation is, in concord with e.g. Searle
(1980), not the machine’s but the observer’s.

It will be assumed further that intentionality is necessary for communication. This
decision is motivated by a practical reason, namely as it enables certain narrowing of
the domain.

So, communication is here considered as a complex goal-oriented activity on the side
of both interlocutors (or, just one of them, depending on the circumstances), trying to
get the other partner motivated for communication, trying to keep this motivation on a
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high level throughout the intercourse, and of course at the same time trying to realise
own goals by the means of it. In the course of this activity, both its content, and the
course and length of it are negotiated. Being goal-oriented, communication involves
creation of meaning.

Its basic scheme is best seen in sexual reproduction (Freeman, 1995), of mutually
selecting and motivating a partner into reproductive activity, a goal-directed behaviour
that fulfils the needs of the both. This scheme can easily be applied to other instances
of communication.

There is a continuity of communication from certain molluscs, crustaceans, and from
the earliest vertebrates, all the way to humans. Mechanisms of its development rely
partially on evolution, partially on cultural development, and partially on individual
development. If there nevertheless exists an interest to access specific characteristics
of human communication, namely the use of speech and writing, we need to look at
the development of humans as a species.

Modern humans, Homo sapiens, evolved approximately sometimes between 50,000
and 150,000 years ago; a more precise date is both hard to tell and of no great impor-
tance here: we are talking about a long process and not an event. We can therefore
even imagine a continuous change that only is called – when certain anatomical and
behavioural criteria (unclear, at that!) are met – a Homo sapiens.

Homo sapiens is nevertheless only the latest in a line of hominids which have dwelled
on the planet. Either in succession, or in parallel, we also have several other known
hominid species, like australopitecines, Homo erectus, Homo habilis, and Homo
neanderthalensis (Johanson and Blake, 1994). The hominids as a separate path of
development branched off in the split about 4 million years ago, that led from the
common ancestor to those lineages that today are the genera Homo and Pan (i.e. the
humans, and the chimpanzees and bonobos).

What seems specific for the development into Homo sapiens is an extensive practice
of most likely the Homo habilis of making and using tools, as well as a practice of
controlling fire. These have both developed prior to or about a million years ago, not
necessarily together. Although comportment of a tool using individual would phe-
nomenologically appear to be basically the same as that of a non-tool using one, the
tool using practice was (and is) rather unique for hominids, arising only sporadically
in other present-day species: their comportment is basically without that what we call
tools.

As already mentioned (section 3.3, “Lessons from history”), practices that might be
considered to reduce the entropy of the environment seem to be paralleled by appear-
ance of new cognitive schemes or structures. Thus, these activities have probably led
to the existence and increase in number and kind of tool-using schemes, in parallel to
what can be considered as some kind of a higher quality of life for these ancestors of
ours; also, a fascination with tools and with fires arose—these must have been cher-
ished things: probably not less cherished than what comparable products are cherished
now.

Freeman (1995) imagines human ancestors half a million years ago stomping and
chanting in unison around a ceremonial fire: this was something new, and it probably
gave a joy of which we still might feel a trace when singing in chorus. Whatever
evolutionary or adaptive advantages this might have had – and it certainly have had
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some – this is probably also the origin of speech, where rhythm has played and still
plays an essential role—it is just the absence of it, the loss of rhythm (prosody) in the
speech, that draws our attention to this fact. Here, thus, it is assumed that speech has
evolved through the last several hundred thousand years, in the ancestors of humans
and in humans themselves.

But, speech development should not be considered as a process that resembles a
present-day child’s learning of language, where an object is picked and a name sup-
plied by a care-taker. As Olson (1994) suggests, phonemes, letters, and words, are
constructs we have developed in the course of introducing script, they were – so to
speak – invented by the script, and it is not the case that the script was invented in
order to give form to the already existing notions of the entities above. So, neither the
speech of our ancestors should be considered as interpretable in terms of which
’words’ refer to which ’objects’, but instead as an ongoing interaction, communica-
tion, that helped organise the life of these hominids.

Presumably much later – the earliest traces in for instance the Chauvet cave being
about 30,000 years old – another major cognitive scheme seems to have arisen: that of
projections, which might be either imaginative (subsection 1.1.2, “Findings of
experientialists”) or represented. Humans and animals do appear as representations on
the walls of caves, engraved in tools made of bone, or even shaped into
three-dimensional figures (Marshack, 1978). Paintings need not have been painted by
all of the members of the group—and probably have not been. But, there seem to have
existed individuals capable of producing such feats, and these feats seem to could
have been understood by others. Even this understanding – that imaginative projection
from traces of pigment on the wall of a cave onto a living being – is a great feat. This
feat seems to be completely missing in most of the other present-day species in their
natural habitats.

Again, this capability must have been adored: the surprises it can create, the fascina-
tion that arises with the possibility to re-present, “control” animals and other humans.
Symbolical killings might have taken place through the use of this skill (Marshack,
op. cit.).

As it was already seen in Chapter 3, the unification of these two great complexes of
schemes did not begin before about five thousand years ago (section 3.2, “Hypotheses
on the origin of writing”), and it practically can be claimed to have ended with the
introduction of obligatory elementary schooling, which has for the greater part of the
world happened sometimes in this century. That, of course, on the level of society, or
culture; on the individual level, this is a new experience in the course of (hopefully)
every human life now born.
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8. Simulating collective behaviour
The quest for artificial intelligence, spurred by inception of the electronic computer a
half a century ago, has changed somewhat its direction during the 1980s as a conse-
quence of mainly the unfulfilled promises mentioned in the Introduction. For various
reasons, an artificial mind has not been created, and the researchers concerned started
looking elsewhere to find inspiration.

Prior to this disillusionment, the dominant approach within the artificial intelligence
field consisted of using various kinds of mathematical logic, primarily first order logic
(Russell and Norvig, 1995). As its primitives (i.e., those elements that were by the
system designer considered given, unnecessary to be derived themselves) it had
symbols, and it is therefore nowadays known as the ‘physical symbol system’ ap-
proach (Franklin, 1995). For instance, the proposition “Socrates is a man” would be
represented as a relation between two symbols: “m(S)”.

One of the main new ideas for advancing the artificial intelligence research can be put
under the following denominator: to be inspired by natural systems. A consequence of
this was the ascent of sub-symbolic approaches, exemplified by artificial neural
networks, a theoretical concept built on neurophysiological results (e.g. Rumelhart et
al., 1986, building on the pioneering work of McCulloch and Pitts from 1943). Thus,
in such an approach, the proposition above would not be represented as a relation
between two symbols, but presumably as some pattern on a much lengthier vector of
elementary sub-symbolic units.

At the same time – stemming from the insight that ‘intellect’ is a functioning whole,
and not something that can be ‘glued’ onto whichever system at hand – research on
various forms of artificial life has intensified, including even societies of artificial
agents. It is these latter, specifically the research involving interactions between
simulated agents, that are the topic of the present chapter.

The articles that are reviewed are drawn from the section Collective Behaviour of the
Proceedings of the Simulations of Adaptive Behaviour 1996 conference (Maes et al.,
1996). As of the symposia that the articles reviewed come from, the first Simulations
of Adaptive Behaviour (SAB) conference was held in Paris in 1990. The conferences
have been held biennially since then, the last one having taken place in North Fal-
mouth, Massachusetts, in 1996, and the next one scheduled for the summer of 1998 in
Zurich.

8.1 Simulations and modelling

There does not appear to exist a generally accepted idea behind the research in the
field of simulated adaptive behaviour; or, in any case, there is to the best knowledge
of the author no programmatic text that unites these scientists. It might be thus as-
sumed that it is the research interests of participating scientists, the goals of their
research projects, and the need to find practical solutions to specific problems that
jointly motivate endeavours in the field.

Although computers seem obviously to be used in all of the researches in question,
this is an irrelevant fact from the theoretical point of view (although a very relevant

Part IV  –  Simulations of communication
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one from the practical point of view), as in principle all the calculations could be
performed without it. The important necessary steps in the process of modelling and
simulating are the following:

• a set of relations is observed

• it is represented by another set of symbols and relations

• calculations are performed on this new set, solely based upon syntactic properties
of the representations

• a result is obtained

• it might be interpreted in terms of relations in the original domain (Figure 8.1).

 ________________                    _______________
|                |                  |               |
|    Original    |                  |   Modelling   |
|     domain     |                  |     domain    |
|                |                  |               |
| [Observations] |        =>        | [Calculation] |
|                | [Formalisation]  |       |       |
|                |                  |       |       |
|                |                  |       v       |
|   [Results´]   |        <=        |   [Results]   |
|                | [Interpretation] |               |
|                |                  |               |
|________________|                  |_______________|

Figure 8.1 – The process of modelling

In the simulations presented in the next section, the basic differences arise with
respect to the latter of the points above, that is, concerning relevance of the results
obtained by calculations (the right side of Figure 8.1) for the original domains of the
studies concerned (the left side of the same figure). Depending on what the goal of the
research was, this aspect varies:

• if the goal was to find a solution to a non-theoretical problem, and finding the goal
was facilitated by drawing inspiration from a natural system, then one needs not
infer back about relations eventually holding in the natural system.

This kind of approach might be identified with analogies (but not analogue models) as
described by Achinstein (1968).

• if the goal was to find a theory concerning the original domain, and the experiment
was performed in order “to put the theory to work” (usually on a somewhat longer
run, and using the computer) in order to see what kind of results are acquired, then
obviously an interpretation back in terms of the original model is performed.

• finally, if the goal was to refute another theory concerning the original domain,
even here an interpretation must certainly be made; this is a subset of the previous
category, but it is given as a point for itself here as it is specifically mentioned later
(section 8.3, “Conclusion”).

The latter two approaches might be identified with either representational models or
theoretical models of Achinstein (op. cit.). The differences between the two lie in that
representational models are those that are, or can be conceived as being, real
three-dimensional objects, whereas the latter are those that contain a set of theoretical
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assumptions about the system they model. While it might be of interest to analyse the
differences in more detail83 it is of no consequence here: in both of them, a model is
conceived as “something to be studied, considered in some depth, experimented upon
(if it is constructed), something with respect to which calculations are to be made—
where this is done before or in place of studying upon [the original system] directly”
(op. cit., p. 210; cf. also pp. 217-218).

Such kind of models need thus allow for the interpretation of results in a way relevant
to the original domain.

In the section that follows, selected papers from the 1996 Simulation of Artificial
Behaviour (SAB) conference (Maes et al. 1996), those classified under the heading of
collective behaviour, are presented. In the discussion that follows thereafter, some
theoretical questions pertaining to modelling in the simulations reviewed are raised.

8.2 Selected SAB works

In this section, all the twelve papers from the section entitled Collective Behaviour
from the proceedings of the Simulation of Artificial Behaviour 1996 conference
(Maes et al., 1996) are briefly reviewed. The aim is to make acquaintance with the
latest research on simulated communication and related collective artificial agent
interactions. The question what is simulated is addressed to a significantly greater
degree than how it is done, for the reasons that will be mentioned presently. Thus, the
reviews that follow have a ‘behavioural’ taste.

The author has tried to minimise the technical level of the language used so as to keep
the text accessible to those without experiences in the field, as well as to let the main
ideas behind the experiments stand out as clearly as possible. But, some technical
terms do nevertheless appear. They concern artificial neural networks (ANN), genetic
algorithms (GA), and reinforcement learning (RL). As it would be outside the scope
of this study to present in any detail these techniques of artificial intelligence, the
interested reader might find very good introductions to these topics in the following
sources: Franklin, 1995, (chapter “Connectionism”) on ANN, Mitchell, 1996,
(chapter 1) on GA, and a short non-technical presentation of RL in Dreyfus, 1992,
(section “Introduction to the MIT Press edition”, pp. xxxix - xli).

In the course of the presentations that follow, intentional verbs are sometimes –
though sparingly and unwillingly – used; this implies, of course, no intentionality
ascribed to the artificial agents from the present author’s side.

                                                
83 A claim could be put forward that with respect to computer simulations this distinction is irrelevant,
as these simulations are at the same time both theoretical (operating solely on symbols) and represented
(as these symbols are realised in the electronic circuitry). On the other hand, the idea with the existence
of three-dimensional, objectified models is presumably to allow for the possibility of emergent phe-
nomena to appear—those that were not foreseen through the formalism applied. So, an opposite claim
can be put forward that such kind of emergence is not possible within the symbol system (i.e. theoretical
model) approaches, as all the changes therein are those that the model itself yields. A glimpse into this
can be gained through those simulations that involve real, embodied agents (‘robots’). This area seems
to have gained an increased research attention in recent years.
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8.2.1 Oscillation-enhanced adaptability in the vicinity of a bifurcation: the
example of foraging in ants84

Eric Bonabeau and François Cogne

DESCRIPTION: The authors present a theoretical model for selection of paths in ants.
It is known that ants follow those paths that their fellow nest-mates have used before.
Namely, the ants that have found a food source secrete special chemicals called
pheromones while carrying food back to the nest. These chemicals attract other ants to
follow the same path, which enables these latter ones to find the food source.

But, when the trail is not too strong – for instance when just a few ants have followed
it, or if it became nearly extinct due to not being used – there is a possibility that some
ant initiates another path. This is especially useful when the original path is incon-
venient, as for instance when it is not the shortest path: the ants expand both time and
energy unnecessarily.

The authors propose that the number of ants engaged in foraging is the crucial variable
in determining which path will be used and whether it will be possible to switch from
a longer path to a shorter one or not.

An agent is in this computer simulation a finite state machine85 (FSM). It can be in
three states: S1 (amounting to returning from food source using path 1), S2 (returning
from food source using path 2), and being at the nest (S0). There are only two paths
from the food source to the nest (as if there were two bridges across a creek, and the
nest on the creek’s one side, and the food source on the other).

The authors vary the relative length of the paths (equal, or not), the time when the
paths are introduced (both at the same time, or not), and the number of foraging agents
(from 1 to approximately 200). Finally, in one of the two theoretical models proposed,
the number of active agents is constantly held at a certain level (defined by the number
of agents variable just mentioned), while in the other model, the authors allow the
actual number of active agents to vary around the defined value (i.e., having this value
as a mean, but oscillating in the course of the simulation run both upwards and down-
wards in relation to it).

ARCHITECTURE: Symbolic (FSM).

PRIMITIVES: Perception. Motion.

CHANGE: None.

RESULTS: The simulation allows for some parameters to be set, amongst others the
increase in strength of a path due to its usage by an agent (i.e., the contribution in
pheromone by a single ant), and the rate at which a path’s strength decreases with time
(i.e., the rate of evaporation of pheromone). The results gained, as the authors note,
are certainly influenced by the values these parameters are given in a simulation run.

The results show that (i) if the paths are of the same length, one of the paths becomes
more favoured when the number of agents raises above 17; below this value, both

                                                
84 The articles are presented in the order in which they appear in the Proceedings (Maes et al., 1996).
85 A simple deterministic construct somewhat similar to Turing machine presented in Figure 1.4 and
Table 1.1 (subsection 1.3.3.1, “Functionalism”); the main difference is that a FSM produces no
output—it is just the state it is in that changes.
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paths are chosen with equivalent probability; (ii) if paths differ in length and are both
presented at the same time, the shorter one is chosen as the preferred one when the
number of agents is 11 or more; below that, both paths are used equiprobably; (iii) if
the shorter of the two paths is introduced later than the longer one, which path will be
the dominant one depends critically on the number of agents in the simulation: above
26 the shorter path is never used, between 11 and 26, the shorter path is used, and
below 11 both paths are used equiprobably; finally (iv) if the number of agents is
allowed to vary around a stated mean value, this enables for the shorter path to be
used practically independently of the number of active agents. An explanation is
offered that oscillations allow for a path to become extinguished (when the number of
active ants is temporarily low), and a new, shorter one established.

8.2.2 Dominance interactions, spatial dynamics and emergent reciprocity in a
virtual world.

Charlotte K Hemelrijk

DESCRIPTION: A small number (5 to 10) of simulated agents occupy a discrete
toroidal86 environment. They tend to come in contact with other agents (but, they do
not move to accomplish this; instead, they rotate in place). When they are in contact,
as defined by an appropriate minimal distance, an interaction is started. It can end
either as a success for one agent and a failure for another, or the other way around
(i.e., it can not be a success for both, or a failure for both). The successful agent
moves then towards the place the other agent occupies, while that other agent “flees”
(quoted from the original; it is not detailed how many spaces, and in which direction).

The outcome of an interaction is determined mostly by previous individual histories of
interactions by the two agents, although chance can have a small influence; chance
influences completely the outcome at the beginning of a simulation run. Two condi-
tions exist: one, where each agent tallies its number of successes and failures gener-
ally, and the other, where each agent tallies its number of successes and failures in
relation to each of the other agents in the environment.

Only one of the agents can be active at a time, and the order in which agents are active
is random, with the exception that the agents in the vicinity of a just performed inter-
action get a somewhat greater chance to be active next (not mentioned how much
greater chance).

‘Support’ and ‘opposition’ are defined as “cases in which a third entity happen[s] to
attack one of the two agents that were involved in a fight one timestep before” (p.
548).

A measure of ‘reciprocity’ – a correlation between ‘given’ and ‘received’ acts – is
calculated for each run.

ARCHITECTURE: Symbolic.

PRIMITIVES: Perception. Motion. Memory. Tendency to interact. “Fleeing”.

CHANGE: A simple updating rule.

                                                
86 With discrete in this study it is meant an environment divided into cells, where an agent is usually
allowed to occupy one and only one of these cells, and where there is no possibility for an agent to be
found in transition between the cells. Toroidal is a form that e.g. doughnuts have; in Figure 1.3 a torus
is reproduced. Surface of a torus is endless for an agent moving on it.
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RESULTS: Significant correlation between the interactive success of an agent and the
frequency with which it initiates interactions is detected in more than two thirds of the
60 runs that were performed. Reciprocity is also detected, although the result vary
depending on the condition87.

NOTES: At variance with other researches reported in the Collective Behaviour
section of SAB 96, this experiment purports to draw conclusions about natural intelli-
gence it was inspired by, and to refute certain other work on the source of inspiration,
primate behaviour. Its main goal is stated as showing that social relations in primates
can be achieved with more parsimonious assumptions than the anthropomorphic
approach some other researches are implied to have assumed. The experiment is used
to demonstrate this. However, many specific decisions, such as the size of the grid, the
‘motivations’ the agents are endowed with, the supposition concerning the outcomes,
the specific pattern of providing the agents the chance to be active, etc., might have
had an influence on the results that seems not to be adequately acknowledged by the
author. For instance, the specific pattern of providing the agents the chance to be
active has a direct effect on ‘support’ and ‘opposition’ as these two factors are de-
fined. (This is also discussed in the work of Noble and Cliff (1996), subsection 8.2.9,
“On simulating the evolution of communication”).

8.2.3 A study of territoriality: the role of critical mass in adaptive task division

Miguel Schneider Fontán and Maja J Mataric

DESCRIPTION: A set of identical embodied agents partition automatically and
dynamically (depending on the number of active agents at any time) an environment.
Thus, agents’ territories are formed. Within its territory, an agent searches for pucks,
picks them up, and delivers them somewhat into the territory of a certain neighbouring
agent. The overall goal is to collect all the pucks spread over the environment into a
small area of the first agent’s territory.

ARCHITECTURE: Symbolic.

PRIMITIVES: Perception. Wandering and searching behaviour. Avoidance behav-
iour. Picking, carrying and dropping pucks. Global orientation (by means of a radio
system).

CHANGE: None.

RESULTS: While too few agents relative to the task has the effect of prolonging the
time to complete the task, the same effect arises with too many agents. In the latter
case, the interference of agents avoiding each other slows them down. There is thus an
optimum of the number of agents, in relation to the task and other factors.

NOTES: The authors refer to their experiment as a study in territoriality and interfer-
ence.

                                                
87 And seemingly depending on whether the tables or the text of the article are consulted.
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8.2.4 Emergent adaptive lexicons

Luc Steels

DESCRIPTION: The environment contains only a modest number of agents, pre-
sumably between four and ten of them. Each agent is defined through a value on each
of a number of properties, e.g. {(size small)}, {(weight medium)}, etc.; usually, both
the number of properties and the number of possible values for each property are
small, three to four; a property-value pair, e.g. {(weight medium)} will be termed here
as a feature. The agents acquire their features randomly at the beginning of a simula-
tion run.

Each agent has complete knowledge of the whole environment, that is, of the features
of all the agents. Also, each agent has at its disposal a finite set of already shared
symbols (i.e., a ‘p’ for one agent is a ‘p’ for another agent too). Finally, each agent
builds in the course of a simulation run its own lexicon, that is, a data-base of pairings
of features and labels made up of symbols, e.g. {(size small)}={(o p)}; a feature may
have several labels, and a label may be related to several features.

Each linguistic interaction has the following form. Three agents are chosen at random,
and given the roles of a speaker, a hearer, and a topic. For that feature of the topic that
discerns it from other agents in the environment, the speaker and the hearer produce a
label. If these two labels are identical, the event is counted as a communicative suc-
cess; otherwise, it is not.

If the speaker has just one label in its lexicon for a feature, it will use that label. If it
has no label, it will create one randomly. If it has two or more labels, it will choose the
one that has produced the greatest proportion of communicative successes throughout
that simulation run.

On the side of the hearer, if there is no label for the distinctive feature in its lexicon,
the label produced by the speaker in the course of the present interaction will be
entered in the lexicon; this does not count as a communicative success. If there is just
one label for the distinctive feature in the hearer’s lexicon, and that label corresponds
to the speaker’s one, this will count as a communicative success. If there are several
labels for the feature, and one of them corresponds to the speaker’s, this will also
count as a success. Finally, if one or more labels exist, but none corresponds, this will
count as a failure.

Several turns are possible: it may happen that there is no distinctive feature of a
chosen agent in that environment. That is, that every feature of that agent can be found
in another agent too (agents do not change their properties in the course of a simula-
tion run in the reported experiment). In that case, the interaction ends and a new
begins. It may also happen that there are two or more distinctive features of the topic
in the present environment. These will not be disambiguated. Instead, the speaker will
choose one feature randomly and apply the label it eventually has in its lexicon for
that feature. If that label corresponds to any of the distinguishing features of the
present topic in the hearer’s lexicon, this will give a communicative success.

ARCHITECTURE: Symbolic

PRIMITIVES: Perception, categorisation, memory, symbol system. ‘Meaning’ identi-
fied with ‘referent’ (i.e., meaning of a feature identical with the feature). This last
characteristics is reminiscent of the correspondence theory of truth (subsection 1.1.1).
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The author mentions, though, that the grounding of meaning was dealt with in another
work of his.

Figure 8.2 – Different words compete to express the same meaning, until one
gains complete dominance. [Reprinted from the original article.]

CHANGE: Learning.

RESULTS: Disambiguation. The model allows both that a same feature has different
labels in different agent’s lexicons, as well as that one group of agents within the same
simulation run has built up one label for a feature while another group has built up
another. Nevertheless, as the results show, this is disambiguated after a number of
interactions (Figure 8.2). The final outcome is that all the agents have the same labels
for all the distinctive features (it is only these features that are discerned).

NOTES: The author does not specify by which mechanism and at which rate is the use
of the less appropriate labels decreased.

8.2.5 Synthetic robot language acquisition by observation

Alexandros Moukas and Gillian Hayes

DESCRIPTION: The experiment employs embodied agents. It can be thought of as
essentially consisting of just two agents (a teacher and a student), but the same proce-
dure can be multiplied on as many agents as desired. The teacher has certain knowl-
edge – in the experiment reported of the spatial position of a target within the envi-
ronment and of the content placed on that position. That knowledge is to be passed on
to the student. A fixed symbol system is used.

Symbol Meaning

Triangle 0.1 sec turn (15°)

Rhombus content type

Rectangle, large 3 sec forward movement (1 m)

Rectangle, small 1 sec forward movement (0.33 m)

Table 8.1 – Explanation of basic language components. [Adapted from the
original article.]

It is presented by the authors as a motion symbol system, but it might eventually be
conceived of even as a script, because decoding of the movements (or, the form) is
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begun by the student only after getting a prearranged signal that the symbolic move-
ment (or, inscription of one of the graphemes) has reached its end. But, nevertheless,
the data contain both the spatial and the temporal aspect. The student gets the raw data
on the teacher’s symbolic movement, and an unsupervised Kohonen neural network is
trained to categorise these into symbols from the set of allowed ones. This produces a
sequence of symbols.

As the agents are embodied agents and in principle can move, a set of error back-
propagation artificial neural networks – a network per symbol – is trained on input
data consisting of the decoded sequences of symbols to reach the place designated by
the symbols. Because repetition of symbols has semantic consequences (i.e., three
large rectangles means 3 m) a counting demon is introduced, presumably symbolic.
Error is determined by deviation from the true position of the target and its true
content.

Finally, a third set of networks – also, a network per symbol –  is trained from the data
on the true position of the target, to produce the symbolic movements that originally
only the teacher performed.

ARCHITECTURE: Mostly sub-symbolic (ANN), partially symbolic.

PRIMITIVES: Perception. Motion. Symbol system (language). Temporal sequencing
of movements. Counting.

CHANGE: Learning.

RESULTS: Categorisation of symbols is done satisfactorily. Also, a set of backpropa-
gation neural networks relates symbols successfully to movements of the agent that
bring it to the position referred. Finally, a third set of backpropagation neural net-
works relates successfully position to movements representing those symbols.

NOTES: As it is not explicitly mentioned in the article, it is assumed here that each of
the backpropagation networks in a set is assigned one of the three symbols by the
experimenters. That is, that ‘meanings’ (but not ‘values of meanings’) are hard-wired.
If this assumption is correct, what is learned would be for instance that a large square
denotes 1m; in contrast, that a square relates to distance would never be learned, it
would be hard-wired.

8.2.6 The evolution of communication schemes over continuous channels

Gregory M Saunders and Jordan B Pollack

DESCRIPTION: Simulated agents that can move are embedded in an environment
where food is accumulated in only certain parts. Each run lasts only a limited time,
and the amount of food the group gathers is measured at the end of the run. This value
is used as a fitness function for the genetic algorithm.

Each agent can emit and receive continuous values88 within a certain interval in one or
several ‘sensory channels’. All emissions in the same channel are summed to a single
value (p. 583). The intensity of an emitted signal falls in proportion to the distance
from the emitting agent; it might thus completely decay before it has reached another
agent.

                                                
88 That is, real numbers; an example: 5.784354.
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The agents are not trained or exposed to some learning process.

Figure 8.3 – The semantics of the I/O [input/output] units for evolving
communication. [Reprinted from the original article.]

ARCHITECTURE: Evolutionary (the authors’ own variant of GA) + sub-symbolic
(ANN) + partially symbolic: a FSM (Figure 8.3; FSM is in the figure denoted as
FSA/utomaton/).

PRIMITIVES: Sensory channels. Perception. Motion.

CHANGE: Evolutionary (GA); an individual agent does not change89.

RESULTS: If there are only two agents in the environment, and one channel at their
disposal, the agent that reaches to the food first begins to emit much more intensively,
and the other agent – if it is within the domain of the now increased signal – begins to
follow the signal gradient towards the emitting agent. The two gather all the food. (A
pair of agents was evolved in another run, where the end of emitting a signal corre-
lated with approach of the other agent; although such a solution obviously is com-
pletely acceptable in a computer simulation, energetic costs of producing a signal both
in real living creatures and in embodied agents would probably require other solu-
tions90).

If there are two channels, of which one is noisy (i.e., a random variation of the
summed signal in the channel is introduced) and the other is not, the agents use the
latter channel.

NOTES: The authors use their own genetic algorithm for evolving ANNs, that
“provides a mechanism for simultaneous acquisition of network structure and weight
values” (p. 582); they call it GNARL. On the other hand, it seems that the structure of
the agents is determined in advance (“We begin testing this hypothesis with a very
simple case: 2 agents, each with one hidden unit...”, p. 586). It remains unresolved for
the present author which of these two statements is correct – a possible interpretation

                                                
89 Compare with approaches to communication in other species, subsection 3.2.1.
90 Of course, presumed that no-food states are more frequent than food states.
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might be that GNARL can be controlled so as to produce a certain predefined struc-
ture.

8.2.7 Using A-life to study bee life: the economics of central place foraging

P. de Bourcier

DESCRIPTION: A group of 30 simulated agents is engaged in accumulating food
from sites at varying distances from their home location. Food is gathered by visiting
various objects (flowers) within a foraging site and spending a certain time on them.
When enough of the food has been collected – which might require visits to as many
as 100 flowers – the agent heads for home. As an uncertainty of the true position of
the home may arise, the agent usually spends some time searching randomly around
the reckoned home location. A fraction of food an agent carries is expended in the
course of its movements from and to the home location; the heavier the agent (i.e., the
agent itself plus the food it carries to the nest), the more food (energy) it expends on
its movement. The weight of the food an agent brings back to the nest is recorded.

Agents differ in their genotype in two aspects: how much food they take with them on
an outward journey (needed for them in order to reach the foraging site), and after
how many visited objects they stop accumulating food and begin the journey home.

An agent is evaluated according to the amount of food it contributed to the central
store (i.e., the food brought minus the food spent on the way). This amount can then
be divided either per time unit or per the amount of energy that the agent expended in
gathering the food.

ARCHITECTURE: Symbolic + GA.

PRIMITIVES: Perception. Proprioception. Motion. Foraging. Orientation.

CHANGE: Evolutionary; individual agents have no ‘learning capabilities’.

RESULTS: The results are in certain, but not in complete accordance with the ob-
served data on the foraging of honey bees.

NOTES: As the author concludes in the discussion, it seems that “the bees foraging
decisions incorporate many more factors than modelled in this [...] system” (p. 597).

8.2.8 An evolved fuzzy reactive control system for co-operating autonomous
robots

Robert Ghanea-Hercock and David P Barnes

DESCRIPTION: Two embodied agents are to transfer together an object from a start
position to a goal position, in an environment where some obstacles (walls) are met.
The object, that lies on top of the two agents with each of its ends, is calibrated so that
each agent can read off the deviation from a certain stable placement of the object. In
the course of transferring the object, it is one of the goals that this deviation from the
stable position does not become too large.

Each agent has five forward directed ultra-sound sensors for obstacle detection, a
sensor that measures displacement of the object carried, and a global navigating
sensor for detecting the target.

Each agent has two levels. One is a level that endows it with a set of “reflexes” or
simple reactions. But, this mechanism can lead an agent to become trapped in a local
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minimum of a task, that is, that execution of one of these simple reactions leads it to
not being able to fulfil the main task. Therefore, another level is added to balance the
total response of an agent. This level operates with a set of probability matrices.
Function of this level determines execution of the simple behaviours.

In the experiment reported, the authors evolve the entries of the probability matrices
by means of a standard genetic algorithm. A chromosome is a bit vector of these
entries, the fitness function is a product of distance travelled from the start and aver-
age displacement of the calibrated object, the genetic algorithm operators are mutation
and crossover.

ARCHITECTURE: A symbol system + a genetic algorithm.

PRIMITIVES: Perception. Motion. Basic behaviours.

CHANGE: Evolutionary (GA); no change of individual agents.

RESULTS: Depending of the size of the initial population – the bigger the size, the
better the results – the goal of transferring the object from start to target is eventually
successfully performed.

NOTES: As the authors note, this research is an attempt to combine the benefits of an
already functioning robot control (the two levels) with an evolutionary search method.

8.2.9 On simulating the evolution of communication

Jason Noble and Dave Cliff

DESCRIPTION: Simulated agents evolve by means of a genetic algorithm. Each
agent’s FSM table – which completely determines its performance during the experi-
mental run – is translated directly into its genotype. Those agents who have acquired
higher fitness produce new agents by the genetic operators of two-point crossover and
mutation; these new agents take the place of old agents with lower fitness. Fitness of
an agent is increased with each instance of successful communication with another
agent.

An agent’s FSM table has on its one dimension values an internal environment vari-
able can take, and on its other dimension values an external environment variable can
take; the cells themselves are the output, consisting of two sub-fields: its type (act or
emit) and value. External environment has a value that is known to all the agents,
while an agent’s internal environment variable has a value that is known only to that
agent itself; this latter value is randomly assigned to each agent after a certain number
of time steps.

Both the external and the internal variables have a finite, usually small, number of
discrete values they can take. In one of the experiments descried, this was eight for
each of them. These values can be represented by symbols.

By emitting a symbol, an agent eventually changes the external environment. If the
next agent, according to its look-up table, is not to emit but to act (which is also done
by emitting a symbols—but now this is considered as an act, or a reaction, not an
emission), its response can be either a symbol that is the same as the one that pertains
to the originator agent’s internal environment, or different. If it is the same, this is
characterised as a communication success; if it is different, then it is not.

As pointed out above, the changes are evolutionary, but, another possibility is to
combine genetic algorithms with learning. “Learning” is done in the case of commu-
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nication failure, and it consists of changing the entry in the acting (responding) agent’s
look-up table so that the correct symbol – the one the agent should have responded
with in order for the communication instance to be classified as successful – is written
there instead of the old, wrong, one.

ARCHITECTURE:  GA on a symbolic system; look-up table (FSM)

PRIMITIVES: Perception. Symbols.

CHANGE: Partially evolutionary; partially learning.

RESULTS: Generally, evolutionary changes lead to an increase in fitness of the
population, while both evolutionary changes and learning lead to an even greater
increase. Nevertheless, some technical (simulation) solutions – such as random or
predetermined order of agent activation – influence significantly the results obtained.
Also, the “language” developed seems not to conform to the intuitive expectations,
which questions the appropriateness of the fitness function.

NOTES: The experiments reported are a replication and extension of a previous work
by other researchers. The authors note that the previous work has tried to tackle too
many questions at once, which has led to inconclusive and sometimes erroneous
results. The main goal of the present experiment was to substantiate the authors’
questioning of biological relevance of the previous findings, which were claimed in
that previous report.

8.2.10 Collective behaviour by modular reinforcement-learning agents

Norihiko Ono, Kenji Fukumoto, and Osamu Ikeda

DESCRIPTION: Four agents occupy a discrete toroidal environment, and may move
within it. Each of them has knowledge of the state of those squares that are within the
range d from their present position (d is usually 2 or 3, in these cases resulting in an
agent having knowledge of 25 or 49 squares respectively). A square’s state can be
either empty, or occupied by an agent, or occupied by a prey. There is only one prey in
any environment.

The agents’ goal is to surround the prey, so that on each of the four sides of the prey
(north, east, south, west) there is an agent. Agents do not exchange any signals.

Agents and prey start an iteration of the simulation randomly dispersed in the envi-
ronment. On each turn, each agent either moves to a neighbouring square, or rests in
its present square; the same for the prey. When the prey gets surrounded, an algorithm
(Q-learning) assigns reinforcement to modules that, for each of the agents, take part in
determining the agent’s movements. Thereafter, a new iteration begins.

ARCHITECTURE: Symbolic.

PRIMITIVES: Perception. Motion. Memory. Categorisation.

CHANGE: Learning (RL).

RESULTS: An impressive learning curve is exhibited: after about two thousand
iterations, a scheme arises where agents first form a group (‘herding’) and then, when
prey is found in the field of perception of any one of them, it is rather efficiently
surrounded, each agent specialising for approach from a certain of the four directions.



Simulating collective behaviour

126

NOTES: The authors actually address the question of finding a less computationally
demanding variant of the standard Q-learning algorithm. In the article, the authors
offer such a solution, and the results seem to support their claim.

8.2.11 Robot “food” chains: externalization of state and program for mini-
mal-agent foraging

Barry Brian Werger and Maja J Mataric

DESCRIPTION: The environment consists of embodied agents, their base, and a
number of pucks spread out in the environment. The agents are endowed with sensory
and motor systems that pick up pucks that happen to slide into their pick-up forklift.

The agents are also endowed with a set of basic behaviours that are crucial for build-
ing a “food chain”, namely a chain consisting of bodies of agents. Such a chain
enables other agents to find their way to the base where the pucks are to be stored,
without the need to keep any global representation of the position of the base.

The chain consists of agents exhibiting different behaviours: a unique home link
behaviour (the agent that is first in the “food chain”, seen from the base), middle link
behaviour (there can be many such agents), and a unique end of chain behaviour; each
agent can exhibit any of these behaviours. The end of chain role can be transferred to
either an agent joining the chain, or to the previous link in the chain. This latter
happens when the former end of chain leaves the chain.

Messages can be passed up and down the chain by agents tapping each other, and
tapping back in confirmation of tappings. The function of this phatic type of commu-
nication is to assert the existence of the robot chain.

The agents not in the chain follow the chain outward starting from the base. Following
is realised by a tack behaviour, which in the experiment reported keeps an agent on a
certain small distance from the chain on its left while moving along it. With a certain
predetermined probability, agents following the chain engage in excursions—
relatively large circular paths taken starting from the chain, which bring them after a
round taken back to approximately the same place where they started from (Figure
8.4). Also, these circular paths will eventually bring them in contact with the pucks,
given that there are some.

Figure 8.4 – Excursion search strategy. [Reprinted from the original article.]
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An agent that has picked up a puck will probably encounter the chain again as its
circular motion will lead it back to it. Being in contact with the chain, the agent
carrying a puck follows it, now without any further excursions. It will leave its cargo
at the base, and start a new round.

ARCHITECTURE: Subsumption architecture.

PRIMITIVES: Perception. Motion. All the behaviours.

CHANGE: None.

RESULTS: The authors purport to show the possibility of a robotic system that
“actively encodes information into its physical environment”. This can be subsumed
under stigmergy, a term pertaining to ethology, where physiological processes in
individuals – usually of excretion, e.g. of pheromones in ants, or of urinating in some
mammals – by their virtue of changing the environment evolve into signs, as ex-
plained in section 5.1. Further, the authors’ other idea is that “a large number of less
capable, more robust, somewhat expandable agents can perform certain tasks at least
as efficiently as a smaller number of more sophisticated agents”. The authors report no
comparisons of different robotic systems, but their own system seems to have func-
tioned as expected.

NOTES: This work appears to be a part of a project in progress.

8.2.12  (Not) evolving collective behaviour in synthetic fish

Nahum Zaera, Dave Cliff, and Janet Bruten

DESCRIPTION: Simulated environment is endless in the two orthogonal dimensions
(length and breadth) and limited in the third (depth). It contains agents.

The agents have proximal sensors that report on the distance from objects in all the six
directions, plus ten distal sensors that report on the number of other agents in the
limited sensory field of the receptor.

The agents can move in all three dimensions. Each agent’s movement is regulated by
the output of a three-layered fully-connected artificial neural network that has sixteen
input nodes, five nodes in the hidden layer, and three output nodes. Inputs represent
data in the agent’s sensory field, and output nodes determine movement of the agent
with respect to all three dimensions.

The agents are not ‘trained’, but instead those agents that perform better get a greater
chance of transferring their ‘genes’ to the next generation than those agents that do not
perform well. The ‘genes’ consist in this case of a set of real numbers in the interval
(0,1). These numbers correspond to two threshold parameters per each node, and a
weight per each connection between the nodes. For the above mentioned configura-
tion, there were 143 ‘genes’ in the ‘genome’. Genetic operators were one-point cross-
over and mutation.

Attempts to simulate three types of behaviour were performed: dispersal behaviour,
aggregation behaviour, and ‘schooling’ (or ‘flocking’, or ‘herding’).

ARCHITECTURE: GA on neural network threshold function parameters and weights.

PRIMITIVES: Perception. Motion.

CHANGE: Evolutionary; no change in individual agents.
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RESULTS: Dispersion and aggregation achieved, schooling not achieved.

NOTES: The authors argue that, contrary to the common belief, it is not always the
case that evolutionary approaches solve a problem “by themselves”. The authors point
out the crucial role of the evaluation function; the failure to demonstrate schooling
behaviour of the agents is explained by the non-availability in the reported experiment
of an appropriate evaluation function.

8.3 Conclusion

Experiments that simulate collective behaviour, as for instance those just presented,
are in the author’s opinion an impressing body of research—both for the richness of
ideas contained in them, and for the capable way of their implementation. Viewing a
computer screen showing a running simulation of some behaviour, is most often
regarded as an overwhelming proof of our understanding of the phenomenon in
question, and brings up again the expectation that it will be possible not just to simu-
late but even to make an artificial creature and artificial society. The age-old yearning
to create intelligence and life with our own hands is still present with us; it would not
be surprising if we should find out that this dream influences even the way we com-
prehend reality.

But, of course, a more sober attitude seems to be recommendable if one is to gain a
deeper understanding of the field, and try to predict or influence its future develop-
ment. We might begin by asking, is there anything at all that unites all these ap-
proaches? Authors of one of the reviewed articles (Noble and Cliff, 1996) mention
one: “the central SAB/AL[91] premise that evolution can be captured in a computer
program”. While this answer apparently does not cover all of the research in the field
– for instance,  that research where changes are on the level of individual agents and
where no evolutionary development is implemented (cf. Table 8.2) – it is an important
one. For, if not only evolution, then the broader idea that life can be captured in a
computer program lies certainly at the bottom of all of these approaches.

The idea of the possibility to translate human (and other) minds into algorithms is the
one fiercely debated upon, the debate revived by Dreyfus with the first edition of his
book here referenced as Dreyfus (1992) in the 1970s, continued by Searle’s introduc-
tion of the Chinese Room Argument in 1980, and now concentrated on several of the
works of Richard Penrose, of which the first was Emperor’s New Mind (Penrose,
1989). The discussion includes matters pertaining to intentionality (section 1.3), to
certain mathematical/logical results (e.g. Incompleteness theorem, subsection 1.3.3.2,
“Vade-mecum under a closer analysis”) and to quantum phenomena, but – in the view
of the present author – in its root lies the mind-body dualism.

Another way to tackle the problem, maybe more fruitful for the purposes of the
present chapter, is to reiterate the theme of relations between the original domain and
the domain of the model (Figure 8.1), already mentioned in section 8.1. We might
begin by asking ourselves the easiest question: is in any of the works claimed that the
authors have been inspired by what is perceived as natural solutions, or generally,
where a formalisation from a natural domain onto the domain of the model was
performed?

                                                
91 AL – Artificial life.
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AUTHORS ARCHITECTURE PRIMITIVES CHANGE DESCRIPTION TYPE92

Bonabeau
& Cogne

Symbolic
(FSM).

Perception. Motion. None. General discussion on
the importance of
oscillations in nature.

–>
<–

Hemelrijk Symbolic. Perception. Motion.
Memory. Tendency to
interact. “Fleeing”.

A simple
updating rule.

Non-anthropomorp-
hic interpretation of
primate behaviour.

–>
<–

Schneider
Fontán &
Mataric

Symbolic. Perception. Wandering and
searching behaviour. Avoi-
dance behaviour. Picking,
carrying and dropping
pucks. Global orientation.

None. A hand-crafted
system designed to
solve situation-
specific problems.

–>

Steels Symbolic Perception, categorisation,
memory, symbol system.
‘Meaning’ identified with
‘referent’.

Learning. Given certain assum-
ptions, meaning is
established through
interactions.

–>

Moukas &
Hayes

Mostly sub-
symbolic
(ANN), the rest
symbolic.

Perception. Motion. Symbol
system (‘language’).
Temporal sequencing of
movements. Counting.

Learning. Demonstration of a
way artificial agents
might induce other
agents into a specific
behaviour.

–>

Saunders &
Pollack

Evolutionary,
sub-symbolic;
symbolic to a
lesser degree
(FSM)

Sensory channels. Percep-
tion. Motion.

Evolutionary
(GA).

A novel way of
establishing commu-
nication between
artificial agents.

–>

de Bourcier Symbolic and
GA.

Perception. Proprioception.
Motion. Foraging. Orienta-
tion.

Evolutionary. Incorporating pre-
sent knowledge on
bee decision-making
into a computer
program.

–>
<–(?)

Ghanea-
Hercock &
Barnes

A symbol
system and a
genetic
algorithm.

Perception. Motion. Basic
behaviours.

Evolutionary
(GA).

Establishing
preconditions for a
success of a collec-
tive behaviour.

–>

Noble &
Cliff

GA on a
symbolic
system; look-up
table (FSM)

Perception. Symbols. Partially
evolutionary;
partially
learning.

Possibilities of and
problems with  gro-
unding simulation
work in theoretical
biology is discussed.

–>
�

Ono,Fuku-
moto, &
Ikeda

Symbolic. Perception. Motion.
Memory. Categorisation.

Learning (RL). Finding a more
efficient way of
applying a RL
algorithm.

–>(?)

Werger &
Mataric

Subsumption
architecture.

Perception. Motion. All the
behaviours.

None. Encoding informtion
into environment.

–>

Zaera,
Cliff, &
Bruten

GA on ANN
parameters and
weights.

Perception. Motion. Evolutionary;
no change in
individual
agents.

(Not) finding
adequate fitness
functions.

–>

Table 8.2 – Some basic characteristics of simulations reviewed in section 8.2.

And the answer seems obvious, that practically all the researches reviewed in the
previous section do this. In the “Type” column of Table 8.2, this is marked by an
arrow pointing to the right—in the direction of formalisation from the original domain

                                                
92 Explanation of the TYPE column content can be found in the text.
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onto the model domain, as in Figure 8.1. The only exception might eventually be the
work of Ono, Fukumoto, and Ikeda (1996), where no explicit claim on drawing
inspiration from natural sources is made, but where the architecture of choice is
reinforcement learning. RL is a well established AI methodology that induces changes
in the system in question (which are then interpreted as learning), and where these
changes are a direct consequence of prior successes and failures of the system on the
task in question. Incentives for learning are derived from these successes and failures,
and thus termed rewards and punishments, or positive and negative reinforcement
(Russell and Norvig, 1995). Although not claiming physical correspondence with
learning mechanisms in living systems, this methodology might claim functional
identity, which– as was seen in subsection 1.3.3.1 on functionalism – for some theo-
reticians might be the sufficient identity. Thus, even RL should be viewed as at least
inspired by nature.

Our second question is then: is it just inspiration, or do we want to build some theory
about the original domain? This question is not easy to answer, as there is no agreed
view regarding what a theory is (Achinstein, 1968). Further, as Noble and Cliff (1996)
point out,  “[t]oo often, SAB/AL work falls into the trap of circularity: a simulation is
tailored to evolve a specific phenomenon, and that very phenomenon is reported as an
unexpected and interesting result”. We need to differentiate between a theory, and an
application which demonstrates what is possible given certain constrains. This seems
definitely to be a hard task.

As a proposal for a way out, one might look at whether the researchers themselves
point back to the original domain, and argue something about it, or not. This is
marked in the “Type” column of Table 8.2 by an arrow pointing to the left—in the
direction of interpretation from the model domain onto the original domain, as in
Figure 8.1.

The analysis that the present author has performed seems to show that the greater part
of the twelve works reviewed do not explicitly claim relevance of their findings for
the understanding of the original domain. The readers of these works might, of course,
themselves interpret the results as proposals of plausible theories of the original
domains, but this is anyway not claimed by the authors.

There are nevertheless three works that seem to interpret their results as relevant to the
original domain. The first of these, that of Bonabeau and Cogne (1996), offers a
general claim that “…a physical or biological system can be adaptable and respond to
changing environment by maintaining itself in the vicinity of a symmetry-breaking
bifurcation”93. Asserting this, they have built a physical system – namely, written a
computer program – that has exhibited the property claimed, namely that presence of
oscillations is more advantageous than the lack of it, under the given circumstances.
This, of course, confirms to the original claim.

The other work is that of Hemelrijk (1996). She not only claims the relevance of her
findings to the original domain, but also uses these findings to refute claims put
forward by other researchers concerning the original domain.

                                                
93 The claim is interesting as it appears to have similarities both with the views of Freeman (1995) about
a state transition within a brain that a stimulus brings forward, and the claims of the importance of
making basic distinctions which were put forward by the present author in section 3.3, “The
signification relation”.
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The approach Hemelrijk has taken seems to have that ostensible benefit of being
easier  to pursue than usual, as such an author shows an error in the original author’s
work (here, de Waal’s) not by tracing the mechanism of the original author’s reason-
ing, but by offering a different model that, in principle, should produce same results as
the first one, or better ones, or have some other advantage. In the case of de Waal’s
and Hemelrijk’s present differences, it is nevertheless really not possible to make such
an evaluation, as de Waal seems to have put forward a rather general claim, not
proposed a model, and – on the other hand – while Hemelrijk has proposed a model, it
is not certain that the model is really plausible to be interpreted back in terms of the
behaviour of higher apes: the ‘motivational structure’ of her agents seems too simpli-
fied in comparison to real apes. To take DOMINANCE as the only motivational primi-
tive certainly helps bring down the simulation to a manageable size, but one wonders
were there several motivational primitives present, how would these interact and what
effect would that exert on the results obtained.

It might also be mentioned that, as e.g. the work of Noble and Cliff (1996) has shown,
the order in which agents are selected to act can have significant consequences for the
results of a simulation, which might have happened even in relation to the ‘support’
and ‘opposition’ variables in Hemelrijk’s (op. cit.) work. That this is a real possibility
stems from the fact that these two variables were operationally defined so as to depend
on the interaction that has taken place one time step before.

The third work is that of de Bourcier (1996) who implements many of the quantified
data known about the behaviour of bees regarding foraging, and tries to obtain results
as observed on real bees. Interpretation of results in terms of the original domain
seems here to be used mainly to check the model.

The work of Noble and Cliff (1996) seems to be somewhat different from all the other
experiments reported. They raise some of the basic questions pertaining to the possi-
bilities of grounding simulation work in theoretical biology. As their comments relate
to the modelling process itself, an arrow upwards – towards the model domain – is
entered in their “Type” column cell. Expanding a previously performed work, they
show that the updating method used there, and the control architecture applied, influ-
ence results “in an unexpected way”, which leads them to comment that “…it is
difficult to see how [the original authors’] conclusions can be reliably translated back
to biology”.

It might be added that the same questions arise whenever any natural system is for-
malised, model primitives operated syntactically upon, and then results interpreted in
terms of the natural system. The problems arise concerning the choice of the primi-
tives, the adequacy of formalisation, and the adequacy of transformation rules postu-
lated within the model (c.f. Figure 8.1).

Finally, as regarding communication, not many amongst the works reviewed identify
some behaviour directly as communication. There are actually three such: Moukas and
Hayes (1996), Saunders and Pollack (1996), and Nobel and Cliff (1996). Steels (1996)
– whereas he has a variable called communication success – does not seem, at least in
the present work, to address that matter but only the one of the formation of lexicon.

Of these three works, the goal of Nobel and Cliff’s article was to replicate, expand,
and discuss previous work, and it is uncertain as to what degree does the experimental
set-up coincide with the authors’ own views on communication in artificial agents.
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From the two works left over for final analysis, we might conclude following about
what characterises artificial communication:

• it might be described as exerting an effect on another agent whereby this other
agent behaves in a certain way (Saunders and Pollack, op. cit.) or as transferring
information, where this information also induces the other agent to behave in a
certain way (Moukas and Hayes, op. cit.);

• it might require an agent to change somewhat in the course of a simulation, that is,
to ‘learn’ something (Moukas and Hayes, op. cit.), but needs not: even an approach
where the behaviour is completely defined by an agent’s genes can be taken
(Saunders and Pollack, op. cit.);

None of the authors discuss intentionality of their agents94, but it need not be assumed
that – if there were any actually claimed – they would exceed the functionalist re-
quirements for the existence of intentionality.

                                                
94 Noble and Cliff (1996) mention though that some authors (for instance, those whose work they
themselves have replicated), while warning against adopting an intentional stance towards artificial
agents, are nevertheless themselves prone to making such transgressions.
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9. A closure

9.1 Résumé

The goal of this study was to investigate communication from a cognitive perspective.
It aimed at looking at cognating agents (eventually) communicating. It was thus not
concerned with the use of ‘communicate’ such as in:

(1) This river communicates with the North Sea.

The reason for this is that neither the author nor presumably most of the researchers in
the wide field of cognition do imply cognition to any river or sea. But, cognition is by
some implied to appropriately programmed computers; Herbert Simon, as can be
understood from his quote from 1957 (cited in Introduction), was probably just among
the earliest in a line of thought whose number of adherents has grown multitudinously
in the intervening years.

The above decision that this work has taken, to view as communication only that
eventually happening between cognating systems (be it computers/robots or not), did
necessitate a closer investigation of cognition. It is to that goal that Part I was dedi-
cated. In it, it was shown that depending on how one positions themself with respect
to the possibility of acquiring an ‘objective description’ of reality, this might lead one
to either the experientialist view of cognition and eventually to constructivism, or to
the objectivist view of cognition and presumably to an information-processing, com-
putational theory of mind. Then, at the end of  Chapter 1, two kinds of cognitive
models were proposed, that roughly coincide with the two lines of thought just men-
tioned: namely, the recursive and the linear models, respectively. One of the main
differences between the models is identified to lie in the constraints respective models
place on processes taking place within them, rather than in the more usually debated
algorithmicity of the processes. It is argued that the recursive models constrain the
processes to a greater degree than what the linear models do, which might be seen as
an advantageous property in conjunction with modelling cognition.

In Part II, communication proper was introduced in a somewhat loose manner, by
presenting two topics: the conduit metaphor and the mathematical theory of commu-
nication. The question of whether communication consists of, and is reducible to, a
transfer of anything was brought up. In expounding the matter, the pervasiveness of
the conduit metaphor was discussed, and problems it poses for the experientialist
account of cognition pointed out. It was then suggested that Shannon’s theory of
communication cannot serve as a ground for conceiving communication as a transfer
of anything; rather, even in this framework communication should be seen as a recon-
struction of symbols.

With such a conclusion, the differences with respect to communication between the
two approaches to cognition from Chapter 1 are seen to arise only when the semantics
of these reconstuctions is interrogated: they are fixed by a proper relation to reality
(correspondence theory of truth) in the functionalist approach /linear models/, and are
just a viable description of reality (amongst others) in the biological approach
/recursive models/. It was also argued later on (Section 6.3) that establishment of any

Part V  –  Wrapping up
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type-identity, essential for the correspondence theory of truth, is actually ob-
server-dependent and thus contradicts the aim of grounding an “objective” theory of
cognition upon it.

Chapter 3 exposed some other aspects of communication by a sketchy travel back
through history, and then by a somewhat lengthier exposure concerning formation of
the written symbol system.

In Part III, after first partitioning in Chapter 4 the field of communication research,
Chapter 5 offered a somewhat compressed and rather classical presentation of basic
terms and results of the research on communication in species other than Homo
sapiens, and on models for communication in this latter species, humans. In Chap-
ter 6, it was maintained that the proper way of investigating signs is not by investi-
gating signs, but by investigating the signification relation, that is, the relation be-
tween a (possible) sign and a cognating system for whom this (eventual) sign might
signify.

Closing Chapter 7 is a proposal for understanding communication, inspired by – and
possibly in concordance with – some of the material and the discussions presented
previously in the study. This proposal might be summarised as follows.

Communication is a way of creating meaning. Meaning is a property of intentional
systems. Intentional systems are goal-oriented, achieving their goals through action.
The processes realising intentionality are dynamical, probably highly non-linear.
Communication is also realised through action.

Arising with earliest molluscs, crustaceans, and vertebrates several hundred million
years ago (species in these phyla reproduce sexually), communication is schematised,
the schemes constructed by individual organisms. The schemes are such that they
presuppose the existence of at least one more organism (the prototype being that of
communication related to sexual activities).

In humans, these schemes seem to be understood as something akin to a transfer: a
giving and taking is imagined to occur between the two parties (the conduit meta-
phor). The reason for this simplification of understanding might lie in a developed
view that both parties should contribute to the interaction. So, while the conduit
metaphor points out this important aspect, it appears not to be preventing one from
losing yet another important aspect out of sight – that meanings emerging through the
process are actually constructed by the organisms taking part.

Finally, Part IV contains a review of some current research concerning simulations of
collective behaviour.

9.2 The close relationship of the two main topics revisited

Last section of Chapter 1 contained a remainder that the insight about the close
relation of cognition and communication is not solely a derivation of the present work,
but was previously recognised and argued for by other researchers in different points
of time:

• in the view of von Forester, in order for a stable object of cognition to be formed
by a cognating system, it is beneficial that this process takes place in the course of
the shared experiences of two cognating systems,
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• according to Freeman’s proposal, intentionality is the property of molluscs, crusta-
ceans, and vertebrates, all of which are unisexual and with the reproduction by
pairing; this means that these individuals actively seek another individual, a mem-
ber of the opposite sex: courting is present, with all of the richness of its varieties.

In the course of reviewing the material in the rest of this study, further support for the
claim has been met:

• Charles Peirce argues that a social process is needed for a recognition of reality:
“…the very origin of the conception of reality shows that this conception essen-
tially involves the notion of a COMMUNITY...” (c.f. section 6.1); this social proc-
ess might be subsumed under, or equivalent to communication,

• Sue Savage-Rumbaugh sees meanings as relational entities, not as things existing
in the heads or in the world, or specifically in the symbols (SYMBOLS1, in terms of
Reddy) per se. Specifically: “Meaning exists in the interaction between speaker and
listener” (c.f. Section 5.1),

• Hilary Putnam argues (Putnam, 1988) that reference is a social phenomenon, and
that meaning is interactional,

• and Jerome Bruner argues that “reference is a form of social interaction having to
do with the management of joint attention”; (c.f. Section 5.1 for the last two en-
tries).

This view is nevertheless hardly prevailing in the mainstream classical cognitive
science95 literature: the interactive, social aspect of cognition is not at all mentioned,
as suggested by the subject indexes of some popular text-books in the field.

In general, in the course of this study, the following two conclusions might eventually
take the most prominent place amongst the ones recollected by the reader:

• the importance of realising the place of an observer in conducting any science, and
especially cognitive science

• the utility and necessity of regarding cognition and communication as highly
intertwined

Let it be hinted as a concluding remark that these two points might be interrelated, in
the following way: placing significance in the role of the observer is the result simply
of the acknowledgement that there can be no ‘objective’ knowledge, no knowledge
without some referential point. Understanding that, the only way to reach for some
‘objectivity’, some certainty beyond the individual level, is to get into contact with the
others, to communicate.

9.3 How do you (re)cognise communication when you see it?

It seems possible now, on the basis of the results of the analysis performed in this
study, to answer the question we began our investigation with: whether robots can
communicate. Following the scheme laid out in section one of Chapter 7, we first

                                                
95 As to what the mainstream classical cognitive science is: it is the module approach, consisting of
perception, attention, memory, learning, categorisation, and problem solving as its most often met parts;
no unitary process is assumed here, and no social/communicative aspects either.
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tackle the question of intentionality in general. The answer is relative of one’s stand-
point.

It is negative if the reader understands intentionality biologically—that is, as that
complex neuronal activity that in the course of evolution has up to now appeared three
times (in some molluscs, crustaceans, and vertebrates). Although attempts to use
non-linear dynamics for the goal appear promising (e.g., Skarda and Freeman, 1987),
the level of complexity met in these natural systems has not yet been adequately
mathematically modelled, and physical realisations of such systems seem to be even
further away.

The answer is on the other hand positive if the reader understands intentionality as
aboutness—a relation between a set of internal representations and a determined
objective reality. In such an approach, the mind is not just explained by a Turing
machine, but is also actually considered as being one (e.g. Fodor, 1985), which then
does not leave grounds for denying the real, physically realised Turing machines of
the present day – the computers (including robots) – intentionality.

If the reader finally takes the stand that intentionality is mainly irrelevant for the topic,
and considers different evolutionary pressures as the factors deserving greatest atten-
tion, the question arises whether robots, as artefacts, should be included in the genetic
properties of Homo sapiens, as for instance Dawkins (1982) seems to argue for, or
should they be considered as a species of their own. Although the former proposal
seems much more realistic, the development might lead in the direction of the latter
one, which inspires for a proposal of an Evolutionary Turing Test (ETT) and a corre-
sponding ETT-prize. (In accordance with the original Turing test, briefly mentioned in
footnote 66, ETT would be considered passed when computers/robots lure humans
into believing that these artefacts are another species. The interesting part would start
with the eventual onset of competition for resources, and even an ‘arms race’ con-
cerning dominance relations and – for  the time being mostly for humans typical –
property of putting other species in service for their own goals (section 3.3). This test
could of course start only when computers/robots are allowed to reproduce them-
selves, and in order to judge the outcome one should have a fitting evolutionary period
at disposal, say five hundred thousand years.96

Still following the scheme in Figure 7.1, we now go over to the question of intention-
ality at the moment of eventual communication. If the reader favours the idea of not
being able to ‘see inside’ other intentional minds (i.e., favours the idea of epistemo-
logical solipsism, with the complementary understanding that reality has no reason to
look the same for different realised cognating systems—whatever that ‘look the same’
would tend to mean), then it is suggested here that two things might become apparent
to the reader. The first is the importance of communication for understanding other
minds, or further, its general importance as the only means for bridging the gulf of the
epistemological solipsism between intentional organisms. The second thing eventually
becoming apparent is that we have no way of directly determining whether a “true”
communication takes place. By “true communication” it is here meant such communi-

                                                
96 Given that there exists a Loebner prize awarded yearly to the current most successful Turing Test
computer programme, a Lorenc prize is hereby  proclaimed: one dollar is set in a bank, and will be
awarded, together with the accumulated interest, to the ETT winner after the period just mentioned has
expired. I myself doubt that I’ll be attending the ceremony. (Wonder who will be the judges, and how
will the panel work.)
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cation that is in accordance with the process model approaches (e.g., cell A in Inten-
tion Matrix, Table 4.1) of both participants communicating intentionally.

If the reader, on the other hand, adheres to the view that there in principle exists a true
description of reality, independent of cognating organisms, to which symbols can be
related in some “right” way (Harnad, 1990), then the reader can – when seeing a
transfer or even a recreation of symbols between two presumably representational
systems – decide if and when they do communicate.

The decision is the readers.
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