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Abstract

Based on experimental findings from the study of hu-
man cognition we discuss the concept of embodiment
for artifacts. We argue that embodiment is linked to
a concept of a body and is not necessarily given when
running a control program on robot hardware. For
this purpose we introduce the concept of ’body image’.
Additionally, we stress the individualcharacteristics of
an embodied cognitive system, as well as its social em-
beddedness. We then discuss how research on embod-
iment for artifacts might contribute to bridge the gap
between phenomenological understanding and compu-
tationalistic approaches which traditionally dominate
computer science and cognitive science. We outline
a framework of the physical-psychological state-space
which changes dynamically in a self-modifying way as
a holistic approach towards embodied human and ar-
tificial cognition. This metapher is meant as a basis
for discussion towards a common framework for cog-
nitive architectures comprising natural and artificial
systems. In order to stress the importance of ~ dy-
namic memory we introduce the concept of an ’auto-
biographical agent’.

Introduction

The ideas presented in this paper derive from our
actual work on social intelligence in groups of au-
tonomous, physical agents (Dautenhahn 1995). 
am mostly interested in how, beyond simple behaviors
which are necessary for the survival of a robot in an
ecosystem, complex (socially) intelligent systems can
develop.

For several years the New Artificial Intelligence ap-
proach ((Brooks 1991), (Pfeifer 1995)) put emphasis
on the study of embodied agents, namely robots, in-
teracting in a real environInent. Recently new kind of
projects have appeared, trying the scaling-up from rel-
atively simple, mostly reactive systems towards cogni-
tive systems, e.g. including language skills (Steels 1996)
or trying to achieve the developmental cognitive state
of a two-year old child (Brooks & Stein 1993). But in-
stead of the common agreement that cognition can only
develop in a body and through its interactions with the
environment, the concept of embodiment has mostly

been reduced to the fact of possessing and controlling a
body, i.e having a internal control program which uses
the body as an actuator device. However, there is much
evidence to support the assumption that cognitive ca-
pabilities are only possible through the interaction of
body and mind, i.e. that the body is not simply used by
the mind, but that there is a co-development and mu-
tual shaping of cognitive abilities on the one hand and
bodily skills and experiences on the other hand. The
body is not a fL~:ed and pregiven ’actuator device’, but
it is a dynamic and ontogenetically evolving entity. Ev-
idence from brain sciences and neuropsychology stress
the mutuM dependence of body and mind/personality.
In the following sections we outline some aspects which
we consider important to the design of embodied cogni-
tive robots motivated by evidence from research in nat-
ural sciences. The concept of body image is central to
our view. Body image refers to a dynamic construction
and does not replace the mind in the body metapher by
its contrary. The constructivist and dynamic nature of
our conception of embodiment is described in more de-
tail in the following sections. We sketch the concept of
a physical-psychological state-space as a possible com-
mon framework for embodied cognitive architectures
(details are described in (Dautenhahn & Christaller
1996)). This concept is not meant as a technical spec-
ification for the construction of robots. Instead, we
intend to give some insights into general design guide-
lines for robots. For instance: if we take the holis-
tic approach towards embodiment seriously then this
would mean that the modification of a robot (adding
additional wheels, manipulators or sensors) should in-
fluence not only its bodily skills but also its cognition.
The general methodology of an incremental and mod-
ular construction of a robot has to face the underlying
assumption of a modular nature of cognition!

Bodily Experiences in Real and

Simulated Worlds

If we run a control program on a robot hardware plat-
form (with real sensors, actuators, and in a real en-
vironment) why should this necessarily fulfill the em-
bodiment criterion? Of course, the behavior of a real
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world robot is usually different from that of a simulated
robot-environment system. But is this not mainly a
matter of whether the complexity of nature and its laws
can be captured by a computer program? There have
been various discussions on the ’simulation versus real
world’ debate which should not be reviewed here (e.g.
(Brooks & Mataric 1994)). In our view, the debate 
self is not very useful in the sense of trying to find the
’right answer’ to the question of what environment to
chose for artificial intelligence or artificial life research.
Humans are from their early childhood on experts at
taking various abstract or fictional things for real enti-
ties (comprising comic, television-, or video game char-
acters, football teams as well as political theories and
religion). What counts is to our view the question of
what is real to the embodied mind of an individual per-
son. Following the argumentation of radical construe-
tivism (e.g. (Roth 1994)) it should be more useful 
discuss about the individual’s constructed conception
of reality (Wirklichkeit) than about an objective real-
ity. The meaning, and not the technological basis is
central. In this way, experiences which are important
to the life of an individual should be taken seriously, no
matter if they originate in real, simulated, virtual or
fictional experiences. But, and this leads us back to the
topic of this article, why is it nevertheless possible for
humans to distinguish easily between real experiences
and those watched on television, or read in a novel?
Our hypothesis is that humans use their body actively
in order to test the environment. Bodily interacting
with the world is the easiest way to learn about the
world, because it directly provides meaning, context,
the ’right’ perspective, and sensory feedback. More-
over, it gives information about the believability of the
world and the position of the agent within this world.

Thus, we propose to use as a test for an embodied
robot a discrimination task. Here, the robot has
to distinguish between having simulated or ’real’ sen-
sory information. This distinction can be easily per-
formed by humans using different mechanisms related
to perception and sensation of the world (see (Stadler
& Kruse 1986)). We assume that the development of 
’conception’ of the body, which is generally discussed
as the acquisition of a ’body image’ or ’body schema’
(see next section), is necessary for embodied action
and cognition. The conception of ’body sensation’
and awareness can be used to distinguish simulated
and real stimuli, e.g. observing the consequences of
one’s actions, and interactions with the environment,
on the body. Additionally, the morphology of a natu-
ral body has evolved in phylogeny in close interdepen-
dency with, and mutual adaptation to the animate and
inanimate environment. In the same way in ontogeny
the body is shaped by the environment on the basis of
given dispositions (see Maturana’s ideas on structural
coupling). Transferring this idea to artifacts implies
the careful design and adaptation of a robot’s body to
the environment. In principle the design itself has to

be evolvable and self-redesignable. An ideal solution
would be bridging of the gap between (robot) hard-
ware and software level, although the idea of realizing
evolvable robots with an adaptation of both body and
control mechanisms in a close interdependency is still
a future goal.

Body Images
A huge amount of literature about body images have
been published, but its definition varies widely. Ac-
cording to Slade (Slade 1994) ’body image’ should 
viewed as a "loose mental representation of the body’s
shape, form and size". He identified at least seven
sets of factors which affect its development and man-
ifestation, including historical, cultural and social, in-
dividual and biological factors. Most of these factors
are highly dynamic, i.e. varying over time on different
time scales. Slade regards the history of sensory input
to body experience as the basis for the general ’mental
representation of the body’. A combination with at
least another kind of variable, the biological variables
which might change from day-to-day, indicates the
time-changing manifestation of ’body image’. There-
fore we suggest a ’dynamical system’ point of view of
’body image’. Instead of viewing a ’body image’ as
a static, structural entity within the brain (a typi-
cal ’model’ which can, for instance, be implemented
in schemata-like representations which are tradition-
ally used in many artificial intelligence approaches) it
might be useful to treat ’body image’ as a specific man-
ifestation of the dynamics of a state-space built up by
cognitive and bodily variables. This point is elaborated
further in a following section.

Individual bodies
Every natural system has a unique body and a unique
cognition. Even twins with identical genome equip-
ment are not ’equivalent’ (in a mathematical sense).
Embodied cognition depends on the experiences the
individual collects during his/her lifetime. For two in-
dividuals there cannot be identical experiences. Even
if they are physically close together their viewpoint
cannot be identical. This leads us to one of several
consequences of being an embodied system: Bodies are
physical entities and occupy a distinct volmne in space
at a specific time. No other individual can be at the
same point in space and time. In our perception of hu-
man ’reality’ we use the metaphor of a 3-dimensional
space for locating and interacting with objects. Our
body, too, the movements of its limbs and interac-
tions with other objects are located in this geomet-
rical space. The shape of the body changes during
active movements or contacts with other objects. The
body shows characteristic symmetrical and asymmet-
rical features concerning movement and orientation of
the sensors. Therefore individuals take a certain per-
spective according to the orientation of the body. In
order to preserve the integrity of the body important
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mechanisms for organisms are to detect contact with
or distance to other objects. The active exploration
of the environment through body movement is highly
important for learning about the environment and the
development of cognition. The second-hand knowledge
of watching the world from a distance can only com-
plement tile first-person experiences of actively inter-
acting with the environment.

Body as a social tool

The human species is the species where the most elab-
orated forms of ’self-manipulation’ of the body can be
found. This includes decorating the body, actively ma-
nipulating its shape (e.g. through increase or decrease
of weight) or using it as a ’device’ for social commu-
nication: using markers on the body in order to in-
dicate the position in a social hierarchy or using the
body as a ’social tool’ for threatening or as a ’social
stage’ to present a certain role or attitude. In (Synnott
1993) Anthony Synnott argues that the human body,
its attributes, functions, organs and the senses are not
’given’, but socially constructed. The body should be
seen as a "social category with different meanings im-
posed and developed by every age and by different sec-
tors of the population".

The human species is also the species where the most
complex social interactions can be found. As a conse-
quence meinbers of a social group must get used to hav-
ing conspecifics more or less close to their own body.
Certain ’regions’ (distances around the body) devel-
oped in association with the behavior repertoire which
can be executed within these regions. The closer con-
specifics can approach one’s own body, the stronger is
usually the degree of familiarization (social bonding)
with this person. Therefore social spaces around our
body do not only represent the physical distance of an
object within. But, in the context of conspecifics, the
space is associated with an emotionally colored behav-
ior repertoire. In social interactions the distance to a
group member has to be judged according to the social
status and tile goals and interests of both individuals.

Experiential, bodily understanding

"Das wissensehaftliche Denken - ein 0berblicks-
denken, ein Denken des Gegenstands in seiner
Allgemeinheit - muff sich in ein vorausgehendes
’Es gibt’ zuriickversetzen, in die Landschaft, auf
den Boden der sinnffilligen Welt und der bearbeit-
eten Welt, wie sie in unserem Leben, f/Jr unseren
K5rper vorhanden sind, nicht f/ir jeden mSglichen
KSrper, den man, wenn man will, als eine In-
formationsmaschine betrachten kann, sondern f/it
diesen tats~chlichen K5rper, den ich den meinen
nenne, diesen Wachtposten, der schweigend hinter
meinen Worten und meinen Handlungen steht."
((Merleau-Ponty 1984), cited in (Becket 1997))

In (Galbraith 1995) Mary Galbraith contrasts the

different meanings of understanding in computationM-
ism and the continental ’verstehen’ Tradition. In the
latter, phenomenological approach bodily experiences
and social interaction are central to understanding,
thought, perception. Experiencing is here described
as the "concretely present flow of feelings". Accord-
ing to Galbraith computationalism is based on an ex-
planatory notion of understanding, created by Locke
and Kant and with great impact on the development
of methodologicM formalism in natural sciences. Un-
derstanding in this way is "detached logical and propo-
sitional knowledge of phenomena from the position of
a spectator, guaranteed to be valid by experimental
repeatability." The notion of understanding in the
verstehen tradition (influenced by Vico, Schleierma-
chef, Dilthey, Heidegger, Merleau-Ponty) originated
in hermeneutic, historical sciences and arts. In this
notion of understanding we understand each other’s
actions and words not as physicMly caused, but as a
dialogical relationship in which we interpret meaning
from each other’s gestures on the basis of our real-
ity (continuous, lived experience amid humanly mean-
ingful contexts). The understanding of a novel which
leads to involvement, new lived experience and new
understanding (in a unique way for each individual
at a certain period of time) is an example. Merleau-
Ponty’s philosophy of mind and language uses the con-
cept of a lived body, "We inhabit language because
and in the the same way we inhabit our bodies in
the world. One enters into language, as one enters
into the physical world, by taking up a bodily posi-
tion within it. Understanding the world and language
happens through living it" (see (Becket 1997) for 
discussion of Merleau-Ponty’s philosophy). Mary Gal-
braith mentioned Merleau-Ponty and (as an example
for a contemporary researcher) the neuropsychologist
Oliver Sacks as both arguing to combine (or envelop as
Merleau-Ponty put it) phenomenology and scientific,
empirical studies.

As Barbara Becker (Becket 1997) points out the in-
vention of new methods in artificial intelligence and
cognitive science for modelling cognition like connec-
tionism, distributed artificial intelligence, artificial life
have not changed the global ’program’ of computation-
alism, namely that computer programs are interpreted
as theoretical models or theories (or at least as heuris-
tics) which give explanations for human cognitive pro-
cesses. In general we agree to this viewpoint, but we
think that these methods, especially approaches in ar-
tificial life which are concerned with the construction
of embodied robotic agents, when used in a different
context can provide a way to overcome the computa-
tionalistic/phenomenological gap (a forthcoming paper
will elaborate this point is much more detail).

Towards Embodied Cognition

The discussions in this section have been strongly in-
fluenced by recent research in dynamical systems.
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Figure 1: Tile concept of the physical-psychological
state-space

We assume that there are limitations to many dy-
namic systems approaches towards embodied agents,
namely the assumption that the state spaces are built
out of dimensions which represent parameters of the
body. In robotic research sensors are used to mea-
sure the physical state of the body (external and in-
ternal sensors) and these abstractions are used for cal-
culations within a inathematical framework. This one-
way-direction leads to problems which are frequently
discussed especially in artificial intelligence, includ-
ing e.g. debates about the best kind of representa-
tion (the propositional versus analog debate) and the
’frame problem’. We think that many problems arise
from the ’representation point of view’, i.e. the as-
sumption that physical states can be measured, mod-
eled and represented and used for further algorith-
mic or symbolic calculations without providing a di-
rect way back to the physical basis. This should
be possible in a multi-dimensional state-space as a
physical-psychological unity which is an interaction-
space of agent-environment and of the processes going
on within the agent which is situated in a world with
dynamic social and non-social interactions (see fig. 1).
The main underlying assumptions and characteristics
of this concept are summarized as follows:

a) There are no abstract, disembodied models in the
brain of humans or other natural systems. Physical
states are not transformed to abstract values in order

to build up internM models.
b) The physical-psychological state-space consists

of dimensions with links to physical states (location
of body parts, proprioception, emotional states etc.).
The dimensions of the state-space consist of direct
physical links to the body, as they are found in
humunculi-like projections in the brain.

e) In the physical-psychological state-space trajec-
tories are perceptions, actions, and ’mental units’ of
thought and remembering. In this way there is no dif-
ference between storage and retrieval of entities. In-
stead both refer to a construction process. In this
state-space all experiences are intuitively related to the
body and its history.

d) Remembering means re-construction of a trajec-
tory, which is (by definition of the state-space) related
to the actual physical state of the body. The actual
physical state is pushed towards a state which results in
a trajectory as close as possible to the remembered one.
Therefore there are no two identical results of ’memory
retrieval’. Every retrieval process means rewriting and
modifies its content (see (Rosenfield 1993)). Learning
is not seperated from remembering.

e) If bodily characteristics or the physical links be-
tween body and state-space change, the dimensions of
the state-space change accordingly. In the same way af-
ter amputations of body parts, e.g. fingers, the sensori-
motor projections in the brain change. A set of dimen-
sions have links to internal emotional states. Changes
in these domains might therefore dominate, suppress
or activate other domains and lead to crucial changes
of the whole state-space. Body images both of oneself
and of others could be characterized by attractors in
the physical-psychological state-space. This might ex-
plain why changes in the emotional states might lead
to distortion of the conception of one’s body. In the
same way certMn physical behaviors or habits might
influence the emotional attitude towards the body.

A dynamic systems approach has already gained
much attention in child development. For instance
in (Smith & Thelen 1993) different researchers try 
model and analyse existing data. from child develop-
ment in the framework of ’dynamic systems’. The hy-
pothesis that cognitive systems are dynamical systems
and can be understood as such (in contrast to the com-
putational hypothesis, namely that cognitive systems
are computers) is outlined in detail by Tim van Gelder
in (van Gelder 1996). In the case of social understand-
ing one of the challenging points for specifiying a model
according to the dynamical systems approach could be
to identify an appropriate level and defining variables
and parameters (which can provide the coupling to the
social environement) appropriately in order to capture
the essential aspects of empathic re-experiencing and
re-construction.

It is not at all clear how a dynamic model of a
’re-experiencing robotic mind’ can look like and how
it could be implemented. Nevertheless, the metapher
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of dynamic systems approach has already be used for
controlling robots, e.g. when the behavior of robots is
modeled as attractors (Steels 1994) and can be used
for the development of concepts (Jaeger 1995).

~
environment

agent

The autobiographic agent

continuity of
"person

changes

Figure 2: The concept of an autobiographic agent.
Dynamically, continiously changing agent-environment
interactions give rise to a unique, individual history.

The autobiographic agent

On the basis of the aspects which we described in the
previous sections we like to introduce the concept of
an aulobiographic agent (see fig. 2).

To our view the constructive remembering and re-
collection processes should always been seen in the life-
long perspective, i.e. referring to the autobiographic
aspect as an ongoing re-construction of the own his-
tory and creating the concept of individual personality.
The approach to focus on the life-long aspect of human
memory is in line with research which has been done in
psychology on autobiographic memories (e.g. (Conway
1996a)). The topic memory should not be the central
focus of this paper, but nevertheless we see it to be a
crucial point in the construction of cognitive systems
and modelling of social dynamics (see (Dautenhahn 
Christaller 1996) for details). We think that there are
still a lot of things left that engineers can learn from
remembering in natural systems, which (as it becomes
more and more obvious) is a central part for human
cognition. The way how impairments of short- or long-
term memory part could influence behavior and per-
sonality can for instance be found in (Sacks 1985). 
constructivist, dynamic account of remembering seems
to be most promising and a lot of research is done in
this field. To our view this should be linked to the as-
pect that "memory is primarily a vehicle for personal

meanin.gs and for grounding of the self, and that ac-
curacy is secondary to this role" (Conway 1996b). 
important aspect in artificial intelligence research on
knowledge and memory is consistency. Various algo-
rithms have been developed in order to manage a con-
sistent knowledge or data base. On the other hand, hu-
mans easily seem to cope with this problem. But there
is much evidence that the problem of consistency itself
is an artificial one. Instead, the subjective impression
of being a static ’personality’ is an illusion and might
only be a good approximation on small time-scales,
(Bartlett 1932). Humans seem to integrate and in-
terpret new experiences on the basis of previous ones.
Previous experiences are reconstructed with the actual
body and context as the point of reference. In this
way past and presence are closely coupled. In com-
bination with human capabilities of rehearsal (as the
basis for acting and planning) this coupling is linked
to the future. Humans do not seem to worry much
about consistency, they give explanations for their be-
havior on the basis of a story, a dynamically updated
script, their autobiography. Believability of this story
(to both oneself and others) seem to be more crucial
than consistency.

In order to account for this autobiographic aspect
of the individual we define the concept of an autobi-
ographic agent as an embodied agent which dynami-
cally reconstructs its individual ’history’ (autobiogra-
phy) during its life-time. We find this term useful as
a refinement of the general term ’agent’ which is only
loosely defined and does not help people to identify
common research interests. In (Dautenhahn 1996) 
discuss in more detail the role of an autobiographic
agent in relationships to social systems on different
levels of abstractions (the individual on the component
level of social systems up to the individuals as part of
larger social systems).

Conclusion

The argumentation in this paper can be summarized
as follows:
1) Embodiment is linked to a concept of a body and is
not necessarily given when running a control program
on robot hardware.
2) We introduced the concept of ’body image’ which is
in our conception a dynamically re-constructed pattern
(attractor) capturing both robot-environment interac-
tions as well as well as the robots ’internal dynamics’.
3) Embodiment should always be seen as a character-
istic of an individual and socially embedded cognitive
system.
4) Studying embodiment for artifacts might contribute
to bridge the gap between phenomenological under-
standing (which has always been grounded on a lived
body) and the computationalistic approaches which
traditionally dominate computer science and cognitive
science. The study of experiential, bodily understand-
ing could be a promising path towards intelligent a rti-
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facts.
5) We outlined the framework of the physical-
psychological state-space which changes dynamically in
a self-modifying way is a holistic approach towards em-
bodied human and artificial cognition. This is opposed
to other structuralist approaches which are well known
ill artificial intelligence and cognitive science, namely,
assuming different cognitive modules located inside
a system. The metapher of a physical-psychological
state-space is meant as a basis for discussion towards
a common framework for cognitive architectures com-
prising natural and artificial systems.
6) Ill order to stress the importance of a dynamic mem-
ory we introduced the concept of an ’autobiographical
agent’. It is defined as an embodied agent which dy-
namically reconstructs its individual ’history’ during
its life-time. In this way an embodied cognitive agent
has to be good at storytelling (telling believable stories
of its own autobiography).
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