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Abstract

Is synthetic phenomenology a valid concept? In approaching consciousness from a computational
point of view, the question of phenomenology is not often explicitly addressed. In this paper we re-
view the use of phenomenology as a philosophical and a cognitive construct in order to have a
meaningful transfer of the concept into the computational domain. Two architectures are discussed
with respect to these definitions: our ‘kernel, axiomatic’ structure and the widely quoted ‘Global
Workspace’ scheme. The conclusion suggests that architectures with phenomenal properties genu-
inely address the issue of modelling consciousness and indicate and the way that a machine with
synthetic phenomenology may benefit from the property

1 Introduction

In searching for computational models of being
conscious, the detailed nature of internal represen-
tation is an important facet of the way that model-
ling is to be approached. Synthetic phenomenol-
ogy is involved when two conditions are fulfilled:
first there is a meaningful sense in which a first
person may be ascribed to the model and second,
when the architecture caters for an explicitable and
action-usable representation of “the way things
seem” within the machine. We take the view that
rather than this being an idealist stance, it repre-
sents as close an approximation to “the way things
are” as is permitted by the sensory apparatus of
that organism. This is assumed to be sufficiently
close to reality to enable the organism to take ap-
propriate action in its world. So one expects to
find accurate phenomenological representation in
successfully evolved organisms, as a major dis-
tance between the representation and reality does
not augur well for successful evolution.

The paper first reviews the reason that in phi-
losophy, phenomenology had a firm foothold de-
spite the fact that the appellative became used in a
variety of ways. A brief discussion is included on
Block’s use of the word in the notion of ‘Phe-
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nomenal consciousness’ as being distinct from
‘Access consciousness’ and, particularly in the
way that such concepts could feature in computa-
tional systems.

The concept of a ‘depictive’ representa-
tion is developed in this paper beyond that which
has been discussed to date (Aleksander, 2005) to
show that this is a central requirement for an archi-
tecture that could be said to be synthetically phe-
nomenological. A set of architectural definitions
is then developed that determines whether an ar-
chitecture could be said to be phenomenological or
not. Two known architectures are scrutinised from
the point of view of these definitions: are own ker-
nel architecture (Aleksander, 2005) and
Shanahan’s embodied version of Baars’ Global
Workspace architecture (Shanahan, 2005). This
reveals that the issue of phenomenology can be
considered for differing mechanistic descriptions,
of which the two architectures are distinct exam-
ples. In the conclusion we argue that the material
in the paper indicates that architectures that are
phenomenological have characteristics of being
conscious that enhance their use both as explana-
tory tools and, possibly, functional artefacts. We
shall first review issues that go under the heading
of Phenomenology and italicise strands that are



taken up in discussing the implication for synthetic
systems and their architectures discussed later in
the paper.

2 Phenomenology

2.1 Definition

In the broadest terms, phenomenology is the word
given to studies of consciousness which specifi-
cally start with the first person. In other words,
introspection is an important facet of the discus-
sion. This distinguishes phenomenology from
other forms of philosophy, say, ontology, which
asks what it is for an object to be conscious. One
should also distinguish ‘a phenomenon’ from other
philosophical constructs such as ‘qualia’ which
relate to sensational primitives such as ‘redness’ or
‘the sweet smell of a rose’. In general, phenome-
nologists like to extend the definition beyond the
immediate sensation to more compositional struc-
tures of experience such as enjoying a game of
tennis or the experience of having tried a new res-
taurant. This also aids action in the world and the
generation of descriptive language in the case of
humans or human-like machines.

Conforming with the above definition, the
‘kernel’ architecture we shall discuss in this paper
was synthesised through a process of using intro-
spection to discover design principles. This led to
a consideration of ways that this work contributes
to the formation of a synthetic phenomenology
paradigm.

2.2 Past Usage

It is noted that in the history of philosophy, phe-
nomenology is sometimes treated as the study of
consciousness itself. For Franz Brentano (1874
trans. 1995) phenomena are acts of consciousness,
they are the contents of mind. They stand in rela-
tion to physical phenomena that are perceived in
the world by intentionally creating meaning of
physical elements of the world in the mind. This
first-person, descriptive character of a phenome-
non has remained the hallmark of the work of later
phenomenologists. Of these, Edmund Husserl
(1913 trans. 1989), also focuses on the meanings
the mind creates when contemplating the real
world. This position addresses the mental object
beyond just its real-world shape. So a stick may
have the ability to dislodge a banana off the branch
of a tree, enhancing the phenomenology of the
stick by a mental vignette of the action of dislodg-
ing the banana.

Martin Heidegger (1975, trans. 1982) main-
tained that setting ontology (what it is to be con-
scious) apart from phenomenology could be an

109

error. He suggests that it is actually linked to the
phenomenology of the first person sensation of
being a self in an external world. See the influence
of this in what we shall call ‘axiom 1’. Given Sar-
tre’s socio-philosophical observations on phe-
nomenology as a literary examination of one’s
own experience and Maurice Merlau-Ponty’s link-
ing of phenomenology to personal experiences of
one’s own body (1945, trans. 1996) this becomes
important particularly for those who discuss con-
sciousness in the context of embodied robots.

The body’s muscular activity is a key element
in the ‘kernel’ architecture to create ‘depictions’,
that is sensations of being an entity in an out-there
world. As will be seen, Shanahan argues that em-
bodiment is essential to have an experiencer.

2.3 Materialist Concerns

Gilbert Ryle in Concept of Mind (1949) argued
that linguistic descriptions of mental states are a
direct way of expressing phenomenology. This
was possibly erroneously discredited by many
materialists who identified the mental state with
the neural state. Clearly only some neural states
support phenomenology as identified by Crick and
Koch (2003). Only some parts of the entire neural
state are responsible for personal sensation, the
parts that are not, have been called by the authors
the ‘Zombie’ regions of the brain. This appears to
beg the question of how one distinguishes a neu-
ron that contributes to conscious sensation from
one that does not. A possible answer was devel-
oped by Aleksander and Dunmall (2003) and Alek-
sander (2005). This draws attention to the fact
that in the visual system only some neurons, those
indexed by the motor areas of the brain, can fire in
a way that correlates with elements of the visual
sensation of being an entity in an ‘out-there’
world. This is summarised later in this paper.

2.4 Access and Phenomenal Aspects

Ned Block (1995) has identified at least two sali-
ent functions of consciousness. The first he calls
‘phenomenal’ or P-consciousness to indicate the
personal function of experiencing a mental state.
He contrasts this with ‘Access’” or A-
consciousness which is that function of conscious-
ness which is available for use in reasoning, being
‘poised’ for action and the generation of language.
Although he argues that both are present most of
the time, conflating the two when studying con-
sciousness is a severe error. Some evidence of
Block’s distinct forms of is drawn from the phe-
nomenon of ‘blindsight’ where individuals with a
damaged primary visual cortex can respond to
input without reporting an experience of the input.



This is A without P. P without A is the effect that
some unattended experience had happened previ-
ously (e.g. a clock striking) but the individual had
only realised this later. That is, P without A covers
the case that unattended input can be retrieved.
This creates a mechanistic difficulty for the defini-
tion of phenomenal consciousness as, were it never
to be brought into access format, it could not in
any way be described as ‘the way things seem’. In
hard-nosed synthetic phenomenology it might be
politic to concentrate only on things that have
seemed or seem to be like something.

This implies that in architectures it is impor-
tant to be clear about the way in which immediate
perceptual consciousness interacts with awareness
of past experience, which bears on the A/P dis-
cussion.

Blindsight has also entered the theories of ‘en-
acted’ vision proposed by Kevin O’Regan and
Alva Noé& (2001) who have broadly argued that
‘representing’ the visual world in any architecture,
living or synthetic, is an error, as the world itself is
representation enough for the system to act on in a
physical way. Consciousness is then a ‘breaking
into’ this somewhat reactive, autonomic process
through mechanisms of attention.

1t is known that in the brain there are uncon-
scious sensorimotor processes of the O ’Regan and
Noé description that work in conjunction with con-
scious phenomenal processes. For example the
oculo-motor loop that involves the superior col-
liculus is such a mechanism. We are not conscious
of the retinal maps that are projected onto the su-
perior colliculus. They lead, also unconsciously, to
the saliency maps that partly determine eye move-
ment which eventually leads to reconstructions of
world-fixed representations much deeper in the
visual cortex (the extrastriate regions according to
Crck and Koch, 2003). The enacted-
unconscious/depicted-conscious interaction is a
useful concept that may be used in synthetic sys-
tems. We find it difficult to accept the ‘hard’ sen-
sorimotor view that complete access to a visual
world can be achieved without any phenomenal
representation at all.

3. Phenomenology in Computa-
tional Models

There are two important computational issues we
wish to stress here. The first is the nature of a
third-person design of an object that is capable of
first-person representation, and the second is the
relationship of depiction to synthetic phenolenol-

ogy.
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3.1 The Third Person Design with First
Person Within It.

Where, in philosophy, phenomenology starts with
the first person sensation, we suggest that in com-
putational modelling, a phenomenological model
must, in the broadest terms, sustain  representa-
tions that have first person properties for the model
itself. There is no dualist slight of hand here as the
designer of the system can happily retain a third-
person view of what is being designed, given a
theory of what in the design is necessary to
achieve a first person for the mechanism. That is,
despite starting with our own first-person sense,
we can speak of the first person of others. Simi-
larly, we can speak of the first person of a machine
and, indeed, set out to search for mechanisms of
such. This implies that, in vision, for example,
there is a need to differentiate mechanisms that
mediate the sense of presence of the organism in
the world from those that are due to previous ex-

perience: memory of wvarious kinds and
imagination (for example, states induced by
literature). That is, there needs to be

computational clarity about how a first-person
phenomenal state relates to the current world
event, how meaning is assigned to this, how
meaningful states arise even in the absence of
meaningful sensory input and how a personal sen-
sation of decisions about ‘what to do next’ can
arise. In Aleksander and Dunmall, 2003 and
Aleksander 2005 we have referred to a necessary
property for the machine having a first person at
all as being a ‘depiction’. Here we set out this
concept as a logical sequence.

3.2 Depiction and Phenomenology.

It is useful to define what we mean by a syntheti-
cally phenomenological system.
Def 1: To be synthetically phenomenol-
ogical, a system S must contain machinery
that represents what the world and the sys-
tem S within it seem like, from the point of
view of S.
The word seem has been transferred from the phra-
seology of the earlier parts of this paper to stress
that perfect knowledge of the world cannot be
achieved if only because of the weaknesses of
sensory transducers. But, it is stressed that living
creatures, if we believe that they have phenome-
nological representations, will come to our notice
only through successful evolution. Again we
stress that this is due to some sufficiency in the
similarity between what things seem like and how,
in a sense important to the organism, they not only
seem like but, as far as the organism is concerned,
they are. To achieve this it is necessary that such a
representation should fully compensate for trans-



ducer and body mobility. In earlier work we have
called this a ‘depiction’ rather than a representa-
tion. To advance this prior work we develop a se-
ries of definitions and assertions about depictions
that positions this work within the framework of
phenomenology addressed earlier.
Def 2: A depiction is a state in system S
that represents, as accurately as required by
the purposes of S, the world from a virtual
point of view within S.

Assertion 1: A depiction of Def. 2 defines the
mechanism that is necessary to satisfy that a sys-
tem be synthetically phenomenological according
to Def. 1.

Assertion 2: If S is mobile and has mobile
sensors, a depiction of Def. 2 can only be achieved
if the mobile nature of S is combined with the in-
formation carried by the sensors. That is the
‘where’ of the elements of the world needs to be
predicated on the ‘body’ parameters of S. (In vi-
sion, eye-movement clearly needs to be compen-
sated to achieve a depiction).

Assertion 3: ‘As accurately as required ..” in
Def. 2, indicates that, given effectors with which
to act on the world, the depiction should carry all
the information needed for such effectors to be
successfully deployed on the attended and desired
elements of the world.

Assertion 4: ‘As accurately as required ..” also
sets determines the granularity with which the de-
piction may be achieved.

Assertion 5: While Def. 2 makes no call on a
topological representation, it does require that dif-
ferently positioned elements within the representa-
tion be indexed by the predicates introduced in
assertion 2. In animal vision it is known that dif-
ferent attributes of a visual element (e.g. the colour
and motion of a dot) are represented in different
parts of the brain. What ‘binds’ them in our analy-
sis is the indexing as clarified in the example be-
low (see Aleksander and Dunmall, 2000).

Example of indexing: Participant X is fixating a
cross in the centre of a screen. She is asked to
identify the shape s and colour ¢ of an object that
will appear briefly on some other part of the moni-
tor screen. Shape is represented in area P of her
brain and colour in area Q. The eye driven by the
superior colliculus will saccade to the position of
the object. The signal issued by the eye movement
is, say, a 2-dimentional vector v. Then the depic-
tion in P will be s, indexed by v, say s, . Similarly,
in Q we have ¢, . Assertion 5 states that the bind-
ing of s and c¢ is due to the common indexing by v:
that is, (s,c),.

It is the deeper contention of the depictive ap-
proach that (s,¢), uniquely encodes X’s phenome-
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nal experience of the appeared object. Of course,
away from this experimental example, the index-
ing, as indicated by a great deal of physiological
evidence (e.g. Galletti & Battaglini, 1989) occurs
over many areas of the cortex, giving the phe-
nomenal experience of one sensory modality sev-
eral dimensions possibly bound across modality
boudaries. Touch together with vision are a com-
monly bound experience.

4. Architectures

By ‘architecture’ we refer to a structure that first,
is made of several internal parts each of which
performs a specified distinct function, and second,
includes a full specification of the interconnections
among these parts the inputs and a variety of out-
puts (e.g. language generators, physical actuators
etc..). It is the contention of this paper that there
exists a set of architectures that can support phe-
nomenology for the organism that embodies the
architecture. We shall first look at two specific
architectures to assess some of the definitional
material presented in section 3.

4.1 The ‘Kernel’ Architecture

It is hardly a coincidence that a prototypical archi-
tecture we have recently suggested (Aleksander,
2005) should be based on the notion of a depiction
and can, therefore, be said to have phenomenal
consciousness according to our criteria. We take a
closer look at this scheme that is shown in Fig.1

TOWORLD

AWARENESS AREA
(Locking Cells)

From
WORLD
(Sensors)

&

-
eaaeen

BODY

i Perceptual
Module Module
L (Axoms 1,3 (Axioms 2,3,4)

Memory

Emation
Module
(Axiom 5)

Figure 1. The ‘kernel’ architecture.

This architecture is based on the axioms of con-
sciousness published in Aleksander and Dunmall
(2003). For completeness, they are briefly listed in
the Appendix of this paper.

These axioms start from a phenomenological
standpoint as they are derived through an intro-



spective decomposition of the most significantly
felt aspects of being conscious. Then it has been
argued that the decomposition eases the transfer of
these features into the synthetic domain.

Fig.1 is the result of this process. It consists of
five modules each of which is considered to be a
neural state machine (NSM) that operates in binary
mode. That is, each connection carries a binary
signal. We have ofen argued that any loss of gen-
erality due to the binary synthesis will be minor
with respect to the behaviours that are being re-
searched.

The binary NSM is specified as a six-tuple:
<C1,Co,Cf,Ct, 1, O, F, T>, where,

n is the module index,

Ci is a connection pattern of inputs (which may
come from other modules or sensory inputs);

Co is a connection pattern of outputs (to other
modules or system outputs);

Cfis the pattern of internal feedback connections.
Ct is the set of ‘teaching connections’ that deter-
mine the state of Co and Cf that becomes associ-
ated with Ci.

I, O, F, and T are the state sets of Ci,Co,Cf and Ct
respectively.

Then, in the usual way with neural state ma-
chines, the states of F(t) and O(t) become func-
tions of F (t-1) and I(t). These functions are de-
termined by a training strategy which is expressed
through T during a ‘training phase’.

For example, an ‘Iconic’ mode of training is
conventional with neural state machines of this
kind (Aleksander and Morton, 1995). This ensures
that, given that Ct and Cf have the same dimen-
sions and Co=Cf, the network learns F(t)=T(t) as a
function of I(t) and F(t-1).

Returning to Fig.1, the four axioms are imple-
mented as follows. P is a ‘Perceptual’ NSM
which is made to be phenomenological in the
sense of the earlier definitions of this paper
through the following design. The state F(t) is a
reconstruction of the sequences of attended world
inputs from sensory transducers over defined time
windows (sometimes sliding time windows). The
muscular effort required to attend to the elements
of the world is shown as the link from the action
NSM, A. In the animal visual system it is sur-
mised that attentional shifts are driven by saliency
maps in the superior colliculus. In specific studies
of the visual system, this has been modelled as an
additional part of the kernel architecture (See Igor
Aleksander et al. 2001)

M is the memory and ‘imagination’ module. It
is connected to P in such a way that for every re-
construction in P, a state in M is created. Se-
quences of reconstructed states in P can therefore
be stored as state trajectories in M — they will have
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inherited the depictive, hence phenomenal proper-
ties of P.

P and M together form what we have dubbed
‘the awareness areas’ of the architecture. In the
sense that one can perceive and recall at the same
time, the two areas both contribute to the same
phenomenal state The remaining modules of the
kernel architecture are not depictive, hence not
phenomenal, but add to the phenomenal existence
of the system in the following way. As mentioned,
A is the action area in which links between the
state trajectories of the phenomenal areas are
translated into action. But this is not automatic, it
is surmised that volition and emotion as imple-
mented in module E mediate this link. This was
the subject of the contribution by Aleksander, La-
hnstein and Lee in the AISB 2005 symposium on
machine consciousness.

In summary, the kernel architecture is based
ab initio on the intention of synthesising an archi-
tecture with phenomenological properties. This
has also been guided by those who like Crick and
Koch (2003) have been researching the neural cor-
relates of consciousness in living organisms. We
now consider a model that is more closely related
to computational approaches of the functional
kind.

4.2 Embodied Global Workspace

Bernard Baars® (1988, 1997) Global Workspace
models have held sway in computational model-
ling of consciousness for some years. Baars con-
sidered how a large number of unconscious proc-
esses might collaborate to produce a continuum of
conscious experience. In very broad terms, he an-
swers the question through the architecture of Fig.

Action

Figure 2 A sketch of Baars’ Global workspace
architecture.

The separate processes, P1 to Pk, said to be uncon-
scious, compete to enter ‘The Global Workspace’.



Such processes are often thought of as memory
activities, say, episodic memory, working memory
and so on. The competition is won by the process
that has the greatest saliency at a given moment.
This saliency is predicated by world input which
sets the context for the competition. Of course,
world input is also assumed to have direct influ-
ence on the unconscious processes P1 - Pk. Having
entered the global workspace, the winner of the
competition becomes the conscious state of the
system. This is continuously ‘broadacast’ back to
the originating processes that change their state
according to the conscious state. This results in a
new conscious state and so on, linking sensory
input to memory and the conscious state. It is both
general and useful for these separate processes to
be modelled as NSMs as was done for the kernel
architectures

Murray Shanahan (2005) points out that
modelling of a conscious organism cannot proceed
without that organism being embodied in some
palpable world. Using the above Global Work-
space model he argues that there can be no ‘ex-
periencer’ in GW unless the model takes account
of the “spatial unity of the body”. It is this
localisation in space that for Shanahan gives the
model its “viewpoint on the world” which
according to def. 1 makes it a candidate for
phenomenal consciousness. Shanahan argues that
denying this possibility, as is done by Block
(1995), revives the dualist stance, putting
phenomenal consciousness in the Chalmers-like
‘hard problem’ class, that is, a problem that cannot
be reduced to physical structure and hence cannot
be synthesized. And yet, the claimed ‘point of
view’ of the embodied organism is undoubtedly a
claim that this accords with definition 1 above of
a phenomenal system. In terms Block’s division
into access and phenomenal consciousness,
Shanahan implies that the embodied GW model
addresses access consciousness, treating the
phenomenal element as being an unnecessary
appeal to a dualistic concept.

4.3 GW and Synthetic Phenomenology

While it seems entirely correct that without em-
bodiment, GW does not include an experiencer,
the question remains of how the experience stream
in GW relates to the real world. We recall that in
section 3.2 we have argued that a synthetic phe-
nomenological system is achieved through a com-
positional representation of the world that is suffi-
ciently accurate for the system be able to use its
embodiment to control its world as accurately as
possible. That is, it is the contention of this paper
that depiction is the missing ingredient in making
GW phenomenal. That is, phenomenal conscious-
ness can occur in functional, physical systems, and

the implication for the embodied GW system is
that all the P1-Pk states need to be depictive for
the GW state to be truly a model of a conscious
state. Were this not the case, some translation into
depiction would have to go along with the winning
of the competition. Otherwise the spectre of
purely arbitrary representations in GW remains.
Shanahan is aware of this by requiring that the
conscious broadcast back to the competing proc-
esses be in some way intelligible to these proc-
esses. But this still makes it hard to see how the
states of the processes remain non-depictive when
the state of GW might be depictive.

5. Discussion

In this paper we have explored the concept of syn-
thetic phenomenology mainly by attempting to
define the necessary features of an architecture
that supports phenomenal consciousness within the
broadest definition of the term. We brought the
definitions to ground by considering two models
that might be candidates for possessing these fea-
tures. To conclude we raise and, using the mate-
rial of this paper, attempt to answer five general
questions that may be central to the existence of a
synthetic phenomenology. The first of these ad-
dresses the architectures presented in the paper.

Can non-depictive representations be phe-

nomenal?
It is the firm implication of this paper that this
cannot be the case. It is depiction in a functional
area which determines that the area contributes to
the phenomenal sensation of the organism. Were
this not the case, a human description of a state
would require translation into phenomenal terms
as such descriptions are of phenomena and not
encoded states.

What is the difference between ‘depictive ker-
nel’ and GW architectures in terms of synthetic
phenomenology?

Clearly the depictive kernel architecture was de-
signed with the purpose of creating a phenomenal
representation within the system according to the
definitions set out in this paper. This has the com-
putational advantage of being able to be display on
a screen the current phenomenal state of the ma-
chine enabling a designer’s assessment of the in-
teractions between both postulated conscious and
postulated unconscious mechanisms in the genera-
tion of the phenomenology. The rules used in the
synthesis involve depiction. Originally no phe-
nomenal claims were made for GW, particularly in
its practical form as synthesised by Stan Franklin
(2003). However with the embodied GW work of
Murray Shanahan, the question of the presence
synthetic phenomenal consciousness acquires a
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new urgency. In this paper we have maintained
that were an architecture based on GW to have a
phenomenal character, there must be a depictive
activity in the processes that compete for entering
the global workspace if the system is to be phe-
nomenological. This creates problems as in our
scheme of things, depiction in an area of the archi-
tecture implies phenomenal consciousness and
GW sees the competing processes as being non-
conscious. Therefore a phenomenal GW implies
some sort of coming into consciousness in the GW
area for reasons other than depiction. These have
not yet been explained. Of course, the depiction
idea can be rejected, but if not depiction, then
what?

What is the use of synthetic phenomenology?
Given the difficulties mentioned with embodied
GW above, it is proper to ask why bother with
phenomenology and why not settle for just access
consciousness as implied by Shanahan (2005)? In
the arguments of the current paper, phenomenol-
ogy actually includes the purposes that are attrib-
uted to access consciousness. But such purposes
are explicit and searchable through attentional
mechanisms for reasons of accurate interaction
with the environment (see assertions 3 and 4).
This is not a Blockian confusion, but rather a sug-
gestion that there may not be as clear-cut a func-
tional/neurological distinction between access and
phenomenal consciousness as Block seems to sug-
gest. The A without P and P without A cases may
be extreme conditions of a central phenomenon. In
summary we argue that accurate interaction with,
and thought about the real world is the purpose of
phenomenology in a synthetic system.

Is synthetic phenomenology an oxymoron as
it is the non-physical experiential side of con-
sciousness and therefore eschews synthesis?
Everything we have submitted in this article is a
denial of the above proposition. Treating phe-
nomenology as the ‘hard’ part of consciousness
simply kicks it out of touch of science into some
mystical outfield. We maintain that addressing it
as a constructible concept removes the mysticism
with which it might otherwise be associated.

Is synthetic phenomenology an arbitrary de-
sign option for models of consciousness?

This paper regards models of consciousness with-
out synthetic phenomenology as being valid only
in a behavioural sense. That is, it is possible for a
model to be given attributes of being conscious
from its behaviour. Stan Franklin’s Intelligent
Distribution Agent (2003)is a good example of this
class of system. Users think that they are dealing
with an entity conscious of their needs. But if one
were to argue that an architecture throws light on
the mechanisms of consciousness in the brain it
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becomes mandatory to include phenomenal, that is
depictive functions.

What research needs to be done in developing
architectures with synthetic phenomenology?
Referring to the kernel architecture there is much
work to be done on modes of interaction between
the modules. Current work includes a clarification
of the way the emotion module E controls the link
between the phenomenological P and M modules
and the non-phenomenological action module, A.
(fig. 1).

Ilusions, ambiguous and ‘flipping’ figures are
situations where phenomenology and reality part
company. We are pursuing the mechanisms that, in
the kernel architecture, would lead to the kind of
perceptual instabilities associated with perceiving
the Necker cube. This underlines the usefulness of
synthetic phenomenology, as perceptual reversals
may be measured in the depictive machinery and
the conditions for such reversals studied. This is
revealing of the interaction between phenomenal
and non-phenomenal processes in the brain

In GW, architectures it would be interesting to
clarify the causes of phenomenology in the GW
area which are not present in the supporting com-
petitive processes.

Appendix: Axioms of Being Con-
scious.

This is an introspective partitioning of five impor-
tant aspects of being conscious
1. Ifeel asif I am at the focus of an out-
there world.
2. Icanrecall and imagine experiences of
feeling in an out there world.
3. My experiences in 2 are dictated by atten-
tion and attention is involved in recall.
4. I can imagine several ways of acting in
the future.
5. Ican evaluate emotionally ways of acting
into the future in order to act in some
purposive way.
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. Abstract

There’s a lot of excitement about brain-scanning evidence for brain/consciousness
correlations. Although the evidence is new, the idea isn't: Descartes formulated it nearly
400 years ago. However, he didn't regard mind-brain correlations as explanations — and
neither should we.

Mere correlation between events in two domains is not enough for the one to be used as
an explanation of the other. In addition, we need systematicity, isomorphism, and plausible
(ideally, predictive) counterfactual conditionals.

There are a few (very few) examples where we already have those features, in respect of
correlations between brain events and consciousness. In general, however, they can't be

expected.

Even where we do have them, they leave the most difficult problem about conscious
experience untouched.
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Abstract
This paper argues for the importance of inner speech in a proper understanding of the structure of
human conscious experience. It reviews one recent attempt to build a model of inner speech based
on a grammaticisation (Steels, 2003). The Steels model is compared with a self-regulation model
here proposed. This latter model is located within the broader literature on consciousness. I argue
the role of language in consciousness is not limited to checking the grammatical correctness of pro-
spective utterances, before they are spoken. Rather, it is more broadly activity structuring, regulat-
ing and shaping the ongoing structure of human activity in the world. Through linking inner speech
to the control of attention, I argue the study of the functional role of inner speech should be a central
area of analysis in our attempt to understand the development and qualitative character of human

consciousness.

1 Introduction

To introspection, for many of us, our men-
tal life seems to have a constant accompa-
niment of inner speech. This speech is
known in the literature under a number of
names such as; the inner voice, the internal
monologue, and is sometimes, subsumed
into (the more general) stream of con-
sciousness (James, 1890). It may also be
linked to the generally pejoratively associ-
ate notion of ‘voices in the head’. Under-
standing the nature of this phenomenon and
its functional underpinnings, although of
occasional interest in the history of psy-
chology, has, in the last few years drawn
the attention of many researchers into
mind. There is however, much controversy
about the precise nature of inner speech, its
epistemic status and possible functional
role.

Among psychologists, one means of ac-
counting for inner speech is Baddeley’s ar-
ticulatory loop (Baddeley & Hitch, 1974),
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later rechristened the phonological loop'
(Baddeley, 1997). This is considered to be
a speech related working memory system.

Among philosophers, the notion of inner
speech suggests privileged access to mental
states, and this, at least in the 201 century,
has invited great scepticism. The high-
water marks of this scepticism are probably
Ryle’s (1949) The Concept of Mind and
Dennett’s (1991) Consciousness Ex-
plained. Dennett’s view is complex on this
question for although he ultimately doubts
the strength of the epistemic warrant that
can be given to the narrative stream of con-
sciousness, and especially the subject’s
privileged position to report on its contents,
he nevertheless argues that the subject’s
self-reports should be our starting-point.
This is fundamental to his heterophenome-
nological method. This approach advocates

! Presumably this re-naming has something to do
with thinking of inner speech as primarily an im-
aged sound, rather than unvoiced speech. The notion
of a phonological loop seems to focus on the phe-
nomenology of the passive, rather than active aspect
of inner speech.



we need to attempt to offer some explana-
tion of the importance attached to inner
speech in phenomenological accounts.

A window into the phenomenology of inner
speech is provided by Russell Hurlburt’s
Descriptive Experience Sampling technique
(1990). Hurlburt uses an experimental tech-
nique in which subjects are cued by a small
alarm device at various moments in their
day, and then following protocols devel-
oped by Hurlburt, write down the details of
their mental imagery at the moment that the
alarm went off. He argues this technique
allows us to systematically sample the
qualitative characteristics of reported phe-
nomenology®. It also allows us to describe
some of the characteristics of inner speech,
and inner imagery in general, in a much
more elaborated fashion.

The content and form of this reported inner
speech seems to be very diverse. Some
people report the perception of being the
author of voice-like inner speech; others, to
hearing voices offering advice or consola-
tion. Sometimes this voice appears to be
their own, and sometimes the voice of an-
other person. Some people report merely
having the sense of experiencing language-
like cognitive episodes without necessarily
hearing any voices or having the sense of
being the author of this speech. The variety
of this speech might serve as some justifi-
cation for the sceptics, or perhaps just evi-
dence of the complexity and variety of the
roles played by speech in our mental lives.

All of these phenomena seem to vary con-
siderably both across individuals, within
individuals at different times and places,
and with regard to whatever activities they
are at that moment engaged in. Hurlburt’s

* Although the beeps themselves are random, statis-
tical techniques can be used to understand the distri-
butions of reported mental-events types and indeed
correlate them with other types of behavioural meas-
ures. (R. Hurlburt & Heavey, 2004)

work reveals much of the contents of con-
sciousness appear to be composed of
speech-like episodes. Except in cases of
severe psychological disturbance or other
abnormal functioning, the inner voice
seems to be the constant accompaniment of
human conscious life. But can we relate
these accounts of the contents of conscious
experience to language as vehicle?

Some recent accounts of cognitive role of
language have brought to the fore they way
that language may play a role, in sculpting,
stabilising, and supporting forms of thought
which would be otherwise impossible
(Carruthers, 2002; Clark, 2004). Trying to
forge a link theoretically between the phe-
nomenological and functional aspects of
inner-speech has proved so far a difficult
task, but it is one upon which some pro-
gress has now started to be made.

2 — A re-entrance model of inner
speech

Although traditional work on cognitive
modelling made much use of more-or-less
linguaform internal representations, follow-
ing (if sometimes implicitly) some version
of Fodor’s (1975) Language Of Thought
hypothesis, it has shied away from explic-
itly modelling the inner voice (cf. Dennett,
1994). Perhaps this is because of a worry
that the inner voice might be either an
epiphenomenon or user “illusion” (Dennett,
1991).

Recently work in machine consciousness
has begun to treat the phenomenon of inner
speech and its possible functional role more
directly (Steels, 2003). Steels’ earlier work
used individual-based models in multi-
agent systems to investigate the develop-
ment of collective lexicons. More recently
he has extended these models to attempt to
model syntax.



In Steels’ newer models agents are able to
check the intelligibility of their own sen-
tences by feeding back a prospective utter-
ance through their language interpretation
machinery prior to communication. Sys-
tems of agent with such re-entrant loops
appear to be able to self-organise more
complex grammars than would otherwise
be the case. (Steels, 2003, 2005) Re-
entrancy in Steels’ models serves the role
of checking the intelligibility of an utter-
ance in their own reception systems. Sys-
tems of such “self-talking” agents seem to
be able to achieve much more stable gram-
mars as a result.

It seems that in order to develop the abili-
ties to use complex syntax, re-entrant loops
may be necessary. Steels is thus able to
persuasively link re-entrancy to the genera-
tion of complex grammars in natural lan-
guage and perhaps thereby provide a func-
tional role for the inner-voice.

One problem for this work is that the eve-
ryday construction of grammatical sen-
tences is usually considered a largely un-
conscious activity. In fact, the construction
of grammatically correct sentences is often
given as the paradigmatic example of what
an unconscious cognitive process is like.
Thus, there seems a little prima facie im-
plausibility in correlating the phenomenol-
ogical inner voice with a mechanism whose
principle cognitive role is the construction
of grammatically correct utterances. While
Steels’ arguments about the role of re-
entrancy in the generation of complex
grammars are convincing, arguably how-
ever the link with the inner-voice is less
well-made.

One important caveat should be put on this
observation. Insofar as we are treating the
ontogenesis of language in young children,
and the problems of developing capabilities
to use a language for the first time, it may
very well be the case that a large portion of

119

the child’s cognitive resources taken up in
assembling and comprehending sentences
and possibly they are much more conscious
of this. It may turn out that the kinds of ac-
tivities that Steels models in his experi-
ments might very well turn out to play a
central role in the consciousness of young
children, and perhaps be the trailblazers for
more elaborate forms of conscious inner
loops to be developed later in their lives.

A further task is to establish links between
the Steels model and the account of the in-
ner voice posited by theorists seeking to
understand the re-organisation of cognition
by language? Arguably his account could
be made to fit with some of the recent ac-
counts of language-for-thought that rely on
the idea that language allows information to
be passed between modules which
wouldn’t otherwise connect (cf- Carruthers,
2002). As the Steels model seems to have
the language production and reception sys-
tem rather separated from other forms of
cognitive activity, it is difficult to say pre-
cisely how this relation could be estab-
lished. Yet if the development of grammar
turns out to be linked in this way to a re-
entrant cognitive architecture, one can
imagine how this architecture could be-
come appropriated by other cognitive func-
tions.

Although the Steels model offers an inter-
esting attempt to show the functional im-
portance of inner speech in order to stabi-
lise the learning of grammars of certain
complexity this model may be a special in-
stance of the more general case where self-
directed speech serves to scaffold and stabi-
lise a whole range of cognitive functions.
Yet could such a system also be linked to
the phenomenology of inner-speech and the
role of language in consciousness? More
work clearly needs to be done in order to
establish such a connection.



3 — A self-regulation model of in-
ner-speech

Recent research conducted with Tony
Morse (2005)° demonstrates how an alter-
native model of self-directed speech, still
based on re-entrancy, might relate the in-
ner-voice to a range of broader cognitive
activities. The starting assumption for this
work is that the cognitive role of language
is better understood as one of sculpting or
regulating cognitive activity rather than ex-
haustively representing the world (cf.
Clark, 1996). Inner speech could here be
seen as serving as a scaffold for developing
and sustaining cognitive functions beyond
the parsing and construction of meaningful
and grammatical utterances.

In our model we compare a series of possi-
ble architectures for minimal cognitive
agents which have to respond to instruc-
tions in order to fulfil externally indicated
goals, i.e. moving objects around in a
blocks world*. Our experiments compare
several types of agents with differing archi-
tectures, some with word re-entrant loops
and some without. All agents are imple-
mented with simple recurrent neural net-
works that are evolved with a genetic algo-
rithm in order to respond to commands by
performing tasks. Some of the agents have
architectures that allow the re-triggering of
command reception systems internally.

The cognitive architecture of the ‘re-
entrant’ agents is arranged such that they
can re-use the channels which are being
used to signal commands to them to re-

* A much more detailed examination of this work is
now available in my unpublished DPhil thesis.

* NB. This is not exactly a blocks-world in the tradi-
tional sense. Rather, agents have extensive sensori-
motor couplings with their limited world rather than
it being specified in a purely abstract way. The
agent architecture itself is an extension of an active
vision model reported in experiments by (Floreano,
Kato, Marocco, Sauser, & Suzuki, 2003)

trigger their own behaviours. These chan-
nels allow at least the possibility of estab-
lishing new control circuits that use the
same nodes that have previously been used
to receive input from external ‘words’. The
thought here is that if there is some advan-
tage to be had by re-using circuits devel-
oped to respond to words then the agents
will take advantage of this source of useful
adaptation. We find this is the case. Even
such minimal agents can take advantage of
these contingencies to develop word-based
modes of self-regulation.

We show that agents with these ‘re-entrant
speech’ capabilities (as illustrated in Fig-
ure 1) perform considerably better on cer-
tain tasks. This is explained in greater detail
in (Clowes & Morse, 2005). The basic find-
ing is that agents that have architectures
allowing the re-use of language for self-
regulation achieve higher levels of per-
formance more quickly and can stabilise
them for longer that those that do not.
Agents that are able to succeed in all task
conditions make considerable use of auto-
stimulation with words, i.e. they use re-
entrant word nodes to self-trigger.

Re-entrance does not function in our mod-
els to facilitate merely communicative suc-
cess or the generation and interpretation of
complex linguistic constructions, but in the
construction of more viable behaviours.
Words here are appropriated in a way that
is reminiscent of what Dennett calls auto-
stimulation but not as a complex self-
question (Dennett, 1991), but as new mode
of self-regulation. This work then supplies
at least a proof of concept that word-like
constructs can be appropriated from a role
in regulation from the outside (response to
a command) to internal regulation (the
agent self-regulating).

But linking such quite basic modes of auto-
stimulation with words to inner speech,
suggests a rather different picture of its un-



derlying nature to that suggested by the
Steels model. Inner speech is, I argue, the
phenomenological dimension of internal-
ised, word-based self regulation.

The phenomenological appearance of such
speech, as speech, depends on it playing a
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similar attention focusing role as outer so-
cial speech often does. Further, I would
conjecture that it relies on the same neural
circuits, albeit appropriated for new self-
directed functions.
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Figure 1 - The diagram shows an outline of the neural-architecture that is used in the experiments. The
salient aspect is that when a gating neuron is switched on, activity from the output of the network can be
fed back through the nodes that are used as input instructions. More detail on the architecture and some
tasks can be found in (Clowes & Morse, 2005). Agents evolved in these conditions develop elaborate self-
control loops and develop and stabilise solutions to more tasks than those that do not have such loops.

4 - A functional role for inner-
speech

Normal intersubjective speech can certainly
play a role in orienting attention, so why
not internal speech? A shout in the street
can cause an immediate refocusing of atten-
tion, e.g., hearing someone shout “mind the
car!” as you were about to cross the road,
would cause a fundamental reallocation of
your attention.

If the inner voice could similarly be linked
in some way to the allocation of attentional
resources then there is the possibility that it
may provide a window into the relationship
between higher cognition and conscious-
ness more generally. According to Vygot-
sky the internalisation of speech forms a
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whole new mode of attentional re-
organisation.

Vygotsky (1986) emphasized the role of
language in the development of control of
action and ultimately of attention. His work
provides an interesting possible way into
the relationship between inner-speech and
consciousness by looking at it through a
developmental prism.

Vygotsky developed his ideas about the
internalisation of language in part as a cri-
tique of Piaget’s ideas about so-called ego-
centric speech. What Piaget called egocen-
tric speech, and developmentalists tend to
call today private speech, is a type of
speech that children produce between the
ages of about 4 and 7. It appears to be ad-
dressed toward the self and eventually
seems to disappear.



For Piaget this speech occurs toward the
end of his pre-operational stage and signi-
fieds a still undeveloped ability to take, or
imagine, the perspective of others. Social
speech was thought to be built form this
egoistic basis as children gain more experi-
ence that the point of view of others can be
different (especially through argument with
peers).

A longstanding controversy has arisen
amongst developmentalists about the pro-
venance and direction of this speech.
Whether it is ultimately a disappearing arte-
fact of early developmental egotism as Pia-
get argued in his early writings (1926), or
alternatively the establishment of the bridge
to linguistically controlled higher psycho-
logical function (Vygotsky, 1986 - origi-
nally 1934), either way this speech does not
seem to serve a standard communicative
function.

If Vygotsky’s theory is correct, then inner-
speech has at least its developmental pre-
cursors in this particular form of practically
oriented speech found in children. If more-
over inner-speech once fully internalised
could come to play a role in allocating at-
tention then this could provide a strong link
between the internalisation of language and
the constitution of human consciousness.
Understanding inner speech may yet prove
to be the royal road to understanding con-
sciousness.

5 — Self-Restructuring through in-
ternalisation

Much of the theoretical work arguing that
language plays a role in consciousness de-
pends on the idea that language reshapes
our underlying cognitive mechanisms in
some way. Exactly how and to what pur-
pose this functional re-organisation is a-
chieved is currently part of a lively debate.
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The potential for re-using language as an
addition to the brain’s basic modes of or-
ganisation is something which is now start-
ing to be taken very seriously in the phi-
losophy of cognitive science (cf. Clark,
2004; Wheeler, 2004).

Dennett (1991) has argued that the devel-
opment of the self-questioning form of self-
directed speech is absolutely pivotal in the
construction of human consciousness and
its ability to sustain elaborate narrative
threads. His view on this seems linked to
his position that the form of human con-
sciousness is the effect of installing what he
calls a ‘serial virtual machine’ on parallel
processing hardware. A range of accounts
of the functional role of inner speech and
its relationship with consciousness have
also been put forward (Carruthers, 2002;
Clark, 1998; Frawley, 1997) which seek to
expand upon or restructure in various ways
the sort of picture developed by Dennett.
Although it seems possible that episodes of
inner speech are epiphenomenal and fulfil
no functional role in the organisation of
consciousness, it is certainly too early to
rule out the contrary possibility.

One can derive a further link between self-
directed speech and the functional structure
of consciousness from the psychopatho-
logical literature. Evidence seems compel-
ling that the collapse of a normal inner
voice in disorders such as ‘thought inser-
tion’ is often correlated with catastrophic
breakdowns for the organisation of individ-
ual consciousness (R. T. Hurlburt, 1993;
Stephens & Graham, 2000). Disorders such
as schizophrenia are sometimes theorised
as control disorders and this idea gives us a
way into establishing a possible link with
the functional role of internalised speech
(Gallagher, 2000). It points towards some
quite central role for self-directed speech in
the organisation of human consciousness, if
not necessarily along the lines of Dennett’s
model.



One difficulty with this idea is that it is still
very unclear at the level of sub-personal
cognitive architecture how language can
come to play the types of roles that are be-
ing ascribed it by the consciousness theo-
rists. Yet there is a dearth of cognitive
models that even attempt to show how such
a reorganisation might happen’. However,
it is possible to further analyse the model
described above to give some insight into
how attentional control through language
internalisation might be established.

The model presented here gives one sug-
gestion as to how the sorts of complex
modes of self-regulation that seem bound
up with human consciousness can get un-
derway.

The simulation work with minimal cogni-
tive agents shows that the re-use of public
symbols in re-organising the ongoing ac-
tivities of self can have cognitive benefits.
These appear to go beyond being able to
interpret and sustain more complex lan-
guages. Rather the internalisation of lan-
guage in these models has more to do with
the restructuring ongoing situated action.

Analysing the models further we found that
the development of the ability to re-use a
system of commands appears to move
through broadly three control regimes.

1. Agents develop the capacity to re-
spond to instructions. At this stage
of development agents might be de-
cribed as passive and do not use
self-directed instructions very
much.

> Despite these lacuna in more general work on cog-
nitive modelling and the role of language some in-
teresting work linking linguistic and cognitive func-
tion is starting to be done (Sugita & Tani, 2002).
This work however encompasses quite a distinct
formulation of the idea of a role for language in
cognition as does the work reported here.

123

2. Agents start to auto-stimulate with
instruction nodes. This regime of
self-control tends to produce inef-
fective and unstable systems of ac-
tivity, (e.g. agents can sometimes
perform the tasks well but very of-
ten do not).

3. Finally agents develop much more
robust forms of self-control that rely
on the ability to use new regimes of
action made available by the self-
directed loops.

Can these results be linked with Vygotsky’s
ideas about the establishment of new re-
gimes of self-control through the internali-
sation of speech?

Vygotsky — to some extent developing the
ideas of the Gestaltists® - argued that the
development of self-directed speech was an
form of self-prompting by which children
come to de-centre and move themselves
from one domain of situated activity (or as
he might have termed it practical thought)
to another. He saw this development as be-
ing centrally involved in the establishment
of self-control and attention-regulation that
are characteristic of human consciousness.

The work discussed above gives us a possi-
ble way of understanding the neural-
dynamics underlying the establishment of
this linguistic self-regulation.

6 — Inner speech and the modelling
of consciousness

Notwithstanding current attempts to de-
velop work in synthetic phenomenology
(Chrisley & Holland, 1994), for now’, hu-

® Gestalt psychologists wrote a great deal on the
problem of insight and how it was that a problem
might suddenly be restructured such that it appears
in an entirely new way. Kohler was one that held
that tools could play a role

7 Perhaps forever, cf, (Nagel, 1974)



man consciousness is the only type of con-
sciousness which we know intimately. It
seems unlikely that we can afford to ignore
the relevance of the role of language in at-
tempts to model it in machines, not to men-
tion the project of building actually con-
scious machines.

Theorists as diverse and as historically dis-
tant as Vygotsky and Dennett have argued
that self-directed speech plays a central role
in the organisation and even the construc-
tion of human conscious experience. Work
by Hurlburt and others appears to show that
conscious experience abounds with epi-
sodes of internal speech.

If they are right and we are serious in our
attempts to understand human conscious-
ness with synthetic techniques, then we
need to develop more advanced and explicit
models of the role language might play in
its functional organisation. The hypothesis
defended here about the functional role of
internalised speech is that it is a tool for the
focusing or re-focusing of attentional re-
sources.

Inner speech then appears to be of central
importance because it gives an agent the
capacity to restructure not just the external
world but also itself. External activity in
this way becomes redeployed toward inner
restructuring. Simulation models such as
those discussed above give us a unique
mode of developing an understanding of
the functional changes that underlie such a
transition.

This internalisation model of self-directed
speech can be used to provide an explana-
tion of how language plays a role in creat-
ing the regimes of complex self-control and
attention-regulation that are central to the
sorts of consciousness that humans have (cf
Donald, 2001). It does not attempt to ad-
dress the question of why any experiences
are conscious at all. However, it may allow
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us a new vantage point on their qualitative
character.

According to the sensorimotor approach or
‘skill theory’ of conscious experience, “ex-
perience is not something we feel but
something we do” (O'Regan, 2001). The
character of perceptual experience, accord-
ing to this theory, is given in the mastery of
sensorimotor contingencies. These contin-
gencies of self have there own governing
laws just as any other complex physical
system. Developing a mastery of these laws
through autostimulation-with-words might
be considered akin to the development of a
new perceptual modality.

This mastery of the mechanisms of auto-
stimulation-with-words affords the refocus-
ing of one’s own attention on self. This ex-
ercise of the contingencies of self can
therefore be linked, more generally, to the
qualitative analysis of consciousness in
terms of sensorimotor contingencies (cf -
O'Regan & Nog, 2001). Understanding this
refocusing of attention might help us ex-
plain the uniquely human mode of the
self’s perceptual presence.
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Abstract

There is a widespread misconception among critics of the dynamical systems approach to
cognition: the emphasis on embodiment and situatedness has given the wrong impression that the
only cognitive activities that can be explained under this paradigm are those concerned with
ongoing coping with the current situation. To say that the body is actively situated in a world is
only to highlight the most fundamental aspect of all cognitive activity. There is no doubt that the
dynamical systems approach has already proven immensely more successful in such cases than
traditional computational approaches. Even so, as soon as we move to other, more human,
cognitive performances, such as planning or imagining, we must, critics predict, return to the
tenets of cognitivism/ computationalism in some updated form, or worse still, to some kind of
hybrid stance. Here I briefly examine the foundations of this claim (and find there aren't really
any).

On the positive side, I raise the issue of what is the best route for connecting sensorimotor and
situated intelligence with (some) human styles of cognitive activity (misleadingly characterized as
"decoupled"). A dynamical systems approach is already useful because it forces us to formulate
the questions that traditional representational approaches felt unnecessary to ask since they
answered them almost axiomatically. What is to represent? How is it possible to alter the meaning
of a situation? What sort of system is a cognizer such that the world is meaningful for her? How
can a cognizer act autonomously in accordance with meanings not yet established by the situation
but by her own actions?

I will very briefly discuss the life/cognition continuity thesis and show how it reveals
fundamental issues about agency and sense-making that allow us to begin to answer some of these
questions. A powerful methodological guidance is found in Hans Jonas's work on value-generating
activities and the evolutionary/historical thread of increased mediacy in cognition. Following a
developmental version of this thread, a large part of this presentation will be devoted to examining
pretend play (in authors such as Lev Vygotsky, Maxine Sheets-Johnstone, and Margaret
Donaldson) as a particularly relevant activity for understanding how transitions to freer forms of
meaning manipulation are inherently embodied and dynamical in nature. This will suggest new
vistas and new challenges to synthetical approaches like evolutionary robotics.

127



The XML Approach to Synthetic Phenomenology

David Gamez
"Department of Computer Science
University of Essex
Colchester
C04 350
UK

daogam@essex.ac.uk

Abstract

One of the major challenges in synthetic phenomenology is to find away of systematically describ-
ing artificia non-conceptual phenomenal states. This paper puts forward a solution to this problem
that uses three different XML files to describe a machine's structure, interna states and phenome-
nology. The advantages of XML are that it can be read by both machines and humans, it is good at
capturing hierarchical relationships between data and it can be automatically generated, analysed
and archived. XML could also be a useful tool for other methods of representing non-conceptual
mental content, such as content realization and ability instantiation. Furthermore, as scanning tech-
nologies develop, the XML approach could be applied to the neurophenomenology of humans,
which would serve as a foundation for a more scientific psychology of both humans and machines
and facilitate precise comparisons between the two. The XML approach outlined in this paper will
be used to describe the synthetic phenomenology of Holland's and Troscianko’s CRONOS robot

that is currently under devel opment at the University of Essex and the University of Bristol.

1 Introduction

Synthetic phenomenology is a recently emerging
discipline that aims to describe the phenomenal
states of artificial systems. This is essentia for the
monitoring and debugging of machine conscious-
ness and it could also address concerns about the
possihility of suffering in machines. This paper puts
forward an approach to synthetic phenomenology
that uses three different XML files to describe a
machine's structure, interna states and phenomenol -
ogy. The advantages of XML are that it can be read
by both machines and humans, it is good at captur-
ing hierarchical relationships between data, it can be
automatically generated, analysed and archived, and
it avoids many of the pitfalls and presuppositions of
natural language. As scanning technologies develop
it may also be possible to use XML in neurophe-
nomenology, which would allow detailed compari-
sons between human and artificial systems.

The first part of this paper covers some of the
limitations of natural language descriptions of the
phenomenology of non-human systems. After set-
ting out the advantages of an XML approach, the
central section outlines one way in which XML rep-
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resentations could be used in synthetic phenomenol-
ogy. Thisisnot intended to be a fina and definitive
methodology, since there are no doubt better ways
of applying XML to this area. However, by present-
ing one way in which it could be done | hope to
make the case that XML could be a very useful tool
for the phenomenology of artificial systems.

2. Problems with Describing the
Phenomenology of Non-Human
Systems

Phenomenology, especially in the work of Husserl
and Heidegger, derives its significance from the
claim that the phenomena we experience are as im-
portant and substantial as the physical world de-
scribed by science, which is often portrayed as a
secondary interpretation of the phenomena. In this
way phenomenology sets itself up with an ‘objec-
tive' field of phenomena that are assumed to be the
same for everyone and can be unproblematically
described in natural human language The problem
with this approach is that these assumptions about
common experience start to break down once phe-
nomenology is applied to the experiences of infants,



animals and robots. To illustrate this problem, | will
consider a short extract from Wordsworth (2004),
which contains a fairly straightforward description
of daffodils in natural human language:

When all at once | saw a crowd,

A host, of golden daffodils,

Beside the lake, beneath the trees,
Fluttering and dancing in the breeze.

Most people have had the experience of daffodils
fluttering and dancing in the breeze and when
Wordsworth's description is read by humans, they
can readily imagine a similar past experience and
understand his words well enough. However, even
this straightforward description presents problems
since it is extremey vague and imprecise and each
reader will imagine the daffodils differently. More
serious problems start to arise when we try to use
ordinary language to describe the experiences of an
infant placed in front of a field of daffodils. As
Chridley (1995) points out, we cannot simply say
that the infant sees a host of golden daffodils be-
cause the infant has a preobjective mode of thought,
which is unable to locate the daffodils within a sin-
gle unified framework. Adults understand daffodils
as something objectively located in three dimen-
sional space, whereas infants do not necessarily con-
tinue to believe in the existence of the daffodils
when they are occluded. In the adult and infant the
word “daffodils’ refers to two different concepts
and experiences. As Chridey puts it: “The infant’s
concepts are not fully objective and are therefore
non-conceptual. To ascribe conceptual content to the
infant in this case would mischaracterize its cogni-
tive life and would not allow prediction or explana-
tion of theinfant’s behavior.” (Chridey, 1995; 145).

These problems become even more difficult
when the attempt is made to describe the phenome-
nology of a non-human animal, such as Naged's
famous bat (Nagedl, 1974). When a bat flies over a
field of daffodils it receives a complex pattern of
returning ultrasound pulses, which are processed
into phenomenal experiences that are likely to be
very different from our own. Sentences like “the bat
is experiencing a host of golden daffodils’ are at
best an extremely mideading description of the bat’s
phenomenol ogy.

The same problems are encountered when at-
tempting to describe the phenomena experiences of
artificia systems. Whilst we may have grounds for
attributing phenomenal consciousness to some ro-
bots, we have almost no basis for believing that they
will have the human phenomenal experience of ye-
low when daffodils are placed in front of them, or
even that they will have the same experience of yel-
low as each other. Robots may also be built that
have unconscious daffodil recognizers, so that they
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are only conscious of the abstract presence or ab-
sence of daffodils. Other robots might only be capa-
ble of processing stationary daffodils, leading to
highly divergent phenomenal experiences that can-
not be captured in ordinary language.

Natural language evolved to describe human ex-
periences and o it is not surprising that it is very
bad at describing the phenomenology of bats and
robots. Synthetic phenomenology needs a better and
more systematic way of describing the phenomenal
states of artificial systems and the central claim of
this paper is that XML representations are more
appropriate for thistask. After setting out the advan-
tages of an XML approach, section 4 will demon-
strate how it can be used to describe synthetic phe-
nomenal experiencesin a systematic manner.

3. Advantages of XML for Syn-
thetic Phenomenol ogy

The eXtensible Markup Language (XML) is a plat-
form-independent way of structuring and organising
data so that it can be easily shared between systems.
XML is stored asplain text and it has atightly struc-
tured format that enables the relationships between
data items to be easily expressed. It is also possible
to validate the structure of an XML file without any
prior knowledge of its form. XML is starting to be
used widely and there are a number of reasons why
it would be suitable for synthetic phenomenology:*

1. XML is much more precise and highly structured
than natural language, which allowsiit to describe
complex nested hierarchies and represent the re-
lationships between different pieces of informa-
tion. This also enables easy cross referencing be-
tween different files.

2. XML can describe low level details of the sys-
tem’'s hardware, but it can aso abstract from
them so that high level comparisons can be made
between machines with different architectures
and between humans and machines. Whilst two
systems lower levels might be different — per-
haps using neurons or slicon - the higher levels
are likely to be more similar, alowing direct
comparisons between different systems once eve-
rything is encoded in XML.

3. XML can be written and read by both machines
and humans. When doing simple small scale
analyses it is useful to be able to manually read
and edit an XML description of a machine's inner
state. However, it is also very easy to automati-
cally generate and analyse the state of a machine
using XML, for example by writing programs

a good XML tutorial can be found at: http://www.w3schoals.
com/ xml/default.asp



that look for phenomenal mental content using
different theories of consciousness.

4. Its human and machine readability also make
XML good for debugging consciousness. Once
you have a highly structured representation of a
machin€'s inner state and a methodology for ana-
lysing this for phenomenal consciousness, you
can see how the machine's phenomenal states can
be improved or increased.

5. XML is easy to archive, either by converting the
XML files into a database format or by storing
them directly. Sequences of mental content that
are stored in this way can be examined later off-
line.

6. XML is a good foundation for the other tech-
niques for representing non-conceptua mental
content, such as those suggested by Chridey
(1995).

7. XML is very flexible. In addition to tags and
data, XML can contain references to external
files, pieces of code and equations. This enables
it to include features that cannot be precisdly de-
scribed in human language.

Although these advantages al so apply to some of the
alternatives to XML, such as JSON, YAML and
OGDL, the popularity of XML and the availahility
of good parsers in most programming languages
make it the best choice for the approach to synthetic
phenomenology that | am setting out in this paper.

4. The XML Approach

This section outlines one way in which XML could
provide a systematic framework for describing the
phenomenology of artificia systems. This approach
works using three separate but interlinked XML
representations:

1) System A systematic description of the system
and its sensors.

2) Test Quite. ldentifies active e ements within the
system that are systematically correlated with
outside events impinging on the sensors. This
treats the machine as a complete unknown that
is systematically probed by exposing it to stim-
uli and measuring changes in its internal state.
During the generation of the test suite no at-
tempt is made to say what the stimuli might be
like for the machine, although human descrip-
tions areincluded to help with later analysis.

3) Mental Content. If the test suite is constructed
in enough detail, a good idea should be gained
about the range of correlations between internal
states of the machine and activation of the ma-
chine's sensors by the outside world. However,
at any point in time only a small proportion of
the potentially active elements will be active

and this set of currently active elements arere-
corded in a third XML representation of the
machine' s mental content. This includes tags to
indicate whether it is phenomena mental con-
tent, which are filled in at a later stage by pro-
grams designed to analyse the system, test suite
and mental content XML for signs of con-
SCiOUSNEsSS.

The XML structures that could be used to con-
tain the data for each of these stages will now be
covered in more detail.

4.1 System

The system XML file describes the structure of the
system, including sensors, actuators and internal
components. This is needed to clarify the range of
tests that could be applied to the system and to help
with the identification of potentiad phenomenal
states. Some extracts from an XML file describing a
typical system are given below:

<system>
<description>Robot</descriptions>
<sensor id="1">
<type>light</type>
<shape>rectangle</shape>
<width>400</widths>
<length>300</length>
<coordinate system>Cartesian
</coordinate systems>
<wavelength range>0.7-0.4
</wavelength ranges>
</sensor>
<!-- Add more sensors here -->

<actuator id="1">
<type>motor</type>
<location>wheels</location>

</actuators>

<!-- Add more actuators here -->

<neuron id="1">
<position>2,3,3</position>
<typespyramidal</type>
<algorithm>Leaky integrate and
fire</algorithms>
</neurons
<!-- Add more neurons here -->

<connection id="1">
<presynaptic_neurons>1
</presynaptic_neurons
<postsynpatic neurons3
</postsynpatic neurons
<synapse_typesexcitatory
</synapse_typex>
<weight>0.9</weight>
<delay>22</delay>
</connections>
<!-- Add more connections here -->

</system>



Brief explanations of some of the more important
tags are as follows:

<sensor> A sensor sensitive to light, touch or
sound, for example.

<actuator> An actuator, such as a motor or hydrau-
lic piston.

<neuron>, <connection> In this system the interna
states are hdd in neurons, whose parameters are
specified here along with the connections between
them. Other systems might use Bayesian networks
or first order logic to hold their internal states.

4.2 Test Suite

A test suite is a systematic way of linking the pres-
ence of events and objects in the environment to
changes in the machine's inner state. To generate a
test suite the system is probed using a humber of
different tests and correlations between the simulus
and the machine's state are recorded as a list of ac-
tive elements. The behaviour of the machineis also
treated as data that is corrdlated with its internal
states. To avoid presuppositions about three dimen-
sional space, the input to the machine is specified in
terms of changesin the machine' s sensors and not as
the presentation of three dimensional objects. With
systems based on real or simulated neurons the test
suite could be created by following the traditional
approach of recording from neurons or groups of
neurons. Systems along the lines of Franklin’s IDA
(Franklin, 1998) could be tested by using a debugger
to monitor which variables or memory locations
change in response to environmental stimulation.
This avoids problems raised by Searle (1980) about
the difference between manipulating a symbol and
understanding a symbol since no assumptions are
made about the meaning of any of the system’s in-
ternal states.

A comprehensive test suite needs to be designed
with care so that it can probe all possible sensitivi-
ties of the machine and specify them as precisdy as
possible. This could start with simple low level fea-
tures, such as paints, lines, and edges and work its
way up to more abstract stimuli, such as faces and
houses. All of these single modality tests would
have to be combined with input from other modali-
ties, such as audition, proprioception and sensation.
They would also have to be carried out whilst the
machine is engaged in different activities, such as
looking to the left, moving forward, and so on, to
take account of sensorimotor contingencies. Whilst
this sounds like an enormous quantity of work, ini-
tia tests of this type are likely to be carried out on
very simple machines and as the methodology de-
velopsit will be possible to automate the creation of
the test suite by writing programs that examine the
syssem XML file and generate a comprehensive
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series of tests. The tests could also be automated in
many cases by simulating the input to the sensors.
Some sample extracts from atest suite XML file are
given below:

<test suite>
<test id="1">
<human description>Moving
forward towards point of
light</human descriptions
<sensor inputs>
<sensor>1l</sensors>
<type>light</type>
<size>5,5</size>
<location>55,44</location>
<wavelength>0.55</wavelength>
<file>Testl.dat</file>
</sensor_inputs>
<!-- Add more sensor inputs -->

<actuator_ output>
<actuators>l</actuators

<types>motor</type>
<direction>clockwise
</direction>
<speed>5</speed>
</actuator output>
<!-- Add more actuator outputs -->

<active elements>
<type>neuron population</types>
<neuron id="27">
<firing rate>0.88
</firing rates>
</neurons
<!-- Add more neurons -->

</active_element>

<!-- Add more active elements -->
</test>
<!-- Add more tests -->

</test suite>

Some of the more important XML tags are as fol-
lows:

<test> A test that is applied to the machine to probe
itsresponsesto a particular stimuli. Teststhat do not
activate any e ements do not need to be included.
<human_description> Description of the stimulus
by humans, which may be useful as part of the proc-
ess of describing the phenomenology of the ma-
chine.

<sensor_input> Input is defined in sensory rather
than world coordinates. Thisis to avoid the presup-
position of three dimensona space that might be
made if we talked about presenting around object at
a distance of three metres, for example.
<actuator_output> Any actions carried out by the
machine whilgt the stimulusis being presented.
<active_element> The part of the machin€e's inner
state that is activated by the test. In aneura system



this could be a single neuron or a population of neu-
ronswith a particular distribution of firing rates. In a
more traditional computer system this could be alist
of memory locations that are atered by the stimulus.
Active elements are defined in relation to the test
stimuli that activated them and have no meaning
outside of this context.

4.3 M ental Content

Only a small proportion of the elements inside the
machine that respond to stimuli are likely to be ac-
tive at any point in time. The currently active de-
ments are stored in the mental content XML file,
along with the active connections between them.
Thismental content is capable of influencing actions
and could beinvolved in planning. For example, if a
machine has a group of simulated neurons that se-
lectively respond to images of houses, then these
neurons could initiate motor patterns that cause the
sound "house" to be emitted. The house-sensitive
neurons could aso become activated when the ma-
chine was offline, leading to an experience anao-
gous to imagining or dreaming about a house. Some
of this mental content may be conscious and a tag
has been included to record whether thisis the case.
The contents of thistag are filled in at a later point
when the system, test suite and mental content XML
files are examined according to a particular theory
of consciousness (see next section). Sample extracts
from amental content XML file are given below:

<mental content id="66">

<time>4010551056</time>

<active elements>
<id>2</id>
<intensity>0.7</intensity>
<phenomenal >yes</phenomenal >

</active element>

<!-- Add more active elements -->

<active connection id="3">
<types>synchronisation</type>
<from>1l</from>
<to>2</to>

</active connectionx>

<!-- Add more active connections -->

</mental contents>
Some of the more important tags are as follows:

<active element> Reference to one of the active
elements defined in the test suite along with some of
its current properties.

<active connection> An active connection could
be synchronisation between firing neurons, active
processing by the CPU or simultaneous broadcast
along aradio link. Since active connections are not
necessarily topologically bound they are defined
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separately from the static connections in the system
file.

<phenomenal> Records whether this active € ement
is phenomenal mental content. The contents of this
tag are filled in by examining the system, test suite
and mental content XML files for signs of phe-
nomenal consciousness.

4.4 Phenomenal Mental Content

The final stage in the description of the phenome-
nology of the machine is the identification of the
parts of the mentd content that are likely to be phe-
nomenally conscious. Thisis done by anaysing the
system, test suite and mental content XML files
using a theory of consciousness. It is highly likely
that different theories of consciousness will make
different predictions about the phenomena mental
content of the machine, which provides a good way
of discriminating between them by comparing their
different predictions with first person reports about
phenomenal states.® This process of identifying the
phenomenal mental content will now be illustrated
using Tononi’s ¢, Aleksander’s axioms and Metz-
inger’s constraints.

4.4.1Tononi's ¢

According to Tononi (2004) consciousnessis linked
to a system's capacity to integrate information. This
is precisely quantified by Tononi as the number o,
which is the amount of effective information that
can be exchanged across the minimum bipartition of
a complex, where a complex is the subset of de-
ments with ¢ > 0 and no inclusive subset of higher
¢@. Whilst there is not space to go into the details
here, the system, test suite and mental content XML
representations outlined in this paper would make it
easy to calculate the amount of ¢ and pinpoint the
active elements with high ¢ that are likely to be phe-
nomenally conscious. It would even be possible to
add a ¢ tag to the active e ements within the mental
content XML file.

4.4.2 Aleksander's Axioms

Aleksander (2003) put forward five axioms as a set
of mechanismsthat are thought minimally necessary
to underpin consciousness. These are depiction,
imagination, attention, planning and emotion. Al-
though these axioms are not necessarily sufficient
for consciousness, they are a good starting point for
deciding whether a machine might be capable of
conscious states and the XML approach offers a
good way of anaysing a system for their presence.
For example, the test suite XML of an agent that

2 There may aso be ways of indirectly testing the predictions
made by different theories of consciousness.



was capable of depiction would contain active ee-
ments linked to externa stimuli, and an agent would
be experiencing imagination when its mental con-
tent XML contained active eements that were
linked in the test suite to different stimuli from the
ones that are currently present. For example, an ac-
tive eement might be linked to apple stimuli in the
test suite and yet be part of the agent’s mental con-
tent when only bananas are in itsfield of view. One
way of identifying the axiom of attention would be
follow Damasio (1999) and Metzinger (2003) and
look for active connections between active elements
linked to the agent's self model and active elements
associated with external content. Emotion could be
discovered by looking for active el ements associated
with certain body states.®

4.4.3 Metzinger's Constraints

Metzinger (2003) set out eeven constraints that
mental content must conform to if it is to be con-
scious. There is not space to go into the constraints
in detail here, but the three most important, which
are used to define a minimal notion of conscious-
ness, are the activation of a coherent global model
of reality (constraint 3) within a virtual window of
presence (constraint 2) both of which are transparent
(congtraint 7). A system whose mental content con-
formed to these constraints would have a phenome-
nal experience of “the presence of one unified
world, homogenous and frozen into an internal
Now, asit were.” (Metzinger, 2003: 169).

The identification of which parts of the mental
content conform to Metzinger's constraints is easier
than it seems because Metzinger provides very de-
tailed descriptions of the informational, representa-
tional, computational and functional characteristics
of the congtraints along with some likely neural cor-
relates. All of this can be fairly easily extracted once
detailed and systematic XML representations have
been created for the system. For example, the pres-
ence of congtraint 3 (integration within a global
model of reality) could be established by looking at
the active connections between active e ements or
possibly using Tononi's methodology. Some of the
other constraints, such as transparency, may come
for free on systems whose internal states do not have
any sensors that could make them objects of repre-
sentations.

3 The identification of planning in an agent's XML descriptions
would require a fully temporalised version of the XML approach,
which isnot covered here.
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4.5 A Description of the Synthetic Phe-
nomenology?

Given the higory of phenomenology, we might ex-
pect the final outcome of synthetic phenomenology
to be a naturad language description. Even if we
cannot achieve this at present, it might be thought
that this should be the fina goal of the procedures
outlined in this paper. Viewed from this perspective,
the system, test suite and mental content XML
would only be the preparatory stages for a tradi-
tional phenomenological account of the experiences
of COG, CRONOS or IDA.

However, the problems discussed in section 2
make it unlikely that we are ever going achieve fluid
natural language descriptions of non-human sys-
tems. Instead, it might be much better to treat the
XML representations as the best description that we
are going to get of the phenomenology of an artifi-
cial system. This has the great advantage that it is
possible to see what you cannot say. We don't have
adequate words in human language to describe a
system that can only experience verticd lines, but
we can represent such a system accurately using
XML, and by looking at the XML we can start to
understand how much and how little we can imagine
what it islike to be such a system.

The XML descriptions also offer a good starting
point for other ways of describing the phenomenol-
ogy of artificia systems. The suggestions made by
Chridey (1995) about conceptual subtraction, con-
tent realization, ability instantiation and self instan-
tiation could all be implemented automatically once
the XML formats have been defined. XML would
also enable precise comparisons with humans that
have deficiencies in the same areas as a machine,
and we could use the first person descriptions of
these patients to help usimagine what it islike to be
such a system. As scanning technology improves,
the application of this approach to normal and brain
damaged patients will become easier. Research by
Kamitani and Tong (2005) on neurophenomenology
using combinations of voxels suggests that it might
even be possible to start thiswork today.

5. Discussion

One of the first issues that must be clarified about
the XML approach to synthetic phenomenology is
that it makes no presuppositions about whether any
particular machine is the sort of system that is capa-
ble of supporting conscious states. Robots, stones
and human beings are all systems that are capable of
interna states; all three can be anaysed using the
XML approach that | have set out here and it will be
an empirical outcome of this approach if it turns out
that the mental content of a stone is aways devoid



of phenomenal states. This empirical outcome must
be distinguished from the a priori question about
whether certain types of non-human system are ca-
pable of supporting conscious states, since it is pos-
sible that the XML approach will make predictions
about consciousness in systems that we consider
highly unlikely to be capable of consciousness — the
economy of Bolivia, for example. This a priori
question is tackled by the ordinal probability scale,
set out in Gamez (2005), which evaluates the likeli-
hood that a machine can support phenomenal states
by systematicaly comparing its architecture with
the human brain.

It has been suggested that this XML approach to
synthetic phenomenology ignores behavioura crite-
ria of consciousness, such as reports that a system
might make about its mental contents. If this was
thought to be important, then it would be easy to
include the actuator outputs in the mental content
XML file, so that the external behaviour of the sys-
tem could be included in the analysis of its con-
sciousness on a moment to moment basis. However,
the problem with behavioura criteria for conscious-
ness is that apparently conscious behaviour can be
generated by systems that we are reluctant to attrib-
ute consciousness to (such as the population of
China communicating with radios and satdlites),
which is why an internal architecture approach has
been favoured here.

As this methodology develops there are likely to
be a large number of ambiguities about what consti-
tutes an element, how to handle overlapping ee
ments, how to define active connections, the best
way to anayse menta content for phenomenal
states, and so on. Although these might initialy ap-
pear to be weaknesses of the method, they are actu-
ally strengths because they indicate that synthetic
phenomenology has the potential to become a para-
digmatic science that can move forward by asking
guestions and resolving ambiguities such as these.
At the moment synthetic phenomenology is so un-
clear that even its lack of clarity is unclear to it and
tightening up the methodol ogy through XML repre-
sentations would make it capable of asking and an-
swering precise questions and enable it to move
forward in a sustainable manner. Different ways of
resolving the ambiguities will make testable predic-
tions about the phenomena states of a machine or
organism and as heura scanning becomes better we
will actually be able to test these predictions on hu-
man beings and eliminate inaccurate methods. In the
early stages it is likely that different theories will
generate conflicting XML representations. How-
ever, this will at leat make differences explicit;
whereas at present our descriptions of inner states
are so woolly and imprecise that disagreement or
comparison between methodsisrarely an issue.
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For reasons of brevity and clarity this paper has
set aside questions about the temporal nature of
phenomenal experience. One solution to this would
be to break the stimuli up into sequences of frames
and separate the test suite and mental content into a
list of associated XML files. Another temporal prob-
lem is that active e ements may change as they de-
velop and so it may not be possible to generate a
single test suitethat isvalid for al time. Thistype of
system will haveto beretested at regular intervals or
have its adaptivity frozen whilst the description of
its synthetic phenomenology is taking place.

6. Previous Work

The approach that | have set out in this paper is
closest to some of the techniques for representing
non-conceptual content discussed by Chridey
(1995). These include content redization, in which
content is referred to by listing “perceptual, compu-
tational, and/or robotic states and/or abilities that
readlize the possession of that content” (Chridey,
1995: 156), ability instantiation, which involves the
creation or demonstration of a system that instanti-
ates the ahilities involved in entertaining the con-
cept, and two forms of self instantiation, in which
the content is referred to by pointing to states of
onesalf or the environment that are linked to the
presence of the content in onesdf. Whilg all of
these techniques are promising ways of referring to
non-conceptual content, it will be very difficult to
apply them in practice without a precise way of rep-
resenting and organizing the computational, and/or
robotic states and/or abilities. It is here that XML
would be a useful tool since it could represent the
structure of the systems that are being analysed
along with their inner states when they are exposed
to stimuli from the environment. Within the precise
framework offered by XML the specification of
non-conceptual mental content using Chridey's
techniques would be made considerably easier.
Other related work includes the description of
the synthetic phenomenology of Khepera robots by
Holland and Goodman (2003) and Stenning, €. d.
(2005). In these experiments the internal mode of
the Khepera is held in a neural network, which
stores alinked series of concepts combining sensory
and motor information. The synthetic phenomenol-
ogy of the Khepera is carried out by plotting a
graphical representation of the sequence of sensa-
tions and movements stored in the neural network.
The problem with this approach is that the Khepera
is likely to have no notion of colour and a very lim-
ited idea about space and so this graphical represen-
tation is unlikely to be anything like the Khepera's
actua ‘mental’ content. Another problem is that the
graphical representation contains the complete in-



ternal model, whereas only a small part of this
would be active at any point in time. It is also hard
to see how this representation of an internal model
could be systematically analysed for signs of con-
sciousness. The XML approach could help with
these problems since it offers a highly structured
way of representing the current mental content of
the Khepera, which could be compared with other
robots and systematically anaysed for signs of con-
SCiOUSNESS .

7.Conclusion

This paper has briefly outlined an XML approach to
synthetic phenomenology in which XML plays a
key role in the description of the conscious and un-
conscious states of the machine. This has many ad-
vantages and could help to circumvent many of the
problems associated with the representation of non-
conceptual mental content. By describing mental
content this concretely it also forces us to face chal-
lenging theoretical and methodological questions,
which will eventually open up the possibility of a
systematic science of synthetic phenomenology that
can pose and answer precise questions about the
phenomenology of artificial systems.

The XML extracts included in this paper are in-
tended as simple examples to illustrate the main
ideas and a great deal more work is needed to turn
these starting points into a usable method. Some of
this development will be done as part of the work on
the CRONOS robot at Essex and Brigtol. In the
longer term it may be possible to develop a single
XML standard for both synthetic and neuro- phe-
nomenology, which would facilitate precise com-
parisons between humans, animals and machines
and enable us to automatically examine dl three for
signs of consciousness.
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Abstract

The embodied and enactive approach to consciousness emphasises the role of the physical
embodiment of naturally intelligent agents as crucial for a study of consciousness and the
importance attributed to the body also tends to be carried over to the material out of which the body
is created viz. “living” matter. This seems to put into doubt the relevance of the embodied and
enactive approach to the field of machine consciousness. However, I shall argue that consciousness
as manifested in embodied intelligent systems, natural or artificial, that enact their world of
experience by interacting with the environment necessarily needs to be understood in the light of
freedom/autonomy and imagination, and the application of the principles of embodiment and
enaction in the light of these notions in the field of robotics and Al can be a big step towards

creating conscious artificial agents.

1 Introduction

The attempt to wunderstand cognition and
consciousness by recognising the fact that they
necessarily involve an embodied agent who enacts
her world of experience by real-time interaction
with a real-world situation has been propounded of
late in an ever-increasing volume of literature in the
field of consciousness studies. The emphasis laid on
the notions of embodiment of the cognitive agent
and her interaction with the environment as crucial
elements even for a scientific study of
consciousness, has come a long way from a
philosophical idea first presented in continental
philosophy in the works of philosophers like
Husserl (Husserl, 1931, 1960) and Merleau-Ponty
(Merleau-Ponty, 1962, 1963, 1964). When the ideas
of these philosophers were being introduced to the
philosophical ~ analyses  of  consciousness,
mainstream cognitive science in general had
remained unaffected by the implications of such a
phenomenological approach. The applications of
the emerging principles of cognitive science in the
field of robotics and artificial intelligence
dominated by the information-processing view of
cognition had largely ignored the possible
implementations and crucial insights that a primary
emphasis on the notions of embodiment and
enaction could have provided. The necessity to
stress the agent’s particular psycho-physical
apparatus and the real-time interactions of the agent
with the real-world environment for an adequate

136

study of consciousness began to be realised for the
first time in robotics and Al in the 1980s in the
work of Brooks (Brooks, 1986, 1991, 1993, 1994).
The development of what has come to be known as
the autonomous-agent theory in Al emphasises that
as a first step for artificial agents to exhibit mental
characteristics typically associated with conscious
agents, they must be created in such a way that they
are capable of moving about, surviving and
performing specific goal-directed actions in real
time in a complex real-world environment.

The embodied and enactive theories, as are
gradually gaining ground in mainstream cognitive
science, emphasise the kind of body the agent
possesses as one of the first crucial elements to be
considered by a satisfactory theory of
consciousness and the importance attributed to the
kind of body also tends to be carried over to the
material out of which the body is created viz.
biological matter. The environment of the agent,
both natural and socio-cultural, also constitutes an
indispensable dimension of embodied and enactive
approaches to the study of consciousness. Indeed, a
survey of the literature reveals that “embodiment”
can be understood in a variety of ways and
following Ziemke we can enumerate the different
notions of embodiment as follows: 1) structural
coupling between agent and environment, 2)
historical embodiment resulting from a history of
agent-environment  interaction, 3)  physical
embodiment, 4) ‘organismoid’ embodiment i.e.
organism like body and 5) organismic embodiment



of autopoietic living systems (Ziemke, 2001).
However, for the present I shall consider the notion
of embodiment in a rudimentary sense of physical
embodiment i.e. having a particular kind of body as
a fundamental determinant of consciousness.
Having a kind of body means instantiating a
specific biological model and a major contention of
the embodied and enactive approaches is that the
biological model of the agent crucially determines
the characteristics associated with consciousness
exhibited by the agent. While this claim is indeed
justifiable in view of the fact that the interaction of
the organism with the environment that generates
its world of experience is importantly determined
by the physical embodiment of the organism, the
implication that all manifestations of consciousness
could thereby also be limited to the embodiments of
naturally intelligent systems as created out of
“living-matter” is less evident. Due to this
insistence on the physical embodiment of the agent
and the underlying importance of the biological
matter, theories of embodied and enactive cognition
seem to possess an unavoidable “biological
flavour”. Then does engineering artificial
intelligence according to the basic principles of
embodiment mean engineering living matter? This
may seem to stand in the way of applying the
principles of the embodied and enactive approach in
the field of machine consciousness. In this article I
would like to address the question: How far can the
embodied and enactive approach to consciousness
with its emphasis on the kind of body possessed by
the naturally intelligent agents at all help in
understanding consciousness through the creation
of intelligent machines based on the principles of
embodiment and enaction? 1 shall maintain that
although the notions of embodiment and enaction
as used for understanding naturally intelligent
systems importantly involve the material out of
which the agent’s body is created as a determinant
of embodiment, these notions can be applied in the
field of robotics and Al too to create artificial
agents that we could at least hesitate to call
“machines” even if the material out of which they
are created is not “living” stuff. I shall argue that
consciousness as manifested in embodied
intelligent systems, natural or artificial, that enact
their world of experience by interacting with the
environment necessarily needs to be understood in
terms of freedom/autonomy and imagination, and
the application of the principles of embodiment and
enaction in the light of these notions in the field of
robotics and Al can be a big step towards creating
conscious artificial agents.

1.1 Natural Embodiment

The embodied and enactive theories have at times
sought to differentiate between naturally intelligent
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systems and mechanical systems by drawing upon
the material out of which each is created and the set
of structural properties of the resulting systems as
the criteria. One such effort is made by Maturana
and Varela (Maturana and Varela, 1980, 1987) who
distinguish between autopoietic systems and
allopoietic systems. Biological systems, made out
of living matter and exhibiting natural intelligence,
are essentially characterised by their adaptability to
their environment at the cellular as well as at the
behavioural levels. Such systems are termed
autopoietic as they are self-creating and self-
maintaining systems, and hence are completely
autonomous. On the other hand, mechanical
systems made out of non-living matter are capable
of adapting only at the behavioural level and are
called allopoietic systems i.e. systems whose
components are produced by other processes that
are independent of the organization of the
machines. Hence how can artificial agents created
out of non-living matter help us understand
consciousness? Here one may adopt a stance of
mysterianism and claim following Prinz that
“...progress in the science of consciousness may
offer little help to those who want to engineer
consciousness” (Prinz, 2003) because it is
impossible to determine with certainty that
biological matter does not contain properties
essential for consciousness. Then are our efforts to
employ the principles of embodied cognition to the
study of robotics futile unless we make machines
out of living matter? Prinz advises engineers that
they should not “...fool themselves into thinking
that they can definitely create conscious machines”
(Prinz, 2003) and the emphasis laid by the
embodied cognition approach upon the body and of
what it is made may seem to lend support to Prinz’s
advice to engineers. Thus of what use are the
notions of embodiment and enaction in the study of
robotics and Al?

Given our present state of knowledge about
biological matter we cannot but maintain for the
time being that it is in fact impossible for us to
determine with complete certainty that organic
matter does not contain properties essential for
consciousness. However, this does not make the
notions of embodiment and enaction a redundancy
for robotics. Instead of considering the problem of
consciousness in its totality, in all its aspect, let us
begin by picking out a feature that can be said to be
invariably associated with manifestations of
consciousness in agents with a Dbiological
embodiment. Naturally embodied agents constantly
strive to attain to higher degrees of freedom by
actively resisting and defying the various forces
acting against them that try to break up the unity of
the system and by such efforts they assert their
existence. The more they are able to resist the
counteracting forces threatening to destroy the unity
of the system, the more they appear to be complex



from the point of view of consciousness. Thus the
most rudimentary life-form embodied in the
simplest biological embodiments is the least able to
actively preserve its unity in the face of
counteracting forces and possesses the least
freedom from this point of view and is ascribed the
least traces of consciousness. As we go higher up
the evolutionary chain we find more and more
complex life-forms with more and more complex
embodiments with greater and greater degrees of
freedom  exhibited by actively  resisting
counteracting forces till we reach the human level
to which we ascribe the highest intelligence and
consciousness exhibited so far in the story of
evolution. Moreover, over and above adverse
natural forces biological systems also deal with
highly complex socio-cultural forces even at a low
level of the evolutionary ladder, e.g. complex social
structure of termite or ant colonies, and they seek to
maintain their individual existences in this social
maze by variously manipulating the forces at work
there and trying to preserve their identity as
individuals i.e. the unity of their individual systems.
When they try to preserve and assert the identity of
a group they do so as they identify the unity of their
systems with that of the group. The more complex
the forces that act against the system and the more
the system tries to exert its freedom in the form of
preserving its unity by actively counteracting the
forces, the more it seems to manifest intelligence.
From an evolutionary perspective it can be said that
the forces acting against the system become more
and more complex as we go higher up the ladder
and the ways of counteracting those forces also
become more and more sophisticated and complex
leading to the expressions of greater freedom and
accordingly greater degrees of consciousness.

As a primary strategy of counteracting the
forces acting against the system naturally intelligent
agents resort to interacting with their environment
in creative ways i.e. they can represent to
themselves or enact possible states of affairs by
interacting with the present state of affairs. The
ability to represent possible states of affairs varies
in complexity in accordance with the embodiment
of the system and the complexity of the forces
which the system encounters. The human form of
embodiment is the one most capable among all
biological embodiments to actively maintain the
unity of its system in the face of highly complex
counteracting forces, both natural and socio-
cultural; and the capacity of humans to enact
possible worlds, as a strategy adopted for
counteracting adverse forces, is remarkable among
biological embodiments from the point of view of
its complexity. This capacity as present in human
embodiment is what we generally call imagination
i.e. the enaction of possible worlds although other
naturally intelligent systems too can represent to
themselves possible states of affairs in various

138

degrees of complexity by interacting with the
immediate environment (the present state of affairs)
and hence can also be called “imaginative”. By this
remarkable capacity/strategy of counteracting
disintegrative forces naturally intelligent systems
exert their greatest freedom.

Moreover, in case of naturally intelligent
systems it can be observed that with the increasing
complexity of embodiment the interaction of the
organism with the environment gradually shifts
from one of adaptation to one of gradual control
leading to greater expressions of freedom and
intelligence. The simplest life-forms adapt
themselves as best as they can to the conditions of
the environment and accordingly the manifestation
of intelligence in them is far less complex than that
of the higher ones. The strategies of interacting
with the environment tend to become more of
control and less of adaptation in more and more
complex embodiments till we reach the human
level that is crucially characterised by its capacity
to enact possible worlds by interacting with the
environment primarily in the form of control
strategies. In case of natural forces humans do not
submit themselves to the mercy of Nature and try to
adapt as best as they can to the situations Nature
throws them into. Humans exert their freedom
against natural forces by trying to master natural
laws and make them work for their best advantage.
Even for socio-cultural forces humans demonstrate
the tendency to assert their control over the
environment and this tendency has been manifest
throughout the history of human civilization. By
interacting with the environment (the current state
of affairs) in accordance with their embodiments
humans enact possible states of affairs
(imagination) that can be far removed from and
greatly more complex than the present state of
affairs. Hence in humans, manifestations of
intelligence are not simply matters of adaptation;
intelligence is dominance and control over
environment with the aim of manipulating it to the
best of their advantage i.e. making conditions most
favourable for the maintenance of the unity of the
system and thereby exerting their freedom. For
other Dbiologically embodied systems too
intelligence is crucially determined by the ability of
the system to actively preserve its unity in the face
of counteracting forces and by interacting with the
environment in creative ways to represent to itself
possible states of affairs and thereby asserting its
freedom. No matter how simple or how complex
the embodiment, the basic principle of intelligence
and manifestation of consciousness indeed seems to
be this and the human embodiment by virtue of the
greatest ability exhibited so far in evolution to
preserve the unity of the system and enact possible
worlds by interacting with the present environment,
enjoys the greatest degree of freedom in the chain



of evolution and exhibits the most complicated
manifestations of intelligence.

Furthermore, despite varying in degrees of
complexity and freedom, the naturally intelligent
systems are all characterised by the ability to
represent to themselves the goals of their actions.
Natural systems have dynamic needs and so they
interact with the environment in various ways and
enact their world of experience. Exploration of the
environment by natural agents is importantly
guided by curiosity, i.e. the need to explore more.
This is all the more true for human agents whose
insatiable curiosity has been at the root of all
discoveries and inventions. The interaction with the
environment by human agents is characterised by
this need to explore more and more, and the lack of
complete satisfaction with the present state of
affairs. The need to explore more is developed by
the system by means of interacting with the
environment and by representing to the system
goals other than the immediate ones present in the
environment i.e. enacting possible states of affairs
(imagination). The biological systems express their
freedom by not being limited to what is
immediately present in the environment. The
needs, whether biological or psychological, can be
traced back to the desire to assert the existence of
the organism and preserve the unity of the system
and enact possible worlds by interacting with the
present environment. Thus the needs come from the
system by interacting with the environment and as
long as there is embodiment there are needs.

2  Autonomy, Imagination and
Artificial Agents

Consciousness as associated with this idea of
freedom expressed by the embodied system through
actively resisting disintegrative forces to maintain
the unity of the system and enacting possible states
of affairs by interacting with the present state of
affairs need not be logically restricted to biological
systems alone. This idea can be applied to the study
of robotics and Al although the material out of
which we create artificial agents like robots is not
organic matter. The question is one of freedom.
Naturally intelligent systems are characterised by
various degrees of freedom in that they have
capacities to actively preserve the unity of their
system against disintegrative forces in various
degrees and enact possible states of affairs by
interacting with the present state of affairs, and
accordingly manifest various degrees of complexity
of intelligence. However, while modelling
consciousness it is to be noted that biological
embodiments, including human embodiment, have
been shaped primarily by the environment whereas
for artificial agents it is humans who are exclusively
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trying to shape the embodiment. The application of
the embodied approach to cognition has to date
influenced the shaping of the embodiment of
artificial agents in so far as engineers are now
trying to derive inspiration from biological models.
The creation of robots that simulate the
embodiment of simple biological models like
insects (Beer and Chiel, 1993) etc. reflect this urge
to copy Nature’s work. This is certainly a big step
towards realising the importance of the embodiment
and enaction for consciousness but it is one thing to
mimic biological models for embodiment of
artificial agents and quite another thing to create
artificial agents whose embodiment will be shaped
by the environment, which includes humans but not
only humans, by means of creative interaction of
the system with the environment and in order to
creatively interact with the environment the system
must be able to develop its own dynamic needs. To
quote Ziemke, “ ...despite all biological inspiration,
today’s adaptive robots are still radically different
from living organisms. In particular despite their
capacity for a certain degree of self-organization,
today’s so-called ‘autonomous’ agents are actually
far from possessing the autonomy, and
consequently the embodiment of living organisms.”
(Ziemke, 2001). Thus the idea of autonomous
agents, that is already prevalent in the study of
robotics under the influence of the ideas of
embodiment and enaction, can be carried to a
greater extent to create agents which are
autonomous not only in so far as they are capable of
acting upon the environment to carry out functions
that have already been decided for them such as
moving about and avoiding obstacles but to create
systems that will develop their own course of
actions by interacting with their environment in
accordance with their dynamic needs.

To further clarify the idea let us consider basic
applications of the idea of embodiment in the field
of machine consciousness such as Brooks’
“mobots”(Brooks, 1986, 1991, 1993, 1994). Brooks
lays down four conditions that his artificial
creatures should satisfy and one of these is that a
creature must do something in the world; it should
have a purpose in existing (Brooks, 1991). Thus
Herbert, one of Brooks’ well-known mobots, was
designed to collect empty soft-drink cans left in the
MIT lab. Although Herbert was built on the
principles of interaction with the environment, it
was none-the-less the human factor that exclusively
fixed Herbert’s reason for existence and limited its
activities in important ways and thereby the
exhibition of intelligent behaviour on its part. To
understand this more clearly let us compare a
human agent with Herbert performing the same task
i.e. collecting empty soda cans in a lab. The ways
of navigating through the real-world environment
maybe quite similar for both the agents but the
reasons for doing so are crucially different in case



of the human agent and Herbert. The human agent
can be collecting cans by taking part in an
experiment or by being employed by the lab or
because she cannot tolerate a messy littered lab or
simply because she likes to collect cans. However,
in all these cases she knows that collecting cans is
not the reason for her existence; she can stop
collecting them (at least in her mind) if she wants
and this representation of a possible state of affairs
is an important component in her performance of
the task. Even if she has been employed by the lab
to collect cans she can conceive of possible worlds
where she is not conditioned to collect cans. If she
is bored or tired with the task or if she simply
thinks it has been enough for her she can just quit.
That is to say that by means of interaction with this
environment i.e. the lab (the present state of affairs)
she can enact a possible state of affairs. The
autonomy expressed by the human agent in the task
is that she is free (at least in her cognitive world) 7o
make a choice; to collect cans or not to collect
cans? This autonomy importantly shapes the way
the human agent interacts with the environment
even for simple tasks such as can-collection.
Enaction of possible worlds is significantly
determined by the interaction with the present state
of affairs or the immediate environment. How can
this autonomy be brought into artificial agents? To
answer this question I shall make use of the notion
of potential enactive state in the modelling of
consciousness.

In creating an artificial agent in accordance with
the principles of embodiment and enaction it is
necessary to build in some routines in the form of
reaction to the various environmental factors. For
example, the subsumption architecture underlying
the functioning of Herbert is composed of layers
which can be viewed as built-in routines of
reactions to environmental factors like halting when
an object is sensed right in front and reorienting
towards an unobstructed direction. It is crucial for
successful elementary navigation through the
environment that certain rules of interaction with
the environment be present in the robot that guides
its behaviour. These can be considered as routines
that enable the artificially embodied agent to enact
the present state of affairs by interacting with the
environment. However, the cues that the robot
obtains by interacting with the environment need
not all be directed towards solving a specific task
either in the form of positive feed-back or negative
feed-back. Imagine a device that has multi-sensors
simulating the senses of natural agents. The inputs
that the robot receives via its interaction with the
environment need not all be translated into action.
Some inputs will be utilised for immediate action
whereas some will not be so utilised. However, the
ones that are not so utilised immediately will not be
ignored as irrelevant for all times but be preserved
in the system as potentially relevant cues for further
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interacting with the environment. Although the
robot can be initially programmed for performing a
specific task such as navigating through a real-
world environment and avoiding obstacles, the
picking up of cues from the environment by
interaction should enable the system to develop
further goals i.e. further needs for interacting with
the environment. Interaction with the environment
is a crucial factor in the origination of goals for
embodied systems and the setting forth of these
goals and representing them to the system enables
the system to evolve and exhibit more complex
intelligent behaviour. A human agent navigating
through an environment for initially performing a
specific task, e.g. soda-can collecting, picks up a lot
of cues from the environment that are not all
immediately pertinent to the task at hand but which
significantly determine the manifestation of
intelligent behaviour on the part of the agent.
Suppose while collecting the cans in a lab a human
agent hears a strain of music coming from
somewhere. The music is rather lilting and the
agent feels the need to dance to its tune i.e. move
her body to its rhythm. The music does not
constitute any part of the pertinent cues for soda-
can collecting but it does constitute a dimension of
interaction of the agent with the environment and
enables the agent to enact a possible state of affairs.
If the agent is not restricted by the terms and
conditions of employment or experimentation, she
may even abandon her task of can collection for
some time and just dance a bit or listen more
intently to the music, and if she wishes she can give
up the activity of collecting soda-cans in favour of
enjoying herself. Moreover, she is most likely to
become curious about the source of the music too
and may leave her immediate environment to trace
it, i.e. she will explore more. If her movements are
restricted by terms of employment or
experimentation, she can none-the-less enact a
possible state of affairs in her cognitive world
where she is executing her desired behaviour. Thus
the human agent exerts her autonomy by preserving
the unity of her system in the face of counteracting
forces (obligation to collect cans despite the
reluctance to do so) and enacting a possible state of
affairs (dancing, listening with greater attention to
the music, exploring the environment for the source
of the music) by interacting with the present state of
affairs (collecting cans but there is a nice music
coming from somewhere). In fact it is this feature
of naturally intelligent systems, especially human
ones, that has so far distinguished them from
machines or mechanical behaviour as has been so
far modelled. Herbert can go on collecting soda-
cans indefinitely for it does not develop any further
needs by interacting with the environment but a
naturally intelligent system will sooner or later call
it a day. As Maturana points out, “...as living
systems that live humanly we are different from



robots on two fundamental accounts: one, is that
robots have been designed de novo, intentionally in
congruence with a specified medium that may also
have been designed with them, and are not the
arising present of an evolutionary history; two, is
that we human beings are the arising present of an
evolutionary history in which our ancestors and the
medium in which they lived have changed together
congruently...” (Maturana, 2005)

The idea of potential enactive state is the idea of
the system’s ability to represent to itself goals other
than the ones immediately present in the
environment by interacting with the environment.
According to its embodiment the artificial system
should be able to develop its needs with the aim of
exerting greater control over the environment or for
moving from adapting to the environment to
gradually controlling it to the best of its advantage.
The human control in the creation of truly
autonomous artificial agents is at least for the time-
being importantly present at the levels of design
and programming. At the level of designing the
initial embodiment the human designer needs to
make a choice of environment for the artefact and
equip the system with means of interacting with the
environment. For this inspiration can be derived
from Dbiological systems and their sensory
modalities because these systems by interacting
with the environment for a long time have
developed the most practical designs. The choice of
the number of sensory modalities with which the
artificial agent is to be equipped and the kind of
movement that the system will execute are the
concerns of the human designer, although the
movement may be importantly determined by the
physical features of the environment chosen. The
complexities of the sensory modalities and the
movement will significantly determine the
complexity of the initial embodiment. However, a
truly autonomous system, albeit constituted of non-
living matter, should also be able fo evolve its
embodiment in accordance with the interaction with
the environment. This is not merely a question of
adapting to the environment at the level of
behaviour as Maturana and Varela state for
allopoietic systems (Maturana and Varela, 1980,
1987). It is developing or evolving the embodiment
in accordance with environmental interaction with
the aim of expressing greater freedom of the system
and exerting greater control over the environment.
As an example we can consider Herbert once again
in an imaginative thought experiment that could
roughly capture the implementation of the idea of
an essential manifestation of consciousness as the
ability of the system to actively preserve its unity in
the face of counteracting forces and exert its
freedom by interacting with the environment in
creative ways to represent to itself or enact possible
states of affairs. Herbert is designed to collect
empty soda-cans in a lab and explores the
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environment randomly, not ignoring other objects
but exploring them too by means of tactile and
visual modalities. This can indeed be possible as
Brooks claims that the artificial creature should be
able to maintain multiple goals (Brooks, 1991).
However, with the kind of physical embodiment
(design) Herbert has been initially given it can pick
up only empty soda-cans. Nevertheless Herbert can
send a “distress” signal when it “senses” that the
system is missing something, i.e. the system has
developed a need by interacting with the
environment and this need needs to be fulfilled for
the system to exert greater freedom and control
over the environment. Also suppose Herbert is
equipped with temperature sensors that enable it to
estimate how much energy is being spent. Now
Herbert is moving through the lab, exploring it and
picking up empty cans when it finds one. In the
course of its random exploration suppose Herbert
comes across a piece of crumpled paper lying on
the floor. By exploring that crumpled ball of paper
Herbert finds out that the weight of that object is
less than the objects that it has been picking up.
Hence interacting with that object, rather than with
the empty soda-cans, means less spending of energy
by the system which means more ability to explore
the environment. But with the current design
Herbert cannot pick up the ball of paper. It sends
out a “distress” signal to indicate that the system
needs something. This indicates that the agent is
developing its own needs and enacting to itself a
possible state of affairs by interacting with the
present state of affairs for preserving the unity of
the system. However, enacting a possible state of
affairs or the representation of a potential enactive
state should not come to an end with only a single
instance. By encountering the ball of paper the
system should be able to represent to itself the
general possibility that there are objects in this
environment that put less demand on its energy and
consequently interacting with them means more
ability to interact with the environment and
preserve the unity of the system. The representation
of this possibility should never be exhausted. For
naturally intelligent systems as long as there is
embodiment there are needs for which the system
manifests intelligence and artificial embodied
systems must also follow in their steps. The
potential enactive state in an artificial agent
represents a state which is actually never reached
by the system. It is a state which the system is
always trying to reach and with this aim is
interacting with the environment. The system must
never reach equilibrium i.e. the state where the
system “feels” no more need to interact with the
environment or develops no further need to interact
with the environment. Real-world environments are
essentially dynamic set-ups and hence complete
control of the counteracting environmental forces is
a dream for both naturally intelligent systems and



artificial ones. Yet it is the incessant pursuing of
this practically unattainable state of autonomy that
leads intelligent systems to manifest more and more
complex intelligence.

To sum up, the necessity of applying the
principles of embodiment and enaction in the field
of robotics and Al is becoming increasingly clear
for creating artificial agents that can exhibit mental
characteristics typically associated with
consciousness, and the notions of autonomy
(exerting greater and greater degrees of freedom by
the ability to preserve the unity of the system in the
face of counteracting forces) and imagination
(enacting possible states of affairs by interacting
with the present state of affairs or the immediate
environment) are crucial for creating embodied
artificial agents capable of enacting cognitive states.
The goal to be attained is complete autonomy
obtained by constant enactment of possible states of
affairs through interaction with the present state of
affairs, and the ever present vision of this
impossible goal necessarily permeates all
intelligence and evolution, from the simplest to the
most complex till date. I have argued in this paper
that such a manifestation of consciousness need not
be restricted to naturally intelligent systems alone
and can be simulated in artificial agents. Whether or
not it is impossible to satisfactorily determine the
issue of biological matter possessing properties
essential for consciousness, or whether or not
autopoietic systems are essentially different from
allopoietic ones by virtue of their adaptability, are
questions that tend to restrict the notions of
embodiment and enaction to a level of explanation
that may render these notions inapplicable in
principle in the domain of robotics and Al because
of their explicit or implicit harping on biological
matter. This is not to imply that these issues can be
brushed aside in studies of embodiment and
enaction. It may indeed be possible that biological
matter is really some thing quite special for
manifestations of consciousness, and the latter is
inseparably linked to the former and only to the
former. But nevertheless it may also be possible, by
understanding embodiment and enaction as
pertaining to consciousness in the light of freedom
and imagination, to create artificial agents that we
would hesitate to call “machines” any more in the
sense that they perform only dumb repetitive
behaviour in order to serve our purposes and our
whims. Thus the challenge that faces us for this
new vision of artificial agents is not how far could
we go in creating conscious machines but rather:
How far would we dare to go?
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Abstract

Inner speech is an aspect of human cognition that has been largely neglected by traditional artificial
intelligence research. It is argued here that inner speech is an important contributor to cognition and
consciousness and therefore also conscious machines should incorporate it. The realization of inner
speech in machines involves also notoriously difficult linguistic issues, like sentence understanding.
Here an approach to language processing by associative neural networks is proposed as the solution.
This method works without explicit parsing or grammatical rules. The cognitive effects of inner
speech arise from its content; inner speech is about something and that content affects the operation
and behavior of the cognitive system. Consciousness involves the awareness of the mental content;
inner speech is seen here as one tool for introspection that facilitates this awareness. In inner speech
we may comment ourselves in a way that we have learned from others. This self-appraisal is seen as

a process that leads to enhanced social self-awareness and self-image.

1 Introduction

In humans the inner or silent speech is the “little
voice inside the head” that commences when we
awake and ceases when we fall asleep. Inner speech
seems to be present also in dreams at least to some
degree. Inner speech is persistent; it is difficult to
suppress it for any extended moment while awake.
In folk psychology inner speech is often equated to
thinking and is understood as a main difference be-
tween man, animals and machines. Introspection
may mislead us, but inner speech would seem to be
one consciousness-related phenomenon that we can
be rather sure of. Inner speech is a tool of introspec-
tion; via the flow of inner speech we are able to re-
port to ourselves what we think. When we fall
asleep the flow of inner speech stops and our con-
sciousness is very much diminished. Nevertheless, it
is obviously possible to be conscious to at least
some degree without language, solely by the flow of
sensory percepts, inner imagery, feelings, actions,
needs and the like.

Inner speech has been traditionally ignored by
Al researchers while within cognitive psychology
and neuroscience its potential as a key component of
consciousness has been seen (for instance Morin &
Everett 1990, Morin 1993, 1999, 2003, 2005, Sie-
grist 1995, Schneider 2002). Lately however, also
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some machine cognition researchers have recog-
nized the importance of inner speech. (Clowes &
Morse 2005, Haikonen 1998, 1999, 2000, 2003,
2005a, 2005b, Steels 2003a, 2003b). Also Duch
(2005) has proposed a conscious architecture with a
flow of “mind objects”; words and images.

In the context of machine consciousness inner
speech has a rather crucial position as its explana-
tion and artificial generation involves almost every
other issue of cognition; perception, recognition, the
grounding of meaning, situational inner models, the
temporal handling of information; what the situation
is now, what it was before, what has changed, etc. It
seems obvious that a machine cannot have meaning-
ful inner speech if it does not understand the world,
as this would be a prerequisite for the understanding
of language. The solving of the issues of inner
speech would involve the solving of most of the
practical problems of conscious machines.

The author sees the engineering challenges of
inner speech as two-fold. The first issue relates to
the enabling neural mechanisms and supporting cir-
cuitry for inner speech. The second issue relates to
the contents of inner speech, how its meaning is
grounded, how it arises and what are its effects on
cognition and consciousness, especially self-
awareness and self-image. In the following the neu-
ral and linguistic prerequisites are treated first and
the consciousness-related issues next.



2 Mechanisms for Inner Speech

Natural language understanding is a hard prob-
lem that has not yet been solved satisfactorily and
definitely not in any elegant way. Yet this is the
exact problem that must be solved if meaningful
inner speech is to be created in a machine. The au-
thor’s “multimodal model of language” (Haikonen
2003) is one attempt towards natural use and under-
standing of language in a machine. Here an experi-
ment relating to the implementation of this approach
with associative neural networks is described.

Spoken words are temporal sound patterns con-
sisting of sequences of phonemes. The detection of
words calls for the ability to capture and analyze
sound patterns and transform the serial phoneme
sequence into a parallel representation. Thereafter
there are two possibilities for the word representa-
tion, namely the distributed representation and the
single signal (grandmother) representation. In the
distributed representation there can be one or more
signals per phoneme or syllable, thus each word will
be represented by a signal vector. In the single sig-
nal representation each word is represented by one
signal only. The distributed representation method is
more flexible and allows the use of inflection while
the single signal method is easier to use in simple
simulations.

The author has used an associative neuron group
(Haikonen 1999) as the basic processing unit for the
distributed and single signal representations. The
operation of the associative neuron group is ex-
plained here in simplified (but working) terms,
which can be readily implemented with a computer
program. The associative neuron group can be seen
as a group of neurons that share common associative
(synaptic) input signals. Thus their synapses form a
kind of a matrix, figure 1.

s(0) w(0,1) w(0,m) L, s0(0)
W
s(i) wii) ; —> s0(i)
w(n,m)
s(n) —» so(n)
a(0) a(j) a(m)

Figure 1. The associative neuron group

Each cross-point can be understood as one syn-
apse and each horizontal line can be understood as
one neuron with m synapses and one output signal
so(i). The purpose of each synapse is to associate
the crossing signals s(i) and a(j) with each other.
This is done via the synaptic weight w(i,j). The syn-
aptic weight value w(i,j) = 0 means that the signals
s(i) and a(j) are not associated with each other,
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while the value w(i,j) = 1 means that the signals s(i)
and a(j) are associated with each other.

The associative link between the two signals s(i)
and a(j) is created if they appear simultaneously.
The synaptic weight value w(i,j) is computed as
follows at the moment of association:

(1 w(i,j) = s(i)*a(j)

where

s(i) = the input of the associative matrix; zero or one
a(j)= the associative input of the associative neuron
group; zero or one.

Initially the synaptic weight value w(ij) has the
value of zero. The synaptic weight value w(i,j) = 1
gained at any moment of association will remain
permanent. In the figures the symbol ¢ at the line
crossings is used to indicate a synapse with the
weight value 1. (A correlative learning rule for more
general learning is given in Haikonen 1999, also
described in Haikonen 2003, p. 78)

The associated signal so(i) is evoked by the sig-
nal a(j) according to (2) and (3). First, for each so(i)
signal an evocation sum 2{7) is computed as follows:

2 2()) = Zw(ij)*a(j)

where

2(i) = evocation sum
w(i,j) = synaptic weight value; zero or one.

Next, the output so(i) is determined by using an
output threshold that equals to the maximum evoca-
tion sum. This method is also known as the Winner-
Takes-All threshold (WTA).

3) so(i) = 0 IF 2{(i) < threshold
so(i) =1 IF 2(i) > threshold
where

threshold = max{ 2(i)}

The state of the complete associative neuron
group can be computed by the above equations by
running the indexes from zero to » and m.

The associative neuron group can be applied to
language processing neural networks as will be
shown by the next example.

According to the “multimodal model of lan-
guage” sensory modalities consist of feedback loops
that are associatively connected and in this way try
to broadcast their percepts to each other. The per-
cepts are signal vectors where each individual signal
represents a detected elementary feature. These ele-
mentary features are extracted from sensory infor-



mation via sensor-specific preprocesses. This per-
ception process is also affected by the feedback
from the system. (The author proposes that this kind
of a system is conscious of an entity, when each
sensory modality percept is about the same entity
and represent different aspects of that entity, hence
broadcasts are globally accepted and the whole sys-
tem is in a kind of multiple closed-loop state.)

Thus, according to this model the language proc-
essing takes place in the auditory sensory modality,
but is assisted by all the other modalities as well.
The general outline of the auditory sensory modality
with connections to elsewhere is depicted in the
figure 2.

feedback ("phonological loop")

auditory feedback word word J
sensor & N
reprocess neurons percept word
P word

signals

to other percept signals

sensory  from sensory

modalities modalities

Figure 2. Linguistic modality model, part of the
auditory sensory modality

The basic meanings of the words are grounded to
sensory percepts like objects, sensations and change.
These percepts are associated with words so that
each percept may evoke the corresponding word
(the percept— word box in the figure 2). However,
our inner speech is not a list of the names of seen
objects, instead it is more like a running commen-
tary about the perceived situation. Names are not
important, possibilities, affordances (Gibson 1966)
are. Here also, it should be seen that a perceived
entity would evoke many kinds of responses in the
other sensory and motor modalities; these would be
perceived by those modalities and broadcast to the
linguistic modality. Hence the evoked words would
be related to the initially perceived object in a more
general way. Also, the visual sensory modality is
not the only relevant modality here; inner speech
may be cued by other sensory modalities as well,
like the auditory, touch, temperature, hunger.
(Name— percept association is important whenever
a verbal description of a situation is to be trans-
formed into a mental image of the same.) Neverthe-
less, the percept— word association is a rather
straightforward process and is not elaborated here.

The understanding of a sentence calls for the
ability to extract the relationships between the enti-
ties that are described by the words in that sentence.
There is also a syntactic component; part of the
meaning is encoded in the word order and/or in the
inflection of the words. This process would be exe-
cuted in the word— word association box in the
figure 2.
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A more complicated associative neural network
is required for this word— word association proc-
ess. A simple example is presented here in order to
illuminate the relevant basic issues and require-
ments.

In this example each word is represented by one
dedicated signal (single signal representation). Dis-
tributed representation would also have been possi-
ble as was already done by the author (Haikonen
1999).

_ feedback
T <
| word percept b
! Tom ]1so01 b
<5 Ot AH1] .
1stnoun & NG1
hits [ 1503
) 'l |
verb NG3
Paul | [
| Pau AH2 ! =so
2nd noun & NG2| w
neuron groups Tl
Tom (3 A
Paul | AH4 NG4|
noun X [ T
m/mm
angry [ >
lazy AH5 NG5
adjective f ;H P
m/mm! |

Figure 3. An associative network for linguistic
word— word processing

The associative neural network of the figure 3 is
able to process simple sentences like those that de-
scribe action between two persons. Furthermore,
these persons may or may not be characterized by
adjectives. The network consists of neuron groups
NG1, NG2, NG3, NG4 and NGS5 which all share a
common WTA-threshold circuit. The circuits AH1
.. AHS are “Accept-and-Hold” circuits that recog-
nize individual signals and hold them for a short
period. The operation of the “Accept-and-Hold”
circuits is grounded; each circuit accepts only its
own kind of words, nouns, verbs and adjectives.
This is facilitated here by defining each word as a
noun, verb or adjective when the vocabulary is
taught. In real robotic applications this process
would take place during learning of words in natural
environment.

Also the position of the word within the sentence
matters; first and second nouns are captured sepa-
rately. The figure 3 is simplified; only those signal
lines that are relevant to the specific example are
shown.

The subject-object action is captured from the
incoming sentence by the neuron groups NG1, NG2



and NG3 and the related Accept-and-Hold circuits
AH1, AH2 and AH3. The first noun and the second
noun Accept-and-Hold circuits AHI and AH2 are
connected. They accept nouns sequentially; AH1
circuit accepts and captures the first noun and AH2
circuit captures the second noun. AH3 circuit ac-
cepts the verb.

When the network learns the information content
of a sentence it forms associative connections be-
tween the words of the said sentence. The sentence
as such is not stored anywhere in the network. As an
example the sentence “Angry Tom hits lazy Paul” is
considered. During learning, that is, when the net-
work receives the sentence, certain associative links
are formed. These links operate via synaptic weight
values of 1 and are depicted in the figure 3.

The understanding of a sentence involves the
ability to answer to questions about the information
content of the sentence. When, for instance, the
question “Who hits Paul” is entered, the word
“who” is captured by the AH1 forcing the word
“Paul” to be captured by AH2. The verb “hits” is
captured by AH3. The associative connections will
give the correct response “Tom”. The question
“Paul hits whom” will not evoke incorrect re-
sponses, as “Paul” will be captured by AH1 and in
that position does not have any associative connec-
tions.

The associative neuron groups NG4 and NG5
associate nouns with their adjacent adjectives. Thus
“Tom” is associated with the adjective “angry” and
“Paul” with “lazy”. This is done in the run; as soon
as “Tom” is associated with “angry”, the Accept-
and-Hold circuits AH4 and AH5 must clear and be
ready to accept new adjective-noun pairs. After suc-
cessful association the question “Who is lazy” will
evoke the response “Paul” and the question “Who is
angry” will evoke the response “Tom”.

Interesting things happen when the question “Is
Tom lazy” is entered. The word “Tom” will evoke
the adjective “angry” at the output of NG5 while the
word “lazy” will evoke the word “Paul” at the out-
put of NG4. Both neuron groups NG4 and NG5
have now mismatch condition; the associatively
evoked output does not match the input. The gener-
ated match/mismatch signals may be associated with
the words like “yes” and “no” and thus the system
may be made to answer “No” to the question “Is
Tom lazy” and “Yes” to the question “Is Tom an-

tE)
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This exercise was executed in the form of a Vis-
ual Basic program. The visual interface of this pro-
gram is shown in the figure 4. This picture presents
the situation when the example sentence and some
questions about the information content of the sen-
tence have been entered.

This exercise shows that it is possible to use as-
sociative neuron groups for language processing, at
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least for simple sentences. The importance of the
grounding of meaning is also demonstrated; while
the actual meanings of the words are not grounded
here, the categorical meanings are and this ground-
ing is still essential. Further refinement of this ap-
proach would involve the basic grounding of mean-
ing for the words and additionally, the use of inner
situational models that would involve representa-
tions in other sensory modalities. These models
would allow the grounding and inspection of the
relationships between the entities of a given sen-
tence and would also facilitate paraphrasing.

& L INGO - P Haloonen 005 ~oix
Control Conversation
Load lis paul lazy Leam | [[Enter
Saver
= angry lom hils lazy paull
= whao hils paul
tem
> whois lazy
paul
> who is angry
fom
> tom hils whom
paul

> is tom lazy
no
= is lom angry

clear || yes
> is paul angry
no
> is paul lazy
yES

Lew |

Vacabulary input
[ Maun verh | Adjoctive |

Figure 4. Sentence understanding with the associa-
tive neural architecture, a Visual Basic program

A complete cognitive system with the flow of
inner speech as sketched by the author (Haikonen
2003) would use these kinds of neural systems as
subsystems within the auditory modality. It is worth
noticing the simplicity of this approach; this kind of
linguistic processing does not utilize explicit sen-
tence parsing or grammatical rules. There is no in-
nate grammar, the “grammar” of a sentence arises
from the relationships of the real world.

3 Inner Speech and Consciousness

As good as the devised neural machinery might
be it would only be a supporting platform. Any phe-
nomena that relate to consciousness would arise via
the content that were carried by the platform in the
form of inner speech. After all, our inner speech is
about something and, on the other hand, we are not
able to perceive the physical neurons or neural proc-
esses as such behind our inner speech. The contents
of inner speech would allow us to shape our aware-



ness while other, transparent neuron and architec-
ture-related mechanisms, especially feedback and
cross-association, would allow the content to be
introspected and controlled by itself.

Would it be possible for one system to introspect
and control itself? Even simple feedback control
systems can do this. However, in this case there may
be two major systems interacting with each other,
namely the auditory-linguistic modality and the
speech-motor modality. These modalities would
usually carry the same information albeit in different
terms; “heard” word representations and motor
command representations for spoken or overt
speech. This arrangement would allow the easy in-
spection of inner speech as a copy of it would be
available in the speech-motor modality. Ryding et al
(1996) propose: “Audible and silent speech may
represent two principally different types of cerebral
feedback systems, one for overt sensory—motor ac-
tivity and one for a pure internal cognitive feed-
back”. There is also some experimental proof that
inner “heard” speech and overt speech have separate
neural substrates. For instance aphasic patients may
complain that the words they speak are not the
words they think and intend to say (Huang et al
2001).

The author has proposed that consciousness
arises in a multimodal system from associative in-
terconnections between the modalities (Haikonen
2003). According to the “multimodal model of lan-
guage” inner speech would be one manifestation of
these interconnections. If these interconnections
break down, then inner speech and consciousness
should also vanish. Indeed, Massimi et al. (2005)
have noticed that during sleep, when there is no
consciousness (or inner speech), neural communica-
tion between different parts of the cerebral cortex
breaks down while local activities may still exist.

In inner speech we may engage in thoughts
about thoughts: “I am thinking now” and in doing so
be aware of having thoughts. Obviously this obser-
vation of one’s own thoughts and the recognition of
the ownership of the same would seem to be one
manifestation of self-consciousness.

Duval and Wicklund (1972) define self-
awareness as the state of being the object of one’s
own attention. This would include the paying of
attention to one’s own mental content such as per-
cepts, thoughts, emotions, sensations, etc. Inner
speech has been seen as a tool for introspection and
one of the most important cognitive processes in-
volved in the acquisition of information about the
self and the creation of self-awareness (Morin 1990,
2005, Haikonen 2003, pp. 256 — 260).

With inner speech one can comment one’s own
situation. Morin (2005) sees this self-talk as a device
that can reproduce and extend social mechanisms
leading to social self-awareness. (The author has

148

argued elsewhere that basic self-awareness does not
require social interaction, see the “hammer test” in
Haikonen 2003 p. 161.) As a part of social interac-
tions we are subject to comments about ourselves,
the way we are and behave. Self-talk allows us also
to internally imitate the act of appraisal; we may
echo the patterns of others’ comments directly as
such or as first-person transformations. We may ask
ourselves: “Why did you do this stupid thing?” or
“Why did / do this stupid thing?”. Originally it was
your mother that posed the question (Haikonen 2003
p. 240). In this way inner speech turns into a tool for
self-evaluation, which in turn will affect our self-
image; who we are, what we want.

4 Conclusion

Inner speech has been largely neglected by tradi-
tional artificial intelligence research perhaps be-
cause the algorithmic solving of problems in binary
computers does not necessitate it. However, cogni-
tive machines would be different. The emulation of
the processes of the human brain and mind would be
incomplete without the realization of inner speech.

Unfortunately the realization of inner speech in
machines involves also notoriously difficult linguis-
tic issues, like the grounding of meaning and sen-
tence understanding. Here an associative neural ap-
proach that works without explicit parsing or gram-
matical rules is outlined and verified to a limited
degree by a computer simulation program.

Inner speech is about something and that content
affects the operation and behavior of the cognitive
system. Consciousness involves the awareness of
the mental content; conscious beings may introspect
their mind. Inner speech is seen here as one tool for
introspection that facilitates this awareness. Inner
speech is not only a running commentary of external
events, it involves also self-appraisal. This self-
appraisal is seen as a process that leads to enhanced
social self-awareness and self-image.

For practical reasons robots should have inner
speech, as this would allow communication with
natural language in natural way. This would allow
easy peeking into the workings of the robot brain;
technically it would be very easy to monitor and
listen to the inner speech. Also, from a philosophical
point of view it would be easier to accept that a ro-
bot thinks if it had the flow of inner speech and im-
agery in a similar way that we have.

Inner speech helps us to make sense of our mo-
ment-to-moment existence. A conscious robot
should experience its existence in the same way.
Therefore we should build machines with inner
speech, machines that have streams of conscious-
ness.
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Could a Robot have a Subjective Point of View?
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Abstract

An argument for the possibility of conscious robots would have to show that the brain
is neither necessary nor sufficient for the possession of consciousness. I will set about
giving just such an argument. Proponents of the enactive theory of perception have
argued that neural activity doesn’t always suffice for the having of conscious
experience. They have argued that the body and environment can also play a
constitutive role in enabling conscious experience.

In this paper I will argue for the stronger claim that neural activity isn’t necessary
for conscious experience either. A robot could, I will argue, enjoy phenomenal
consciousness. This has been denied by at least one prominent proponent of the
enactive theory of perception (see Alva Noé& (2005. 230)) who has argued that a robot
wouldn’t count as a subject of experience. In the absence of a subject of experience,
Noé thinks it makes no sense to attribute phenomenal consciousness.

I will argue that on the contrary a robot could be a subject of experience. My
argument will proceed in three stages. The first stage argues that a creature is a
subject of experience if it has a first-person perspective. [ set out some conditions a
creature must satisfy if we are to attribute to that creature a first-person perspective.
The most important of these conditions is that the representations the creature
produces must have reflexive content — they must, in a sense [ explain, be
representations that refer to themselves.

The second stage of my argument uses a variation on Andy Clark’s (2000)
argument for the conclusion that access implies qualia. I claim that any representation
that has reflexive content will be one to which we have access. Clark has argued that
access implies qualia, so it follows that a representation with reflexive content will
also have qualia.

The final step in my argument will be to show that action-oriented representations
(see Clark 1997 for an account of this type of representation) have reflexive content.
Many robots that are capable of producing adaptive behaviour d so by means of
action-oriented representations. These robots, I will argue, already meet the
conditions for having a first-person perspective. Thus robots with a low-degree of
phenomenal consciousness I will claim already exist.

My paper will finish by attempting to motivate this conclusion through a reflection
on the connection between consciousness and life. Robots that produce adaptive
behaviour are models of life. I will argue that because of the connection between
consciousness and life these robots are also models of consciousness.
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Abstract

One often assumes that we, rational human beings, first think and than act. This paper is an attempt
to describe the mental characteristics governing the performance of regular everyday actions; and
shows that no mental act has to precede our actions, instead of consciously thinking before we act,
we mostly act while simultaneously overseeing our acting. The case of ball juggling is used to un-

derpin the analysis with practical facts.

1 Introduction

In the overview paper of the 2005 Machine Con-
sciousness conference the goals of Machine Con-
sciousness are described as: 1) to create artifacts that
have mental characteristics typically associated with
consciousness (such as awareness, self-awareness,
emotion and affect, experience, phenomenal states,
imagination etc.); and 2) to model these aspects of
natural systems in embodied models (e.g., robots),
(Chrisley et al., 2005).

This definition stipulates that the mental phe-
nomena are to be studied in an embodied creature or
model, thus the combination of mental states and
physical action is brought into the focus. The theme
of the current conference concerns “models which
show the emergence of, or otherwise treat, proc-
esses or systems underlying these core themes.” The
present paper addresses this theme with an attempt
to unravel the mental characteristics, which manifest
themselves in regular action oriented contexts. I try
to describe the mental stance applied by a human
being while performing the standard routines of
everyday life. Without being able to systematically
order all the mental characteristics mentioned above
I will discuss a few assumptions so as to indicate
some ordering and suggest a place for the stance I
am describing.

An often-encountered assumption — which I be-
lieve is generally untrue - is that a certain mental act
precedes our bodily actions, or in plain language
that we first think and then act. For instance Hag-
gard et al. (2002) write: “Normal human experience
consists of a coherent stream of sensorimotor
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events, in which we formulate intentions to act and
then move our bodies to produce a desired effect’.

However, William James (1890) already clearly
noted that the suggested ordering in time does not
hold. He described his concept of ideomotor action
summarised as: we think the act and it is done. An
example of his: “We think to drink our coffee and
we find ourselves already holding the cup in our
hands”.

I will argue a step beyond and show that we of-
ten act before any conscious thinking has occured.
My point is not to substantiate a general moral ex-
cuse for cases where we have done things, which we
afterwards regret. My point is pragmatic: we cannot
act and behave as we do in ordinary life if we first
have to think (let alone think over) every action.
Being human, we like to think of ourselves as ra-
tional beings. In the history of Philosophy Immanuel
Kant is probably the clearest exponent of this view.
He saw a human being as a logical subject of
thought (Stuart, 2005) that is bound to act in the
physical world. Kant’s work could be seen as a ma-
jor attempt to reconcile the two while giving pri-
macy to rationality. And indeed on occasions we do
first think and then try to act accordingly. However,
considering the full extent of all the actions an indi-
vidual performs in his or her everyday routine, it is
clear that our rationality can operate only in the
background. The occasions where thinking precedes
acting are the exception and not routine practice.

In the morning of a regular day, while deliberat-
ing on how to make the best out of the day of today,
we routinely drink our coffee and make our way to
work, say by car. While driving the car, we sud-
denly stand on the brakes as we are forced to an
emergency stop. Only after having come to a stand-



still we come to think about what we have done the
seconds before.

Instead of first thinking and then acting, we only
oversee our actions with our conscious and rational
minds. I call the mental stance which we take when
driving the car and which generally prevails when
we act: being aware without focus. Interesting
about this stance is that actions are selected and per-
formed without them being in the focus of attention,
and what is more, as I will show below, when atten-
tion gets focussed it often interrupts the actions. I
use juggling as an example to investigate the flow of
the mental processes.

It is interesting on its own to unravel the mental
stance in which action selection takes place, since it
might shed light on the complex of mental states and
stances by which a human being monitors and con-
trols his of her body and actions. Definitely the hu-
man body on its own is a complex system with a
complex control structure, the understanding of
which could function as a paradigm for robot and
machine design.

2 Attention and Acting

In order to explain the stance of being aware
without focus, first a few words about the closely
related notion of attention. Our mind can be in dif-
ferent modes of activity, with sleeping as the ex-
treme on one end. When awakening from sleep, our
mind has to "warm-up" in an arousal phase. Then
we become generally aware enough so that we can
attend: the mind is aroused and proceeds via getting
aware to attention. Further onwards, when there is
attention, consciousness and conscious experiences
may come in.

Attention is since Broadbent’s work often con-
ceived of as a filter for or a gate to consciousness,
which blocks, weakens or inhibits incoming mes-
sages from the senses. Baars (1997) introduced the
metaphor of attention acting as a spotlight in a thea-
tre. When in the spotlight of attention, the mental
processing becomes accessible to consciousness.
The filter metaphor characterises the operations of
attention as reductive while the spotlight metaphor
suggests amplification; both nevertheless agree that
attention is selective.

Attention also has to do with action. “Awareness
[or being aware] implies perception, a purely sen-
sate phase of receptivity. Attention reaches. It is
awareness stretched toward something. It has execu-
tive, motoric implications. We attend to things.”
(Austin, 1998).

Appropriate applications of motor skills - that is
to act appropriately - requires a proper combination
of perception, action selection and action execution.
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The role of attention in relation to perception has
been widely studied; however its role in applying
motor-skills has not received as much scientific in-
terest. The reason for this might be that motor-
control, which is a prerequisite for motor-
skilfulness, is very much on and below the edge of
what we can consciously experience and control.

The performing arts and sports sciences deal
with action and attention. Artists and sporting men
and women engage in what is called deliberate
practice (Rossano, 2003) (Ericsson et al., 1993): the
concentrated effort to hone and improve specific
(mental and) physical skills. Literature on deliberate
practice distinguishes between external attentional
focus and internal attentional focus; internal atten-
tional focus means that the performer directs atten-
tion to the movements itself, while in external atten-
tional focus, the attention goes to the effects the
movements have on the environment (Wulf and
Prinz, 2001). In both attitudes attention plays a
prominent role, and generally external attentional
focus is more proficient.

The influence of internal attentional focus may
be observed in for instance dancing or martial arts
classes. In a class of beginners, the students might
be quite able to straightforwardly copy the move-
ments of their instructors. However, when the in-
structor explains the consecutive moves to the very
detail, several students appear not to be able to per-
form, even though they did so before. And reverse,
when the instructor is asked about the details of a
move which (s)he has never made explicit before, it
is likely he or she has to perform first before being
able to explain. Applying attentional and conscious
control in motor-control hampers performance. Ex-
treme examples are observed with patients suffering
from the syndrome called apraxia. Apraxia denotes
the inability of a patient to perform a certain skilled
movement. For instance when asked to demonstrate
teeth brushing, the patient is unable to do so,
whereas he or she is perfectly able to brush the teeth
in the morning.

Attention obviously has motoric implications,
the examples show that internal attentional focus
and conscious control of motor-skils may even lead
to an inability to act.

The notion of external attentional focus, is not
clearly defined and allows several interpretations. In
a narrow, but easiest to define sense it denotes atten-
tion focusing on bringing about a single effect: di-
recting a tennis ball, or throwing a single ball or
bean bag into the air such that it can be caught. 1
will test this reading in the next section in the con-
text of juggling.



3 Acting and Awareness

Five-ball juggling is hard and requires fast act-
ing, the complication being that between throwing
and catching the same ball four other objects — three
of which are already up in the air - have to be han-
dled. When first starting, it is a problem to throw
each of the five balls one after the other before the
first has returned (flashing as it is called), in doing
so a novice will not be able to tell which ball was
first thrown, let alone be able to catch it with the
proper hand.

The novice juggler is trying to apply full and
conscious attention, and that leads him or her astray.
In juggling, the time lapse between throwing and
catching a single ball is not more then a single sec-
ond. Meanwhile, in five ball juggling four other
objects are flying around appealing for attention.
However, it is known that per second no more then
two attentional shifts can occur, which is far too
slow for five-ball juggling.

Juggling combines perception with action; in the
one second between throwing and catching a par-
ticular ball four other objects have to be handled as
well. Psychological experimentation has shown that
the time required for the single voluntary act of
pressing a button only when a light flashes is about
0.15 seconds (Austin, 1998). In contrast, observa-
tions of jugglers show that the time lapse between
two catches of the same hand may be as little as 0.2
seconds (Polster, 2003). In this short interval several
actions of this hand flow into each other: catching,
bringing to throwing position (dwelling), throwing
and preparing/waiting for the next, while in the
middle of this series the other hand has to start its
own series as well; refer to Polster (2003) for more
details. A simple comparison of the time required
for a voluntary act and the constraints of juggling
shows the impossibility of juggling being a series of
voluntary actions.

Because of the complexity and time constraints
in five-ball juggling, correction of the movements
and abandoning systematic flaws is quite difficult
and requires persistence and endurance. An explana-
tion is that there exist two independent systems or
circuitries for the perceptual control of movement
(Rossano, 2003). Raichle (1997) makes a distinction
between “the neural circuitry underlying the unprac-
tised, presumably conscious performance of a task
on the one hand, and the practised presumably non-
conscious performance of a task on the other hand.”
The response time of the latter circuitry is signifi-
cantly shorter than that of the first (Raichle, 1997).

Voluntary actions are slow compared to involun-
tary acts, for instance a reflexive jerk takes only
0.025-0.05 seconds, which is in the order of five
times faster then a voluntary act!
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Internal attentional focus hampers execution of
actions and actions are generally slower then when
external attentional focus is applied. In five-ball
juggling external attentional focus fails as there is
not enough time to focus attention. Obviously the
very fast, but complex and precision requiring
moves in juggling cannot be under full conscious
control. The juggler must be applying a different
stance: a very sensate stance requiring awareness
but avoiding any attentional focus; I call this stance:
being aware without focus.

Indeed, an experienced juggler does not focus on
the individual balls. In his juggling book Dancey
(1994) advises: “While learning [a five-ball pattern]
you are trying to make yourself do it, when you can
do it you watch yourself doing it.”

In five-ball juggling, there simply is not enough
time to focus attention; restricting attention results
in faster actions. However the surprising thing is
that when no full attention is required for acting, the
mind performs other tasks concurrently.

In daily life we perform many actions without at-
tentional focus, for instance when walking the body
performs an intricate combination of muscle activi-
ties to maintain posture; car driving and juggling are
other examples. Three-ball juggling is less demand-
ing than five-ball juggling. While juggling, the jug-
gler can do other things as well, for instance speak,
walk etc.; however non-focussed awareness is per-
manently required, when the juggler’s attention
drifts away and focuses elsewhere the balls drop.
Car driving implies a similar requirement; the driver
can perform many other things while driving but a
certain level of awareness is required throughout.

I have avoided any attempt to define the notion
of attention; therefore I cannot conclude that atten-
tion is not involved in the stance of being aware
without focus. But referring to the spotlight meta-
phor, if there is attention involved, it is only a dim
light. Because attention is a preliminary for con-
sciousness this conclusion has implications for the
role of consciousness as well.

The juggling example shows that no conscious
mental act is required in order to perform, and what
is more it shows that for fast acting no conscious
mental act can precede the execution of the actions.

4 Acting and Emotions

Many cognitive scientists subscribe to the view
that affect addresses the problems of decision mak-
ing and action selection (Shanahan, 2005; Sloman,
2001). However, in the state of being aware without
focus, the influence of affect seems much reduced.

Returning to the example of routinely driving the
car on the way to work; our conscious mind was
occupied of our plans for the coming day, and we



were at a sudden interrupted by the emergency
break. The action of pressing the breaks was a
straight reaction to events occurring around us, and
as far as I can see it was not guided by any obvious
emotion. Of course, emotions come up afterwards
and may interfere with our consciously reconstruct-
ing the events, but they did not initiate nor guide the
breaking action.

Literature on deliberate practice refers to emo-
tions mainly by advising to attain an optimal emo-
tion state and thinking positively (Wulf and Prinz,
2001).

Some descriptive evidence about the interference
of emotions with acting can be found in the area of
the eastern martial arts, in particular where Zen-
Buddhism is involved. The aim of Zen-Buddhism is
to voluntarily move into and try to intensify a men-
tal state described as: “When the ultimate perfection
is attained, the body and limbs perform by them-
selves what is assigned to them to do with no inter-
ference from the mind. [The technical skill is so
autonomised it is completely divorced from con-
scious efforts].” (Takuan, translated in Suzuki 1959,
the addition in brackets by Suzuki). The stance of
being aware without focus, which I try to describe,
bears similarities. Thus, though the aims are quite
different, the Zen related literature contains interest-
ing observations concerning the influence of affect
and emotion on acting.

In Japanese, the state of perfection is called
Mushin, which literally means “no-mind” or "with-
out mind, without heart" (Austin 1998). Descrip-
tions of this state are found in Hinduism as well; an
interesting metaphor is given in the text called The
Bhagavat Gita, it says that someone who masters
this state, “ ... withdraws all his senses from the
attractions of their objects, even as a tortoise with-
draws all its limbs,...” (BG 2,58). The citation does
not imply that the senses are withdrawn; the point is
the mental stance with respect to the ‘attractions’ of
the senses. Austin (1998) gives a further addition:
“The no mind of Zen implies a mental posture in
which at least two things are going on: (1) bare
attention still registers percepts, but (2) there are no
emotional reverberations.”

The impact of emotion on performing is also de-
scribed by the 20th century Zen master Taisen De-
shimaru in a discourse for martial art practitioners:
“If our mind is upset, the natural functions of our
bodies also tend to be disturbed. When the mind is
calm, the body can act spontaneously ...” (Taisen
Deshimaru, 1982). In the ideal attitude of the
swordsman this is pushed to the limit: “The perfect
swordsman takes no cognisance of the enemy’s per-
sonality, no more than of his own. For he is an indif-
ferent onlooker of the fatal drama of life and death
in which he himself is the most active participant.”
(Suzuki, 1959).
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Though my evidence on emotions is rather thin,
I tend to conclude that intense emotions have a simi-
lar effect on performance and acting as focussed
attention has.

Interesting to note at this point is an approach to
deliberate practice developed Singer (1985, 1988)
with aims at non-focused performance. Wulf and
Prinz (2001) call it mysteriously “a compromise
between awareness and nonawareness strategies”.
It includes several steps: readying or arousal; imag-
ing that is, going through the motion mentally; fo-
cusing, concentrating on a certain cue to block out
all other thoughts; and executing the movement,
while not thinking about the act itself or the possible
outcome. This approach is much in line with the
advices from Zen Buddhism, however it is seldom
mentioned in the recent literature on deliberate prac-
tice.

4 Consciously Inhibiting Actions

A recent assumption in cognitive neuroscience is
that the mind has a layered structure with at least
three organising levels concerning body experience.
“The lowest level is an assembly of neuronal infor-
mation coming from all parts of the body; at the
middle level the body schema are situated which
secure the emergence of the conscious body image
at the third level” (Yamadori, 1997). The body
schema are subsystems ‘implementing’ James’
ideomotor actions, for instance grabbing the coffee
cup. Interesting for my analysis is the distinction
between the second and the third level; are these
levels really separate and may the second level op-
erate independent from the third? The independence
of the second level is shown by the split-brain stud-
ies and in particular very compellingly by the so-
called Anarchic hand (Blakemore et al., 2002). The
latter designates pathological behaviour in which a
patient’s right hand manipulates a tool properly but
‘spontaneously’, that is with the patient being aware
of the hand acting, though neither consciously initi-
ating the movement nor being able to inhibit the
action. The anarchic hand shows that the neither
attention nor consciousness are a prerequisite or a
necessary condition (sine qua non) for action; they
are not necessarily the initiator of actions. More-
over, it even shows that there exist pathological
cases where consciousness is unable to inhibit ac-
tions.

Most people readily acknowledge that con-
sciousness is not in control of the internal function-
ing of our body. The anarchic hand demonstrates
that even skilful behaviour might be beyond the
span of control of consciousness



Conclusions

I have made an attempt to describe the mental
stance taken when performing regular everyday ac-
tions. I have called this stance being aware without
focus; it is a stance in which there is typically little
or no attentional focus.

Acting requires perception, action selection and
action execution. These processes are often initiated
and performed without any conscious deliberation;
they are mostly on and below the edge of conscious
experience and control.

Attention and emotions may interfere with acting
but that often results in poorer or slower execution.
Restricting attention results in faster actions. Sur-
prisingly, if no full attention is applied for acting,
the mind performs other tasks concurrently.

Attention is a gate to consciousness. Conscious
thinking takes time and the often-supposed sequence
that a mental act precedes bodily actions, or that we
first think and then act cannot hold: it is too slow for
many of our activities. In everyday practice we usu-
ally act before consciously thinking.

Conscious control is not a necessary condition
for acting and consciousness only has weak control
over the acting body, even though subjects have the
feeling they consciously control their body.

Nevertheless, we do oversee our actions with our
conscious and rational minds and except for patho-
logical cases we are able to suppress many ‘sponta-
neous’ actions.
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Abstract

This paper addresses the use of emotions on autonomous agents for behaviour-selection learning,
focusing in the emotions fear, happiness and sadness. The control architecture is based in a motiva-
tional model, which performs homeostatic control of the internal state of the agent. The behaviour-
selection is learned by the agent using a Q-learning algorithm while there is no interaction with
other agents. In situations where interaction arises (e.g. interacting with other agents), agents rely on
stochastic games approaches as a learning strategy. The agent is intrinsically motivated and his final
goal is to maximize Happiness. The learning algorithms use happiness/sadness of the agent as posi-
tive/negative reinforcement signals. Fear is used to prevent the agent choosing dangerous actions or
being in dangerous states where non-controlled exogenous events, produced by external objects or
other agents, could danger him. Preliminary tests have been carried out in a virtual world, based in a

role-playing game.

1 Introduction

The goal of our project is to develop social robots
with a high degree of autonomy. The social aspect
of the robot will be reflected in the fact that the hu-
man interaction will not be considered only as a
complement of the rest of the robot’s functionalities,
but as one of the basic features.

For this kind of robots, the autonomy and emo-
tions makes them to behave as if they were “alive”.
This feature would help people to think about these
robots not as simple machines but as real compan-
ions. Evidently, a robot that has his own “personal-
ity” is much more attractive than one that simply
executes the orders that he is programmed to do.

Emotions can act as a control and learning
mechanism, driving behaviour and reflecting how
the robot is affected by, and adapts to, different fac-
tors over time (Fong et al, 2002). In previous works
(Malfaz and Salichs, 2004), an emotion-based archi-
tecture has been proposed.

Some researchers have also used emotions in ro-
bots. Most of them have made emphasis in the ex-
ternal expression of emotions (Breazeal, 2002) (Fu-
jita, 2001) (Shibata et al 1999). Their robots include
the possibility of showing emotions, by facial and
sometimes body expressions. In this case, the emo-
tions can be considered just as a particular type of
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information that is exchanged in the human-robot
interaction process. In nature emotions have differ-
ent purposes and interaction is only one of them. We
intend to make use of emotions in robots trying to
imitate their purpose in nature, which includes, but
is not limited to, interaction. The role that plays each
emotion and how the mechanisms associated to each
one work are very specific. That means that each
emotion must be incorporated to the robot in a par-
ticular way. In this paper we will present some basic
ideas on how emotions such as happiness, sadness
and fear can be used in an autonomous robot.

Emotions will be generated from the evaluation
of the wellbeing of the robot. Happiness is produced
because something good has happened, i.e. an in-
crement of the wellbeing is produced. On the con-
trary, Sadness is produced because something bad
has happened, so its wellbeing decreases. Fear ap-
pears when the possibility of something bad is about
to happen. In this case, we expect that the wellbeing
drops off. Finally, Anger is produced when a dec-
rement of the wellbeing of the robot happened due
to another-initiated act.

This paper presents a control architecture for an
autonomous agent based on motivations. The agent
uses reinforcement learning algorithms to learn its
policy while interacts with the world. The reward
for these learning algorithms will be the variation of
the wellbeing of the agent (happiness/sadness) due



to the previous selected behaviour, calculated at
each step of the process. This wellbeing is a func-
tion of the internal needs of the agent (drives). This
idea of using the wellbeing of the agent as the rein-
forcement in the learning process for behaviour se-
lection has been also used by Gadanho in the ALEC
architecture, obtaining quite good results (Gadanho,
2003).

The remainder of the paper is organized as fol-
lows. Section 2 introduces the use of emotions in
robots. Section 3 and 4 describe the proposed con-
trol architecture and the reinforcement learning al-
gorithms respectively. Section 5 introduces the emo-
tion fear and section 6 describes the experimental
setting. Finally, conclusions and future works are
summarized in section 7.

2 Emotions in robotic

One of the main objectives in robotics and artificial
intelligence research is to imitate the human mind
and behaviour. For this purpose the studies of psy-
chologists on the working mind and the factors in-
volved in the decision making are used. In fact, it
has been proved that two highly cognitive actions
are dependant not only on rules and laws, but on
emotions: Decision making and perception (Picard,
1998). In fact, some authors affirm that emotions
are generated through cognitive processes. There-
fore emotions depend on ones interpretation, i.e. the
same situation can produce different emotions on
each agent, such as in a football match (Ortony,
1988). Moreover, emotions can be considered as
part of a provision for ensuring and satisfaction of
the system’s major goals (Frijda, 1987).

Emotions play a very important role in human
behaviour, communication and social interaction.
Emotions also influence cognitive processes, par-
ticularly problem solving and decision making
(Damasio, 1994). In recent years, emotion has in-
creasingly been used in interface and robot design,
primarily in recognition that people tend to treat
computers as they treat other people.

There are several theories about emotions (Frijda
1987; Ortony, 1988; Sloman, 2003; Rolls, 2003),
but the results of Damasio (1994) can be considered
the basis, for many A.L researchers, to justify the
use of emotions in robotics and their computation.
Rosalind Picard in her book Affective Computing
(1998), writes a complete dissertation about this
subject based on several psychologists, including
Damasio. Picard (1998) proposed a design criterion
in order to create a computer that could express
emotions. Moreover, she established that a computer
has emotions if it has certain components that are
present on the emotional systems of healthy people.
Picard (2003) expounded four motives for giving
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certain emotional abilities to machines: The first
goal is to build robots and synthetic characters that
can emulate living humans and animals, such as a
humanoid robot. The second is to make machines
that are intelligent. A third objective is to try to un-
derstand human emotions by modelling them. Al-
though these three goals are important, the main one
is to make machines less frustrating to interact with,
i.e. to facilitate the human-machine interface.
Canamero (2003) considers that emotions, or at
least a sub-group of them, are one of the mecha-
nisms founded in biological agents to confront their
environment. This creates ease of autonomy and
adaptation. For this reason she considers that it
could be useful to exploit this role of emotions to
design mechanisms for an autonomous robot. Emo-
tions are used as mechanisms that allow the agent

(robot) to:

1. Have fast reactions.

2. Contribute to resolve the selection among
multiple objectives.

3. Signal important events to others.

Bellman (2003) agrees, to some degree, with
Cafiamero and her reasons for considering emotions
in robotics. The author states that emotions allow
animals with emotions to survive better than the
others without emotions. Therefore, we can pre-
sume that some type of analogy to emotional abili-
ties is required within robots, if we want an intelli-
gent and independent behaviour within a real envi-
ronment.

Changing subject, Picard (2003) gives an advice
about the implementation in machines of functions
implemented by the human emotional system. Com-
puters do not have emotions as human beings in any
natural experimentation sense. Science methodology
is to try to reduce complex phenomena, such as
emotions, to a functional requirements list. The
challenge of many computing science researchers is
to try to duplicate these in computers at different
levels depending on the motives of the investigation.
But we must be careful when presenting this chal-
lenge to the general public, who may perceive that
emotions are the frontier that separates man and
machine

3 Control Architecture

An independent system should not have to wait for
someone to maintain, succour, and help it (Frijda
and Swagerman,1987). Therefore, an autonomous
agent should be capable of determining its goals,
and it must be capable of selecting the most suitable
behaviour in order to reach its goals. Similarly to
other authors (Avila-Garcia and Cafamero, 2004),
(Breazeal, 2002), (Gadanho, 2003), (Velasquez,
1998), our agent’s autonomy relies on a motiva-



tional model. Figure 1 shows this proposed control
architecture for behaviour selection.
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Figure 1: Control architecture for autonomous
agents
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3.1 Motivational Model

Motivations can be seen as homeostatic processes,
which maintain a controlled physiological variable
within a certain range. Homeostasis means main-
taining a stable internal state (Berridge, 2004). This
internal state can be parameterized by several vari-
ables, which must be around an ideal level. When
the value of these variables differs from the ideal
one, an error signal occurs: the drive. These drives
constitute urges to action based on bodily needs
related to self-sufficiency and survival. External
stimuli, both innate and learned, are also able to
motivate and drive behaviour (Cafiamero, 1997).

In order to model motivation, the hydraulic
model of motivation described by Lorentz and Ley-
hausen in (Lorentz and Leyhausen, 1973) has been
used as an inspiration. This model is essentially a
metaphor that suggests that motivational drive
grows internally and operates a bit like pressure
from a fluid reservoir that grows until it bursts
through an outlet. Motivational stimuli from the
external world act to open an outflow valve, releas-
ing drive to be expressed in behaviour. In this
model, internal drive strength interacts with external
stimulus strength. If drive is low, then, a strong
stimulus is needed to trigger motivated behaviour. If
the drive is high, then, a mild stimulus is sufficient
(Berridge, 2004). Following this idea, the intensity
of motivations (M;) is a combination of the intensity
of the related drive (D;) and the related external
stimuli (w;), as it is expressed in the following equa-
tion:

M; = D; +w, 1)
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The ideal value for all the drives is 0. The ex-
ternal stimuli are the different objects that the player
can find in the virtual world during the game. If the
stimulus is present the value of w; is 1, otherwise is
0.

According to (1), the intensity of a motivation
is high due to two reasons: 1) the correspondent
drive is high or 2) The correct stimulus is present.
The dominant motivation is the one with the highest
intensity.

This model can explain the fact that due to the
availability of food in front of us, we sometimes eat
although we are not hungry. We have also intro-
duced activation levels (L;) for motivations such
that:

if D;<L; then M;=0 )
if D; > L, then (1) is applied
Therefore the possibility of no dominant motivation
exists.

3.2 Wellbeing

As shown in (3), the agent’s wellbeing is a function
of the values of the drives (D;) and some “personal-
ity” factors (a;).

Wo=Wb,, —lZai-Di 3

Whbgea is the ideal value of the wellbeing of the
agent, which is set to 100. The personality factors
weight the importance of the values of the drives on
the wellbeing of the agent. The value of the wellbe-
ing and its variation (AWD) are calculated at each
step. The variation of the wellbeing is calculated as
the current value of the wellbeing minus the wellbe-
ing value in the previous step.

3.3 Behaviour Selection

The action selection process consists in making de-
cisions as to what behaviours to execute in order to
satisfy internal goals and guarantee survival in a
given environment and situation. For other authors
(Avila and Cafiamero, 2002), (Avila and Cafiamero,
2004), (Cafiamero, 1997) this implies that the agent
can choose among some behaviors related to the
dominant motivation. Therefore for each motivation
there is a set of behaviours oriented to fulfill the
motivational goal.

It is important to note that finally, the agent
will learn that when the dominant motivation is Eat,
it must select among the behaviours related to the
object food, instead of those associated to water or
medicine. The novelty of our approach is that these



behaviours were not linked a priori with the corre-
spondent motivations.

3.4 Happiness and Sadness

Considering the definitions of the emotions given in
the introduction section:

If AWb > L, = Happiness

If AWb < L, = Sadness @

Where L,>0 and L,<0 are the minimum varia-
tions of the wellbeing of the agent that produce
Happiness or Sadness respectively. Therefore these
two emotions are used by the agent as the reward for
the reinforcement learning algorithms.

In this architecture the agent learns, using dif-
ferent reinforcement learning algorithms, the best
behaviour at each step using happiness/sadness as
the positive/negative reward. Therefore, in this ar-
chitecture behaviours are not selected to satisfy the
goals determined by the dominant motivation but to
optimize the wellbeing of the agent. This implies
that the final goal of the agent is to maximize Hap-
piness.

4 Reinforcement Learning

Reinforcement learning (RL) is about learning from
interaction how to behave in order to achieve a goal.
The agent’s objective is to maximize the amount of
reward it receives over time (Sutton and Barto,
1998). Q-learning is a value learning version of RL
that learns utility values (Q-values) of state and ac-
tion pairs Q(s,a). It provides a simple way for agents
to learn how to act optimally in controlled Mark-
ovian domains (Yang and Gu, 2004). The theory of
Markov Decision Processes (MDP’s), assumes that
the agent’s environment is stationary and as such
contains no other adaptive agents (Littman, 1994).
Therefore, while the agent is not interacting with the
other agent, we will consider our virtual world as a
MDP environment.

On the other hand, if the agent is interacting
with other player, the rewards the agent receives
depend not only on their own actions but also on the
action of the other agent. Therefore, the individual
Q-learning methods are unable to model the dynam-
ics of simultaneous learners in the shared environ-
ment. Currently multiagent learning has focused on
the theoretic framework of Stochastic Games (SGs)
or Markov Games (MGs). SGs appear to be a natu-
ral and powerful extension of MDPs to multiagent
domains (Yang and Gu, 2004).

Taking into account these considerations, in the
proposed architecture the agent will use the standard
Q-learning algorithm as the RL algorithm when the
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agent is not interacting with the other player. Obvi-
ously, in the case of “social” interaction, the agent
must use a multiagent RL algorithm. The following
subsections explain in more details these two sce-
narios.

In our system, the state of the agent is the aggre-
gation of his inner state S;,,. and the states S, re-
lated to each of the objects, including external
agents, which can interact with him.

S=5

XS .. XS

. )

inner obj,

For the RL algorithms the states related to
the objects are considered as independent. This
means that the state of the agent in relation with
each objectis s€ S;,, . XS

inner obj,

4.1 Q-learning Algorithm

As mentioned previously, in MDP environ-
ments the agent will use the standard Q-Learning as
a learning algorithm. As described in (Gadanho,
2002), through this algorithm the agent learns itera-
tively by trial and error the expected discounted
cumulative reinforcement that it will receive after
executing an action a in response to a world state s,
the Q-values for each object is:

QOb/ (s,q) =(1—d)‘Q0bj’ (s,a)+ d'(r+;/naxaEA0@: (Q)bj (s',a)))
(6)

where A, is the set of actions related to the object

i, s’ is the new state, r is the reinforcement; vy is the
discount factor and a is the learning rate parameter.
The optimal policy, chooses the action that

maximizes Q%% (s,a) this means

d =arg max, 0°% ( s,a) @)

The proposed architecture differs from others in
that we do not consider only the behaviours that
help to satisfy the drive related with the dominant
motivation but the agent must consider all the be-
haviours that can be performed at each step, depend-
ing on his states.

4.2 Multiagent reinforcement learning

In multiagent systems, other adapting agents make
the environment no longer stationary so the Markov
property is not applicable. In the learning frame-
work of SGs, learning agents attempt to maximize
their expected sum of discounted rewards. Unlike
single-agent system, in multiagent systems the joint
actions determine the next state and rewards of each
agent. In (Littman, 1994) it is proposed a Minimax-



Q learning algorithm for zero-sum games in which
the player always tries to maximize its expected
value in the face of the worst-possible action choice
of the opponent. The player’s interests in the game
are opposite. Later, Littman (Littman, 2001) pro-
posed the Friend or Foe Q-learning algorithm, for
the RL in general-sum SGs. The main idea is that
each agent is identified in advance as being either
“friend” or “foe”. The Friend class consists of SGs
in which the Q-values of the players define a game
which has a coordination equilibrium. The Foe class
is the one in which the Q-values define a game with
an adversarial equilibrium. The Friend-Q updates
similarly to regular Q-learning, and Foe-Q updates
as does minimax-Q (Shoham et al, 2003).

All these algorithms extend the normal Q-

function of state-action pairs Q”bj‘ (s,a) to a func-

tion of states and joint actions of all agents. Taking
into account this fact and that each agent can select
among n actions while they are interacting, the Q-
obj;

values to be calculated are Q™ (s,a,,a,) where a;

and a, belong to the set of n actions of each agent.

5 Fear

Fear is produced when the agent knows that some-
thing bad may happen. This means that the wellbe-
ing of the agent might decrease. To cope with fear
the action that produces the negative effect is going
to be considered. We will distinguish between ac-
tions executed by the agent and exogenous actions
carried out by other elements of the environment
such as other agents.

5.1 To be afraid of executing risky ac-
tions

Q-learning algorithm evaluates every action car-
ried out in a state, using the expected average value.
However, since the system is non deterministic, the
result of a certain action may have different values.
The worst result experimented by the agent for each
pair action-state is stored in a variable

called QObj :

worst (S, @) , which is updated after the execu-

tion of the action.

bj. . bj i
Q02 (s,a)=min( Ol (5,a), r+y max (Q™ (s',a))

ac
®)
where A, is the set of actions, s’ is the new state, r

b

is the reinforcement and vy is the discount factor.
The effect of being afraid can be considered by

. . o bj,
choosing the action that maximizes Q;a]{ instead of

:
choosing the one that maximizes 0% |
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obj,

O (s.a)= FO™ (s.a)+(1- £)000 (5.) (9)

Using this approach the expected result of each
action is considered as well as the less favourable
one. The parameter £, being 0< f <1, measures the
daring degree of the agent, and its value will depend
on the personality of the agent. If the agent is fear-
less, f will be near 1; while in a fearful agent, who
tries to minimize the risk, f will be near 0. If f =1
the agent is using the optimal policy.

This means that the “fearful” policy chooses the
action:

o’ =argmax Q7 (s,a) (10)
a

For example, when an agent has to pass over a
deep hole, he can choose between jumping over it
and going around it. Jumping is easier, faster and
usually safe, but very occasionally he can fail and
die. On the other hand, if the agent goes around the
hole he will take a lot of time and get tired but it is
safer. Translating this example to our point of view,
the Q-value related with jumping will be greater
than the one related to going around. Using the
standard Q-learning algorithm, the agent would al-
ways jump over the hole. Using the fearful policy,
considering the worst thing that could happen to the
agent jumping or going around, he would choose
going around since it is safer than jumping.

5.2 To be afraid of malicious exogenous
actions

When the agent may suffer some negative effects in
a state as a consequence of exogenous events, feels
fear. “Fear” is expressed as a drive Dy, .

Traditionally, Q-learning has been applied on
Markov decision processes (MDP), which are dis-
crete time systems. Some authors have extended the
use of this algorithm to continuous time systems by
considering them as semi Markov decision proc-
esses. In both cases it is commonly assumed that
there are no exogenous events. In order to introduce
the effects of exogenous events in continuous sys-
tems we consider the system as a discrete time sys-
tem with constant period. In the limit, if the period
is very small the system will tend to be a continuous
time system. Moreover, we will also consider that
the exogenous events can be associated to other
agents or elements of the environment. These ex-
ogenous events are synchronized with the actions
executed by the agent. Among these action we will
include the action of “doing nothing”. In this case
the treatment for multiagent systems mentioned be-
fore will be applied.



The exogenous events executed by an external
object or other agent can occur simultaneously to
any of the actions of the agent. Therefore the nega-
tive effects of these exogenous events will be re-
flected in all the actions of the agent. In order to
separate the effects of the actions of the agent and
the effects of the exogenous events, we will focus
on the study of the agent when he is “doing noth-
ing”. In that case, we suppose that all the changes
suffered by the agent are a consequence of external
elements.

It will be considered that a state is a “scary” state
when:

bj .
Oprons: (s, Nothing) < L, (11)

being Ly, the minimum acceptable value of the
worst result that can be expected by the agent when
it is doing nothing. In this case the value of the fear
drive D, will be incremented.

When

Qobj’ (s, Nothing) > L

worst ‘safe ¢! 2)
it is considered that the agent is in a “safe” state and
the value of the fear drive Dy, will be decreased.

The fear drive is equally treated as the rest of
drives, and its related motivation could be the domi-
nant one. In this case, the agent will learn by itself
what to do when it is afraid.

6 Experimental Test Bed

The proposed architecture is intended to be used
in a social personal robot developed by our lab and
named “Maggie” (see Fig2) (Salichs et al, 2006). As
a first stage of this project and due to the obvious
physical difficulties of making experiments on a real
robot and on a real environment, we decided to im-
plement our architecture on virtual players, who
“live” in a virtual world, a text-based multi user role
game. This game gave us the possibly of creating
different 2-D environments to play in, as well as a
graphic interface.

Table 1 shows our agent’s motivations, drives
and external stimuli that the agent can find in the
virtual world.

These drives have been selected tacking into ac-
count the role of the agent in the virtual world used
to implement our architecture. Since our final goal is
to construct an autonomous social robot, it must
show social behaviours. Therefore, as it is shown,
social motivations are included as robot’s needs.

Table 1: Motivations, drives and related stimuli

Drive/Motivation | External Stimuli
Energy Food

Thirst Water

Health Medicine
Sociability Other player
Fear

At each simulation step some of these drives,
such as Energy, Thirst, Health and Sociability are
incremented by a certain amount. The value of the
drive Fear, as it was previously explained, increase
or decrease depending on if the agent is in a “scary”
state or not.

Following (3) the wellbeing of the agent is de-

fined by:

Wb =Wbeu1

—(62‘1 D, energy ta 2Dthirst +Q’3D health ta, 4D social +a5 D fear)
13)

In our test bed the inner state is then:

Sinner = {Hungry, Thirsty, Ill, Bored, Scary, OK}
(14)

This internal state is obviously related with the
dominant motivation. Therefore when the dominant
motivation is for example “Eat” then the agent is
“Hungry” and so on.

In relation with static objects the agent can be in
the following states:

S, = Have _it X Near _of X Know _where  (15)

obj
where,
Have _it= {yes,no} (16)
Near _of = {yes,no} 17)
Know _ where = {yes, no} (18)

In relation with other player:

Sopj = Near _of (19)
where,
Near _of = {yes,no} (20)

And the set of actions that can be executed in every
state is the following:

Afpod = {Eat, Get, Go _to, Explore} 1)
Aater = {Drink, Get, Go _to, Explore} (22)
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A edicine = {Take, Get, Go _1o, Explore} (23)
Explore
Steal food | water | medicine

Aplaymate = (25)

Give food | water | medicine
Chat

Among the previously mentioned behaviours
there are some of them that reduce or increase some
drives, and therefore will produce a variation in the
emotional state of the agent:

» Eat food: reduces to zero the Energy drive.
(happiness when hungry)

» Drink water: reduces to zero the Thirst drive.
(happiness when thirsty)

» Take medicine: reduces to zero the Health
drive. (happiness when sick)

» Chat: reduces to zero the Social drive. (happi-
ness when the social drive is high)

» To be taken something by other player: in-
creases by a certain amount the Social drive.
(sadness)

» To be given something from other player: re-
duces by a certain amount the Social drive.
(happiness when the social drive is high)

Fig. 2. "Maggie” The Social Robot of the Robotic
Lab.

The conducted experiments show the usefulness
of the proposed architecture in facilitating the de-
velopment of social autonomous agents able to learn
from the experience the right behaviours to execute
depending on the world state.

7 Conclusion and Future work

In this paper different reinforcement learning algo-
rithms have been discussed and implemented for the
behaviour-selection learning of non-interacting and
social autonomous agents. These agents are con-
trolled by an emotion-based architecture, which
performs homeostatic control of the internal state of
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the agent through an embedded motivational model.
This architecture has been designed for autonomous
and social robots.

The agent is intrinsically motivated and his goal
is his own wellbeing. The learning algorithms use
happiness/sadness of the agent as positive/negative
reinforcement signals. Fear is used to prevent the
agent choosing dangerous actions or being in dan-
gerous states where non-controlled exogenous
events, produced by external objects or other agents,
could danger him.

In the future work, it is expected that the agent
learns not only the right policy but also to identify
its opponent. So far, the agent treats all its oppo-
nents as if they were all the same, and this is not
true. In future scenarios, the agent will be able to
behave different with the “good” opponent than with
the one that tries to steal its objects every time that
interacts with it.

Another emotion is going to be implemented:
Anger. Anger will be produced when sadness arises
due to the interaction with another agent
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Abstract

This paper offers a preliminary sketch for an account of reflexive consciousness based on an im-
plemented architecture that combines a global workspace architecture with an internally closed
sensorimotor loop. The proposed account extends the theoretical framework of the already imple-
mented architecture with to two concepts that structure the flow of consciously processed informa-
tion. First, contextual switches divide the unfolding contents of consciousness into a set of nested
episodes, wherein one conscious episode can “refer to” another. Second, the imposition of a focus
/ fringe structure enables consciousness to encompass material that is merely available to it but
not actually present. This combination of reflexivity and fringe may underpin our awareness of our

own existence as conscious beings.

1 Introduction

Cognitive theories of consciousness, as the name
suggests, posit an intimate link between cognition
and consciousness. For example, according to global
workspace theory (Baars, 1988; 1997; 2002), non-
conscious information processing in the human
brain is carried out locally within specialist brain
processes, while the hallmark of consciously proc-
essed information is that it is broadcast (via a
“global workspace”) and made available to the entire
set of these specialists. The upshot is that con-
sciously processed information is cognitively effica-
cious in ways that non-consciously processed infor-
mation is not. Specifically, the procession of broad-
cast global workspace states resembles a serial thread
of computation, yet it integrates the results of mas-
sively parallel computation, sifting out relevant
contributions from the irrelevant (Shanahan & Baars,
2005).

However, one feature of conscious human
thought not accounted for by global workspace the-
ory in its basic guise is reflexivity, that is to say
the capacity for a conscious thought to refer to itself
or to other conscious states. (By contrast, so-called
higher-order thought (HOT) theories of conscious-
ness take reflexivity as their primary datum (Rosen-
thal, 1986).) If consciously processed information is,
as global workspace theory maintains, cognitively
efficacious, then reflexively conscious information
processing is even more so — since it enables the
thinking subject to reflect on his or her own mental
operations, to critique them and improve on them,
and to respond to the ongoing situation in ways that
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depend on a degree of self-knowledge. So the ques-
tion arises: Can global workspace theory be extended
to account for reflexive consciousness?

This question has phenomenological as well as
cognitive implications. For if we accept the argu-
ment of Shanahan (2005), the very idea of a con-
scious subject — something it is like something to
be, in Nagel’s well-known terminology — can be
objectively accounted for in terms of a suitably
embodied instantiation of the global workspace
architecture, wherein all the specialist processes are
indexically directed towards maintaining the wellbe-
ing and fulfilling the purpose (or “mission”) of a
single, spatially unified body. By extending global
workspace theory to reflexive consciousness, we can
bolster this line of argument by showing that a
similar treatment is available for a vital aspect of
human phenomenology, namely our ability to be-
come conscious of our own existence as conscious
subjects.

2 Internal Simulation with a
Global Workspace

Figure 1. illustrates the operation of the global
workspace architecture, which comprises a set of
specialist brain processes plus a global workspace.
Information processing within the architecture con-
sists of periods of competition interleaved with
periods of broadcast. On the left of the figure, we
see the set of specialist processes competing to gain
access to the global workspace. Gaining access en-
tails that the winning process (or coalition of proc-
esses) gets to broadcast its message, via the global
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Fig. 1: The Global Workspace Architecture.

workspace, back to the entire set of specialists, as
seen on the right of the figure. The global workspace
itself is, in essence, nothing more than the infra-
structure of a communications network that permits
signals generated within localised neuronal popula-
tions to influence remote, widespread brain regions.
According to global workspace theory, the mammal-
ian brain instantiates such an architecture, and this
allows us draw a empirically falsifiable distinction
between consciously and non-consciously processed
information. Information processing that is confined
to local specialists is necessarily non-conscious, and
only broadcast information can be consciously proc-
essed.

Although global workspace architecture permits
this fundamental distinction to be drawn in a theo-
retically respectable manner, it still leaves open the
question of the content of consciously processed
information. But by augmenting the basic global
workspace architecture with an internally closed
sensorimotor loop (Fig. 2), it is possible to recon-
cile it with another idea current within the scientific
study of consciousness, namely the simulation hy-
pothesis, according to which thought is internally
simulated interaction with the environment (Cotter-
ill, 1998; Hesslow, 2002; Shanahan, 2006). If the
sophisticated mental life of a human being results
from the interplay of external stimulation with in-

Sensory
cortex

ternally generated activity such as inner speech and
mental imagery, then something like the internally
closed sensorimotor loop posited by the simulation
hypothesis is required to account for it. Moreover,
by facilitating the rehearsal of trajectories through
sensorimotor space, the internal sensorimotor loop
helps the individual to anticipate the consequences of
their actions and to plan ahead, and thereby fulfils a
fundamental cognitive role.

In (Shanahan, 2006), a implemented system is
described that reconciles global workspace theory
with the simulation hypothesis. The system controls
a simple two-wheeled robot with a camera, and en-
ables it to select an action based not only on a set of
reactive responses, but also taking into consideration
the result of simulating the expected outcomes of its
actions using an internal sensorimotor loop, as
depicted in Figure 3. Moreover, a global workspace
is incorporated into the loop. The procession of
states exhibitted by the global workspace, which
simulates a possible trajectory through the robot’s
sensorimotor space, is the outcome of both competi-
tion and broadcast : the i state being broadcast to
multiple neuronal populations which then compete
to determine the i+1" state. Further details of the
system are beyond the scope of this article, and can
be found in (Shanahan, 2006).

Motor
cortex

Inner sensorimotor loop

WORLD

Fig. 2: External and Internal Sensorimotor Loops
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Fig. 3: The Temporal Structure of Consciously Processed Information

3 Context and Temporal
Structure

According to the account of reflexive conscious-
ness proposed by this paper, the flow of information
through the global workspace is divided into distinct,
but possibly nested or overlapping, episodes at vari-
ous timescales. Beginnings and ends of conscious
episodes are triggered by events (contextual switches)
— such as entering and leaving a room, or meeting
and parting from a friend — which wake up or send to
sleep relevant specialist processes, whose job it is to
manage the individual’s response to situations of
that particular type. Figure 3 illustrates the idea. On
the left of the figure are snapshots of the global
workspace (GW) at four time points. At t=1, all five
of the processes depicted are dormant, although they
are still receiving information broadcast from GW.
This information indicates the occurrence of a dis-
tinctive event — a contextual switch — and by t=2
this has caused three of the processes (A, B, and C)
to become active and begin competing for access to
GW. There follows a further period of broadcast
(t=3), indicating a new contextual switch. By t=4,
this has caused processes A and C to go back to
sleep, but has woken up process D.

As Figure 3 shows, competition for access to
GW is restricted to the currently active or “awake”
set of specialist processes, and the set of active proc-
esses can be thought of as reflecting the current
context (Fig. 3, top), a conception which is broadly
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in line with the notion of context prominently de-
ployed by Baars (1988) in his original presentation
of global workspace theory. Each distinct conscious
episode, bracketed by a pair of contextual switches,
falls under the jurisdiction of a particular process, a
process that should be relevant in the current con-
text. Intuitively, temporal context is a richly struc-
tured, hierarchical concept. The context of a lunch-
time falls within the larger context of a day, while
the context of a conversation can overlap the context
of a lunchtime. Similarly, conscious episodes,
which are associated with temporal contexts, can be
nested or overlapping. However, it should be noted
that diagrams such as Figure 3 (bottom) only show
the set of processes that have the potential to con-
tribute to the unfolding content of the global work-
space at any given time point. For example, al-
though process B is active at time t=3 in Figure 3,
this does not entail that it has won (full) access to
GW at time t=3. This means that (focal) conscious-
ness typically does not contribute to a conscious
episode for its entire duration, but only at those
times when the corresponding process gains access
to GW. On the other hand, as we’ll see in the next
section, any active process competing for access can
contribute to fringe consciousness.

Allowing specialist processes to wake up and go
to sleep in response to contextual cues gives them a
simple form of internal state (on or off), and there-
fore allows them to respond to information in a way
that is sensitive to past events. But from the stand-
point of the present paper, the most important con-
sequence of this demarcation of conscious episodes is



that it allows one such episode to “refer to” another.
This could occur either when the referring episode of
conscious thought falls entirely within the episode it
is referring to (Fig. 4, left), or when the referred-to
episode of conscious thought and the referring epi-
sode of conscious thought both occur within a third,
enclosing conscious episode and the former occurs
before the latter (Fig. 4, right). In either case, the
referred-to episode might be the an ongoing experi-
ence, the recollection of an experience from the
distant past (long-term memory) or the recent past
(working memory), or part of an ongoing rational or
creative process involving inner rehearsal. A typical
referring (reflexively conscious) episode might offer
some judgement on the (non-reflexively conscious)
episode it is referring to, such as “that was unpleas-
ant” or (for a reasoning process) “that hasn’t got me
any further”.

4 Focus and Fringe

The above characterisation of a reflexively con-
scious thought as a conscious episode that “refers to”
another conscious episode is all very well. But it
leaves open many questions, including that of the
mechanism by which this reference is achieved. So
to flesh out our account of reflexivity, something
further is required. According to the present treat-
ment, in addition to the temporal structure described
above, the flow of consciously processed informa-
tion has a focus / fringe structure (Mangan, 1993;
2001). The fringe contains hints of material that has
the potential to be brought into focal consciousness
if required. As Mangan (2001) puts it, “The fringe
creates a non-sensory feeling of imminence which
implies the existence of far more than consciousness
actually presents at any given moment. ... This is
the fundamental trick that lets consciousness finesse
its severely limited capacity ...”.

The contention of this paper is that this is indeed
a “fundamental trick”, a means to enhance the cog-
nitive efficacy of conscious information processing
in many ways. Of especial interest here is the fact
that, at any given time, while focal consciousness is
contributing to one conscious episode, broadcasting
information supplied by the corresponding active

process, the fringe can simultaneously retain the
trace of another co-occurring conscious episode,
governed by a different active process. To see this,
consider Figure 4 (right). Suppose that at time t=3
active process Z has won access to GW, and is there-
fore supplying the current content of focal con-
sciousness. At the same time, although process Y is
not enjoying (full) access to GW, it is still active,
and can therefore influence fringe consciousness.

We have the outline, here, of mechanism by
which one conscious episode can refer to another,
wherein the referring episode is in focal conscious-
ness while fringe consciousness retains a trace of the
referred-to episode. But to see how this might be
realised more concretely we need to zoom in and
examine the evolving contents of GW at a finer
timescale. In the computer model described in (Sha-
nahan, 2006), GW was implemented as an attractor
network. During execution, GW exhibited periods of
stability (broadcast) during which it settled into an
attractor, punctuated by periods of rapid change
(competition) during which it got nudged out of a
previously stable attractor and taken into a new one.
During the periods of competition, it was sometimes
observed that faint hints of competing attractors
would become temporarily overlaid on GW’s current
attractor, each trying to take over.

This suggests the possibility that fringe con-
sciousness might be realised as a rapid series of
Saintly pulsing attractors, each of which becomes
transiently overlaid on the current attractor, but none
of which yet has enough influence to dominate GW
completely. (The dynamics here is reminiscent of
Bressler & Kelso’s (2001) notion of metastability.)
Because these brief attractor pulses occur in GW,
they are broadcast, and can therefore contribute to the
flow of conscious information, as global workspace
theory requires. Now we can appeal to temporal
synchrony, as postulated by various authors as a
solution to the binding problem (von der Malsburg,
1999), to realise reference between conscious epi-
sodes. The process currently supplying the content
of focal consciousness — that is to say, the process
associated with the referring episode — simply has to
wait for the attractor corresponding to the process
associated with the referred-to episode to pulse in

Fig. 4: Reflexively Conscious Episodes
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GW, when it can, so to speak, signal “THAT ONE”
to GW (Fig. 5). Since this signal will be broadcast
at the same time as the attractor pulse of the referred-
to episode, the required reference will be secured.

5 Fringe-Borne Self-Awareness

According to the simulation hypothesis, con-
scious thought is simulated interaction with the
environment. This entails that insofar as a conscious
experience relates to anything other than an immedi-
ately present stimulus, the information processing
that underpins it, as well as implicating the broad-
cast mechanism of the global workspace, must re-
cruit a higher-order, internally closed sensorimotor
loop (Fig. 2). This is the case for both the recall of a
past conscious episode and the conscious rehearsal
(or imagination) of a trajectory through sensorimotor
space, where the latter conception encompasses inner
speech, mental imagery, and so on.

Now, the fundamental role posited for the fringe
is to augment the flow of consciously processed
information with an awareness of the many possible
ways that the content of the GW could unfold from
its present state, without having to supply detailed
information about any one of those possibilities.
For example, our awareness of the three-
dimensionality of a solid object can be cashed out in
terms of a fringe awareness of a host of sensorimotor
possibilities, such as moving around to view the
back of the object, or picking it up and rotating it to
see a different facet.

In the context of an internal sensorimotor loop,
the fringe carries an awareness of the tree of possib-
lilities for conscious recall or rehearsal that branches
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out from the GW’s current state (Fig. 6). Now sup-
pose that, using the mechanism outlined in the
previous section, one (reflexively) conscious episode
Z refers to another conscious episode Y with the
thought “that didn’t work because P (in the case of
recall) or “that wouldn’t work because P” (in the case
of rehearsal). Then, thanks to the broadcast of this
message, the entire set of specialist, unconscious
processes will be offered the challenge of finding a
potential variation of Y in which P is not the case.
The vast majority of these specialists will be irrele-
vant to Y. But any that are successful in finding a
potentially useful variation will be able to promote,
via the fringe, the possibility of rehearsing it prop-
erly. This shows how reflexive consciousness can
marshall massively parallel resources to further
increase the cognitive power of (non-reflexive) con-
scious information processing, which is itself more
cognitively efficacious than non-conscious informa-
tion processing.

To round off the account, let’s develop further the
parallel between fringe-borne spatial awareness (of
solid objects, for example), and the fringe-borne
awareness of the unfolding content of the global
workspace itself. According to the present account,
the conscious awareness of the three-dimensionality
of nearby objects or of the space through which the
body can move consists of hints in the fringe of a
systematically organised set of possible trajectories
through sensorimotor space. These hints are system-
atically organised in the sense that they conform to
various constraints, which include the reversibility
of certain actions (eg: moving forwards then back-
wards gets you back where you started) and the cyclic
character of certain trajectories (eg: turning an object
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Fig. 6: Fringe-Borne Awareness of Possible Sensorimotor Trajectories

through 360° takes it back to its initial configura-
tion).

In a similar vein, the fringe may sustain our
awareness of the personhood of both ourselves and of
others, hinting at material available for conscious
rehearsal that pertains to our or their bodies, biogra-
phies, likes and dislikes, beliefs, desires, and inten-
tions, skills and abilities, and so on. In the present
context, the portion of this fringe-borne material of
most interest relates to the way the content of the
individual’s consciousness unfolds. As the fringe-
borne awareness of an object’s solidity implies
awareness of a systematic set of spatial constraints,
so the fringe-borne awareness of personhood implies
awareness of a systematic set of constraints on con-
sciousness, such as its unity, its identity over time,
and its indexical relationship to the body. Further-
more, in the same way that spatial constraints gov-
ern conscious thinking about solid objects, so these
phenomenological constraints govern reflexively
conscious thought. Insofar as we become con-
sciously aware of ourselves as conscious beings,
perhaps we do so thanks to our capacity to entertain
reflexive thoughts combined with a fringe-borne
awareness of the laws governing the way conscious
thought unfolds.
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Extended Abstract:

I believe the best way to extend our scientific
understanding of consciousness is to stop using the
noun and investigate all the many mental processes
that can and do occur in humans and other animals
and future robots in very great detail and explain
how they are possible. Then everything of
substance about consciousness will have been
covered, and the vacuous, incoherent unanswered
questions generated in philosophical discussions
will remain unanswered as they should be, because
they are unanswerable.

My talk is an illustration of a small part of this
project, starting from a comment made by
Wittgenstein when discussing the experience of
ambiguous figures. He wrote:

The substratum of this experience is the
mastery of a technique.

I don't really know what he meant by that, but those
words slightly modified thus:

The substratum of an experience is mastery
of a large collection of techniques available
and ready to be deployed if required, possibly
in new combinations.

could be used to express a theory I am trying to
develop in the context of trying to understand how
to give a robot human-like (to be more precise,
child-like) capabilities in the context of perceiving
and manipulating 3-D objects.

The idea is that an infant-toddler-child-youth (and
future domestic robot) develops by constantly
actively and creatively exploring many aspects of
the environment and thereby learning a very large
number (possibly many thousands, certainly many
hundreds) of different facts about the environment
including facts about different kinds of stuff things
are made of, different kinds of surface fragments
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that can occur, different kinds of ways things can be
combined or decomposed, different kinds of
relationships that can occur between simple and
complex objects, different ways collections of
relations can change, different kinds of actions that
can be produced, and of course different
consequences of all the above.

These facts are not expressed as propositions using
what we would call a human language, but they
must be somehow represented internally in a usable
form, and in particular, for creative experiments to
be performed and novel problems to be solved by
combining prior knowledge the information must
be recombinable in novel ways for some uses.

So, a child or future intelligent domestic robot is
constantly learning orthogonal, recombinable,
competences. (Actually, not totally orthogonal
since independent variation of phenomena is
limited in many ways, that have to be learnt.) It
seems that precocial species either cannot do this or
do it to a much more limited extent: they start off
with the vast majority of what they need to know
about the world and how to act in it pre-
programmed by evolution (contradicting familiar
arguments about the requirements for 'symbol
grounding'). Altricial species that develop very
complex and diverse cognitive competences
probably evolved these powerful information
acquiring, restructuring, mechanisms because (a)
genetic mechanisms lacked the space to encode
them and (b) evolutionary history did not provide
all the opportunities that would have been needed to
derive them.

Because they evolved for dealing with a world that
is not only complex, but is also constantly
changing, these abilities to cope with novel
processes (i.e. perceive, represent, and use
information about them) at very short notice had to
be implemented in architectures that made them



readily available to be invoked on demand in
different combinations. I suggest that that fact
determines requirements for the design and
implementation of visual systems that have not yet
been fully articulated. Moreover, the
implementation will use mechanisms that have not
yet been thought of by neuroscientists,
psychologists or Al researchers.

One of the requirements for an organism that may
need to monitor, evaluate, modulate and perhaps
extend its own mental states and processes (e.g.
improving its reasoning, problem-solving, learning,
capabilities) is that it should be able to learn not
only about the environment but also about its
internal states. As with exploration of the
environment, this could use a self-organising
mechanism that adapts to what it encounters by
chunking things and inventing labels for reusable
chunks.

This could include labels for aspects of the contents
of various sensory manifolds. Because of the
manner of their development, such concepts will
have a feature referred to as 'causal indexicality’,
i.e. their intension is intimately connected with their
conditions of use. But because they are used for
categorising states and processes in virtual
machines that are not accessible by anyone else,
these concepts will be inherently incommunicable:
accounting for one aspect of what people who
discuss qualia are trying to say.

When we have designed or discovered appropriate
mechanisms for acquiring and using all these
different competences, and the kind of architecture
required to accommodate them I conjecture that this
will explain a wide range of familiar phenomena
including the variety of ways in which an individual
can experience the world and some of the ways in
which things can be experienced as ambiguous,
flipping between different interpretations that make
use of different competences (or 'techniques’).

Some half-baked explorations of these ideas can be
found in the html file referenced here

http://www.cs.bham.ac.uk/research/projects/cosy/pa
pers/#dp0601

COSY-DP-0601 Orthogonal Competences
Acquired by Altricial Species (Blankets, string, and
plywood)

One problem with the theory is that nothing I have
learnt about brain mechanisms (on which I am no
expert) seems to be capable of explaining how these
competences are acquired, stored and recombined
on demand.
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For example, the kinds of models of neural nets that
I am aware of just do not seem to be capable of
meeting those requirements, though perhaps
networks of networks could? Chemical information
processing systems have more of the right features,
but would probably be too slow, and could not
easily be coupled with the processes that acquire
and use the information.

It is possible that there are such mechanisms, but
they have not been found because nobody was
looking for them. They may be implemented in
subtle ways as high level virtual machines on lower
level physiological machines that seem to be doing
something more mundane or something mysterious.

Note that the recombinability of orthogonal
competences seems to require some sort of internal
syntax. This could have been a crucial precursor to
the development of external social language. It
could not be based on human language because the
learning and creativity I am talking about occur in
prelinguistic children and some other animals.

These ideas have some echoes of global-workspace
theory, though I think there are several workspaces
of different sorts, supporting different kinds of
concurrent processes in the architecture I envisage.

This work is partly inspired by collaboration with
Jackie Chappell who studies animal cognition,
especially = New  Caledonian  Crows  and
Parrots/Parakeets.
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Abstract

Questions about the possibility of genuine consciousness existing in future artificial humanoids
are closely tied up with ethical considerations. I discuss how the assumed presence or absence of
consciousness in artificial persons might make a difference to our ethical attitudes towards them.

Questions about the possibility of genuine con-
sciousness existing in future artificial humanoids
are closely tied up with ethical considerations.
How might the assumed presence or absence of
consciousness in artificial persons make a differ-
ence to our ethical attitudes towards them?

For simplicity we will limit ourselves to con-
sidering electronic person simulations (EPersons)
rather than organic replicates. EPersons could de-
velop to have very rich behavioural and functional
properties. Might we expect EPersons to have any
ethical responsibilities, or to be subjects of ethical
appraisal in any way? And could EPersons have
genuine moral interests, or genuine demands on our
moral concern? I will consider how the answers to
these questions may vary as we consider (a) a con-
dition where EPersons are assumed to possess a
form of phenomenal consciousness (and thus can
genuinely experience pleasure and suffering) and
(b) a condition where they are not assumed to pos-
sess such states?

What might be our ethical obligations to such
creatures in either the with-consciousness or the
without-consciousness conditions? It may be nei-
ther rational nor intelligible to bestow moral con-
cern on beings we consider to lack consciousness
Conversely, if the behavioural repertoire of EPer-
sons is sufficiently rich and varied, and they enter
into a sufficiently wide range of social relations
with us, it may be difficult in everyday practice to
avoid perceiving or taking EPersons as making
legitimate moral claims on us in at least some types
of circumstance — even if they are not acknowl-
edged as having phenomenal states.

Could we regard EPersons as having genuine
moral responsibility, desert, accountability for their
actions or judgments in either of the two condi-
tions? Could they be useful moral advisors? Could
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they even have a coherent conception of what mo-
rality consists of? These questions in part turn on
one’s view on the role of emotions, and the links
between emotions and rationality, in the constitu-
tion of a moral agent. It is plausible that our moral
conceptions and outlook are derived from our evo-
lutionary inheritance, and are deeply intercon-
nected with a wide range of emotions - anger, envy,
compassion, empathy, friendliness, etc.; and that
these in turn emanate from biologically-based sen-
tience in natural creatures. EPersons designed
around current paradigms of information-
processing cognitive architectures, may be incapa-
ble of instantiating a deep enough model of emo-
tion and empathetic rationality to support more
than a rather impoverished array of moral senti-
ments at best. This may be true even in the with-
consciousness condition; indeed the ability to pos-
sess such emotions may be pivotal to the realizabil-
ity of phenomenal consciousness in EPersons.

I will argue that phenomenal consciousness
makes a difference in the cases both of being a
genuine bearer of moral responsibilities and of be-
ing a worthy recipient of moral treatment. Having
fully-fledged or intact phenomenally conscious
states is not the sole criterion of moral worth (think
of neonates, PVS, dementia); nevertheless the ge-
neric property of being the kind of creature that can
have phenomenal states is arguably crucial to being
a member of the universe of moral concern.

In general we take artefacts to be instruments;
so there seems to be an inherently paradoxical
quality wrapped up in the idea of extending moral-
ity to artificial humanoid beings. However new
ways of thinking about moral relationships may
forced on us in an era where artificial humanoids
live alongside us in significant proportions. A new
conception of ‘us’ may be required.



