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Abstract. This article addresses a classical questi®an a machine use language meaningfully

and if so, how can this be achieved®e first part of the paper is mainly philosophical. Since
meaning implies intentionality on the part of the language user, artificial systems which obviously
lack intentionality will be ‘meaninglessp@acee.g. Dennett). There is, however, no good reason to
assume that intentionality is an exclusively biological propepgcée.g. Searle) and thus a robot

with bodily structures, interaction patterns and development similar to those of human beings would
constitute a system possibly capable of meaning — a conjecture supported through a Wittgenstein-
inspired thought experiment. The second part of the paper focuses on the empirical and constructive
questions. Departing from the principle gbigenesistating that during every state of development

new structure arises on the basis of existing structure plus various sorts of interaction, a model of
human cognitive and linguistic development is proposed according to vgigsical, socialand
linguisticinteractions between the individual and the environment have their respective peaks in three
consecutive stages of developmegpisodic, mimeti@and symbolic The transitions between these
stages are qualitative, and bear a similarity to the stages in phylogenesis proposed by Donald (1991)
and Deacon (1997). Following the principle of epigenetic development, robotogenesis could possibly
recapitulate ontogenesis, leading to the emergence of intentionality, consciousness and meaning.

Key words: consciousness, development, embodiment, epigenesis, intentionality, language, mean-
ing, robotics, social interaction, the Turing Test

1. Introduction

Imagine a typical (within a Western middle-class sociocultural context) situation in
which a parent — let us make it the father — is playing with his two-year-old child.
The two are sitting on the floor, surrounded by various toys. The child is playing
with some of these, and sometimes hands one over to Dad. Language enters the
play quite naturally. The child may gesture toward a toy train engine that happens
to be out of reach and sdgain. Dad then responds both verball@h, you want

the train engine? Here you arelnd non-verbally by passing the requested toy.

In receiving it, the child repeatsain-engine, train-enginethereby indicating that

the adult’s slight correction concerning the proper term of reference has not passed
unnoticed. Later on, they exchange roles and Dad &kisyou please give me that

red car?— indicating through his gaze and gesture a particular Matchbox model.
Being in a co-operative mood the child responds by giving daddy thel bank

you, says Dad.

ﬁl‘ Minds and Machinesl1: 155-195, 2001.
i‘ © 2001 Kluwer Academic Publishers. Printed in the Netherlands.
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The activity described in the passage above is an exampléaofyaage game
— the influential concept introduced in the work of the late Wittgenstein, at least
according to one of its possible interpretations.

Language games are the forms of language with which a child begins to make
use of words... When we look at the simple forms of language the mental
mist which seems to enshroud our ordinary use of language disappears. We
see activities, reactions, which are clear-cut and transparent. On the other hand
we recognise in these simple processes forms of language not separated by a
break from our more complicated ones. We see that we can build up the more
complicated forms from the primitive ones by gradually adding new forms.
(Wittgenstein, 1969: 17)

The ‘mental mist’ Wittgenstein refers to consists of notions such as ‘communicat-
ive intention’, ‘meaning’, ‘grammar’ and ‘understanding’ which continue to baffle
the cognitive sciences — especially when conceived as exclusively private, mental
phenomena. At the same time, in the interaction between parent and child described
above, there doesn’t seem to be anything particularly mysteriousintdrgion of
the child is most often transparent, as any parent would testify, despite the still
‘primitive’ nature of its speech.Themeaningof the child’s words can quite plaus-
ibly be identified with the role they play within the language game. The child’s
understandinglor non-understanding) is also evident from its responses — in the
absence of (fairly obvious) reasons not to co-operate, children generally do. Finally,
thegrammarof the speech of the average 2-year-old is still quite simple (cf. Fenson
et al., 1994, Bates, in press), but if indeed there is a continuous progression from
the ‘primitive’ to the ‘more complicated’ expressions in the child’s language as
conjectured by Wittgenstein, and as empirically documented by Tomasello (1999),
then there is no reason to postulate any innate grammar modules in the brain (cf.
Chomsky, 1980; Pinker, 1994), which furthermore would be anomalous from the
standpoint of evolution (cf. Muller, 1994; Deacon, 1997).

Now imagine that the language game described above is more or less unchanged
— with one notable exceptiom the place of the child there is a robothe robot
can pick up and ‘play’ with the different toys; it can hand them over to the human
‘caregiver’ on verbal request and follow his gaze when necessary; it can also point
to objects of interest and initiate verbal interactionk&y | have the ballin one
sentence: The robot has the physical, social and linguistic competence correspond-
ing to a 2—-3-year-old child, and is able to participate in adequate for its ‘mental
age’ language games.

In relation to this little thought experiment, we may ask two questions. The first
one is mainly conceptual and the second mainly empirical, though their answers
are not independent.

e If arobot is able to participate in simple language games as adequately as a
child, should we concede true meaning and intelligence to it?
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e How would we go about developing a robot which could possibly live up to a
positive answer to the first question?

Section 2 will address the first question, and to anticipate, will propose a positive
answer: Yes, a robot could in principle be said to possess genuine intelligence and
meaning — provided that it exhibits crucial propertieshafnanintelligence and
meaning. Which are these? Following earlier work (Zlatev, 1997) and a simple
thought experiment | will single out the following three: (a) sociocultural situ-
atedness, (b) naturalistic embodiment and (c) epigenetic development. | will argue
that such an answer is in important ways different from familiar proposals for
‘operational definitions’ of intelligence by Turing (1950) and Harnad (1991), and
also immune from refutations of these presented by e.g. Searle (1980, 1995) and
Dreyfus (1991, 1993).

But since it is not my intention to make this paper purely philosophical (for
which, in any case, | lack sufficient qualifications) the major emphasis will be
on the second question, addressed in Sections 3 and 4. First, a research program,
Epigenetic Robotigsaiming at developing a robot according to the principles dis-
cussed in Section 2 is briefly presented. In terms of its goals and guiding principles
it is shown to be similar to an existing, well-known robotics proje€og (Brooks
et al., 1999). However, | will argue that there is a discrepancy between the goals
and the actual achievements of the latter, showing thalCibg project lacks a
conceptual framework of how “higher” cognitive abilities, including intentionality
and consciousness, could possibly emerge in a robotic system. Since such abilities
are bothpresuppose@ndfurther developedby meaningful language use, without
developing such a framework, the goals of a project sudBagpwill remain uto-
pian. The ideas presented in Section 4 are intended as a first attempt to formulate
such a framework. Section 5 summarizes the main points of the argument.

2. Can a Machine Mean?
2.1. THE TURING TEST AND ITS CRITICS

The title of this section is a paraphrase of the familiar question “Can a machine
think?” which opens Turing’s (1950) classical paper introducing what came to
be known as thduring Test(TT) for machine intelligence. The adequacy of the
paraphrase lies in the fact that like many others, Turing regarded the ability to use
language as the best criterion for intelligence. If a computer prograrsicanate

the role of a conversation partner — over a terminal in order to hide some inessential
details such as the absence of a body — so well as to make it impossible for its
interlocutor to decide whether it is a program or a person, then one should con-
clude that it can indeed think, according to Turing. Not only did he claim that his
thought experiment showed that artificial intelligence was achievalganciple,

but predicted that in about 50 years — thahisv— given a five-minute interview

on a free subject, an average human interviewer would not have more than 70%
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chance of deciding whether he is chatting with a con-specific or with a computer.
Given the state-of-the-art of current ‘natural language processing’ systems, Tur-
ing’s more specific prediction would be validated only if the intelligence of the
‘average questioner’ is quite low.

The in-principle part of Turing’s argument has not fared much better. In his
three-decade long debate with the orthodox Al community Dreyfus (1973, 1991)
has successfully argued that in order to be able to engage in even the simplest con-
versations, a machine would have to possess an enormous amdaukgfound
knowledgeAnd it can not be a matter of just ‘programming in’ this knowledge — as
in ‘knowledge bases of common sense knowledge’ such as that developed within
the CYC project of Lenat and Feigenbaum (1991) — because it consists not of
‘facts’, ‘rules’, and other such-like propositional representations, but of practical
skills, bodily dispositions and cultural practices. These constitute a kind of tacit
knowledge, or know-how, which can be obtained only through experience.

But perhaps the strongest, or at least the most influential, criticism of the ad-
equacy of Turing’s operational definition of intelligence, and hence of the justi-
fication for a literal interpretation of the term Atrtificial Intelligence, is Searle’s
well-known “Chinese Room argument” (cf. Searle (1980) for the original and
Searle (1995) for a recent formulation). To remind: the argument states that passing
the TT can not be a guarantee forderstandingsince a speaker of one language
could in principle implement a computer program (written in a language which he
does understand) and according tméchanicallyperform input-output operations
and various internal manipulations on the messages of a totally unfamiliar to him
language. What from the outside may count as passing the TT is for the person
inside the room meaningless ‘symbol-manipulation’ — he has no idea either what
the words he is sayingnean(or even if they are words at all) and he can not be said
to have any kind oEcommunicative intentiorThe moral is: “syntax is not the same
as, nor by itself sufficient for semantics” (Searle, 1995: 61) and since a computer
can only operate on syntactically defined ‘ruléshere is no way it could either
mean or understand anything. All meaning and intelligence would be, in the best
case, in the eyes of the beholder.

2.2. SOME DEFENDERS OF THE TT

Searle’s argument relies on intuitions, and intuitions are (almost) never watertight,
but it is nevertheless better than its many published ‘rebuttals’. Churchland and
Churchland (1990), for example, attack the premise that syntax is not sufficient
for semantics (i.e. the moral from the Chinese room thought experiment) claim-
ing that it is analogous to the false premise “forces by themselves. araot
sufficient for luminance” (ibid: 29) which leads to the false conclusion that “elec-
tricity and magnetism [which are forces] are not sufficient for light”. Just because
the premiseseemgight to us does not guarantee that it is right — computation
may very well give rise to (what we could call) semantics. The problem with this
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counter-argument is that the analogy between light-luminance and mind-meaning
is bad: the first are physical properties and clearly reducible to more basic physical
properties and physical laws. Meaning on the other hand, implying notions such
as conventions and communicative intention, is not (or at least not only) a phy-
sical property and itis not at all clear how it could be reduced to physical properties,
and even less so to the kind of ‘computations’ performed in a digital
computer.

Another critic of Searle and thus (indirectly) defender of the TT, Dennett (1991)
gives a version of the ‘systems reply’: a program that would be able to pass the TT
(even for 5 minutes’?) “would have to be an extraordinately supple, sophisticated,
and multilayered system, brimming with “world-knowledge” and meta-knowledge,
and meta-meta-knowledge about its own responses, the likely responses of its in-
terlocutor, and much, much more” (ibid: 438). But if the program is so complex,
continues Dennett, then our intuitions can no longer tell us that there is no genuine
understanding going on — unlike in Searle’s simplistic scenario of a man mindlessly
manipulating meaningless characters: “Maybe the billions of actions of all those
highly structured parts produce genuine understanding in the system after all.”
(ibid: 438). Here, Dennett appears to be endorsing a kind of who-knows?-maybe-
syntax-could-give-semantics ‘emergentist’ position — though as pointed out above,
such a position has its own problerhsiowever, later on he states that what the
mindless subroutines of the program are performing is a ‘quasi-understanding’,
which non-Al practitioners are just too unimaginative to see for what it is: “Prob-
ably because they haven't learned how to imagine such a system. They just can't
imagine how understanding could be a property that emergeslésnof distrib-
uted quasi-understanding in a large systé(ibid: 439, my emphasis). | frankly
admit to share this lack of imagination. In particular: | see no other reason to
elevate the subroutines (elsewhere described by Dennett (1991) as simple mindless
‘demons’ specialized for certain input-output operations) to the status of ‘quasi-
understanders’ than Dennett’'s desire to mix up causal and intentional processes
in his magician’s hat and somehow make the latter disappear. Dennett's ‘theory
of consciousness’ seems to add up to the claim that consciousness, in its various
manifestations — meaning, introspection, qualia, etc. — is some kind of elabor-
ate self-illusion resulting from “the operation of a “Von-Neumanesque” virtual
machine implemented in the parallel architecture of a brain” (ibid: 210). Unsur-
prisingly, this characterization has failed to satisfy any but the most sympathetic of
Dennett's readers.

2.3. BNTER THE ROBOTS

More constructive responses to Searle’s argument are those which fall into the “ro-
bot reply”. One of these belongs to Harnad (1991, 1993) who proposes extending
the TT into the “Total Turing Test” (TTT) on the grounds that:
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. in the case of the TT, there was more we could ask for empirically, for
human behavioral capacity includes a lot more than pen-pal (symbolic) inter-
actions. There is all of our sensorimotor capacity to discriminate, recognize,
identify, manipulate and describe the objects, events and states of affairs in the
world we live in. Let us call this further behavioral capacity ooipotic capa-
city. Passing the TTT would then require indistinguishability in both symbolic
and robotic capacity. (Harnad, 1992, 6.2)

Harnad’s point is that if we could not distinguish a robot from a human being “by
exactly the same criteria we use in judging one another in our ordinary, everyday
solution to the other minds problem” — by which Harnad obviously means compet-
ence in physical and social interaction, rather than, say, having skin, a bodily odor
and so on —we would have no principled basis for doubting that it lacks intelligence
such as ours.

This is a fairly persuasive argument, and | agree with Harnad that a machine
possessing such abilities would be immune to Searle’s argument since its suc-
cessful operation would require not only blind ‘symbol manipulation’, but causal
and ‘indexical’ links to the environment. Even if there is a homunculus who is
implementing the central processor in this “walking Chinese room”, he can not
know what is going on in this extended embodied system since he is only a small
part of it. But the non-applicability of Searle’s argument doesn itself show that
passing the TTT test, or behavioral ‘indistinguishability’, is a sufficient condition
for accrediting the robot with meaning, which Harnad acknowledges as well.

Let us consider the following Wittgenstein-inspired thought experirharper-
son who has lived a normal life in our community dies and in the autopsy it is
discovered that there is some kind of a device instead of a brain in his head. Would
we on the basis of this decide that we had been fooled all along and that the person
was actually a ‘brainless’ automaton, lacking any real language and meaning? |
believe that the answer is: hardly. Notice, however, the following differences in
this thought experiment compared to the earlier ones.

First, the person-robot has not participated in a test, of any arbitrary duration,
but has engaged in natural everyday activitrdgghin a community for a whole
lifetime This seems to exclude the possibility that he has been constructed with the
explicit purpose of fooling the judges of a TTT test.

Second, the ‘death’ of the person-robot makes it too late to investigate the causal
relationship between his ‘hardware’ and behavior, and even if we may have some
doubts we have no way of substantiating them. Thus we remember what a great
guy the person-robot was, how he laughed at parties and helped old ladies cross
the street and decide thathateverit was that let him have a soul (in a sense),
he certainly had one. Otherwise it would simply be unfair toward the deceased.
But what if he hadn’t died? Then first the doctors at the operation table, then the
cognitive scientists and then we, would have wanted to know: OK, if not a brain,
what is it that makes him tick? And if we were told that it is a bunch of cogs, or
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even a mini supercomputer — both of which are completely dissimilar to our brains
— then we would become suspicious that maybe he did not have a real mind after
all. And we would want more evidence on how he actually ‘worked’. The point is
thatintuitions about causality matter for intuitions about personheaat any rate

in a scientific culture.

Third, a very important source of evidence in deciding whether our neighbor the
robot had genuine intentionality or not — once we are made open to the possibility
that he might not — is the answer to the questlmw did he acquirall the physical
and social skills necessary for us to think of him as just one of us? If we are told
(after our cognitive scientists work on him extensively, either dead or alive) that it
was through preprogramming by super-intelligent engineers (or perhaps by aliens)
then again we would be disposed to accept the possibility that he was an ingenious
automaton after all. On the other hand, if we were assured that he grew up and
learned his skills just like us, this suspicion would hardy arise.

2.4. ARTIFICIAL SITUATED EMBODIMENT

What | would like to propose on the basis of this discussion, is that the following
three characteristics of human cognition in general, and language use in particular
(cf. Zlatev, 1997) constitute criteria for the attribution of intelligence and meaning
to an artificial system:

e sociocultural situatednesghe ability to engage in acts of communication and
participate in social practices and ‘language games’ within a community;

e naturalistic embodimenthe possession of bodily structures giving adequate
causal support for the above, e.g. organs of perception and motor activity, sys-
tems of motivation, memory and learning; (notice that this impdiegctural
similarity between a natural and artificial system, not physical similarity, and
absolutely not identity);

e epigenetic developmenthe development of physical, social and linguistic
skills along a progression of levels so that lenel competence results from
level n competence coupled with interaction with the physical and social
environment.

Furthermore, the degree of necessary similarity between human and artificial intel-
ligence with respect to these features is an open issue — it is definitely not “indis-
tinguishability” we need to strive after. In sum, | propose the following criterion
for giving a positive answer to the question “Can a machine mean?”:

If an artificial autonomous system (a robot) with bodily structure similar to ours
(in the relevant aspects) has become able to participate in social practices (lan-
guage games) by undergoing an epigenetic process of cognitive development
and socialization, then we may attribute true intelligence and meaning to it.
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Let me attempt to answer two likely objections to this proposals — one from the
‘Left’ and one from the ‘Right’, so to speak. First, from a reductive materialist
position (in unison with behaviorism and the Turing Test) one could question the
necessity of epigenetic development. After all, if a preprogrammed robot behaved
in the same way as one which had developed through interaction with the physical
and social environment — to the extent that the two could not be distinguished
— then on what basis can one deny the first one intelligence? Epigenesis may
be necessary to discover the ‘goal-state’ of the robot's ‘brain’, but once this is
found, why not implement this state directly in the future? The more philosophical
response to this objection is that the pre-programmed robot will have nothing but
(first-order)derived intentionality- all its ‘representations’, ‘goals’, ‘beliefs’, etc.
would derive their meaning entirely from the intentionality of the engineers who
programmed it. The robot itself would be performing whatever it was designed
to perform blindly. Even Dennett (1996), well-known for his rejection of intrinsic
intentionality appears to acknowledge that there is an important distinction between
programming-in and learning through experience in a thought experiment about a
milk-buying robot:

Maybe the engineers formulated and directly installed the cost-conscious prin-
ciple ... in which the derived intentionality of these states would definitely
lead to the human designers’ own intentionality as the creators of these states.
It would be much more interesting if the designers had done something deeper.
Itis possible. .. that they designed the robot to be cost-sensitive in many ways
and let it ‘figure out’ from its own ‘experience’, that it should adopt some such
principle. In this case the principle would not be hard-wired but flexible

(ibid: 71)

The more empirical response is that the pre-programming approach would never
work because of thiéexibility mentioned above — ‘intelligent’ behavioral skills and
dispositions must be sensitive to an open-ended environment, and the only way to
achieve such sensitivity is through continuous adaptation. There would therefore
always be observable differences between the epigenetic and the pre-programmed
robot.

On the other side of the ideological divide, someone like Searle could criticize
my proposal on the basis that all the criteria it includeseatternal and that they
still leave the logical possibility that a robot which fulfills them nevertheless lacks
intrinsic intentionality, as well as consciousness. As Harnad puts it: “there may be
no one home”. My response to this objection is twofold, again the first being more
philosophical and the second more empirical.

First, it is not without good reasons that many thinkers, e.g. Ryle (1949), Mal-
colm (1971) and the earlier mentioned Wittgenstein (1953) and Dennett (1991),
have opposed the idea of the logical impossibility of proving or disproving the pres-
ence of a mind in another being, known in philosophy as the “the problem of other
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minds” (cf. Buford, 1971). One is that this conception of mind opens the door to a
world where it is possible that all other people are zombies or robots, while all trees
and stones think deep thoughts. To my knowledge it is not many people (outside
lunatic asylums and philosophical departments) who hold this logical possibility to
be probableenough worth even considering. Therefore the problem is not so much
epistemological (how do | know that I am not surrounded by zombies?) but rather
conceptual, showing that there is something problematic in our concept of mind
which makes the problem arise in the first place. Without claiming any contribution
to the philosophical discussion on ‘other minds’ | would nevertheless suggest that
the problem arises when the concept of mind is treatedwstary concept with

crisp boundariesThe case could be made that instead, it is more like the concept
gameused by Wittgenstein (1953) to point out that all concepts need not be unitary
arid crisp, but rather that different phenomena falling under the concept may be
connected by ‘family-resemblances’. Some of these phenomena involve personal
experiences likgain but which through empathy are spontaneously applicable to
other people. Other phenomena, Igtgared word meaningre primarily social, but

in being grasped and followed are also individual. Since the personal and social
dimensions of mind are so closely connected, the doubt in other minds is hardly
more justified than the doubt in one’s own.

The second response is that it is not only a matter of behavioral similarity (in
the relevant aspects) that would constitute the motivation for attributing meaning
to the situated embodied robot (thus making it an argument from analogy), but the
possibility of a theory of how theight combinationof situatedness, embodiment
and epigenesis will give rise to human-like consciousfess.example of a first
attempt at such a theory is that of Edelman (1989, 1992) which views the capacity
for language and consciousness as evolutionary adaptations, which at the same time
require a favorable ontogenetic environment to blossom in the individual. Such a
theory could show that it is impossible to have the characteristics of cognition
which | proposed as criteria for tragtribution of meaning, and at the same time to
lack intentionality and consciousness: the latter emerge from the first as a matter
of natural necessity. In Section 4 | will propose a developmental model which
similarly implies that self-consciousness is a necessary pre-requisite for fully suc-
cessful language acquisition, thus rather paradoxically offering some vindication
to Turing’s intuition that theeal ability to use language implies intelligence.

3. Epigenetic Robotics and theCog Project

The previous section was predominantly philosophical in addressingotineep-

tual question of the preconditions for meaning by appealing to our intuitions re-
garding various thought experiments on the (im)possibility of an artificial mind,
and the soundness of the arguments based on them. Since | answered the question
“Can a machine mean'?” in the affirmative, the task is now to suggest how an
artificial, autonomous system, i.e. a robot could be possibly brought to do so.
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The three characteristics of cognition used as a basis for the positive answer —
situatedness, embodiment and epigenesis — would have to be fulfilled in such an
implementation. On the other hand, the project of constructing such a robot can
be seen as contributing to the theory suggested at the end of the last section —
a theory of how intentionality and consciousness emerge in such a system — and
in this way strengthen the argument for the adequacy of the conceptual answer.
(It is in such loops between conceptual and empirical/constructive and back that
cognitive science comes into its own.) Such a general project may be referred to as
Epigenetic Robotics.

A more specific version of this project was recently initiated at the Department
of Cognitive Science at Lund University with myself, Lars Kopp, Peter Gardenfors
and Christian Balkenius as principle collaborators. The goals of this project were
formulated as follows:

e to construct a humanoid robot which is able to interact with a human “care-
giver” verbally and non-verbally in a series of simple language games in a
manner comparable to that of a two-year-old child

e to achieve this by endowing the robot with a (neuro)biologically plausible
bodily structures, and allowing it to develop its physical, social and linguistic
competence by interacting with the environment, acquiring any human lan-
guage it is exposed to

e to attempt to model as closely as possible the relevant evidence from develop-
mental psychology, i.e. certain well-established developmental progressions

Even in this somewhat simplified form, the task of Epigenetic Robotics is ex-
tremely ambitious, and many would say unrealistic given the present state of our
empirical knowledge and technical resources. But if we suffer from hubris, at least
we are not the only ones. A number of research labs have set themselves the task of
developing humanoid robots. Perhaps the best-known one is the project centered
around the development of the robGbg described by one of the researchers
involved in the following terms:

Our group has constructed an upper-torso humanoid robot, called Cog, in part
to investigate how to build intelligent robotic systems by following a develop-
mental progression of skills similar to that observed in human development.
Just as a child learns social skills and conventions through interactions with
its parents, our robot will learn to interact with people using natural social
communication. (Scassellati, in press)

It is clear from this description that both the goals and the overall ‘ideology’ of this
project are very similar to those of Epigenetic Robotics. A recent paper (Brooks et
al., 1999) summarizes the methodological premises, achievements and challenges
of the Cog project. The ‘essences of human intelligence’ according to the authors
are (a)development(b) social interaction (c) embodiment and physical coupling

(with the environment) and (ditegration(of different sensory modalities). These
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characteristics clearly correspond to the three characteristics singled out in Section
2, ‘integration’ being an aspect of embodiment.

The features of human embodiment that have been modeled @aipproject
include 5 perceptual systems (visual, vestibular, auditory, tactile and kinesthetic)
and a number of motor systems (2 arms, waist, neck and eyes — with altogether 21
mechanical degrees-of-freedom. There is a separate ‘vision and emotive response’
platform connected to a motivation system of basic ‘drives’ (fatigue, social contact,
stimulation) which can engage in a primitive kind of social interaction, e.g. if not
stimulated, its facial expression signals ‘boredom’, if overstimulated, it signals
‘fright’, otherwise it shows ‘interest’. Other simple interactive behaviors that have
been implemented includsaccadegswift eye-motion),smooth-pursuit tracking,
vestibular-ocular refleXstabilizing the eyes during head movemengck/eye ori-
entation(‘looking’ towards salient stimuli)hand-eye co-ordination, face and eye
finding andimitating head nods

Though this list of actually implemented behaviors is impressive, one is struck
by a discrepancy between the ideology of @@eg project and the landmarks
achieved over the project’s 6-year history. Notably, all of the behaviors imple-
mented involve low-level, automatic processes, most of which are langehte
in human beings. Thus cognitive development is completely absent. Furthermore,
since they are developed independently of each other (some on different platforms)
there is hardly anyntegration between them. Finally, without the backdrop of
a basic self-regulating sensorimotor intelligence, it is impossible to include any
social integrationworth its name — it is typical that the skills which are included in
this category involve only crude stimulus-response based patterns.

Therefore it is not surprising when in the final part of the paper the authors
identify a number of ‘missing pieces’. In particular, the major problem admitted
concerns the difficulty of “demonstrating coherent global behavior from the ex-
isting subsystems and sub-behaviors. If all of these systems were active at once,
competition for actuators and unintended couplings through the world would result
in incoherence and interference among the subsystems.” (Brooks et al., 1999: 30)
Other deficiencies are the absence of ‘deeper visual perception’ (there is nothing
but feature detection i@ogs visual system), and a ‘sense of time’ (there is nothing
but very primitive procedural memory).

It is not troublesome tha@ogdoes not possess these abilities — it would indeed
be a miracle if it did, given the approach taken. What worries, however, is the appar-
ent implicit assumption that somehow ‘more of the same’ would somehow lead to
adequate coherence, recognition and memory. Such an assumption would be highly
naive. A purelyreactivesystem, which is what i€ogis at present, will not trans-
form itself into an intentional system by just adding more input-output circuits.
What is necessary is @evelopmental frameworshowing how such a transition
could occur by extensive interaction between subsystems and between the whole
system and the environment. Since despite some general pointers, Brooks and his
colleagues do not offer such a framework, the task appears to be to develop one
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instead. This is the foremost challenge to the Epigenetic Robotics program and in
the following section | will make a first attempt to formulate such a framework.

4. Developmental Stages in Ontogenesis and Robotogenesis

The task of this section is to present the outlines of a synthetic theory of human
cognitive development, and simultaneously to suggest how it might possibly be
implemented in an artificial self-organizing autonomous system, i.e. a robot. In
other words, | will be offering to the reader’s consideration something which |
may call (with a good portion of self-ironyg recipe for the making of an artificial
person.l am quite aware that in saying so my project runs the risk of falling under
the heading of neither philosophy nor cognitive science, but rather under Science
Fiction. Nevertheless, there are several reasons that may be said to motivate such
an undertaking.

First, as pointed out in the previous section, without a comprehensive theoretical
framework, projects of building robots such@egtend to get lost — not in space
but in peripheral behaviors and technical details and systematically don't live up
to their lofty goals. Thus, offering a kind of “route description” for traveling from
source to destination — even if turns out to be a wrong one — would serse as
reminder of the existence of the vast territoand an invitation for other routes
to be tried. (The only robotics project | am aware of that attempts to chart such a
trajectory is that of Kozima, 1999).

Second, theepigenesis principlécf. Section 3 and Section 4.1 below) stating
that cognitive development progresses through a sequence of stages where each
consecutive stage builds on top of the preceding one in order to yield increasing
complexity, strongly constrains possible developmental scenarios. No teleporta-
tions or other mystical means for reaching the goal are allowed: The trajectory has
to betraversed

Third, it is possible to further constrain the developmental trajectory by relying
on a multitude of ideas and evidence from different theoretical approaches and
fields such as developmental psychology, social psychology, cognitive psychology,
evolutionary theory and neurobiology — which nevertheless can be shown to dis-
play notableconvergencedn particular, the work of Vygotsky (1978, 1986), Mead
(1934), Piaget (1953), Gibson (1979), Bruner (1983), Tomasello, Kruger and Rat-
ner (1993), Tomasello (1995), Neisser (1988), Changeux (1985), Edelman (1989,
1992), Miller (1995), Donald (1992) and Deacon (1997) has contributed to the
developmental model presented in this section.

Finally, the reverse engineeringnethod of robotics (and cognitive modeling
in general) allows a considerable degree of schematicity in theorizing, abstracting
away from empirical detail. Therefore, even though many of the facts and issues
concerning human development remain uncertain, it is possible to proceed as if
they were — and to see whether the proposed solution ‘works’.
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After this preamble | proceed witersion 1.00f the instruction manual odow
to Build an Artificial Person.

4.1. TYPES OF INTERACTION AND DEVELOPMENTAL STAGES

The principle of epigenetic development applies to the whole life span of the in-
dividual — from conception to death. The initial state consists of the fertilized egg
cell, and from then on the organism is formed as a result of a multitude of different
interactionswith the environment, witlvarious degree of contrdrom the genes.
Thus, the genome does not constitute the ‘blueprint’ for the mature organism, but
sets constraints and preferences, regulating the developmental process, which on
a neurobiological level has certain similarities with evolutionary processes such
as natural selection (cf. Changeux, 1985; Edelman, 1992; Muller, 1995; Deacon,
1997). From a very global perspective we can distinguish between 4 kinds of inter-
actions responsible for giving rise to cognitive structure in the individual, with the
last one applying only to human beings.

(1) biochemical interactionorganism-internal processes such as the “neural Dar-
winism” that gives rise to the basic circuitry of the brain

(2) physical interactionprocesses through which the organism perceives and acts
upon the physical environment through its sense and motor organs

(3) social interaction specialized learned interaction patterns with other mem-
bers of the social group

(4) linguistic interaction communication by means of a conventionalized sym-
bolic system with other members of the group and with oneself

The degree of genetic control progressively decreases from (1) to (4), and inversely,
learningplays an increasingly important role. This much is relatively uncontrover-
sial. What is more controversial is the following basic assumption which underlies
the developmental model to be presented in this section:

The first few years of a child’s life may be divided in 4 qualitatively different
stages, each one corresponding to the period when a ‘higher’ form of inter-
action between the child and its environment assumes a dominant role for
establishing cognitive structure.

These stages are the following: From conception to birth, the human organism
undergoes @reparatorystage in which the basic bodily and neural structures are
formed through bio-chemical interactions, under close control from the genes. The
stage from birth to approximately 9 months is referred teepsodic attribut-
ing to this term the meaning adopted by Donald (1991), which is quite different
from Tulving’s (1985) notion of ‘episodic memory’. The main characteristics of
this stage are that the dominant form of interaction is physical and the world is
perceived in terms of concrete ‘episodes’ (events, scenes) without any ability to
conceptualize the past, the future or oneself. The next stage is caifadtic
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Figure 1. Developmental stages corresponding to the period (in months) during which a cer-
tain type of interaction plays the major role (marked by the double line ===) for cognitive
development in the individual.

also following Donald (1991). It is dominated by social interaction — which has
begun soon after birth but now truly blossoms along with the ‘discovery’ of others
as intentional beings and the emergence of self-consciousness. Volitional acts of
imitation — ‘mimesis’ — play a crucial role in development. Tdymbolicstage is
anticipated by a ‘symbolic insight’, usually occurring sometime between 18 and
24 months, which marks the beginning of a new sort of memory organization, me-
diated by a public symbol system provided by language, as suggested by Vygotsky
(1986) and Deacon (1997). The consequence of this transition are the vocabulary
spurt, the emergence of grammar and a qualitatively increased role for linguistic
interaction. This, in a nutshell, is the model to be presented in this section. A
schematic representation is provided in Figure 1.

As reflected in Figure 1, the model assumes that the different forms of inter-
action proceed in parallall throughout developmenwWhen a ‘higher’ type of
interaction takes on a leading role this does not mean that the others somehow
disappear. For example, even in adults, where linguistic interaction is (arguably)
the most important source for the growth of knowledge, non-linguistic social in-
teraction, physical interaction and say, hormonally driven, bio-chemical processes
naturally contribute as well. The proposal is nevertheless that with each successive
stage, interaction types that were dominant are superceded with a new type which
is less determined by purely physical processes, and more by processes which
are, broadly speakingntentional Thus, the proposed progression of stages can
be interpreted aa step-wise growth of intentionality

In the remaining parts of this section | will present some of the basic evidence
for this division in stages, describing the cognitive structures and skills that appear
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to be developed in each. Along the way, | will also consider how the most import-
ant of these could possibly be implemented in, or radeguired bya robot. As
suggested above, the model is partially based on the work of Donald (1991) which
is actually a theory not of individual development but of evolution. Hence | will be
discussing possible parallels in phylogenesis, ontogenesis, and to coin a new term
—robotogenesis

4.2. STAGES OF HUMAN AND ROBOTIC COGNITIVE DEVELOPMENT
4.2.1. Preparatory Stage-<9 to 0 months)

Empirical results strongly suggest that while still in the womb the human organism
develops not only its bodily organs (along with the nervous system to support their
activity) but certain specific bodily skills. The fetus has been observed to perform at
least 15 different coordinated, movement patterns. Newborn babies are capable of
moving their hand toward their mouth, and in the case of a miss to move both hand
and head in a way that makes the hand ‘reach the goal’ (cf. Butterworth, 1995).
While this could be (and has been, cf. ibid) interpreted as a kind of primitive inten-
tionality (in the sense of goal-directedness), it could also be the result of a system
of coordinated reflexésHowever, the complex co-ordinations between different
sensory modalities and between sensation and motor activities that the behavior of
neonates shows are indisputable and seem to require a good deal of ‘innate pre-
wiring’. Furthermore, a few weeks after birth babies display the ability to reach
toward a target standing out from the background (Von Hofsten, 1989), which
would require a complex co-ordination between motivation, attention, perception
and motor systems. In such a co-ordination it seems possible to see the roots of
intentionality: sensorimotor activity is directed to aspects of the environment which
are selected by the motivation-attention complex.

The structures underlying the abilities mentioned can clearly be regarded as
preparatory for physical interaction (cf. 4.2.2), but they are also indispensable for
social interaction, and observable in the early appearance of imitation (Meltzoff
and Moore, 1995) (cf. 4.2.3), and (later on) in feedback loops between speech
perception and production, and hence for linguistic interaction (cf. 4.2.4). But there
also seem to be evolutionarily established pre-adaptations in our species which are
specifically ‘designed’ for the latter two types. These need not, and indeed for
evolutionary and biological reasons most likelyuld not (cf. Muller, 1995; Dea-
con, 1997; Schoenemann, 1999) involve abstract structures such as an ‘intention
recognition module’ (Fodor, 1983) or a ‘language acquisition device’ (“Univer-
sal Grammar”) (e.g. Chomsky, 1980). Rather, likely pre-adaptations consist of
much more concrete mechanisms such as the ability to detect and recognize faces
(and perhaps other attributes of conspecifics) and to produce and pespeaeh
sounds (cf. Jusczyk, 1997). Finally, it is possible that a crucial pre-adaptation al-
lowing us to cross the barrier of symbol use much easier than even our nearest
relatives (bonobos and chimpanzees) is a powerfully expanded prefrontal cortex,



170 JORDAN ZLATEV

which according to Deacon (1997) would be instrumental to the ability to acquire
symbol systems by redirecting attentional resources from immediate sensorimotor
co-relations, to the relations between the symbol-tokens themsgelves.

The need to assume pre-adaptations such as these is clearly inconsistent with
a view of the new-born child astabula rasa On the other hand, there is a gulf
between this conclusion and the strong nativist picture of (almost) completely pre-
specified ‘mental modules’, which only need to be ‘triggered’ by experience. Arich
set of pre-adaptations designed to facilitate the child’s interaction with the physical
and social environment similarly imply a rejection of the view of the newborn as
‘profoundly adualistic’ — with no separation at all between self and environment,
a view taken by e.g. Piaget (1953). Again, this does not imply a jump back to a
‘natural dualism’ of the type espoused by the 18th century philosopher Thomas
Reid (1912), as Butterworth (1995) assumes. The self, like most, if not all, mental
structures and abilities remains to be constructed in interaction, even if the child is
born well-prepared for this constructive process.

What do these considerations imply for the ‘preparatory stage’ in the develop-
ment of a robot? First, a few crucial differences need to be pointed out. While the
state in which the human child is born is not simply the product of the information
in the genes, but of bio-chemical and to a limited extent other kinds of interaction
(cf. above) — the structures with which a robot is ‘born’ need tanelantedby
its creators, i.e. they are going to be ‘innate’ in the strong sense. On the other
hand, by experimenting with different configurations and implementations of these
structures, the roboticists are taking on the role of evolution and speeding it up con-
siderably compared to natural conditions, a point similar to that made by Dennett
(1995) with respect t€og

Otherwise, apart from substituting hardware for ‘wetware’ it should be possible
to achieve a good deal of isomorphism. An epigenetically developing artificial
system should not be endowed with Chomksyan and Fodorian knowledge modules,
but rather with a coordinated system consistimigimally of:

e organs of perception, the operation of which can easilcdardinated to
form a cross-modal network

e motor organs, which can be easily coupled with the perception network

e an attention system, initially biased for motion and perceptual contrast

e a motivation system determining thielueof perception and motor activity in
relation to internal criteria, e.g. homeostasis

e a(procedural) memory system geared to form associations between the states
of the above four systems, and hence sensorimotor categories

However, while such an initial state may be sufficient for simple artificial creatures

(e.g. Balkenius, 1995) it is almost certainly not enough for a humanoid robot. Given
the testified capacity of neonates to form specific, short-term goals, displayed in
the ability to reach out for an object and to imitate gestures, it would appear to be
necessary to endow the robot with a capacity gasto-intentionality i.e. a rep-
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resentational ability to form goals prior to behavior, and to evaluate whether these
goals are subsequently met or not. Preadaptationsdoial interactionshould
probably include:

e templates for human faces and/or other properties of human anatomy and
motion, allowing easy discrimination of other social agents (human beings
or other robots)

e extending the motivation system to include not only values directly related to
survival needs, but a preference for social contact as such

e a capacity for imitation of body movements (though this could also be an
emergent characteristic from cross-modal mappings, proto-intentionality and
a value for social contact)

Finally, pre-adaptations fdinguistic interactionwould include, and hopefully be
limited to:

special circuitry for perceiving and producing phonetic contrasts

the potential to be able eventually to suppress more immediate sensorimotor
co-relations, and to reorganize memory on a symbolic basis (the hypothesis
being that without this ability no true symbolic language would emerge, but
rather something like the language skills of apes)

It should be emphasized again that none of the proposed ‘innate characteristics’
constitutes a complete mental module in the spirit of hard-line nativism, and neither
do they imply epistemologically basic, ‘Kantian’ categories. All are pre-adaptations,

or preparationsfor subsequent stage — hence the label for this stage of develop-

ment.

4.2.2. Episodic Stage (0—9 months)

The period from birth to until about 9 months is a period during which the child
undergoes intense development in all possible ways, to which several different
kinds of interaction actively contribute. The genes regulate bio-chemical processes
that lead to considerable body growth. Participation in social exchanges involving
imitation (Meltzoff and Moore, 1977) and ‘protoconversations’ (Bateson, 1975)
is observed soon after birth and develops henceforth. Linguistically, though not
yet symbolically (cf. 4.2.4), the child adapts its speech perception to only those
contrasts which are present in the ambient language by 6 months, and begins to
experiment with speech production itself through babbling at about the same time
(Locke, 1993). (These ‘precocious’ developments are shown by the dashed lines
preceding the double lines in Figure 1.)

However, is not unreasonable to suppose that whaistcharacteristic of the
infant’'s early development is establishing a familiarity with the (radically new,
compared to the previous period) physical environment, as well as with its own
body, by engaging in almost ceasel@ssceptormotor activityTwo highly influ-
ential figures of 20th century psychology have emphasized the importance of this
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kind of activity for cognition: J.J. Gibson and Jean Piaget. Though seldom brought
together in this manner, | would suggest that what is probably each one’s pivotal
theoretical concept affordance(cf. Gibson, 1979) an(sensorimotor) schentef.
Piaget, 1953), respectively — share crucial properties which makes them compatible
in a theory of child (and perhaps robotic) development. In particular: they are both
ecologicalnotions since they can only be characterized in terms of the interaction
between organism and environment — they are, properly speaking, neither ‘in the
mind’ nor ‘in the world’, and they couple tightly perception and motor activity. In
Gibson’s terms what the infant first and foremost perceives are those aspects of
the environment whiclafford some sort of action. Since the child’s bodily skills
change rapidly during the first year of life, so will its perception. The way objects
are perceived, for example, will change once the child has become able not only
to reach toward, but to touch and grasp those within reach. In Piaget’s terms, the
schemes coordinating perceptions and motor patterns will be the means through
which objects and events are ‘assimilated’, i.e. perceived and categdrized.

The similarity between affordances and schemes may be illustrated by consid-
ering the infant’s behavior towards desirable objects. As mentioned in the previous
section the neonate would more or less instinctively reach toward a ‘blob’ in its
field of vision that happens to stand out perceptually from its surroundings. This
standing-out, due to strong color or hue contrast or motion, can be seen as an
elementary affordance: the ‘blob’ affords easy detection. Next, if the child’s hand
manages to come in contact with this blob, i.e. it turns out tadoehable the
child will attempt some sort ofrasping probably due to a reflex. If the blob
affords grasping then this will be registered, and if it furthermore affondsing
(as a whole), and perhajpicking-up then the blob would have attained many of
the properties that definebjectsexperientially. The next time the child sees an
identical phenomenon, it will not see it as a “blob” any more — but as something
graspable, movable and pick-up-able.

The schemes, on the other hand, can be seen as the sequential structures that
bind the perception of the various affordances with the actions which they af-
ford. Thus, to carry out interactions with everyday objects (such as the toys in
the language game of Section 1) the infant will need:

e agaze-focusing scheme (toward something standing-out)
e areaching scheme (toward the same thing)

e atouching scheme (toward something touchable)

e agrasping scheme (toward something graspable)

e an object-moving scheme (toward something movable)

e an object-lifting scheme (toward something liftable)

This way of formulating the interrelationship between affordances and schemes,
which to my knowledge is not orthodd®,has the advantage that it makes it pos-
sible to see how schemes — which rise long before concepts — can nevertheless
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serve as the basis fantentional behavior prior to the existence of explicit goals
A developmental sequence such as the following is conceivable:

(1) Infocusing attention (itself controlled by motivation) on some specific aspect
of the environment, the aspect will Been through its affordancégraspable,
edible, etc.).

(2) Affordance-based perception can trigger appropriate goal-directed action
schemes.

(3) If a simple scheme can not lead to the goal, schemes cehdieed e.g. the
sequence of schemes leading to lifting an object listed above.

(4) Frequently chained schemes can be automated.

Since the environment is ‘directly perceived’ in terms of what may be called its
telic structure(what can be done with it) initial schemes implicitly include the third
necessary component of a Piagetian action scheme, namelybeted resulcf.
von Glasersfeld, 1997). ‘Accommodation’ (change in the schemes) will occur fif,
for example, a grasping action does not lead to actual grasping since the object
turns out to be too slippery. Such a ‘perturbation’ would require changing one’s
perception — the object no longer affords grasping, or the establishment of a new
scheme, appropriate for slippery objects.

Furthermore, by means of sensorimotor interaction with the environment the
infant not only discovers the world, but algself— as a ‘being-in-the-world’. This
is because the child can perceive its own body, as engaged in various activities,
through what Leder (1990) calls a “folding back of the body upon itself”:

Thus, my sensorimotor capabilities can reflect one upon the other; my eyes can
look down upon my hands, my hands can touch each other or reach up to touch
my eyes. If the body were simply a point source, an eye at the moment of sight
or a fingertip at the moment of touching, it could not gain this perspective on
self (ibid: 23).

The point is that each sensory modaliyplind to itself but when they are coordin-

ated in loops of perception and activity, awarenesf one’s body, as separate
from the world, emerges. The term proposed by Neisser (1988, 1995) to denote
this initial self-awareness iscological self“the individual considered as an act-

ive agent in the immediate environment. Such agents perceive themselves, among
other things: where they are, how they are moving, what they are doing, and what
they might do, whether a given action is their own or not” (ibid: 4).

There is a close similarity between this notion of a self which acts here-and-now
(the modal “might” in the quotation above is questionable) but remains unreflected
upon and Edelman’s (1989, 1992) notiorpaimary consciousnesshis is the kind
of awareness of the world that an individual with only an ecological self would
possess: “the state of being mentally aware of things in the world — of having
mental images in the present. But it is not accompanied with any sense of a person
with a past and a future” (ibid: 112). According to Edelman, most higher animals
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— and clearly primates — would possess such primary consciousness, the crucial
evolutionary advantage of which is to provide the organism with the ability to see
the world not in terms of disconnected stimuli or even objects, but as coherent
scenes

Learning certainly occurs in animals that show no evidence of conscious beha-
vior. But in some animal species with cortical systems, the categorizations of
separate causally unconnected parts of the world can be correlated and bound
by asceneBy a scene | mean a spatiotemporally ordered set of categorizations
of familiar and nonfamiliar eventssome with and some without necessary
physical or causal connections to other in the same scéhe advantage
provided by the ability to construct a scene is that events that may have had
significance to an animal’s past learning can be related to new events, however
casually unconnected these events are in the outside world (ibid1118).

Despite using some of the same terms differently, Donald (1991) appears to be
aiming at the same (or at least a very similar) notion, by proposing that what char-
acterizes “ape culture” in contradistinction to human is that it is enteplgodic

Their lives are lived entirely in the present, as a series of concrete episodes,
and the highest element in their system of memory representation seems to be
at the level of event representation. (ibid: 149) Event perception is, broadly
speaking, the ability to perceive complex, usually moving, clusters and patterns
of stimuli as a unit. (ibid: 153) From a human viewpoint, the limitations of epis-
odic culture are in the realm of representation. Animals excel at the situational
analysis and recall but can not re-present a situation and reflect on it, either
individually, or collectively (ibid: 160).

This close analogy between the main type of representation used by apes, accord-
ing to Donald (1991), and that employed by children during the first 9 months
of life, is what motivates using the rather unusual label ‘episodic stage’ for this
period of human development. This general similarity between stages in evolution
and in ontogenesis follows not from an unmotivated principle of ‘recapitulation’
(Haeckel, 1874), but from the principle of epigenesis itself. It implies that there
should be an analogy between phylo- and ontogenesis for the following important
reason:. ‘Simple’ forms of representation and their supporting neural structures
served undeniably as the ‘stepping stones’ on which evolution built more complex
representations and structures which otherwise would have been impossible. While
Homo Sapiensnay be pre-adapted for such more complex representations and
language, there is no reason to think that we have lost the capacity for the ‘simpler’
intermediary ones. And since these served a supporting function in evolution, there
is every reason to think that they play a similar role for individual development.
The fact that these simpler forms resurface as ‘cognitive vestiges’ when the more
complex ones give way (cf. Donald, 1991) supports this view.
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How would it be possible for a robot to develop an ‘episodic min@&y is
obviously very far away from achieving any of the competencies discussed in this
section, butCogalso lacks the structures of the preparatory stage, notably the co-
ordinated system coupling perception, action, attention, motivation and memory. If
a robot with such a system, suitably ‘pre-tuned’, were exposed to an environment it
can interact with, it would constitute an autonomous system in which ‘bodily skills’
of increasing complexity may begin to develop. In particular, we may expect it to
be able to:

e achieve stable coordination between the direction of its gaze and reaching

¢ distinguish objects from their background

e pick up affordances and through them recognize an increasing number of
aspects of the environment

e learn sensorimotor schemes related to these affordances (e.g. look in different
directions, move in different directions, reach out and grasp, lift up and drop)

Of course, many questions remain on how to construct an artificial system cap-
able of such relatively “high-level” perception, and how to combine it with the
ability to act on these perceptions, making accommodations in the case of failure.
An interesting proposal for how to implement a ‘schema mechanism’ has been
suggested by Drescher (1991) while Balkenius (forthcoming) offers ideas for a
biologically realistic model of attention. The crucial problem for an autonomous
robot, however, seems to be that of motivation. Without it, there is nothing to make
any aspect of the environment more desirable than any other, to focus attention, and
to recognize a successful assimilation from a perturbation, i.e. when the (implicitly)
expected result obtains, and when it does not.

Itis not yet known how the human motivational system works, but it is clear that
‘primary conditioners’ such as hunger, thirst, pain, and pleasure play an important
role. If these are crucial for the development of human (and animal) intentionality,
then an artificial system will be, by definition, inadequate. But it is possible that
motivations less directly based on survival play a central role in guiding human
behavior and these could be more amenable to robotic implementation. Similar to
Hebb’s (1955) proposal of an “optimal level of arousal” a robot could perhaps be
designed to strive for an ‘optimal level of novelty’. Such a homeostatic-like “gen-
eralized drive” could regulate behavior in the following way: too low degrees of
stimulation would lead to a motivation state of ‘boredom’ which stimulates active
search for novelty; too high degree of novelty leads to ‘fear’, causing inaction, or
a search for a situation with less novelty; while an in-between state would lead
to a state of ‘interest’ and a sustained exploration of the environment similar to
that of tranquil infants. Guided by its generalized optimal-novelty drive such a
robot could posit (for itself) short-term goals, sucheaplore-that-new-objecnd
accomplish them by a succession of schemes. Furthermore, it should be able to
learn to distinguish between itself and the environment and have a kind of ‘body
image’ that would be a correlate to an ecological self. One consequence would be
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that it knows the limits of its ‘reaching space’. All these are skills that can be quite
unambiguously tested behaviorally.

What remains more mysterious is whether such a robot could be expected to
possess any form of “primary consciousness”. If we assume Edelman’s charac-
terization to be more or less correct, we could express the following tentative
hypothesis: Primary consciousness could arise in an autonomous robot of the type
suggested in this section if (a) it is advantageous for it to have representations of
whole scenes (episodes) and (b) the world is perceived through such representa-
tions via “reentrant mappings”. In the sense in which primary consciousness, as
well as qualia, are first-person phenomena it remains impossible to verify their
presence objectively —in an artificial and natural system alike. However, if a robot
could display most of the characteristics of a being with an ‘episodic mind’, after
having achieved these through a developmental process which resembles that of
neonates, there seems to be no principled reason to exclude the possibility of their
existence.

4.2.3. Mimetic Stage (9—-18 months)

As pointed out earlier, social interaction does not wait for the child to become
familiar with her physical surroundings and bodily self. Neisser (1988, 1995),
for example, even proposes that an early, directly perceitedpersonal seltle-
velops alongside the ecological otfeHowever, despite the obvious existence of
social skills in infants prior to the age of 9 months, documented in the research of
Meltzoff, Trevarthen and others, there is a clear change in the young child around
that period, characterized by Tomasello (1995) in the following dramatic terms:

At about 9 months of age, infants begin to behave in a number of ways that
demonstrate their growing awareness of how other persons work as psycholo-
gical beings. They look where adults are looking (joint attention), they look to
see how adults are feeling toward a novel person or object (social referencing),
and they do what adults are doing with a novel object (imitation learning).
Infants also at this time first direct intentional communicative gestures to adults,
indicating an expectation that adults are causal agents who can make things
happen. All of these behaviors indicate a kind of social-cognitive revolution:
At 9 months of age infants begin to understand that other people perceive the
world and have intentions and feelings towards it; they begin to understand
them as intentional agents (ibid: 175).

The crucial feature of Tomasello’s proposed ‘social-cognitive revolution’ is there-
fore anexplicit awarenesgconsciousness) of first others, and then of oneself, as
intentional agents. This awareness is qualitatively different from the ecological self
and primary intersubjectivity of the first period. It is not yet a complete “theory
of mind”, considering that it is not until about the age of 4 that children begin
to ascribe right or wrong beliefs to other people (Harris, 1991). Still, it is clearly a



EPIGENESIS OF MEANING 177

kind of “intentional stance” that the children take, not in a pick-and-choose-manner
as Dennett (1987) would have it, but as inevitable consequence of striving to
make their social world comprehensibRy interacting with these “psychological
beings” on a par, first communicating through “significant gestures” prior to the
acquisition of language the child develops a 2nd-person perspective of itself, a
“me” (Mead, 1934; Vygotsky, 1978) which implies (proto) self-consciousness.
Possessing such self-consciousness offers a new type of representation to cog-
nition, which can serve in predicting others’ behavior, planning one’s own and
comparing one’s behavior with that of others much more sensitively than before.
Since the behavioral evidence strongly suggests that the child achieves such self-
consciousness prior to the acquisition of language, this representation can not be
predominantly linguistic. Even more — it seems highly likely that without it lan-
guage acquisition, which requires a sensitivity to shared social norms, would be
impossiblet® Following Donald’s (1991) proposal for a similar stage in hominid
development, this period in ontogeny and the representation it brings may be called
mimetic

Again, there are substantial parallels between phylogeny and ontogeny which
motivate the present use of the term for child development. According to Donald, a
diverse corpus of evidence — the signs of the relatively complex culture of (appar-
ently) non-linguisticHomo Erectus“self-contained” mimetic vestiges in certain
neurological patients, and the high cognitive capabilities of (yet) non-linguistic
individuals, such as pre-verbal children — suggest the existence of an “archaic
but distinctly human culture that mediated the transition from ape to human. This
mediating, or intervening, layer of hominid culture is called mimetic, on the basis
of its dominating, or governing mode of representation” (ibid: 162). Donald lists
a number of properties of mimetic representatiorientionality (e.g. the ability
to attribute intention to the gaze of another, seemingly missing in chimpanzees),
generativity (“parsing” motor acts and recombining them creativegmmunic-
ativity (“mimetic acts by their nature are usually public and inherently possess the
ability to communicate” ibid: 172)eference(separation of represented from rep-
resentation) andutocuing(voluntary recall and execution). To be able to perform
such acts of mimesis, attention has to be carefully controlled so that it may shift
from one’s own body as a signifier (representation), and whatever is being signified
(represented). This implies a reflective, objectified relationship to one’s body, and
the step from this to self-awareness — at least as a sensorimotor being — is small.
Thus, the ability to engage in acts of mimetic representation itself appears to imply
self-consciousness.

However, while Donald focuses on the kinds of advantages mimesis offers once
in place, he does not take on the burden to suggest a scenaniowomimetic
skill emergedThis leaves an obvious gap in the argumentation, since it is not clear
where the ‘self-representations’ required for mimesis would derive from, given that
the ‘episodic mind’ of primates is not obviously self-conscious.
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There are indications that at least some primates do possess some form of a
self-concept (a ‘me’): in Gallup’s (1970) well-knownirror testexperiments chim-
panzees learned to recognize themselves after a while, orangutans more slowly and
gorillas not at all. Recognizing oneself in a mirror may be said to involve being
able to match the ecological self (the body as felt and seen here and now) with
a 2nd-person view of oneself, and this appears impossible to be grasped as such
without a self-concept? Interestingly, these species are not only the closest to us
genetically, but also socially — their groups possess complex hierarchical structures
maintained through e.g. grooming (Dunbar, 1996). Furthermore, if a chimpanzee
has been reared in isolation, it fails to pass the mirror test as an adult (Gémez,
1994). All this suggests that Donald’s evolutionary scenario may be bolstered by an
argument similar to the one presented for ontogenesis: in brief, the increased social
complexity of the culture oHomo Erectusrequired e.g. for the successful spread
throughout Euro-Asia, lead to increased importance of mechanisms for social co-
ordination such as joint attention and pointing, and consequently to an enhanced
self-concept. GOmez (1994) offers an intuitive scenario for how these could be
related, applicable to our ancestors as well as to our children:

When the attention of another person is focused on you —that is on your body —
you can get oriented to yourself as a physical entity. However, when the focus
of another person’s attention is your attention, this may act as a clue toward
your own attentional activity. The other’s attention points to your own attention
and, as a result, you are led to your own attention as focus of attention. If we
consider the signs of attention as signs of awareness, the structure of attention
contact seems to lead to a first version of self-awareness, both as a physical and
as an “aware” or “attending” entity (ibid: 76).

Thus, requiring at least a rudimentary form of self-consciousness, mimesis was
most likely itself a product of increased social interaction (though tool-use can not
be excluded as a contributing factor). When established — through a combination
of learning and natural selection — it could exercise further consequences for social
organization by allowing feats such as complex imitation, gestural communication,
ritual and pedagogy, thus giving rise to the “mimetic culture” hypothesized by
Donald.

As far as children are concerned, many of the skills that characterize infant
cognition during this stage such as imitation, pointing and joint attention (as well
as the first uses of language) may be seen as essentially involving mimesis. The
advantage of positing a mimetic stage in development, during which non-linguistic
social interaction plays the leading role, is that we can both make better sense of
the impressive cognitive achievements of pre-verbal children — without resorting to
Fodorian nativism — and are in a position to provide a better account of the onset
of (symbolic) language in the next stage. As in phylogeny, the appeal of a mimetic
stage in ontogeny is that it serves as a ‘missing link’.
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Considering that even the competencies of the episodic stage described in Sec-
tion 2.2.2 are far beyond the scope of present day robotics, the ones described
in this section are bound to strike practicing roboticists as hopelessly difficult.
Perhaps so — but this makes them no less worthy of their consideration — if they
indeed intend to model human intelligence and language. Those not aware of these
‘difficult aspects’ are bound to fall into the kind of short-sightedness character-
istic of the Cog project and e.g. attempt to model language acquisition in terms
of associations to perceptual stimuli and motor programs — the kind of cognitive
skills that exhaust the competence of an insect. Since language presupposes much
higher cognitive capacities (including self-consciousness) present-day efforts to
‘implement language’ in robots are about as likely to succeed as a project aiming
to teach language to an ant!

Therefore, despite that it is at present technically inconceivable how a robot
could be brought to the degree of self-consciousness to allow mimesis and vice
versa (Zlatev, 2000) — it appears to be the only way to acquire true meaningful
language. A possible way to achieve this goal in an artificial system is to provide
some kind of equivalents to the forms of social interaction characteristic of chil-
dren, attempting to lead the robot through a similar developmental path. Three
of the cognitive skills of young children mentioned above — imitation, pointing
and joint attention — undergo step-wise development and their development could
perhaps be subjected to modeling within an epigenetic robotics framework.

The modeling ofimitation would constitute a good starting point for any at-
tempt to build ‘artificial persons’. On the one hand, it is clear that it has an in-
nate component, testified by the abilities of neonates to imitate behaviors such
as tongue protrusion, mouth opening, blinking and emotional expressions (But-
terworth, 1995) and possibly related to “mirror neuron” systems for cross-modal
mapping (Rizzolatti and Abrib, 1998). However, even during the episodic stage
imitation is not just a matter of mimicry, a literal copying of a behavior in the
manner of parrots. Meltzoff and Moore (1995) list four features of infant imitation
which distinguish it from mimicry (and possibly even from the imitation of other
species)intentionality (ability to distinguish between the goal state and the actual
performance and correct the latter in terns of the fist)ectivity(imitating dif-
ferent aspects of the modetyeativity (original ways of achieving the same goal),
volitional control (infants may defer imitation for a later moment or rather chose
not to). While it is somewhat debatable whether the imitations of babies prior to 9
months possess all these features, they clearly do so during the mimetic stage, when
one’s own imitative act can become the focus of explicit attention. Furthermore, it
is possible that a more rudimentary type of imitation may itself be the key to the
rise of concepts of self and other, as suggested by e.g. Baldwin (1913: 134): “My
sense of myself grows by imitation of you and my sense of yourself grows in terms
of myself.” The idea seems to be that imitation functions as a kind of bridge of
intersubjectivity between self and other, along which properties of the other can be
transferred back to “me” — and thus help create the self-concept — and properties
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of the ecological self such as pain are transferred to the other, and allow for the
emergence and development of empathy. The conclusion would be that if for one
reason or another imitation is impaired, this should lead to difficulties in both these
processes — which is precisely what is observedutism (Frith, 1989; Kozima,
1999). Tomasello (1995) furthermore conjectures that different degrees of autism
(and Asperger’s syndrom) could be correlated with the (developmental) age of the
child when the insult (genetic or acquired) occurs. If a robotic model of imitation
could be realized, hypotheses such as these could be empirically tested.

Pointing is a form of gestural communication which develops during the mi-
metic stage, and while it may be partially based on imitation (as assumed by
the Cog researchers), it could alternatively (or also) arise from the child’s non-
communicative attempts of reaching a desired object in combination with the care-
giver’s attribution of communicative intent, as suggested by e.g. Vygotsky (1978).
Around 9 months the child’s reaching becomes stylized and is accompanied by a
gaze to the adult’s face. By 12 months the child is practicing so cdkethrative
pointing the arm and index finger are clearly extended and often pointing is done
with the intention of drawing the adult’s attention for its own sake, e.g. pointing at
the airplane or at the moon. Some of this developmental structure could perhaps
be implemented in a robot, motivated by e.g. novelty as proposed in Section 4.2.1.
It could ‘learn’ that desired novel objects can be obtained just as efficiently by
pointing at them (and perhaps vocalizing) when there is a caregiver in the vicinity.
But it is unclear what would ever bring it to engage in declarative pointing, and
if so its pointing behavior would remain (almost) purely instrumental, similar to
that of certain trained apes, including the famous Kanzi (Savage-Rumbaugh et al.,
1998).

Joint attentionis a reflexive process in which two individuals are not only at-
tending to the same thing, but are also aware that they are attending to the same
thing. This obviously implies at least a degree of awareness of self and other as
“psychological beings” (cf. Tomasello’s citation above). Like pointing, however,
the full capacity for joint attention seems to develop gradually, leaving the possib-
ility for this developmental structure to be more or less successfully implemented
in a robot. The first step is the establishment of eye-contact, which the infant
accomplishes by the age of 2-3 months. By 6 months the child begins to follow
the general direction of the other’'s gaze and around 9 months it can generally trace
the adults gaze to thigst salient object, by 12 months to other objects and by 18
months to objects outside the child’s own field of vision (cf. Butterworth, 1991).

Even from this very superficial description, it can be seen that there is a very
close connection between joint attention and imitation. In fact, joint attention may
even be considered an instance of imitation, once the intersubjective nature of
imitation is appreciated. The similarity persists in the developmental structure as
well — from more literal and rigid to more intentional and context-sensitive. At
its highest stages, it indicates an assumption of a common world of experience,
aspects of which can enter a window of intersubjective attention — which appears
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to be a necessary prerequisite for the development of language (e.g. Bruner, 1983),
a theme continued in the next section.

Finally, assuming that the hypothetical robot has managed to undergo the kind
development in its acts of ‘social interaction’ described in this section, show-
ing child-like skills of imitation, gestural communication and joint attention, even
though as yet little or no language, it would make sense to expose it to the Mir-
ror Test. If it passes it, the hypothetical team of roboticists should probably start
considering ethical questions regarding future experimentation.

4.2.4. Symbolic Stage (18 months —)

After discussing how different pre-linguistic cognitive structures can arise from
bio-chemical, physical and social interactions, it is finally time to turn to the kind
of interaction which is centrally implicated in the use of language — linguisiio
symbolic interaction. The central questions to address are: How do children acquire
a system of conventional (shared), mostly arbitrary sigvisich is one of the tra-
ditional, and largely adequate definitions of language (e.g. Saussure, 1916)? And
furthermore, can this process be not jashulated(anything can be simulated),

but more or less equivalenthgalizedby an artificial (robotic) system so that this
system will be in a position tmeanwhat it says and tanderstandvhat is said to

it?

The answers to these questions have been considerably delimited by the theor-
etical assumptions and conclusions making up the developmental model presented
thus far. | will try to show in the present sub-section that these assumptions and
conclusions — such as the development of imitation and self-consciousness during
the mimetic stage — are if not necessary, then at least quite plausible. A major mo-
tivation behind them is that they offer a more promising approach to the enigma of
first language acquisition than the numerous alternatives and could thus be inferred
through an inference to the best explanation.

One of the many empirical puzzles involved in child language acquisition is the
following: On the one hand, language acquisition may be properly said to begin
even prior to birth (in the preparatory stage), since children are born with the abil-
ity to differentiate not only their mother’s voice from other voices, but also their
“mother tongue” from other languages. On the other hand, it is not until around
18 to 24 months that most children begin to communicate with adults and peers
through what is clearly recognizable as language. It is then that a phenomenon
known as thevocabulary spurioccurs (the child’s vocabulary begins to increase
rapidly) and somewhat later the child’s utterances increase in length to include sev-
eral words, often in novel combinations. Why this ‘delay’ in the onset of language
production? The child’s babbling from 6—8 months and its first apparently mean-
ingful expressions at about 9 months or so (Bates, 1979) show enough phonological
variation to indicate that the problem it in the lack of pronunciation skills
(cf. Jusczyk, 1997). Furthermore, children’s speech perception is quite developed
by the age of 7-8 months and as we observed in the previous sections they are
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extremely good imitators (once they have the relevant body organs under voluntary
control). Finally, children seem tonderstandmuch of the language addressed to
them at least from 12 months onward, but in any case prior to 18 months. So —why
does not language production begin earlier and why, when it comes along (after the
limited number of expressions used before the spurt), does it make such a dramatic
entrance?

A more conceptual puzzle is the following: Communication (conceptually) re-
quires shared meaningnot only “the same kind”, but “the same instance” (cf.
Itkonen, 1983). For Speaker A and Speaker B to share a particular conventional
meaning X, they must have madantersubjectivei.e. that they have made it an
object ofcommon knowledgelhis impliesminimally that A not only knows X,
but knows that B knows X and similarly: B knows X and knows that A knows
X. For more complex social interaction — third, fourth and higher level common
knowledge may be necessary (cf. Clark and Marshall, 1981; Itkonen, 1997). What
is puzzling is the question: How does the child acquire such common (linguistic)
knowledge, in general, and especially in early development, when its ability to hold
explicit higher-order beliefs is still limited?

The present model suggests that both of these puzzles may have a related an-
swer: the vocabulary spurt marks the onsethaf symbolic stagen development,
which is characterized by a reorganization of semiotic activity from indices and
icons to symbols, which are both more conventional and systematic. To explicate,
during the first 9 months of life (the episodic stage) there is no real basis for
semiotic activity and hence for communication proper, while this does not pre-
vent certain forms of social interaction such as protoconversations and turn-taking
from occurring. Certain clearly non-representational aspects of language such as
greetings idello-Hello) may have their basis in essentially episodic, non-semiotic
social competence. With the mimetic stage the situation changes: In differentiating
self from other, and both from the world, towards which self and other stand as
intentional, psychological beings, it becomes meaningful to communicate, i.e. to
use signs. Using Peirce’s (1931-35) three-part division of signs, children’s first
communicative expressions between 9 and 13 months can be sedaexegbased
on contiguity) — for example, pointing gestures and simple deictic expredstoas
there, look, comeSomewhat later come what may be regardett@ss not only
in the sense that the signifier resembles the signitiedvfwow which are quite
limited in number and role, but in the sense that the words are associated with
perceptual templates (“image-schemas”) which resemble their referents. In this
broader sense, the application of the wdall to all kinds of round things, or
daddyto all adult men may be regardled as iconic. What is typical for these early
word meanings is that

(1) they differ from the adults’ (conventional) meaning through under-extension
and over-extension and are hence not shared,

(2) the relationship between sign and meaning is not arbitrary — mimesis itself is
iconic par excellenceand
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(3) they do not participate in a system in which they sglated to each other
through internal relations

In contrast, when the child enters the symbolic stage, somewhere between 18 and
24 months, his meanings become considerably more

(1) conventionalized,

(2') based on an arbitrary relationship between signifier and signified, and

(3) connected within a system basedioternal relations i.e. not via the relations
that hold between the things they stand for.

Point (3) is usually not considered in discussing the differences between pre-
symbolic and symbolic meaning, but it has been strongly argued for by Deacon
(1997) on the basis of evolutionary theory, primate research and neurobiology. The
major difference between pre-symbolic (which Deacon rather incorrectly lumps
under the term “indexical”) and symbolic meanings according to Deacon is that
the latter “form a closed logical group of logical possibilities. Every combination
and exclusion relationship is unambiguously and categorically determined” (ibid:
86) and “[individual indices can stand on their own in isolation, but symbols must
be part of a closed group of transformations that links them in order to refer,
otherwise they revert to indices” (ibid: 87). While primates can be brought to
discover such systematic relationships between symbol-tokens only after rigorous
special training (with the possible exception of Kanzi who was immature enough to
pick up some of it spontaneously, cf. endnote 5), children do so naturally, relying,
according to Deacon on the enhanced ability to focus attention on higher-level
co-relations, deriving from a strongly expanded prefrontal cortex. Doing so al-
lows children to build a new sort of semiotic system, which once internalized also
functions as a new sort of memory system with far-reaching consequences. The
transition from the indexical-iconic to the symbolic form of organizing semiosis
and memory is drastic enough to resemble an ‘insight”:

Although the prior associations that will eventually be recorded into a symbolic
system may take considerable time and effort to learn, the symbolic recoding of
these relationships is not learned in the same way; it must instediddovered

or perceived, in some sense by reflecting on what is already knownVhat

we might call asymbolic insighttakes place the moment we let go of one
associative strategy and grab hold of another higher-order one to guide our
memory searches (Deacon 1997: 93).

An effect of this new strategy is the ability to define words in relation to each other,
which according to the present model is the major cause of the vocabulary spurt,
as well as the grammar spurt, which follows. Furthermore, when the tokens are
interrelated, they provide strong constraints on each other’s extension — if the child
tries to figure out the meaning of spatial morphemes sudin,asnder, through

on their own, it is bound to come up with huge overextensions, but if it can learn
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them as part of a system of paradigmatic and syntagmatic relationships (e.g. in
combination with the verbs they co-occur with) that would considerably help her
to zero in on the conventional usage — as demonstrated in certain experiments
with connectionist modeling (Regier, 1996; Zlatev, 1997). What | am suggesting
is that conventionalization does not literally imply the existence of explicit mutual
knowledge (“I know that he knows that | knaw. ”) but anintentional calibration

of one’s own usage to match that of others, constraining the outcome of this process
by symbol-internal relationships.

Why does the transition into the symbolic stage occur at this particular age of
the child? While a nativist will opt for a maturation-based explanation, this is by no
means necessary. There are a number of other factors that should be considered as
possible causes first. In particular: the accumulation of non-symbolic expressions,
both single words and whole formulaic utterances (which from the standpoint of the
child are the same) would pose a pressure on memory to find some more efficient
system of organization. Locke (1993) proposes a similar scenario, except that he
believes that the memory pressure triggers the innate “generative device”.

A second possible reason is more directly connected to the development of the
child’s understanding of intentionality, which is a prerequisite for the ability to use
conventionglinguistic or otherwise. Even if the inter-symbolic relationships con-
strain the child’s choices, and the child need not make explicit higher-order beliefs
about common knowledge, it must nevertheless be able to ‘home in’ on the adult’s
intendedmeanings, which are not obvious from the physical setting alone. And
it is characteristic that only around 18 months the joint attention complex seems
to be firmly established (cf. Section 4.2.3) signaling that the child has adopted an
“intentional stance” toward others and self (most probably in this order), as e.g.
claimed by Meltzoff and Moore (1995):

Our research suggests that by 18 months of age, infants are not strict beha-
viorists. They ascribe goals to human acts. Indeed, they infer the goal of a

sequence of behaviors even when the goal was not attained. They do this in
preference to literally reenacting the motions seen. Thus it appears that they
code the behaviors of people in psychological terms, not purely as physical

motions (ibid: 61).

As argued in Section 4.2.3 this type of enhanced intentionality, one of the ultimate
achievements of the prior mimetic stage, is impossible to imagine without at least a
limited form of self-consciousness. Hence, reflective consciousness can not really
be aconsequencef, but must rather be thpre-reguisitefor proper, meaningful,
language use — in opposition to theories of consciousness which claim that lan-
guage is necessary for any kind of (self-)consciousness to appear, such as those of
Edelman (1992) and especially Dennett (1991).

On the other hand, due to the mediational role of signs for thinking (e.g. Vygot-
sky, 1978) the vocabulary spurt also implies a conceptual spurt. Symbolic memory
offers “the ability to elaborate, refine, connect, create, and remember great numbers
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of new concepts.” (Edelman, 1992: 130). It is therefore quite probable that with
the onset of (symbolic) language acquisition a rather new type of consciousness
emerges. One characteristic of the ‘symbolic mind’ would be a straglyowered
imagination- the ability to create realities different from ongoing experience. Even

if this is not the first release from “the tyranny of the remembered present”, as Edel-
man would have it, it would considerably facilitate, and maybe even make possible
for the first timeexplicit concepts of past and future. Even primary (‘episodic’)
consciousness must have a temporal dimension — since any kind of phenomenal
experience is unthinkable without it — but it hardly stretches to the distant past,
and even less likely to the yet unforeseeable future, which must be products of the
imagination. Similarly, mimesis could serve the basis for acting out a ‘story’ of
some complexity (especially given conventions for interpretation), but it is difficult
to see how one could ‘mime’ creation myths (Donald, 1991) or life stories which
are probably constitutive of autobiographic memory (Bruner, 1986; Neisser, 1988).
Both are forms oharrative, which are made possible by the complex structure of
paradigmatic (hierarchical) and syntagmatic (sequential) relationships available in
language. Finally, language makes possible the ubiquitous phenomeinoeroél
speechwhich has been argued to be functional for problem solving (e.g. Vygot-
sky, 1986) and which Carruthers (1996, 1998) argues is constitutive for conscious,
propositional thought, i.e. implying that thought processes that are independent of
language are either unconscious or non-propositional or both.

In sum, once linguistic interaction becomes symbolic, it assumes a central role
for the cognitive development of the child and a host of new cognitive abilities fol-
low. These include a strongly empowered imagination, concepts for past and future
(and counterfactual scenarios), narrative skills and internal speech. Even though it
seems unreasonable to claim that these give rise to either conscious experience or
reflexive self-consciousneg®r se(paceDennett and Edelman), they constitute a
conceptual revolution which makes us unique in the natural world, for all that we
know. Is there ground to think that we could lose this uniqueness, as a result of
development in the artificial world?

Assuming that the hypothetical robot this paper has been constructing ‘virtu-
ally’ has, despite all difficulties, been able to achieve the cognitive landmarks
of the mimetic stage — imitation, joint attention, intentionality and (even) self-
consciousness — it is not unreasonable to answer the above question in the pos-
itive. Conversely, the reason for the persistent failures of all “natural language
processing” and “language acquisition” artificial systeanming at human-like
competencéi.e. excluding some very successful systems which simply ‘process’
language for particular practical purposes) is easy to explain — they have all star-
ted from the wrong end (cf. Dreyfus, 1993; Kozima, 1999; Gardenfors, 2000).
Symbolic linguistic interaction builds on non-symbolic forms of interaction and
cognition (‘embodiment’), requires grounding in sociocultural practices and con-
ventions (‘situatedness’) and, as | have repeatedly suggested in this paper, at least
a simple form of self-consciousness. None of these properties, and even less so
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their combination has been developed to any significant degree in any artificial
intelligence system up to date, ‘symbolic’, ‘connectionist’, ‘hybrid’, ‘robotic’ or
whatever other, and therefore all computational models of language have been no
more thattoy models

But it would also be wrong to assume that if one had managed (somehow) to
install mimetic competence in a robot, language would just fall out automatically.
The huge tasks of language acquisition and meaningful language use would still
remain, only this time they may be approached realistically, that isfawtar
removed from the starting point of the child. Thus, language should be able to
emerge in the robot under conditions similar to those under which it emerges in
children.

What more precisely is one to expect from the epigenetic robot linguistically?
In the same way that it was possible to formulate behavioral tests for evaluating the
robot’s development with respect to physical and social interaction, we can appeal
to standard criteria for behavioral success in language acquisition, comprehension
and production, when judging the robot’s linguistic-symbolic competence. With
respect taaomprehensiomwe may evaluate the robot’s ability to deal with language
on the basis of criteria similar to those which Leneberg (1980) has formulated for
accrediting the language skills of apes as qualitatively similar to thos¢onfo
Sapiens

e linguistic interaction with the robot should be carried out through whole ut-
terances, rather than just single words

e this interaction should result in the ability to recognize at least a limited
vocabulary (e.g. 100 items)

e questions and requests consisting of any grammatical and meaningful com-
bination of items from the limited vocabulary should be comprehensible

e an ability to respond to utterances including novel words, and to learn the
meaning of these new words quickly

The last criterion obviously involvelsnguage acquisitionwhich can not be sep-
arated from language use in general. More specific criteria with respect to the
structure of the acquisition process may include the following:

e comprehension should in general precede production — there are many con-
textual cues which may be utilized for the sake of the first, while the latter
requires more specific symbolic and grammatical knowledge

e a “pre-symbolic stage” with many under- and overextensions should be ob-
served prior to the vocabulary spurt

e the vocabulary spurt may involve either more nouns or verbs depending on
their proportion within the speech of the “caregiver” (for differences between
English and Korean children, cf. Gopnik, Choi and Baumberger, 1996)

e the vocabulary spurt should be soon followed by “grammar takeoff’, a parallel
increase in the complexity of productive utterances (Bates, in press)
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e there should be easy recovery from mistakes in word-meaning and grammar,
and a sensitivity to the norms of proper usage (without the need for explicit
correction)

Finally, with respect tdanguage productiorthe following set may be viewed as
a developmental ladder leading into such heights of cognitive complexity that if
reachable, the robot’s status as an artificial person should be quite clear.

e an ability to use language instrumentally, e.g. to form requests for the fulfill-
ment of desired states-of-affairs, or to ask about the whereabouts of desired
objects

e an ability to use language epistemologically, e.g. to use declarative utterances
to communicate states-of-affairs and to test hypotheses concerning one’s own
knowledge

e an ability to engage in self-directed speech, e.g. accompanying problem solv-
ing

e an ability to engage in self-reflective speech, a form of self-conscious think-
ing, €.9.cogito ergo sum

Finally, it is instructive to contrast these criteria for evaluating the ‘intelligence’
of an artificial system with the Turing Test, cf. Section 2. First of all, they are not
meant at all as any kind of ‘operational definitions’ of linguistic competence, but
only as behavioral evidence for the possession of such competence. Second, they
are only the tip of the cognitive iceberg, assumed to rest on a mountain of bodily
and social skills without which they would be unthinkable. And third, they are
to be achieved through a naturalistic developmental process, while the TT placed
no such constraints allowing the ‘intelligent’ system to have been simply cleverly
programmed. The combination of these differences allow us to treat these criteria
as evidence for the presence of genuine, intrinsic intentionality and meaning in a
machine — while the TT does not.

4.3. SUMMARY

In sum, the developmental model presented in this rather long section was built on
available ontogenetic evidence, phylogenetic evidence, and a sizable portion of ab-
ductive reasoning (i.e. speculation). The red thread connecting the different pieces
was the principle of epigenesis stating that during every state of development, new
structure arises on the basis of existing structure plus various sorts of interaction.
Physical, social and linguistic interaction intertwine since birth in playing such a
role, but | suggested that they have their peaks in three consecutive stages of devel-
opment: episodic, mimetic and symbolic. The transitions between these stages are
qualitative, and bare a similarity to the stages in phylogenesis, proposed by Donald
(1991) and Deacon (1997). The epigenesis principle makes it reasonable to find
such similarities between ontogeny and phylogeny, since preadaptations for higher
cognitive functions rely more or less directly upon evolutionarily simpler structures
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and processes, and while the first are in the process of being (re)-constructed, the
latter dominate the early stages of ontogenesis.

While it may seem utopian to expect that an autonomous artificial system — a
robot — could undergo the same, or similar development, | have suggested that there
does not seem to be any reason why it could not, in principle. It would of course
have to be adaptable enough, and have the potential for the types of physical, social
and linguistic interaction that the child has, and this raises enormous technical
difficulties, but as far as | can see, no unsurmountable ones. Following the principle
of epigenetic development, robotogenesis cqadsiblyrecapitulate ontogenesis,
leading to the emergence of intentionality, consciousness and linguistic meaning.

5. Conclusions

In this paper | have presented a rather long, and somewhat loose, argument for a
particular type of answer to one of the central questions of cognitive scieGea —

a machine have meaning and if so, how can this be achievedfich | will now

try to summarize.

The first part of the question raises primarily conceptual issues and thus re-
quires a, broadly speakindiermeneutictreatment. The second part is in itself
predominantlyconstructivei.e. technical. But since the most reasonable approach
to solving it is through ‘reverse engineering’, i.e. by analyzing a specimen who has
the required properties and asking how a replica of it ‘in all the essential aspects’
can be constructed — the question becoprapiricaltoo: how does that specimen
actually function? Each one of these separate questions is so huge that one is at a
loss where to begin. To consider thehtogethermay seem hopeless. Neverthe-
less, there is a good reason to do sthey constrain each othefhe hermeneutic
guestion logically precedes the constructive question: we need to Whait is
we want to achieve, before askihgwto achieve it. On the other hand, a successful
demonstration of a possible answer to the constructive question would offer an
existence proof for (at least one interpretation of) the hermeneutic question. An
answer to the empirical question, as mentioned, would provide a blueprint to be
followed in solving the constructive question. On the other hand, in constructing
a model, certain empirical predictions can be tested and others for the first time
discovered. In sum, the allure of cognitive science lies in the assumption that by
bringing together conceptual (hermeneutic), constructive (modeling) and empirical
(scientific) questions and methodologies on the enigma of the nature of the human
mind, an answer to the whole complex would be more revealing than an answer to
its parts. This assumption has motivated the seemingly eclectic form of the present
investigation.

Now to summarize the various strands of the argument. Conceptually, |1 did not
delve into the problem of defining a ‘theory of meaning’, but rather adopted impli-
citly some fairly intuitive notion along the lines of e.g. Grice (1957), involving both
an aspect o$peaker’s meanin¢ meanwhat you say’) anetonventional meaning
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(‘what does this wordnearn). Since both types of meaning require intentionality

on the part of the language user, | agreed with critics of Al such as Dreyfus (1993)
and Seatrle (1980) that artificial systems consisting of ingenious computer programs
(either ‘symbolic’ or ‘connectionist’) which obviously lack intentionality, will ne-
cessarily lack meaning. Unlike Searle, however, | see no reason to assume that
intentionality is a property of particular biological matter and therefore a robot with
structurally similar body, forms of interaction and development to those of human
beings could be a possible candidate for constituting an intentional system cap-
able of meaning. This conjecture was supported through the Wittgenstein-inspired
thought experiment of the ‘deceased person-robot’ (cf. Section 2).

The crucial difference between the position defended in this paper and most
other ‘robot-friendly’ arguments is that it is not the least ‘deflationist’ with respect
to critical (human) mental properties, in the manner of e.g. Dennett (1991, 1995).
What | have tried to show is that the dilemma “Searle or Dennett” that most philo-
sophical discussions concerning Al seem to deal with, is a false dilemma: we have
the Vygotskyan alternative thaitentionality, self-consciousness and meaning are
real emergent properties arising from the dialectical interaction between specific
biological structures (embodiment) and culture (situatedness) through a specific
history of development (epigenesiSjnce it is not inconceivable that the biolo-
gical structures may be substituted with more or less isomorphic (and functionally
equivalent) artificial structures, this line of reasoning leads to a positive answer to
the question “Can a machine mean?”.

Section 4 proceeded with the second question “How can this be achieved?”
though instead of focusing on the constructive question —a much more technically-
minded approach would be required for the task — it presented a schematic model
of early human cognitive and linguistic development which is consistent with a
multitude of empirical evidence, and (hopefully) internally coherent. That is, |
focused on the empirical question, and only provided some hints at how the various
forms of interaction and stage transitions may be realized by a robot. But there were
some important implications for therder in which the major cognitive skills not
only happen to appear, bueedto appear. The central one can be summarized
in the form of the following argument: linguistic meaning presupposes shared
conventions, as a form of mutual knowledge. Conventions presuppose reflexive
consciousness, allowing them to be learned and followed. Self-consciousness pre-
supposes the perception of oneself as an intentional agent. Perception of oneself as
an intentional being presupposes the perception of others similarly. Hence, other-
intentionality, self-intentionality, self-consciousness and language form a possibly
necessary developmental progression and an artificial system aiming at real — as
opposed to simulated — language use would have to traverse it.

In sum, if the reasoning presented in this paper is in broad lines correct, then it
represents an argument for the theoretical possibility of creating an artificial person
which is quite different from traditional machine functionalism (Putnam, 1960).
On the face of it, this claim is likely to cause rejoicing in robot-fans (consider
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Commander Data froi8tar Trek, Il Generatio)) and alarm in robot-foes (consider
Arnold Schwarzenegger ifierminator ). It would seem, however, that the first
group would be more justified in their reaction, since if language implies con-
sciousness, and consciousness implies socialization — then the ‘meaning machine’
that we one day may create would be morally no better and no worse than its
creators — which, of course, could be the crux of the problem but then it is not
technology that is to blame.

But in truth, both reactions would be heavily exaggerated, sincehigret-
ical possibility outlined in this paper may turn out to peactically impossible
for a variety of reasons, such as the inability to build an ‘artificial brain’ that
is both structured enough and flexible in the right way to allow the ‘reprogram-
ming’ imposed on it by culture (for which human brains are certainly preadapted).
Nevertheless, the fact that the possibility exists is tantalizing enough, and since
its realization would amount to a radical breakthrough in our understanding of
ourselves, it is bound to continue exercising the imagination of science fiction fans
and cognitive scientists alike.
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Notes

1if the intention is “read into” the child’s behavior by the parent himself on a particular occasion,
this would constitute a step in the child’s development, in the sense that it would help the child to
internalize(cf. Vygotsky, 1978) the correlation between its own behavior and the parent’s response
and utilize this in a future occasion (cf. Section 4.2.3).

2Which as Searle (1995) (correctly) states, already “concedes too much to Strong Al” syntactic
operations, or computation in general, is not a process which occurs in nature, independently of an
interpreter. Thus computers can not even be said to be “computing”, if it were not for us to interpret
the operation of their electrical circuits in this way.

3However, cf. Rapaport (1988) for a more elaborate defense of the claim that syntax suffices for
semantics.

4This thought experiment was initially suggested to me by Esa Itkonen in a discussion in Turku in
1996.

5Some examples afrong combinations could be the following: The “closet-child” Genie (Curtiss,
1977) — adequate embodiment, while gravely deficient situatedness (isolated in a room, strapped to a
potty, not exposed to any language) and development (this extreme depravation went on until she was
over 13 years old). Inadequate embodiment: the chimp Viki was raised in a human like environment,
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but because of obvious bodily deficits in vocalization did not acquire more than a few words (Hayes,
1951). The chimp Sarah (Premack, 1976) was superficially more successful in using plastic symbols,
but because of a reinforcement learning approach, it is doubtful if these were really symbols for
her rather than obstacles in the way of the reward. So far the most successful attempt of teaching
meaningful language to a non-human has been in the case of the bonobo Kanzi (Savage-Rumbaugh et
al., 1998) where a relatively good combination of the three features has been provided: The bonobos
appear closer to us biologically than any other species (embodiment), Kanzi acquired many linguistic
skills during the sensitive period while accompanying his stepmother Matata (development) and he
was raised in a world in which language use was a natural part (situatedness), rather than being
trained into it through conditioning.

5t appears to be a sound principtet to over-interpretinfant, animal and machine behavior, and

to opt for explanations based on mental states only when more simple mechanisms are inadequate.
However, adequacy should be decided not Jostlly, i.e. with respect to a specific ability, but
globally — with respect to the skills of the organism as a whole, and their development through time
towards maturity.

7cf. Deacon (1997: 226) “The crucial role of the prefrontal cortex is primarily in the construction

of the distributed mnemonic architecture that supports symbolic reference, not in the storage and
retrieval of symbols. This is not just a process confined to language learning.”

8By this | mean that thactualmapping need not (and given considerations of plastitityuldnot)

be innate, but rather established as a result of experienceapaeityfor such a mapping, however,

e.g. in the form of reentrant mappings between topographic maps corresponding to the different
modalities (cf. Edelman, 1992) should be provided.

9At least during the hypothetical ‘sensorimotor period’ lasting according to Piaget from birth until
18 months — though subsequent research has strongly questioned both the duration and the develop-
mental structure of this hypothetical period.

10Though cf. (Neisser, 1995: 8): “Once an affordance has been perceived and the appropriate action
initiated, that action must be appropriately controlled. In the view of most contemporary action
theorists, such control depends in part on motor programs or schemata. Although Gibson did not
share this view. . it seems inescapable to me.”

11t is not altogether clear what Edelman means in this citation, | presume that he has something like
the following in mind: there is no causal relation between the boxes lying around in the room and the
bananas hanging from the ceiling. Nevertheless, the chimpanzee perceives a (structural) similarity
between the whole scene and scenes “in the wild” with tree branches and stones affording climbing,
and after some experimentation with the boxes, manages to line them upon each other and thus to
reach the bananas.

12¢t.«. .. direct face-to-face interaction establishes a preconceptual form of knowing: knowledge of
the “other and of the self as engaged with that other.Ecological knowledge, obtained through
interaction with the physical environment is equally direct. Both forms of perception are present
from early infancy, long before the more sophisticated conceptual forms of self-knowledge begin to
appear” (Neisser, 1995: 13).

13This hypothesis is not widely acknowledged, but the failure of both empiricist and rationalist
attempts to explain how children acquire language, where consciousness of self and other doesn'’t
play any role at all, is indicative.

14uman children pass the mirror test somewhat later than what would be expected given the ‘re-
volution’ at 9 months — between 15 and 21 months (Lewis and Brooks-Gunn, 1979). That could be
taken either to support the position that the discovery of intentionality precedes the construction of a
self-concept, or as an indication of more specific difficulties with understanding mirrors.

15This is, of course, a large claim which | am here only suggesting and not in position to argue for.
For classifications and overviews of theories of L1 acquisition and development, cf. Ingram (1989),
Bloom (1993) and Zlatev (1997, Chapter 5).
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