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This paper presents a case for embodying information systems. That is, for 
recognizing the fundamental importance of the body in human cognition and 
social action, and exploring the consequences for information systems and 
artificial intelligence. Current work within philosophy, biology, cognitive science, 
and social theory demonstrates that the Cartesian dualism of mind and body is no 
longer tenable and points to the embodied and enactive nature of thought and 
language. Sections of the paper cover a philosophical and biological framework 
for embodied cognition; the main arguments in favor of the approach; a range of 
work within social theory on embodiment; and the implications for information 
systems and artificial intelligence. 

1. INTRODUCTION 

It is the purpose of this paper to argue the case for embodying information systems, that is for 
recognizing the fundamental position that the body plays in human cognition, and exploring the 
implications of that for information systems and artificial intelligence. Under the influence of 
Cartesian dualism, cognition and the mind has long been split from action and the body, and IS 
has not merely adopted this approach, but actually extended it through a tendency to disembody 
work practices (Zuboff 1988). This tendency can actually be seen as part of the larger terrain of 
post-modernity and post-modernism in which the individual('s) body disappears in favor of 
discursive and linguistic constructions of fashion, deconstruction, signification, and virtual reality 
(Hayles 1992). However, recent work within philosophy, cognitive science, and social theory has 
argued persuasively that the body cannot be ignored but must be seen as intimately involved in 
processes of cognition and social activity. 
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The structure of this paper is that section 2 will outline the history of dis/embodiment within 
information systems and the related area of artificial intelligence.1 Section 3 presents a framework 
at the levels of philosophy (critical realism), biology (autopoiesis), and semiotics (the relations 
between information and meaning) from which the importance of the body and embodied 
cognition naturally emerges, while section 4 makes the primary case for recognizing that 
cognition is embodied. Section 5 presents a selection of recent work on embodiment within social 
science in order to stimulate research and, fmally, section 6 highlights some of the possible 
implications for information systems. 

2. HISTORY 

This section will sketch the history of information systems (IS) and artificial intelligence (AI) in 
three periods that differ in terms of their assumptions about the nature of human cognition. The 
first, and still the dominant paradigm, is Cartesian representationalism based on a split between 
mind and body, and a model of cognition as the processing of representational information. The 
second, which can be marked by the publication of Winograd and Flores' Understanding 
Computers and Cognition,2 saw a recognition of the context-bound and situated nature of human 
activity, and the linking of language and action with cognition. The third, and the main focus of 
this paper, undermines still further the mind/body dichotomy by focusing on cognition as an 
essentially embodied activity, seeing purely conceptual processes as the tip of a large iceberg. 
This approach will be explored through the work of Varela (Varela, Thompson and Rosch 1991) 
on embodied cognition and enaction. 

2.1 Cartesian Representationalism 

Cartesian representationalism formed the backbone of the main cognitivist period which started 
with meetings between Simon, Chomsky, Minsky and McCarthy in 1956 and continues, to this 
day, to be the "normal'' paradigm within IS and AI. Cognitivism forms around the hypothesis that 
(human) intelligence is, like a computer, computational. In particular, that the brain processes 
symbols which are related together to form representations of the world outside. Thus, 
according to this view, cognition occurs by taking in information provided by the environment, 
forming this into representations which can then be processed to provide logical responses by way 
of activity. The metaphor is clearly that of the sequential, humanly-programmed computer or 
information-processing machine. 

This computational paradigm has been enormously influential in several other disciplines - e.g., 
psychology, neurobiology and psychoanalysis- but I shall discuss it mainly in terms of AI. For 
a more detailed discussion see West and Travis (199Ia, 1991b). It has formed the basis of 
mainstream (sometimes known as "formalist") AI where the effort has been in producing 
rationalistic algorithms for performing supposedly intelligent actions. It is based on four 
principles: that there is a Cartesian separation between mind and body; that thinking consists of 

1 Although AI and IS have different goals, they share sufticiem assumptions (about cognition) and tools 
(computers) for them to be considered together. 

'Although arguably it was initiated by Dreyfus' critique in 1972. 
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manipulating abstract representations; that these manipulations can be expressed in a formal 
language; and that this is deterministic enough to be embodied in a machine. In practice, this has 
two requirements: forms of representation and methods of search. Thus, it is first necessary to 
find some way of formally representing the domain of interest (whether it be, for example, chess, 
problem-solving or vision), and then to find some method of sequentially searching the resultant 
multi-dimensional space. 

AI has been very successful in certain, well-defined, domains. Probably the best known is chess, 
where a computer can now play at grandmaster level. However, cognitive AI systems do not 
attempt to mimic the way the brain actually works, but try to reformulate situations into 
something capable of resolution by an efficient search. They assume (following Turing) that the 
successful performance of"intelligent" actions is intelligence, no matter how it is performed. In 
recent years, however, the hegemony of cognitive AI has been breaking down in the face of 
continued failure in the majority of domains which have been addressed, and attacks on the 
philosophy of AI (Dreyfus and Dreyfus 1988; Graubard 1988; Searle 1990; Denning 1990). From 
expert systems through natural language to robotics, performance at the level of human beings 
has been the exception rather than the rule. Interestingly for the argument of this paper, it is the 
most basic human abilities, such as perception, physical manipulation, and speech that have 
proved the hardest to mimic. Any PC can play a reasonable game of chess but ask it to set up the 
pieces out of the box and you are, literally, in another world. 

2.2 Winograd and Flores' Language/Action Approach 

A major critique from within AI came from the work of Aores and Winograd (A ores and Ludlow 
1981; Winograd and Aores 1987; Kensing and Winograd 1991). In Understanding Computers 
and Cognition, Winograd and Aores assimilate the phenomenology and hermeneutics of 
Heidegger (1962) and Gadamer(l975), Searle's (1969) theory of speech acts, and Maturana's 
(1978; Maturana and Varela 1987) cognitive theories to produce a critique of the traditional 
objectivist, rationalist approach to computer systems design and AI. In its place, they suggest an 
approach based on conversations and commitments, which they generally refer to as the 
"language/action approach. "3 

The main outlines are, first, that cognition and thought is not an isolated, separate mental function 
but our normal everyday activity- our "being-in-the-world." It is embodied in the patterns of 
behavior which are triggered by our interactions and which have developed through our structural 
coupling (Maturana and Varela 1980). "Thinking" is not detached reflection but part of our basic 
attitude to the world- one of continual purposeful action. Second, knowledge does not consist 
of representations, in individuals' heads, of objective independent entities. Rather, we make 
distinctions through our language in the course of our interactions with others, continually 
structuring and restructuring the world as we coordinate our purposeful activities. Third, that 

'However, this name is also used by a group of mainly Scandinavian writers (Goldkuhl and Lyytinen 1982. 
1984; Lyytinen and Klein 1985; Lehtinen and Lyytinen 1986; Lyytinen, Klein and Hirschheim 1991) who do not base 
their ideas on Maturana but rather on Habermas ( 1979, 1984, 1987). There is, however, considerable similarity in the 
emphasis on language, language as action, and speech act theory. 
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which is said does not occur de novo, but is grounded in our past experiences and tradition -
the history of our structural couplings. 

Fourth, the most important dimension of our actions as humans is language, but we must change 
our view of language away from seeing it as representational and denotative toward seeing it as 
(social) action through which we coordinate our activity. Languaging takes place in conversa
tions which become the central unit of analysis. Such conversations are networks of distinctions, 
requests and commitments, valid in respect of their acceptance by others rather than their 
correspondence to an external reality. Finally, the view of"problems" which computers can help 
"solve" must change. Problems are not objective features of the world, but the result of 
breakdowns within our structural coupling to objects or to others. When our activities do not 
succeed or our coordinations fail, our routine operation is disrupted and a "problem" occurs. 
This is always against a particular background, for a particular individual or group and the nature 
of the problem only becomes defined through the attempt.~ to repair it. 

1bese ideas lead to a distinctive view about both about the development of information systems 
in Organizations and about the nature of computers and artificial intelligence (Smith 1991). 
Organizations are seen as networks of recurrent and recursive conversations between individuals 
and groups of individuals. The conversations consist of speech acts mainly involving requests, 
promises, commitments and declarations coordinating general activities and the conversations 
themselves. Information systems should be designed to be part of and facilitate this communica
tive and coordinating process. They must be open and flexible, reflecting the changing 
distinctions and conversations generated within a domain rather than imposing an external and 
unchanging straitjacket. 

Although the Winograd and Flores book is well known, there has been little substantive work 
developed from autopoiesis. Stephens and Wood (1991) presented a general description of a 
constructivist approach to information systems, and Harnden ( 1990; Hamden and Mullery 1991) 
has outlined ideas for what he calls Enabling Network Systems (ENS). Hamden and Stringer are 
currently incorporating some of these ideas into an architecture for multimedia systems and the 
design of hypermedia (Hamden and Stringer 1993a, 1993h). 

2.3 Embodied!Enactive Cognition 

The cognitivist program of representationalism, and indeed much of Western philosophy of mind, 
has been guided by the Cartesian dualism between mind and body- mind being a disembodied 
realm of pure ideas. However, the thrust of Varela's (and Maturana's) work is in the opposite 
direction - showing how our cognition and thought is inextricably bound to our embodied 
selves. Thi~ is a reversal that has also occurred in phenomenology, beginning with the difference 
between Husserl's (1964, 1977) analysis of pure consciousness and Heidegger's focus on 
concemful, day-to-day, activity. This trend was continued by Merleau-Ponty (1962, 1963), who 
took phenomenology down to the level of action and perception, emphasizing the embodied 
nature of cognition. Section 4 will expand on this theme, drawing on Merleau-Ponty and also 
Varela's theory of enaction, but first, in section 3, a general framework will be presented as a 
context for the study of embodiment. Finally, section 5 will show that the importance of the body 
has recently been recognized in several other disciplines. 
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3. A PHILOSOPHICAL AND BIOLOGICAL FRAMEWORK 

The importance, and role, of the body and embodiment for information systems can be 
appreciated within a framework developed by Mingers (1993, 1994, 1995). This framework 
synthesizes the work of a number of writers and consists of an underlying philosophy based on 
critical realism (Bhaskar 1978, 1979, 1989); a biological explanation of the nature and limitations 
of the observer and cognition (Maturana and Varela 1980, 1987); and a semiotic analysis of the 
nature of information and its relationship to meaning (Stamper 1973; Dretske 1981; Habermas 
1979, 1984, 1987). It is illustrated in Figure I. Only a brief sketch can be given here. 

Intransitive Dimension Transitive Dimension 

External world 

Analog 
Informatzon 

Relations of Structural Coupling 

.. ,.. · ... 

• 
Embodied' 
Cognition 

'(-· .• 

Figure 1. A Framework for Embodied Cognition 

Observer 

Digital 
Meaning 

At the philosophical level, critical realism provides a post-empiricist ontology and epistemology. 
It is accepted that we can have no objective, observer-independent, access to reality but against 
constructivism it is maintained that there is an independent external world constituted by 
structures or entities with causal powers (the domain of the real). These are seen as generative 
mechanisms responsible for the events which actually occur, or which may not because of 
countervailing tendencies (the domain of the actual). A subset of these events may impinge on 
humans: the domain of the empirical. Epistemologically, science proceeds by hypothesizing 
potential generative mechanisms that, if they did exist, would account for our observations and 
experiences. A distinction is drawn between the transitive and intransitive dimensions of science. 
The intransitive (ontological) dimension is the domain of the real objects of scientific knowledge, 
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the transitive (epistemological) dimension is the domain of humanly-constructed cognitive 
objective of science such as theories, experiments and concepts. 

At the biological level, autopoiesis provides an explanation of our interactions with the world. 
As living systems, we have a closed (autopoietic) organization, but are interactively open to our 
environment or medium. The nature and limitations of such interactions are determined primarily 
by our own physical structure (structure-determined) rather than by the environment. External 
stimuli provoke or trigger a response, but the nature of the response is determined by the 
structure of the organism at that instant, not by the stimuli. Moreover, it is the structure that 
determines what can or cannot be a stimulus for the organism - organisms without eyes or the 
equivalent cannot be triggered by light Given this under-determination of the organism by its 
environment, how is it in fact that responses in particular situations are generally appropriate? 
This is answered through the concept of structural coupling. The maintenance of autopoiesis 
through recurrent interactions with the environment or other organisms will lead to the generation 
of mutually adapted structures that can be said to be structurally coupled. 

Moving to the level of information and meaning, events or signs in the empirical world, especially 
symbolic and linguistic ones, can be said to carry information about their origins, the causal 
mechanisms giving rise to them. Such signs will be triggers or perturbations for the nervous 
systems of organisms or human observers but, as shown above, cannot determine or control the 
reaction or internal compensation that it provokes. We can see this process as one in which the 
information, carried in analog form by the sign, is transformed into meaning, expressed in digital 
form for the observer. The information is objective in the sense of being independent of the 
observer, but the meaning that it generates is (inter-)subjective and observer-dependent. It is 
precisely this process of the digitalization of the analog that is the main focus of this paper as it 
is carried out, largely unconsciously, by the body and its nervous system. This is embodied 
cognition. 

4. EMBODIMENT 

This section will argue for the importance of considering embodied cognition through the work 
ofMerleau-Ponty and Varela In considering perception, and cognition in general, Merleau-Ponty 
critiqued both what he called empiricist (realist) and intellectualist (idealist) modes of explanation 
(Merleau-Ponty 1962; Hammond, Howarth and Keat 1991). The empiricist simply takes the 
world as objectively given and sees cognition as a reflection of the world. Intellectualism 
recognizes that the subject is involved in constituting the experienced world, but is too 
disembodied and mentalistic. For Merleau-Ponty, cognition is embedded in our body and our 
nervous system. It is the body which "knows how to act" and "knows how to perceive" on the 
basis of pre-formed readiness and habits developed through its structural coupling with the 
environment. This is what Varela (1991) means by "embodiment": the idea that cognition 
necessarily occurs through and within our bodily structures which are themselves coupled to 
biological and social contexts. 

Merleau-Ponty also analyses the relationship between the perceiver and the world, which he sees 
as a reciprocal relationship: the world does not determine our perception, nor does our 
perception constitute the world. 

"The properties of the object and the intentions of the subject...are not only 
intermingled; they constitute a new whole." When the eye and the ear follow an 
animal in flight, it is impossible to say "which started first" in the exchange of 
stimuli and responses. Since all the movements of the organism are always 
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conditioned by external influences, one can, if one wishes, readily treat behavior 
as an effect of the milieu. But, in the same way, since all the stimulations that the 
organism receives have in turn been possible only by its preceding movements 
which have culminated in exposing the receptor organ to the external influences, 
one could also say that the behavior is the first cause of all the stimulations. 

it is the organism itself ... which chooses the stimuli in the physical world to which 
it will be sensitive. 'The environment (Umwelt) emerges from the world through 
the actualisation or being of the organism - [granted that] can exist only if it 
succeeds in finding in the world an adequate environment. [Merleau-Ponty 1963, 
p. 13; quoted in Varela 1991, p. 441] 

This is the basis of Varela's theory of enactive cognition which has two aspects: 

i) that perception consists in perceptually guided actions; 

ii) that cognitive structures emerge from the recurrent sensory-motor patterns that 
enable action to be perceptually guided. [Varela 1991, p. 441] 

The first point is that perception is neither objectivist nor purely constructivist- pace Maturana 
(Varela 1992, p. 254) Rather, it is co-determined by the linking of the structure of the perceiver 
and the local situations in which it has to act to maintain its self. 

As seen in Figure 2, there can be no fixed point independent of the organism, nor can the 
organism construct its own closed world. The organism's activity conditions what can be 
perceived in an environment, and these perceptions, in turn, condition future actions. Varela 
(1992; Varela, Thompson and Rosch 1991, Chapter 8) assembles various neurophysiological 
evidence for this. For instance, in the area of perception, it is clear that color and smell are by no 
means simple mappings of external characteristics. Rather, they are co-creations, dependent on 
the color and smell "spaces" constituted by a particular organism's nervous system, and only 
triggered by external stimulation. Equally, our perception depends for its effectiveness on 
movement, as shown by Held and Hein' s (I 958) kittens. Two groups of kittens shared the same, 
artificial, light conditions, but one group were allowed to be active while the other group were 
passively moved around. When released, the active ones were normal while the passive one acted 
as if they were blind even though their visual system was unimpaired. 

The organism must interact with its environment for its self-continuation and so the question 
becomes, how does it happen that the world it carves out is one which permits its continuance? 
The answer lies not in the world, but in the relations between the sensory and motor surfaces of 
the nervous system. How is it that these are such as to enable effective, perceptually-guided 
action in a perception-dependent world? This brings us to the second of Varela's points: how 
action is selected and how the process generates higher cognitive structures. 
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Our behavior is seen as a constant switching from one task or activity to another according to our 
readiness for action. How is it that one is chosen rather than another? This seems to occur as 
the result of what might be thought of as a competition between different sub-nets or "agents" 
in the brain. Brain studies have shown that there are bursts of fast activity followed by more 
stable patterns as activities stop and new ones start. At each choice-point or breakdown there 
are many possibilities available, but eventually the histotically conditioned structure leads to a 
selection and a new stability. It is next argued that this dynamic interplay linking sensor and 
motor activity gives rise to the higher cognitive structures. It does not determine them, but does 
both enable and constrain the more conceptual and abstract modes of thought. The key here is 
the emergence of the symbol or sign, and thus language itself, as a new domain of neuronal 
activity. Varela points here to the work ofPiaget (1954), and particularly of Johnson (1987) and 
of Lakoff (1987; Lakoff and Johnson 1980), which will be discussed in the next section. 
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5. OTHER CONTRIBUTIONS 

Having argued from a particular philosophical and biological perspective that much human 

cognition is essentially embodied, the purpose of this section of the paper is to demonstrate that 

similar conclusions have been reached within the social sciences. This is both to support the 
earlier conclusions and to provide a range of interesting perspectives and theories to stimulate 

further research into embodied cognition within information systems and AI. The first section 

considers the complex relations between the body and its social context; the second points to the 

specific concerns of feminist perspectives on the body; and the third reviews the work of Lakoff 

and Johnson on the bodily basis of language. 

5.1 The Social Body or the Body Social 

Within the social sciences, especially sociology, it has been the case until recently that the body 
has largely been ignored. Cognition, action, and language have been seen as essentially 
mentalistic phenomena Since the early 1980s, however, the social relevance of the body has been 
recognized (Turner 1984; 1992; Featherstone, Turner and Hepworth 1991; Hayles 1992; Synnott 
1993). Shilling (1993) suggests that there are three broad theoretical approaches: the traditional, 
naturalistic approach that views the body as an essentially given, biological and genetic substrate 

for society; the social constructionist approach that emphasizes the extent to which the social and 

cultural context constructs the form and representation of the body; and the embodied approach 

that recognizes both the social construction of the body and the biological constitution of 
cognition and language, in short, the embodiment of the self. I shall discuss the latter two. 

The social constructionist approach can be exemplified by Goffman and Foucault. Goffman 

(1963, 1969) focuses on the way that individuals present themselves in their daily interactions, 
paying particular attention to the role of the body. For Goffman, our bodily appearance and 
gestures can be managed so as to contribute to the impression that we wish to give. In so doing, 
they are part of a social context of meanings and idioms: our behavior, dress, and manners 
convey the messages that they do because of the shared social meanings that they embody. We 
must remember, of course, that our bodies and appearance convey much information that is not 

consciously controlled and may well not be that which we would intend. This unconscious and 
unintended generation of meaning links up to Giddens' (1984) process of structuration in the 

reproduction of social structure. Goffinan's analysis also points to the extent to which our bodily 

appearance contributes to our construction of self-identity through a process of internalization. 

This is particularly obvious in people with unusual features or stigma (Goffman 1968). 

Foucault (1977, 1981, 1982) develops a much more radical view of the relations between society 

and the body in which the body comes to be viewed as almost entirely constructed by the 

repressive regimes of a disciplinary society. For Foucault, the body is very much an object of 

study: it is seen as the essential link between daily practices and interactions and the wider power 

structures of society. Foucault undertook detailed histmical studies of particular types of 

institution (such as prisons and asylums) and particular arenas of bodily activity (such as 

sexuality) as they changed in the transformation to modernity. In broad terms, Foucault sees this 

transition in terms of society's need for an increased control of its population and he sees the 
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body as the major medium through which this exercise of power is enacted. Beginning with fairly 
crude physical modes of control- imprisonment, surveillance, regimentation, and punishment 
- power is now exercised more sophisticatedly and minutely through knowledge, desire, and 
self-regulation. Our most intimate and individual desires become structured in such a way that 
they instantiate power relations -sexuality becomes nothing other than the effect of power
and we thus become implicitly self-regulated (Grosz 1994). 

While Foucault has many important insights that have been developed, particularly by feminists 
but also to a limited extent in information systems (Zuboff 1988), his work over-emphasizes the 
extent to which the body is simply a blank slate to be inscribed by society. In Hayles' terms, he 
is concerned only with the body, as an abstract universal cultural construct, rather than with 
embodiment, the personal, contextual, experience of having a body. It has been argued that the 
body is not infinitely malleable, but provides both possibilities and limitations for social action. 
This move toward a more dialectical view of embodiment can be seen in Turner's (1992) later 
work, where he has tried to integrate Foucauldian analyses together with a more biological and 
anthropological appreciation of the body. Drawing on philosophical anthropology (Honneth and 
Joas 1988), the human body is contrasted with more primitive animals that are highly specialized 
and determined, only able to exist in a specific environment. Humans, however, are particularly 
flexible and under-determined by their genetic characteristics. The body is born an "unfinished 
project" that must be completed through social construction and that must, in the same process, 
generate a meaningful world to inhabit. 

Other writers whose work can be seen to contribute toward this embodied view are Connell 
(1987), Freund (1982), and Hochschild (1983). Connell and Freund focus, in different ways, on 
how the body is enmeshed and transformed by social relations in ways that produce and 
reproduce established structures of inequality. Connell analyses the formation of gendered bodies 
and the interaction between the physical and social experience of gender. This process works in 
three stages: first, through social categories that define male and female bodies in particular, 
culturally and temporally relative, ways; second, through social practices that actually lead to the 
transformation of bodies toward these categories or stereotypes; and, fmally, through the mutually 
reinforcing interaction of the social images and the physical experiences. Freund is concerned 
with the social structuring of health and illness. He argues that good health requires both the 
physical body functioning well and there being a good integration between our body and our 
"self." This integration is crucially linked to our social situation through our emotional well-being 
which, itself, is socially differentiated. Hochschild has studied the effect of work on bodily health 
for people who have to perform what she calls emotion work: that is, where the management of 
emotion and feeling in order to generate specific bodily displays and gestures is an inherent part 
of the work. A particular example is that of airline stewardesses who are required to continually 
project feelings of warmth, calmness, and helpfulness. 
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5.2 The Body and Feminism 

Clearly the body is of central importance for many feminist writers and their work could not be 
covered at all adequately in a few paragraphs. Feminist theory also ranges across the three 
approaches outlined above: for example, Orbach (1988) and Chernin (1983) can be seen as 
naturalistic in accepting that the body has some natural state (although differing on what this 
might be) that society then distorts, while Delphy (1984) and Wittig (1982) are constructionist 
in arguing that the biological is not a separate domain, but a manifestation of the social. I shall 
just mention a recent work by Grosz that does seek to explore what she calls corporeal feminism, 
an approach to embodiment that seems consonant with that outlined in section 4 above. She aims 
to develop a multi-faceted approach to the relations between self and body that enables 
subjectivity to be understood as fully material and for materiality to be extended to include and 
explain the operations of language, desire, and significance (Grosz 1994, p. 210). Such an 
approach needs to eschew dualisms such as mind/body or, for that matter, sex/gender, 
recognizing that while the body is, indeed, a site of political, cultural, and social production and 
transformation, it is also historically and biologically conditioned. It inevitably channels meanings 
and inscriptions that are projected upon it in sexually specific ways. 

5.3 Bodily Metaphors 

Lakoff and Johnson are concerned to show how language emerges from and reflects our bodily 
structure and functioning. For example, much of language can be seen as either direct metaphor, 
or as developing from metaphor, and at base most metaphors stem from bodily activity (Lakoff 
and Johnson 1980). These metaphors are so deeply sedimented that they are not seen as such. 
Many of the most basic stem from our experience of space (e.g., up/down -"get up," "wake 
up," ''my spirits sank"); of objects (e.g., "I'm running out of steam," "I'm a little rusty"); or of 
containers (e.g., "he's in love," "we're out of trouble," "she's getting into shape"). 

Equally, many of the categorizations that we use in language, especially the most fundamental 
ones, arise in relation to our habitual perceptual and motor activities, not as some direct reflection 
of the world (Lakoff 1987). For example, in hierarchic taxonomies, such as furniture: chair: 
rocker, there is a most basic category which will generally be in the middle of the taxonomy. It 
will be the highest level at which all members have a similar shape, there can be a single 
representative mental image, and with which there can be a single form of motor interaction. In 
this case, the basic category is chair and this is learned first, is the quickest to be identified, the 
first to enter a language, and is the most commonly used. As Johnson ( 1987, p. 206) concludes: 

Shared understanding is not merely a matter of shared concepts and propositions. 
It is also a matter of embodied structures of understanding ... which constitute a 
large part of what we mean by fuim itself in our experience. Such structures ... 
emerge in our bodily functioning. 

6. IMPLICATIONS FOR AlliS 

The argument so far has stressed the importance of recognizing the embodied and situated nature 
of human cognition and action in general This section considers the implications for information 
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systems and AI in particular. It is interesting to note that there is very little work within the IS/ AI 
literature, apart from the area ofHCI, that considers the body explicitly at all. The only examples 
discovered are Dreyfus ( 1972), Zuboff ( 1988), Varela, Thompson and Rosch ( 1991) and Beeson 
(1994), and, from a more cultural perspective, Hayles (1992). 

6.1 Artificial Intelligence 

To understand the implications for artificial intelligence, it is first necessary to consider what AI 
is trying to achieve. There are broadly two aims: the achievement of a genuinely intelligent 
"being" by artificial means and research to aid understanding of human intelligence. With regard 
to the latter, the argument of this paper suggests that the traditional, representationalist, AI 
paradigm will shed little light on human intelligence a~ it is based on quite a different mode of 
operation. With regard to the former, strong program in AI, it again seems most unlikely that 
intelligence could be generated through a top-down, formalist approach. Instead, I would suggest 
that any AI research program aiming at either of the above objectives (although especially the 
first) needs to develop systems that have, as a minimum, the following conditions: 

i) The equivalent to a neural structure having an architecture functionally equivalent to at 
least the higher mammals. That is, it should possess the potentials for both perception 
and action, and their correlation; and it should possess the necessary structures for 
symbolic, linguistic and self-descriptive interactions. 

ii) This nervous system should be structurally plastic - that is, able to modify its own 
interconnections in response to environmental disturbance. 

iii) It should be organizationally closed in an autopoietic sense- that is, it must be able to 
be self-referential. For example, a neural network whose inputs are connected to its 
outputs is organizationally closed. 

iv) The nervous system should be embedded within a "body" that in tum interacts within an 
environment. The environment should have stable patterns within it that are relevant to 
the "survival" of the system as a whole. 

v) The system must undergo a prolonged period of interaction within its environment in 
order to become structurally coupled to its environment and other intelligences within it. 

Even if these very demanding conditions were met, it is interesting to speculate on the extent to 
which any resulting "intelligence" would be similar to a human, or indeed whether we should even 
be able to communicate with it. The theory predicts that communication would only be possible 
to the extent that a consensual domain of interactions were possible. That is, that we and it share 
sufficient interactions within a context, and similarity of structure (both body and nervous system) 
to be able to become structurally coupled and coordinate our interactions. 

Another aspect relevant to AI, particularly expert systems, is the nature of knowledge. The 
embodied paradigm suggests that much that we "know," in the sense that we are able to 
undertake particular actions and activities, is essentially tacit, habitual, and beneath our 
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consciousness. Such knowledge is always perfonnative, i.e., action-oriented; learned through 
practice and habituation (a process of incorporation rather than inscription, to use Hayles' tenns) 
and is not algoritlunic nor able to be fonnalized or made explicit and discursive. Such embodied 
knowledge actually defines the boundaries of our consciousness rather than the other way round. 
This type of knowledge can be illustrated most simply by our mastery of language. In language, 
we have a system that is incredibly elaborate, flexible, and sophisticated yet we can use it expenly 
without being able to consciously fonnulate any of its rules or categories.4 The implications of 
this for AI are similar to the conclusions above concerning intelligence. It is unlikely that such 
embodied knowledge can be successfully reconstituted in a top-down, representationalist manner. 
Rather systems will have to "learn" it through their own interactions within a domain relevant for 
their continued existence. 

6.2 Information Systems 

I shall take infonnation systems as a discipline in its widest sense, concerned not simply with 
producing more effective organizational infonnation systems, but also with studying the general 
relations and interactions between infonnation technology/systems and the social and 
organizational world. 

FlfSt, it is clear that in terms of the three stages outlined in section 2, IS is locked into the first
that of disembodied Cartesianism. Indeed IS is currently precisely epitomized by such an 
approach since what it sets out to do is to capture that, and only that, which can be represented 
by an abstract symbolism suitable for electronic storage and processing. IS is premised on the 
assumption that cognition and thought are essentially abstract representations since that is what 
computers are good at handling. However, if it is in fact the case that most human cognition is 
embodied, then IS are working against rather than with humans' natural abilities. Indeed, IS are 
not just doing this by default but, as Zuboff documents well, deliberately supplanting the skilled 
bodily experience of, say, plant operators, with abstract computer-based models: that is, replacing 
the need for action-centered skills with intellectual skills. It might be argued that the computer 
models are better than humans, but this contention is far from proved, particularly in complex, 
judgmental domains. The problem can be illustrated with the demise of expert systems. It soon 
became clear that expert systems could work well in clearly defined areas where the rules and 
relationships were well-known and explicit However, in fuzzier domains, or exceptional 
situations, the intuitive judgements of experts was far superior. 

We must recognize that computers and brains work in different ways and are good at different 
things. Computers are good at carrying out repetitive operations faultlessly and quickly, at 
storing and recalling large amounts of essentially arbitrary data, and at reacting extremely quickly 
to well-specified events. In comparison, human are relatively poor in these areas, but are 
excellent at motor and perceptual tasks, synthesizing diverse types of infonnation and sensation, 
interpreting poorly defmed situations and events, and making complex judgements. Note that 
most of these skills rely on embodiment We should accept this situation and, rather than try to 

'Similar arguments are put forward by sociologists such as Bourdieu ( 1917), with his concept of the habitus 
as a set of embodied practices and dispositions to act, and Giddens' ( 1984) multi-level conceptualization of the acting 
subject. 
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force computers to do that which they inherently cannot, we should aim to maximize the fruitful 
coordination of the two together. 

Part of this process is better forms of HCI and this means enhancing the flexibility of output 
modes to make more use of peoples bodies. This is, in fact, already happening but in rather a 
haphazard way. The advent of graphical interfaces such as Windows is clearly a step in this 
direction as it brings in sight, through graphical objects, and touch, through a mouse. There is 
clearly a long way to go, although the destination can already be seen in the example of virtual 
reality (VR). At first sight, this technology might appear to be disembodying in that it actually 
does away with the necessity of real physical interactions and, as reported by Hayles, subjects 
have experienced the effect as de-actualizing or de-materializing their body. However, it is 
actually confirming the importance of embodiment but merely replacing the feedback between 
sensor and motor neurons that normally happens through the environment with a computer 
simulated one. The success of VR will depend on the extent to which it can mimic a response to 
all the nervous system's sensory modalities. How useful it will be is another matter. While there 
are obvious applications, for example in situations that are hazardous or difficult to reach, or over 
long distances, or in learning new skills, I personally would not expect that it would replace actual 
physical interaction in everyday situations. 

A related aspect of current developments in IT is that of computer-based telecommunications -
ie., computer-mediated communications and decision-making at a distance through the Internet 
or group decision support software (GDSS). While such technologies have obvious benefits, 
their disembodied nature clearly limits the quality and depth of the conversations that they 
support. One piece of research (Rocco and Warglien 1995) compared experimentally face-to-face 
with electronically-mediated decision making in a Prisoner's Dilemma type situation. The general 
fmdings were that the electronic groups found it much harder to establish cooperation through 
group cohesion: all the face-to-face groups established stable, high-return patterns of behavior, 
while none of the electronic groups did, although there was evidence that the electronic groups 
were better at pure, calculative, problem-solving. While this is only one, small-scale, study its 
interesting results point to the need for much more research on the effects of increasing 
disembodiment 

Another development is that of multimedia or hypermedia systems that synthesize a variety of 
different modes of interaction, for example, traditional computer displays, sound, photos, videos, 
simulations, and also allow access to be structured by, rather than imposed upon, the user. 
Theseus, developed by Harnden and Stringer (1993a, 1993b) is an interesting example. This is 
a generic system for generating different learning environments. It sees the computer not as a 
tool with predefined functions, but as a medium of linked multimedia objects within which users 
can actively explore particular domains, generating their own paths and links, and in the process 
altering the underlying connectivity of the media base. The quality of experience of the user is 
enhanced by the use of dramatic (e.g., computer-gaming and theater) and aesthetic effects in 
order to generate greater engagement and participation. The approach is based in part on 

'See, for example, Laurel (1991). 
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insights into cognitive processes in terms of embodied knowledge .... the focus of 
research has shifted from the problem of "representation," to the issue of 
"effective action" in an historically grounded process .... Relevance or not ... is not 
pre-given, but enacted or brought-forth, in an ongoing process of selection and 
punctuation. [Harnden and Stringer 1993a, p. 234, emphasis in original] 

We also need to look from the opposite perspective, being concerned not with more effective IS, 
but the effects of IT and IS on humans and human society in general. Here again, as the review 
in section 5 showed, these effects occur not simply at the abstract level of the availability of more 
information, surveillance, and control. They also occur at the level of the body, which provides 
the nexus both between our biological inheritance and our cognitive and social development, and 
between the external world of signs and information and the internal world of meaning. I would 
suggest that there is much scope here for interdisciplinary research concerning the effects that the 
process of disembodiment has already had, as well as those that are still to come. This is of major 
significance since developments in IS/IT are likely to determine the shape of human communica
tion and, indeed, cognition in the future. Hayles, for example, argues that developments in 
technology, particularly information technology, are one of the most important means by which 
our embodied, incorporated practices change over time, and that these changes in our 
embodiment in tum generate changes within the discursive realm of society. 

7. CONCLUSION 

This paper has put forward the argument that the disciplines of IS and AI need to become 
embodied. That is, they must move beyond the dualism of mind and body to recognize that 
human cognition and social action are inherently embodied. The body is a nexus for the 
interaction of both the individual and society, and action and cognition, and is, therefore, of 
central importance both for developing more effective information-based systems and for 
observing the effects of such systems on people and society. 

Research in this area needs to develop in a number of directions: 

i) Within AI, aiming to develop systems that actually learn and are cognitive in a similar way 
to human beings, that is, in a way that is embodied, experiential, activity-based, implicit, 
and non-representational. 

ii) Improving the effectiveness of IS by recognizing the divergent but complementary nature 
of human and computer processes, and explicitly considering the importance of 
embodiment at both the interactive level, e.g., interfaces, virtual reality, and multimedia, 
and at the decision-making level, e.g., communications and GDSS systems. 

iii) Examining the effects on individuals and society of the way that IS/IT has, so far, resulted 
in the disembodiment of much skilled and unskilled work, and particularly how 
technology is the fulcrum of changes to society's practices. 
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