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Introduction 

Ideas of artificial men or thinking machines have pervaded legend and litera­
ture from the earliest times (l). It is perhaps only in the last twenty years or 
so, however, that technologies such as industrial robots and artificial intel­
ligence have been developed which appear to have the potential to realize 
these ideas (2). The expression of such ideas and reactions to them have been 
diverse, embracing both the brightest utopian and darkest dystopian themes, 
and discussions are found in many different contexts, ranging from myth to 
critiques of current technology. 

Artificial human-like constructs tend to stand as symbols for scientific and 
technological knowledge in general, and, indeed, are often seen as the ulti­
mate products of such knowledge. The earlier myths and legends did not, 
of course, refer specifically to science and technology, but referred more 
generally to knowledge of an arcane and dangerous sort, often magical or 
mystical in nature. Consequently, accounts and discussions of robots tend to 
raise long-standing and very general issues, with perhaps an added degree of 
urgency and immediacy lent by the anticipated or feared potential of the 
currently developing technology. 

While discussions of robots are only rarely made the centerpiece of utopian 
and dystopian accounts, they are certainly very common components, largely 
on account of their symbolic importance and, indeed, are becoming an almost 
obligatory element. This essay, in discussing robots, therefore, is focused not 
so much on utopias per se, as on a particular common scientific element of 
utopian thought, albeit an element of general import. Robots and thinking 
machines, because of the existence of a body of literature often explicitly 
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utopian in nature, and the presence of a newly established area of practical 
scientific and technological activity, offer a convenient arena in which to 
examine the relation of utopian thought with the dynamics of scientific 
development. This is the major aim of this essay. In addition, more specific 
observations on the ideas and attitudes towards robots and thinking machines 
will be made. 

To these ends the images in the wider literature, especially science fiction, 
are explored in the first section and two major themes explicated; namely, 
robots as dangerous knowledge, and robots as a projection of man. 

The next section provides a brief outline of the actual state of affairs with 
respect to the practical developments in the areas of artificial intelligence and 
industrial robots. The situation is further explored by an examination of five 
typical positions adopted by protagonists in and around artificial intelligence 
research. The overall picture which thus emerges is one of the articulation of 
a new cognitive space, mapping the differentiation of scientific and tech­
nological artefacts and their associated social relations. Moreover, there are 
clear indications of the emergence of a new utopia. In the following section, 
the occurrence of this new utopia is put into a broader context, and finally 
conclusions are drawn about the relations between science and utopias in gen­
eral, as elucidated by the case of industrial robots and artificial intelligence. 

Images in the Wider Literature 

In this section I want to map out the structure of ideas pertaining to robots 

and artificial human-like constructs which is found in the general literature, 
as an indication of the ideas and attitudes prevalent in the wider society. 
Accounts are found in a wide variety of contexts including myth and legend, 
the utopian literature, science fiction and fantasy, as well as popularisations 
and critical discussions of science (3). 

Most accounts are very far removed from the areas of practical scientific 
and technological developments focused on in this paper. Consequently the 
influence of such developments on the wider literature has to date been 
rather limited, as will become abundantly clear. It will also become clear that 
the general ideas, especially the utopian/dystopian tension, tend to pervade 
and structure all accounts of robots, even those given by practitioners them­
selves. This provides a basis for arguing that a positive utopian view of robots, 
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closely associated as it is with a strong belief in the desirability of scientific 
progress, has been of great importance in the development of industrial robots 
and artificial intelligence, at the very least as a powerful motivating, mobilis­
ing, and legitimizing influence. 

The literature, however, is enormous and too voluminous to survey in 
full here: Patricia Warrick for instance surveyed some 225 short stories and 
novels in her book, The Cybernetic Imagination in Science Fiction (4). As 
well as identifying common themes she attempted to classify these writings, 
using a computer analysis based on 33 coded characteristics of each story, 
and arrived at three basic categories: the isolated system model; the closed 
system model which includes dystopian accounts; and the open system model 
which covers more optimistic 'speculative transforming' accounts. However, 
the association of 'closed' with dystopian, and 'open' with utopian is not 

altogether convincing. Warrick has perhaps too readily identified with a 
positive progressive view of cybernetics - as evidenced by her use of com­
puter analysis and systems thinking. Non-trivial, clear cut categories are 
difficult to identify in the literature, while on the other hand certain themes 
do appear to be compelling and relevant to prevailing attitudes and views on 
robots (5). I will focus therefore on some such themes as a means of dis­
cussing the literature. A great many are found in the literature on robots, but 
two in particular stand out: robots as dangerous knowledge, and robots as 
projections of man. 

Robots are frequently symbols for arcane knowledge, often seen as 
dangerous in nature; for instance the golem (from the Hebrew for a 'formless 
mass') was shaped from clay and brought to life by sacred rituals and utter­
ances, in order to protect the Jews in times of danger, and, unless great 
vigilance was exercised, it would run amok (6). More recently, of course, the 
mantle of dangerous knowledge has been taken up by science and technology, 
with robots and thinking machines often being seen as the ultimate products 
of such knowledge. Mary Shelley's novel is particularly interesting in this con­
nection as it appeals explicitly to the shift from mysticism to science: Victor 
Frankenstein goes on to study modem physiology and chemistry only after a 
thorough saturation in the works of the alchemists. It never becomes clear 
just what was the basis for the principle of life that "infused the spark of 
being into the lifeless thing", the monster that Frankenstein had assembled 
(7). But this knowledge certainly proves dangerous for Frankenstein, as 
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the monster inexorably causes the deaths of members of his family and 
household. 

Of central importance in the notion of dangerous knowledge is the ques­
tion of moral responsibility. While many accounts make reference to man 
playing or denying God, and draw upon the Faustian image of selling one's 
soul for material power, in others the morality is shifted from a religiOUS to a 
social or political domain. The issue of scientists' responsibility for the effects 
of their productions is complicated in the case of intelligent constructs, it is 
often suggested, by the question of responsibility towards the creation itself. 
Frankenstein is tom by this dilemma but chooses the former responsibility 
over the latter, and turns away from making a female companion for his 
monster lest they breed and overrun mankind, despite the monster's impas­
sioned pleas to his creator (8). 

This example introduces a related theme found in both fiction and non­
fiction contexts: a translation of the creation myth from religious to scientific 
terms, in which man acts as an evolutionary agent who brings into existence 
a superior kind of being. Samuel Butler developed this with an explicit appeal 
to Darwinian ideas. In Erewhon, all machines, no matter how elementary, 
were banned, because of the danger that they might evolve far more rapidly 
than biological organisms until they surpassed and could therefore replace 
humankind: 

there is no security against the ultimate development of mechanical consciousness, in 
the fact of machines possessing little consciousness now (9). 

Indeed, one favorite robot fiction plot parallels Ludwig Feuerbach's critique 
of religion in that a computer brain, the image of man writ large, actually 
becomes God, or at least something effectively omnipotent (10). 

The notion of dangerous knowledge inherently involves a dialectic between 
the beneficial and the negative potential of that knowledge. On the one hand, 
artificial man -like constructs are seen to take over all the drudgery, leaving 
human beings free to realize themselves in specifically human and creative 
ways. On the other hand, it is feared that the artificial constructs will usurp 
the prerogatives of human beings in both thought and action, leading to the 
consequent decline or stagnation of humankind. This tension pervades vir­
tually all literature and thought about robots. It is not the mere existence of 
positive and negative views towards robots that seems to be important but the 
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essential indeterminacy between the good and the bad that is crucial. While 
the utopianjdystopian implications are not always outlined in full, it is very 
hard indeed to find any reference to robots that does not, at least implicitly, 
draw on this backcloth. 

Signs of the utopianj dystopian tension can be discerned even in Franken­

stein, despite the overall pall of gloom. There are some gleams of good in the 
monster which does show itself capable of sensitivity and love (11). Perhaps 
if it had been nurtured, rather than deserted by its creator these gleams would 

have shone brighter. The archetypical expression of the dialectic, however, is 
to be found in Karel Capek's R.UR. (Rossum's Universal Robots), the play 
that popularised the word 'robot' (derived from the Czech word 'robota' 
meaning 'serf', with connotations of forced labor (12). R. UR. is a satire of 
capitalism; the robots are manufactured from artificial tissue (and would be 
termed androids in today's science fiction) as a source of cheap labor. They 
are made without emotions or a childhood, which are superflous from the 
viewpoin t of productive efficiency. Inevitably the contradictions of capitalism 
emerge: the displaced workmen riot against the robots; robots are used to 
quell the riots; and finally they are used as soldiers in wars between countries. 
Meanwhile Dr. Gall, head of the Physiological Department of RU.R., under 
the influence of Helena who is concerned for the wellbeing of the robots and 
wants them to have souls, has been experimenting with giving robots extra 
attributes, 'the physiological correlates' of the soul. These improved versions 
become leaders and organize the rest of the robots to revolt against the 
parasitic human beings. However, the robots fail to secure the secret of their 
own manufacture and appear doomed to extinction, after having already 
wiped out all of humankind. But in the last scene a glimmer of hope appears 
as Alquist, spared because he, too, works with his hands like the robots, wit­
nesses the dawning of love between two of the modified robots. He enjoins 
them to go out into the world as a new Adam and Eve, and the play ends 
with the Biblical quote ... "And God created man in his own image ... ". 

This is the classic statement of the utopianjdystopian dialectic, but there 
are many others in the literature. A particularly chilling depiction of a robotic 
utopia is given by Jack Williamson in his science fiction novel The Humanoid 
Touch (13). Here the robots, the 'humanoids', rapidly surpass man's own 
achievements. Under the impulSion of the 'Prime Directive': "to serve and 
obey and guard men from harm" which is built into their central plexus, the 
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humanoids zealously protect all human beings from any conceivable source of 
harm, including knowledge about dangerous technologies, and ensure their 
happiness by administering a drug, 'Euphoride'. This suffocating utopia of 
complete material security and absolute happiness is seen as a horrifying hell 
by some human beings, who flee and hide from the humanoids, choosing to 
retain the freedom and dignity that comes from achieving results by their 
own unaided efforts and making their own mistakes. However, in Williamson's 
much earlier book, The Humanoids, the same dystopian view is initially 
projected, but the negativity is not maintained throughout (14). Certain 
human beings are able to escape domination by the humanoids and, indeed, 
can command and control them. This is because they are of superior moral 
character, free from ambition, greed, or the will to use technology and 
knowledge for destructive purposes, and who therefore cannot come to hann 
from their use of such knowledge. Moreover, even those unfortunates lacking 
such moral strength can be educated by the computer complex controlling 
the humanoids, so that they too can eventually be set free. Williamson plays 
upon the utopian-dystopian dialectic, evoking first one interpretation then 
the other, so that the reader is never quite sure where he is. His major theme 
is that technological progress demands a corresponding development in human 
nature, to avoid technological destruction. 

Perhaps the most sustained attempt at portraying a positive view of a 
robot utopia is by Isaac Asimov. He consciously reacted against what he 
perceived as a generally negative view of robots and set out to build a realistic 
but positive view of the use of robots (15). At the core of his attempt lies 
his 'Three Laws of Robotics' which were first presented in 1941: 

(1) A robot may not injure a human being, or, through inaction, aJlow a human being 
to come to harm; 

(2) A robot must obey the orders given it by human beings except where such orders 
would conflict with the First Law; 

(3) A robot must protect its own existence as long as such protection does not 
conflict with the First or Second Law. 

These laws are written into the 'positronic brain' of every robot and are 
designed to avoid negative consequences. Yet even with Asimov's positive 
approach, dystopian possibilities emerge and are explored by him; for exam­
pie, the sterility of the world of Solaria, where a very small human population 
is supported in conditions of material lUxury by a host of robots (16). The 
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process of robotic support has gone so far that the human beings have come 
to avoid all physical contact between themselves, preferring instead the 
service of robots. This alienation from physical contact, with all communica­
tion by 'trimensional viewing', has resulted in the loss of most of the reason 
for living, and societal stagnation appears inevitable. 

The second major symbolic role played by robots in the literature is as a 
projection of man. Many accounts are not so much about robots as explora­
tions of specific, usually inadequate models or interpretations of man. Some­
times satire of current social conditions is involved, with the interpretation 
of man (or woman) projected as a robot, drawn from the assumptions 
enshrined in the social order taken to a logical conclusion. We have already 
seen this in the case of R. U.R. , and it is also evident in Aldous Huxley's Brave 

New World, with its mass-produced delta, gamma, and epsilon subhumans 
(17). While Huxley's subhumans were robotic by virtue of being made in 
several models for different purposes by modern process production tech­
niques, the characters in Y. Zamyatin's We became robotized on account of 
their subjection to an extreme extension of Tayloristic regimentation and 
despotic control. Most of their day and all of their lives is centrally ordered 
and directed, so that they eat in unison and partake of sexual activity in 
accordance with a strict timetable and voucher system. Nevertheless, they 
are still human, and have been robotized only figuratively, until the new 
'fantasiectomy' operation reduces their humanity even further (18). 

Satire is pushed over into speculative horror by robotization in a literal 
sense, in a book by Ira Levin, The Stepford Wives, made into a film of the 
same name (19). Here men, successful in their careers in high technology 
industry or business, can join an exclusive 'Men's Association' in the small 
town of Stepford. This entitles them to have a robotic simulacrum of their 
wives made, with all the 'imperfections' - small breasts, bad temper, women's 
lib. tendencies, etc. - ironed out. The resulting 'ideal' wives are the ultimate 
products of consumer society: they love housework, talk about nothing but 
television adverts, are totally submissive to their husband's desires, and do 
not interfere in any way with the men's careers: 

That's what they all were, all the Stepford wives: actresses in commercials, pleased with 
detergents and floor wax, with cleansers, shampoos, and deodorants. Pretty actresses, 
big in the bosom but small in the talent, playing suburban housewives unconvincingly, 
too nicey-nice to be real (20). 
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The satirical intent, however, always rests upon the ultimate inadequacy 
of the robots and the essential difference of robotic character from the full 
open-ended richness and potential of human nature. This difference, in most 
robot stories, draws upon a dichotomous epistemology implicit in the Western 
cultural tradition since Greek times (21), which sees men and machines as 
fundamentally contrasted, along with mind and matter, subjectivity and 
objectivity, intuition and calculation, creativity and mechanism, free will 
and determinism, emotion and logic, soul and soul-less, and so on. One of 
the most convincing explorations of the differences between men and robots 
is in Philip K. Dick's novel, Do Androids Dream of Electric Sheep?, the 
subject of the film 'Blade Runner' (22). In this account, set in a desolate city­
scape of the future, bounty hunters track down rogue androids. This is a 
difficult task since men and androids are very similar in all respects save for 
a crucial difference in their ability to show empathy. Ever more elaborate 
tests are devised to show up the difference, as the robot makers continually 
seek to perfect their products, and the situation can be complicated by the 
implantation of false memoires, causing androids to believe that they are in 
fact human. This crucial difference between human beings and androids 
becomes celebrated in a religious cult, Mercerism, which joins human beings 
together (as the androids can never be) in heightened empathetic awareness. 
In a quite literal sense then, in this story the robots are soul-less. In the film 
version the increasing Similarity between robots and human beings is taken 
further, and the bounty hunter falls in love with one of the female androids 
he is tracking, and goes off with her/it. 

In Asimov's stories the differences between robots and men are generally 
deliberately maintained by the robot manufacturers, with the robots being 
given metallic finishes and entirely logical and unemotional dispositions. 
Nevertheless, in some of his later stories, Asimov explores the possibilities 
of reducing or eliminating the differences. This idea is explicitly followed 
up in his 1976 novelette, The Bicentennial Man, where a robot, which has 
shown unusual signs of creativity (due apparently to some one-off chance 
variation in the manufacturing process) conceives a desire to become truly 
human (23). After undergoing many improvements to make it more and 
more like a human being, including a final one which takes away its machine­
like immortality, it is declared by the world president to be a bicentennial 
man, on the two hundredth anniversary of his/its manufacture. 
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But underlying all of Asimov's stories is a more fundamental difference 
between robots and human beings. The Three Laws of Robotics, even though 
they codify the principles of good human morality, as Asimov likes to point 
out (24), are nevertheless imposed on the robots, thus restricting their free 
will. A human being who adheres to moral principles is good precisely because 
he has chosen to do so, and has rejected other possibilities of his own accord. 
Robots in contrast do not have any option as far as the Three Laws are 
considered and are thereby determined. Their behavior can never be moral 
because it is necessary. But the irrepressible Asimov, in one of his more recent 
short stories, 'That Thou art Mindful of Him,' even finds a way in which 
robots can escape from the compulsion of the Three Laws (25). In this story, 
robots are given a capacity for judgment, so that they may make the best 
choice under conditions in which, whatever they do, human beings will come 
to harm. Judgment enables them to decide whether to follow the orders of 
a child, an idiot, or a criminal rather than a roboticist; thus modifying the 
Second Law. This (inevitably!) leads to the robots so endowed finding that 
they themselves are the most fit to give orders: 

By the criteria of judgment built into ourselves, then, we find ourselves to be human 
beings within the meaning of the Three Laws, and human beings, moreover, to be given 
priority over those others (26). 

Thus we see the difference between men and machines vanquished in yet 
another way, with rather sinister dystopian overtones. 

Nearly every conceivable combination and permutation of themes center­
ing around the implicit dichotomy between men and machines has been 
explored in the literature, even to the point of burlesque and parody. Pierre 
Boule (27) used the dichotomy in 'The Perfect Robot', where a brilliant 
professor designs, builds and perfects a breed of robots that can equal or 
better human beings in every conceivable way, yet they are not accepted as 
truly human-like, "lacking some undefinable characteristic" (28). Finally he 
solves the problem by introducing error and imperfection in to the mechanisms 
of his robots. Then, and then only, are the robots recognized to exhibit fully 
human characteristics: they make mistakes and are imperfect - just like 
human beings. 

Stanislaw Lem explores the dichotomy from the other side as it were, with 
his customary satirical humor and immense philosophical erudition, in The 
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Cyberiad - Fables for the Cybernetic Age (29). This series of stories features 
the constructors, Trurl and Klapaucius, who, the reader gradually realizes (for 
it is never made fully explicit) are robotic beings from a world set either in 
the future or in a wider cosmological context in which robotic intelligences 
playa full part. The logic in Lem's stories appears to be preposterous, but it is 
in fact a parody of the style of reasoning found in certain mathematical and 
philosophical contexts, particularly in automata theory (30). Lem's portrayal 
of a cybernetic world cannot be characterised as either utopian or dystopian, 
but rather as simply unexpected. In one story, for instance, Klapaucius finds 
a society of beings (the H.P.L.D.'s) at the Highest Possible Level of Develop­
ment. Nothing much appears to be happening: 

The plain shimmered beneath the square sun. Here and there, things stuck out of the 
sand, things like broken wheels, sticks, bits of paper and other rubbish, and the inhabi­
tants lay any which way among them, one on his back, another on his stomach, and 
farther on was one with his legs up in the air. He wasn't a robot, but on the other hand 
neither was he a man, nor any sapient protenoid of the glutinous-albuminous variety. 
The head was round and plump, with red cheeks, but for eyes it had two penny whistles, 
and for ears it had thuribles, which gave off a thick cloud of incense. He was dressed in 
orchid pantaloons, a dark blue stripe down either side and appliqued with dirty scraps 
of closely written paper, and he wore high heels (31). 

Throughout the Cyberiod there are constant digs at man's arrogant assump­
tion of himself as the pinnacle of evolution, such as the above reference to 
"sapient protenoids of the glutinous-albuminous variety". This is taken to an 
extreme in 'Prince Ferrix and the Princess Crystal'. Princess Crystal has deter­
mined to marry none but a human being, a 'paleface'. Prince Ferrix, desiring 
her hand, is disguised as a paleface by the sage Polyphase who: 

... took a blob of oily filth, dust, crud and varied grease obtained from the innards of 
the most decrepit mechanisms, and with this he befouled the princes vaulted chest, viley 
caked his gleaming face and irridescent brow, and worked till all the limbs no longer 
moved with a musical sound, but gurgled like a stagnant bog. And then the sage took 
chalk and ground it, mixed in powdered rubies and yellow oil, and made a paste; with 
this he coated Ferrix from head to toe, giving an abominable dampness to the eyes, 
making the torso cushiony, the cheeks blastular, adding various fringes and flaps of the 
chalk patty here and there, and finally he fastened to the top of the knightly head a 
clump of poisonous rust (32). 

Even this disguise, however, could not match the 'genuine monstrosity' of a 
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real 'paleface'; but of course the Princess Crystal comes to her senses and 
marries Prince Ferrix after all. 

Thus Lem devastatingly mocks the man is perfection school, who would 
hold that any attempt at constructing artificial intelligence or robots is mis­
guided if not impossible. But at the same time he ridicules the opposite view 
that robots will be super intelligent and far superior to human beings. His 
cybernetic universe is 'peopled' by robots like the constructors Trurl and 
Klapaucius, who are all too fallible, petty and generally unreasonable, in 
short, human - despite their phenomenal intellectual powers. 

The dichotomous epistemology, however, does not enter only into discus­
sions about robots and artificial intelligence, but also emerges in other con­
texts and in particular in debates about the differences between male and 
female. Interestingly, it is feminine rather than masculine attributes that are 
emphasized in opposition to the machine, which becomes characterized as 
masculine, as is evident from Figure 1. Nevertheless, as Christine Woesler de 
Panafieu has pointed out, issues of gender are clearly important in the litera­
ture on robots and in early activity with automatons, expecially in France in 
the 18th and 19th centuries (33). Many recent stories feature female robots, 

Man Machine 

Intuition (f) Calculation (m) 
Irrational (f) Rational (m) 
Emotion ([) Logic (m) 
Mind (m) Body ([), matter (-) 
Feeling (f) Reason (m) 

f= female Subjective (f) Objective (m) 
m= male 

{ Freewill (m) 
Determined (-) Willfullness (f) 

Soul (m) Soul-less (f?) 
{Creative (m) 

Automatic (-) 
Procreative (f) 

Fig. 1. Man/Machine and Male/Female dichotomies. 

Of the attributes listed, only in the mind/body and soul/soul-less pairs is the masculine 
attribute emphasised in Man, and in those cases the attribution of a feminine charac­
teristic to the machine is not strong. The categories of 'freewill' and 'creative' can be 
further differentiated into the stereotypical feminine 'willfullness' and 'procreative', 
but these are still distinct from the corresponding machine attributes. 
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and depend for their dramatic effect upon the contrast between the calculable 
and rational nature of robots, and the intuitive and irrational feminine stereo­
types (34). A common theme is one in which a human male falls in love with 
a female robot (35). 

The classic example (though not the first) in the science fiction literature, 
is the short story 'Helen O'Loy' by Lester del Rey (36). Two colleagues, Phil, 
a medical man, and Dave, a robot specialist, begin thinking about emotions 
and robots, and experiment with a domestic robot model, giving it mechanical 
glands - "complex little bundles of radio tubes and wires that heterodyned 
on the electrical thought impulses and distorted them as adrenalin distorts 
the reaction of human minds". Their experiments are only too successful, 
and the robot, Helen, falls completely and passionately in love with Dave. 
This naturally causes difficulties, but the two men do not have the heart to 
''yank her coils", especially when the robot protests to Phil: 

Don't, please! I can't think of myself that way; to me, I'm a woman. And you know how 
perfectly I'm made to imitate a real woman ... in all ways. I couldn't give him sons, but 
in every other way ... I'd try so hard, I know I'd make a good wife (37). 

Dave eventually realizes he returns her love and accepts her as his wife. Phil 
never marries, however; for he, too, loved her. 

No doubt, this theme is a projection of the male desire for an ideal female 
who is free from the 'unreasonableness', the deep and dark secrets of real 
human women, as Wocsler de Panafieu suggests. At the same time, it is a 
reassertion of the belief in, and fascination with, scientific progress, per­
sonified (?) or symbolized by the robot, an extreme version of the male 
worship of machinery and technological artefacts such as the modern auto­
mobile (38). 

Moreover, scholarship from a feminist perspective is demonstrating the 
relevance of gender ideology for the analysis of scientific development in 
general (39). The institutionalization of science involved the elevation of 
a particular form of rationality, which was sharply separated from ethics 
and opposed to feeling and intuition (40), a rationality clearly identifiable 
as masculine in nature. Consequently, the masculine characterization of 
'machine', in the man/machine dichotomy is perhaps not surprising. Further­
more, Evelyn Keller has discussed how, as this institutionalization progressed 
in the 17th century, there was a marked polarization of the notions of 
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masculine and feminine, "in ways that would prove eminently suitable to the 
growing division of work and home required of early industrial capitalism" 
(41). In the light of this, the occurrence of stories about female robots, often 
specifically for domestic or leisure use, should not be unexpected. Nor is it 
perhaps surprising that today the point has been reached where, in both the 
man/machine and male/female cases, the validity of the stereotypes is crum­
bling and is threatened by replacement with newer conceptual categorizations. 
With the meshing, albeit imperfect, of the man/machine and male/female 
dichotomies, therefore, we see issues of more general import raised once again 
and the role that robots play in the literature as symbols for science and 
technology reconfirmed. 

The distance of the accounts in the wider literature from present scientific 
and technological developments is in general all too obvious and underlines 
this symbolic role. There is a marked tendency to discuss the situation in 
terms of a full development of intelligence, neady always embodied in an 
anthropomorphic form, if not as a thinking, feeling robot, then at least as a 
brain concerned with concepts and even desires in a wholistic human-oriented 
sense. The great gulf separating fictional robots from their real counterparts 
will become even more obvious after the brief outline of artificial intelligence 
and industrial robots in the next section. The model for the images in the 
literature is clearly man himself rather than any presently existing artefacts, 
even where authors have been informed or aware of these, as for instance 
with the writings of both Lem and Asimov. Warrick also makes this point 
after her wide ranging survey, and she suggests that "perhaps a new category 
- fUturistic fiction - is needed, less supernatural than fantastic fiction, but 
less rigorously grounded in science than SF" (42). I would further observe 
that as far as robots are concerned, even accounts purportedly of serious 
intent and allegedly well based in science tend to indulge in rather wild asser­
tions and speculations. I. J. Good's prediction of the first ultra intelligent 
machine by 1978 is a case in point (43). Another is Carl Sagan's description 
of the simulated robot in the language understanding program written by 
Terry Winograd, as an actual physical machine capable of real world percep­
tion, interpretation and manipulation, thus suggesting that a development 
still very far offfrom realisation was already in existence (44). 
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The Technologies and Their Development 

After having discussed some of the general ideas about artificial human-like 
constructs, I will now briefly describe the practical state of the art in artificial 
intelligence and industrial robots, and give an outline of development to date. 
This task is made difficult because the images and ideas already in existence 
and in general circulation tend to pervade views about the current tech­
nologies, on the part of both supporters and critics. 

Artificial intelligence is a computer-science related enterprise which 
emerged in the late 1950s, aimed at building computational models of aspects 
of so-called intelligent behaviour (45), usually in terms pitched at the con­
ceptual level of thought itself, rather than at the physiological level of the 
processes underlying thought (46). The physiological level in fact provides 
the focus for attempts at modelling intelligence from the quite different 
perspective of cybernetics. Rather than being a substantive area oriented to 
the elaboration of a theoretical structure which comprises its subject matter, 
artificial intelligence has so far been based on a body of programming lan­
guages and practices, methods, techniques, and approaches. These have been 
passed on via the master/student apprenticeship process, and only recently 
have textbooks, formal courses and easily accessible exemplar programs 
become available. Theoretical work tends to be concerned on the one hand 
with the formal elaboration of this central core of methodology (47), and on 
the other hand with very speculative discussions about what constitute the 
major problems to be addressed. List processing languages, notably Lisp and 
more recently Prolog, are the basic tools for research, and are oriented to 
non-numerical uses, thus contrasting with conventional languages which are 
numerically oriented (48). This non-numerical emphasis, with a focus on logic 
and structure pitched at the conceptual level, is a crucial characteristic of 
artificial intelligence and plays an important part in the debates over whether 
work in the area is dehumanizing or not. 

The central core of research tools is applied in a bewildering and increasing 
variety of application areas - vision, language understanding, medical dia­
gnosis and metamathematics, to mention but a few. This efflorescence of 
research areas (schematically depicted in Figure 2) accompanies and reflects 
a move from the great optimism in the early days of artificial intelligence 
research during the 1950s and early 1960s, to a more differentiated state of 
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affairs. Early optimism was evident, for example, in the attempts at Carnegie 
Mellon to build a 'General Problem Solver' (GPS), which could deal with any 
area of knowledge (49). After many years of effort during which the suite 
of programs comprising GPS became never more elaborate and articulated, 
reflecting the extent and complexity of the areas of knowledge concerned, 
the "val of a general intelligent inference mechanism was abandoned. In its 
stead a new goal - the representation of knowledge in restricted task domains 
- emerged. This approach explicitly recognized the specificity and con­
tingency of knowledge with less emphasis on a simple correlation between 
intelligence and inference (50), altogether a very much more modest stance. 
A recent attempt to isolate a framework for representing and achieving 
'intelligent' performance was given the acronym AGE - Attempt to General­
ized - in recognition of this shift (51). 

One of the most publicized application areas of artificial intelligence 
research is robotics, with intelligent robots, machine vision, and sophisticated 
assembly systems being investigated. Machine vision systems for robots have, 
in fact, already reached the stage of being marketed (52), but the artificial 
intelligence work is experimental, and not directly associated with the prac­
tical area of industrial robot technology which has emerged over the last 30 
years. This technology emerged in the broader context of mechanisation and 
automation in production processes, as discussed by A. P. Usher, J. R. Bright 
and B. M. Bell (53), and summarized by R. Zermeno-Gonzalez as follows: 

Firstly, mechanisation is a process of refinement of machinery and of extensions to three 
fundamentally different tasks: transformation, transfer, and control. Secondly, refine­
ment follows a trend towards the complete and continuous control of motion making 
the machine progressively independent of direct human intervention. This in tum 
demands the achievement of mechanical precision and adaptable control. Thirdly, 
mechanisation spreads to new tasks in a stochastic manner but steadily approaching the 
total integration of the factory (54). 

The invention of the industrial robot is generally attributed to George 
Devol in 1954, but it was not until the early 1960s that the now standard 
industrial robot first became available on the market (55). The basic industrial 
robot configuration is that of an arm-like mechanical structure, free to move 
in unconstrained three-dimensional space (and therefore able to interface with 
a wide range of other machines) and with some control system that renders 
it autonomous. The arm is equipped with grippers or tools for carrying 
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out various tasks. There are also mobile robots which share the attributes 
of being free to move in space, and are autonomous, but these are not yet 
standard. 

There is ~ wide range of robot-like devices (see Table I) as well as a wide 
range of robot applications: paint spraying, spot welding, arc welding, ma­
chine loading and unloading, palletizing, test and inspection, general handling, 
and assembly; but it should be noted that the total numbers actually in use 
are still relatively small: well under a thousand in the UK in early 1983 for 
instance, with very few indeed, several dozen at the most, in assembly, the 
most difficult area. Industrial robots vary in sophistication along several 
dimensions: the mode of construction, number of degrees of freedom; coor­
dinate systems (according to the way in which movements along the 3 major 
positional axes are attained); control systems and the associated methods of 
programming; and the source of power. Different types of robots (there are 

Class of device 

Servo-assisted hoists; tele-
operator/telechiric systems 
for remote handling 

Pick and Place Devices (PPD'S) 

Playback robots 

Computer controlled robots 

Modular robots 

Mobile robots 

Robotic systems 

TABLE I 
Robotic subgroups 

Autonomy Structural 
versatility 

None, require Varies 
human 
operation 

Yes Low 

Yes Varies low-
high 

Yes Varies 
medium-high 

Yes Can be built 
to required 
level 

Yes Varies: free 
to move bodily 

Yes Varies 

Control 
versatility 

Supplied 
by human 
operator 

Generally low 

Low-medium I 
N 
D 

High U 
S 
T 

Varies R 
I 
A 

R 

L 
0 

Varies B 
0 
T 

Varies S 
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several hundred models on the market) are best suited to different applica­
tions: cheap limited sequence, pneumatically operated devices are commonly 
used for plastic injection machine unloading, while revolute, hydraulically 
operated robots with continuous path control (Le. one in which many points 
are sampled on a time basis to give a smooth play back of recorded move­
ments) tend to fmd use in paint spraying. This latter type of robot, with a 
revolute configuration similar in appearance to an upSide-down human arm, 
can make large fast movements in intricate patterns, but cannot achieve 
extremely high degrees of accuracy. Smaller revolute, electrically driven 
robots with more sophisticated computer control can achieve better accuracy 
and repeatability, and have been used for applications demanding closer 
tolerances such as arc-welding and simple assembly tasks. 

As with artificial intelligence there were initially great hopes: The indus­
trial robot was portrayed as a stand-alone general purpose machine (especially 
by J. F. Engelberger ofUnimation, 'Mr robotics') (56), in distinction to other 
fonns of automation, and there was believed to be great and immediate scope 
for widespread applications. In 1964, for instance, when GKN of the UK 
took up the licence for the American designed Unimate (the first commer­
cially available industrial robot), it was thought that several thousand would 
be installed in a matter of months in GKN alone (57)! In the event, those 
hopes were soundly dashed - there were fewer than 200 units in use in the 
whole of the UK at the end of 1979, and in general diffusion everywhere was 
much slower than the manufacturers and promoters had expected, with only 
some 20-30 thousand robots in use worldwide by 1983 (58). Moreover, the 
purported general purpose character of industrial robots requires careful 
qualification. There has emerged a wide differentiation of robot types, as 
noted above, and practical experience has clearly demonstrated that certain 
robots are best suited to particular tasks. Thus anyone robot embodies an 
element of flexibility within a narrow range of applications, rather than the 
full blown universality originally conceived. Furthennore, experience has also 
shown that the successful implementation of industrial robots is not a simple, 
immediate matter of plugging in a device bought 'off the shelf', but rather a 
lengthy process of robot applications engineering and organizational adjust­
ment (59). Indeed, the growing body of robot applications knowledge, which 
is crystallizing from the collections of rules of thumb and the tacit knowledge 
gained from practical experience in the use of robots, is emerging as a newly 
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formalized and institutionalized element of production engineering, with 
robotics M.Sc. courses now on offer. 

Clearly these industrial robots are far removed from 'thinking machines' 
or any notion of human-like robots, such as are found in the wider literature: 
their computational capacity does not extend beyond the calculation of 
relative positions and space-time trajectories, while the most sophisticated 
artificial intelligence component so far utilized in robotics, vision, is only 
rarely exploited. Likewise, with artificial intelligence research, very little 
progress has been made towards the full realization of an artificial thinker in 
a holistic sense. Progress - very dramatic in some cases - has only been made 
in extremely circumscribed terms. Very limited conversational exchanges can 
be sustained in very restricted domains of meaning, for example, and 'expert 
systems' provide a methodology for replicating the operational knowledge 
of human experts in specific areas, such as medical diagnosis or mineral 
prospecting. It appears highly likely that progress towards the unmanned 
factory or office of the future will come more from the continued rationaliza­
tion of production processes and administrative procedures along Tayloristic 
lines, and their piecemeal automation, than from the development of man­
like robots able to replace arbitrary workers (60). 

But development in artificial intelligence and industrial robots cannot and 
should not be written off because little progress has been made towards a 
man-like robot (61). Despite the high flown rhetoric and continued specula­
tion about the possibility of such developments in the future (62), this 
simplistic and utopian goal has been superseded as far as the practical scien­
tific and technological activity is concerned. Instead, a differentiated set of 
more articulated and specific aims, with specialized knowledge and expertise 
developing around them, now structures and gUides research and development. 

This all adds up to the emergence of a new articulated area of knowledge 
covering the problem areas of artificial intelligence and industrial robots. New 
detailed problems and issues are being generated and created by the practical 
activity in these areas - problems and issues of which previously there was 
little or no conception or perception - and new structures of knowledge are 
being developed to explain and map them. 

When the rather mundane practical developments are compared to the ideas 
and images in the wider literature there seems little point of contact. Never­
theless, high levels of motivation and enthusiasm on the part of practitioners 
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and widespread public interest have been a noticeable feature of development, 
in both artificial intelligence and robots, and without doubt have drawn upon 
the more positive utopian imagery for inspiration. The constant reference to 
Asimov's three laws and the now general use of the term 'robotics' coined 
by him, rather than the alternative 'robotry' offered in the Oxford English 
Dictionary, are perhaps indicative of this (63). Warrick also comments on 
the largely enthusiastic attitudes among computer scientists (64). 

And yet, in fact, industrial robots so far have been slow to diffuse, their 
economic feasibility has been difficult to demonstrate, and robot manufac­
turers have found it hard to achieve profitability (65). Despite this, excite­
ment still prevails and there is much activity, with well over two hundred 
manufacturers in what is a relatively small market (66). High levels of interest 
exist even at the national levels and industrial robots attract much more 
attention than numerically controlled machine tools, for example, which are 
arguably of far greater importance for the modernization of industry. This 
interest is based on the assumption that robots will be of great importance 
in the future. At the same time there is disquiet over the effects on employ­
ment, while newspapers and the management literature constantly refer to 
the fear of labor resistance, despite the fact that there is little or no evidence 
of any such resistance (67). 

The evidence is clear, therefore, that the utopianjdystopian tension per­
vading the literature has also conditioned responses to the present generation 
of industrial robots. More importantly, it seems likely that utopian attitudes 
may well affect future developments through the self-fulfilling prophecy 
mechanism, by accelerating diffusion beyond that which would have been 
sustained on purely economic or technical grounds. Robots have become a 
symbol of national technological progress (68), a sort of international virility 
symbol, to such an extent that many companies have already introduced 
them without concern for the economics, to prove to themselves and others 
that they can handle new technology (69). Similarly many countries have 
grant schemes to promote the diffusion of robots (70). 

Attitudes Toward Thinking Machines on the Part of Practitioners and Their 
Critics 

Although a positive utopian attitude appears to prevail towards the current 
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simple industrial robots, there is also much concern, especially over the use of 
more sophisticated devices. In particular, there is a lively debate centering on 
artificial intelligence, which also covers robots of a more 'intelligent' variety. 
No one simple position is adequate to characterize the complicated situation 
obtaining here. I have, therefore, selected five typical positions which I think 
cover the range, and which also tend to be characteristic of the various groups 
in and around artificial intelligence research. 

The five typical positions are: 
(1) The simple utopian ideology of artificial intelligence. 
(2) Artificial intelligence is in principle impossible and dehumanizing be­

cause it is reductionist - the simple dystopian view of artificial intelligence. 
(3) Artificial intelligence is not impossible, but may be dehumanizing 

because it embodies an alien technological rationality. 
(4) Artificial intelligence offers a way of humanizing technology, because 

it takes explicit account of human cognition. 
(5) The approach embodied in artificial intelligence research has revo­

lutionary potential, because it offers the possibility of transcending the 
dichotomous epistemology - a new utopia? 

The Simple Utopian Ideology of ArtiFzeial Intelligence 

Essentially, most artificial intelligence practitioners believe in the approach 
they are adopting. Some are certain that the approach is in principle com­
pletely all right, as was Alan Turing, the pioneer of the theory of computa­
tion (71), while others at least believe it is fruitful and worthwhile, and that 
the limits are a long way off. Occupying an extreme position, there are those, 
often hardware specialists or those most interested in the engineering applica­
tions of artificial intelligence and robotics, who hold the view that people 
are just sophisticated computers or 'meat machines', and who see nothing 
dehumanizing or necessarily reductionist about this: indeed, they often go on 
to discuss seriously whether computers will have the vote (72), when super­
intelligent machines will emerge (73), and how they will then treat human 
beings, their intellectual inferiors - one suggestion being that they will treat 
them as pets (74). In general, these people do not think that by replicating 
human behavior there will be a necessary belittling of what human beings can 
do; rather they tend to emphasize the positive possibilities, the potential for 
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removing drudgery and releasing people for creative activities or more leisure. 
This 'releasing people for more fruitful activities elsewhere' is a particularly 
common slogan in the promotional literature on industrial robots, whose 
main selling point is that they 'save labor' (75). The point that robots have, 
in fact, already led directly to redundancies and therefore unemployment in 
individual cases (76), is systematically glossed over, or ignored (77). 

Clearly, then, this position constitutes a simple utopian ideology, a robotic 
version of the standard technological utopia, and substantial numbers of 
people subscribe to it. However, it is interesting to note that this utopian 
ideology tends to be most strongly held by newcomers to artificial intelligence 
or those on the margins. Furthermore, it was more characteristic of the area 
in general in the early days of research in the 1950s. Long standing and 
centrally involved practitioners tend nowadays to be more diffident and 
circumspect in their views, and while they may believe that ultimately robots 
will become social actors along with human beings, they are increasingly 
aware that moral and political issues are involved, and therefore can conceive 
that negative consequences may follow. For instance, Marvin Minsky, the 
'meat machine' man, advised on the portrayal of HAL, the computer which 
took over a space mission and killed the human astronauts in the film 2001 
(78). 

Part of the reason for this shift in the state of affairs is that the standard 
artificial intelligence apprenticeship, the writing of a substantial computer 
program, generally involves the frustrating experience of wrestling for three 
years or longer to get the program to do something that people, even children, 
find easy. This greatly increases respect for human abilities and encourages an 
awareness of the complexity and subtlety of the issues involved. The process 
of goal differentiation and the efflorescence of research areas in robotics and 
artificial intelligence, already remarked, further increases this awareness, as 
many conflicting positive and negative consequences become obvious to the 
involved practitioners. 

Another part of the reason, and one which follows the analysis of the 
development of new specialties given by W. O. Hagstrom (79), is that in the 
early days strong programmatic claims were made for research in the area, 
in order to win support and funding. With the successful establishment of 
the area, the need for such a utopia, as Hagstrom terms it, is diminished. In 

fact, nowadays one often finds concern over the dangers of overselling the 
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value and power of the products of artificial intelligence research (80). 
Newcomers and marginals, however, are not in a position to have developed 
an awareness of the complex and subtle issues involved, and therefore tend to 
go for the more simple and clear-cut utopian ideology. 

But at the same time, there are many others, especially those in the 
humanities and those with phenomenological or holistic views of human 
nature, who view the prospects of the development of artificial intelligence 
and robots - for example the idea of human beings being treated as pets -
as being profoundly dystopian. In a corresponding, but contrasting, position 
to the simple utopian extremists who believe a super intelligence will emerge, 
some believe that artificial intelligence is simply impossible in principle and 
that in any case the whole program is reductionist and dehumanizing. 

The Impossibility of Artificial Intelligence and Its Reductionist Nature - the 
Simple Dystopian View of Artificial Intelligence 

This is a very common position and many variants exist among critics of 
artificial intelligence, especially those with a philosophic bent and who are 
not involved directly with research in the area. It has been most extensively 
worked out by Hubert L. Dreyfus in his book What Computers Can't Do: 
The Limits of Artificial Intelligence (81). Dreyfus, a professor of philosophy, 
has been critical of work in artificial intelligence since the mid 1960s, and has 
taken part in many public debates. 

Dreyfus explicitly focuses on the digital nature of artificial intelligence, 
the rule-governed character of programming, and what he sees as the undue 
formalization inherent in computational models. He argues from a phenom­
enological Gestalt perspective that these features are inadequate in principle 
for dealing with human thought and behavior. The brain does not operate on 
a digital basis, but an analogical one; hence the digital approach is wrong. 
Moreover, he believes behavior is not formalizable, because human beings do 
not, in fact, follow rule-governed information processes as used in artificial 
intelligence. Rather, there are uniquely human forms of information pro­
cessing - 'zeroing in' in perception, or thinking with fuzzy ambiguous con­
cepts in non-logical intuitive ways. Thought in human beings is mediated 
through, and is inseparable from, emotional aspects. Moreover, on ontological 
grounds artificial intelligence is wrong because the type of data computers 
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can deal with is restricted to the discrete, explicit, and determinate. Dreyfus 
is implacably opposed to artificial intelligence because he sees it as putting 
forward a view of man which misses what is essentially human; and also 
because in the long term, due to the malleability of human nature, people 
may in fact become like machines. It is perhaps surprising, but nevertheless 
consistent with his arguments that he does accept the in principle possibility 
of an analogically synthesized intelligence. This is a common feature among 
variants of this position, and appears to act as a counter to accusations of 
vitalism or religiOUS fundamentalism - which, of course, are positions even 
more fundamentally opposed to the whole artificial intelligence endeavor. 

Dreyfus has stirred up much protest in artificial intelligence circles, not the 
least because of his imputation of deliberate bad faith to leading artificial 
intelligence workers. He also arouses anger because he makes technical judg­
ments and assessments that clash with the standards of practitioners in the 
area. They think he is simply incompetent and perverse in his interpretation 
of much work in the area, all the more so as he claims to have actually read 
and seriously considered that work, unlike many critics who base their judg­
ments on a very detached understanding of what it is all about (82). An 
example, worth discussing because it is so often picked upon, concerns the 
digital basis of the computer and the implications of considering the analogical 
nature of the operation of the human brain. Allen Newell and Herbert Simon, 

leading artificial intelligence practitioners, commented on their approach: 

It can be seen that this approach makes no assumption that the 'hardware' of computers 
and brains are similar, beyond the assumption that both are general purpose symbol­
manipulating devices, and that the computer can be programmed to execute elementary 
information processes functionally quite like those executed by the brain (83). 

Dreyfus interprets this to mean that artificial intelligence people assume 
the brain operates by a biological equivalent of on/off switches (84). But 
Newell and Simon are explicitly rejecting this. They are saying there is only 
a fUnctional similarity, which is shown in the end results concerned with 
modelling thinking. 

Artificial intelligence workers also find it ironic that Dreyfus should attack 
artificial intelligence on Gestalt grounds, since they have explicitly appealed 
to such work as that of Edmund Hussed, in coming up with ideas for 'frames' 
and contexts of meanings (85). Moreover, as we have seen, artificial intel-
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ligence work has moved increasingly towards emphasizing the importance and 
irreducibility of knowledge and skills, and is evolving methodologies which 
attempt to model such aspects in a structural and qualitative manner. While 
artificial intelligence practitioners are attacked for being reductionist, they 
see themselves as countering the greater reductionism of the dominant para­
digm of behaviorism. 

The view that artificial intelligence is in principle impossible and is reduc­
tionist thus comprises a simple dystopian view which contrasts digital and 
analogue, calculation and intuition, artificial intelligence and man, and draws 
on the dichotomous epistemology implicit in the wider ideological super­
structure to distinguish man and machine. Although practical research in the 
area is explicitly considered, it is interpreted in a manner at odds with the 
practitioners' own conceptions and intentions, and strongly informed by the 
mind-machine images in general social currency and in the wider literature 
already reviewed. It is clear that it is a position that will be congenial to the 
wide ranging group holding epistemological commitments opposed to those 
held by artificial intelligence practitioners. Moreover, this group will tend to 
be non participating in, and indeed, highly critical of work in the area. It is 
also a long-standing antagonistic position. Michael Polanyi took up a similar 
position against Alan Turing's utopianism in meetings in Manchester in the 
1940s (86). 

However, the in principle impossible position is not the only distinctive 
one taken up by critics of artificial intelligence research. There is another 
well worked out stance that draws upon a similar tradition of thought as 
articulated by Herbert Marcuse, Jiirgen Habermas and others, but applies it 
specifically to robots. 

Artificial Intelligence Is Not Impossible, But May Be Dehumanizing Because 
It Embodies an Alien Technological Rationality 

Here ideas of instrumental rationality as a source of domination are intro­
duced, and the notion that artificial intelligence is impossible in prinCiple is 
replaced by the idea that it constitutes an alien rationality which is thereby 
morally questionable. Moreover, the issue of a dystopian outcome derives 
from an overtly political process, having its roots in the domination of certain 
groups in society over others, a domination which, to quote Marcuse: 
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... generates a higher rationality - that of a society which sustains its hierarchic structure 
while exploiting ever more efficiently the natural and mental resources and distributing 
the benefits of this exploitation on an ever larger scale. The limits of this rationality, and 
its sinister force, appear in the progressive enslavement of man by a productive apparatus 
which perpetuates the struggle for existence and extends it to a total international 
struggle which ruins the lives of those who build and use this apIJaratus (87). 

This sort of position tends to be taken by those who are close to the artificial 
intelligence activity, often being technically involved, so that they can appre­
ciate the real power of some results, but who have strong doubts over their 
use and can see potential danger in their widespread application. They also 
tend to have a social and political awareness, in contrast to the two preceding 
positions which tend to be held by people who see the issues in strongly 
individualistic or psychologistic terms. 

The position is well exemplified by Joseph Weizenbaum's book, Computer 
Power and Human Reason (88). Weizenbaum is a computer scientist who in 
fact has carried out some work in artificial intelligence, in language under­
standing, with a celebrated program ELIZA, the subject of many anecdotes. 
Weizenbaum was horrified to see how people read too much into this program 
and would even become emotionally involved with it, and this led him to 
discuss the dangers of work in the field. Weizenbaum sees the computer as a 
special case of instrumental rationality (as discussed by people such as Lewis 
Mumford, Jacques Ellul, and Theodore Roszak) which is often taken too 
far. Instrumental rationality turns everything into a technical issue, so the 
reality of human conflict and human values is denied. There is a tendency for 
scientific knowledge to delegitimize other ways of understanding, and the 
computer is a powerful public metaphor in which programmability becomes 
the only basis for explanation. The use of the computer fossilizes established 
institutions along conventional political lines and limits the kind of questions 
that can be asked, and the kind of data that is appropriate. It can have the 
effect of making people see men as machines, and the myth of technological, 
political, and social inevitability removes responsibility from those who 
believe it. Working with the computer can have dehumanizing effects on 
programmers: one finds a type - the compulsive programmer - who sees 
the whole world in teons of programming and pays little attention to other 
views of reality: programming becomes a self validating system of thought 
detached from human experience. 
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Weizenbaum does not say artificial intelligence is in principle impossible 

though he has doubts about its power. Rather he thinks that the impossibility 

of computers experiencing human socialization and development, where 
people come to know certain things as a consequence of being treated as 

human beings, means that computers, if they do develop intelligence, will 

develop an intrinsically alien intelligence. Moreover, he does accept as good 

some aspects of artificial intelligence. It shows up logical inadequacies in 

theories, can provide insight, and demonstrates how utterly primitive is our 

current knowledge of the human mind. 

Weizenbaum appeals to the consciences of scientists, and asks them to 

choose not to do certain work, and to consider whether they ought to be 

doing what they are. In particular, he thinks two categories of work should 

not be developed: firstly, applications which arouse strong feelings, such as 

those involving interpersonal respect, understanding and love (for example, 
psychoanalysis (89)), and, secondly, those applications where there is a clear 

possibility of the occurrence of irreversible changes and undesirable side 

effects, especially when no pressing need is satisfied (for example, automatic 

speech recognition, which is expensive and therefore tends to be concentrated 

in the most powerful hands, with the attendant danger that it might be used 

for a repressive eavesdropping apparatus from which no-one could escape). 

This clearly constitutes an instance of the central inspection principle, a 

common element of dystopias, which originated as the panopticon of Jeremy 

Bentham, and is discussed by Michael Winter (90). 
However, essentially the same structure of beliefs about the technical 

possibilities of artificial intelligence and robotics appears to be characteristic 

of other practitioners within the field, but interpreted in an overall utopian 
rather than dystopian form, in line with their interests as continuing and com­

mitted participants in the area. The position put forward by Donald Michie, 

professor of Machine Intelligence at Edinburgh University, in several of his 
articles and lectures is a convenient example here (91). 

Artificial Intelligence Offers a Way of Humanizing Technology Because It 
Takes Explicit Account of Human Cognition 

Michie argues that the instrumental rationality, the alien intelligence, is far 

more likely to come from mainstream computer technology and conventional 
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engineering than from artificial intelligence. These systems are usually based 
on formal mathematical models of bewildering complexity, so much so that 
human beings cannot master them. This is because they have certain data 
store characteristics (large numerical bases) and algorithmic characteristics 
(very complex ways of combining data and working out the answer) which 
lie outside the scope of human ability to comprehend in real time. The danger 
of such systems (for example, air traffic control) lies in the dependence upon 
them becoming so great, that even if there were suspicions that they had 
gone wrong, it would be impossible to intervene effectively, since to shut 
them down would precipitate even more accidents. He suggests that artificial 
intelligence, precisely because it does attempt to model and draw insights 
from the way human beings think, contrasts with the reliance on formal 
mathematics and numerical calculation of conventional systems, and can 
therefore provide interfaces between such systems and the human user, 
to enable effective control intervention to be made when necessary. One 
example of such a use is on a U.S. defense application, where a system 
had grown so large and complex, having been built up over a period of 
time by a number of people, that no one could understand it or operate it 
effectively. An artificial intelligence front end, designed to be an expert 
in the system, was used to mediate and enable human operators tf) use it 
effectively (92). 

Recently, other such 'expert systems' have been developed (93). Indeed, 
the area has been heralded as one of the fastest growing new industries in the 
USA, and, thanks to the British Fifth Generation computer initiative, also 
looks set to grow rapidly in importance in the UK (94). Such systems are not 
restricted to interfacing with more opaque conventional systems, but, as 
already noted, have found use in previously non-automated areas such as 
medical diagnosis or mineral prospecting. There is even one system being 
developed to provide an expert guide through the British social security maze, 
so that claimants may easily obtain an understanding of their entitlement 
without having to run the gauntlet of bureaucratic officialdom. Michie himself 
is carrying out experiments to identify the 'human window'; that is, those 
particular data-store/algorithm combinations which human beings can com­
prehend, in order to make the design of such human-compatible systems 
easier. In short, we have here the view that, far from being an instrumental 
rationality which removes powers of decision from human control, artificial 
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intelligence can be used to humanize instrumental rationality, precisely 
because of the orientation to human ways of thinking. 

Work in other areas of artificial intelligence is also seen as humanizing by 
the practitioners involved. One such area is the production of new computer 
programming languages and computing environments to enable easy access 
for everyone, and to remove the monopoly from computer experts. 'Pro­
gramming for people' was a slogan used in this connection, and at Sussex 
University several years were spent in developing a computing environment 
congenial to social scientists and art students. All of this work draws explicitly 
upon the symbolic manipulation and structural modelling aspects of artificial 
intelligence. But this approach has met criticism from certain computer 
scientists who argue that it leads to sloppy programming and that program­
ming is a discipline which is best left to the experts (for example, Edward 
Dijkstra, the structured programming proponent) (95). Here again we see 
positive and negative evaluations correlating perfectly with the competing 
interests of different groups. 

A related position to the one just discussed is also in increasing evidence. 
It, too, involves the view that artificial intelligence is not necessarily dehu­
manizing, but goes further in providing a sophisticated articulation of the 
implications of work in the area. This position, just becoming crystallized, 
is largely held by people who do not have a primarily programming, engineer­
ing, or otherwise predominantly technical investment in artificial intelligence. 
Rather than being interested in the artificial intelligence programs and arte­
facts for their own sakes, these people are interested in exploring the implica­
tions of the associated models and views of mind for other areas of scholar­
ship and scientific endeavor. There are now very many people from fields 
outside artificial intelligence beginning to take a positive and serious interest, 
and cognitive science is emerging as a major new area. Central to these devel­
opments is the belief that the computational metaphor has great potential 
to provide insight and a better understanding of how human beings think and 
behave, and a view that programming is one of the few approaches which can 
deal with complex processes and large inferential structures with a substantial 
degree of rigor. 

These developments accompany the goal differentiation present in artificial 
intelligence and robotics and the development of a large range of artefacts, 
some of which are reaching the stage of practical industrial exploitation and 
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diffusion. All of this amounts to an explosion of interest in artificial in­
telligence which is reflected by the resurgence of articles and television 
programmes discussing the issues. In this context of rising interest, the 
approach embodied in artificial intelligence research is seen to have revolu­
tionary potential, to such an extent that it can perhaps be seen as a new 
utopia. 

Artificial Intelligence A s a Revolutionary Approach - The New Utopia? 

This position puts forward a sophisticated justification for artificial intel­
ligence research in that it attempts to take into account humanist criticism. 
It has been furthest worked out by Maggie Boden in her book, Artificial 
Intelligence and Natural Man (96). Boden has a background in medical 
science, philosophy, and social psychology, and while she has done some 
programming work, prefers to use the medium of words. She recognizes the 
humanists' antipathy to artificial intelligence, appreciating that the idea of 
a mechanized mind threatens deeply held values and traditional beliefs. 
Boden suggests that the humanist dislike of applying psychological terms such 
as understanding, meaning, and so on to computer models stems at base from 
the fact that machines have no intrinsic purposes, but that machine purpose 
arises because of human design. She thinks, however, that the analogical use 
of psychological terms is justified in artificial intelligence. She suggests that it 
is a matter of decision whether their use is appropriate, not one of inspection 
of current usage, as some critics argue. However, she does recognise the 
ideological implications of language use (she uses the feminine pronoun for 
programmers and others throughout her book to good effect) and says 
there must be explicit acknowledgement of the analogical use, and priority 
accorded always to human ends. 

Boden discusses the gap between mind and mechanism, where one can 
not translate theories using subjective concepts into non-psychological or 
mechanistic terms, but she suggests the universal employment of an internal 
representation of the program's world and goals makes it possible for a proper 
attribution of subjective terms in artificial intelligence. Artificial intelligence 
does not reduce subjective categories to physiological levels, nor see them as 
epiphenomenal, as do other approaches in cybernetics. Nor does it accept the 
Skinnerian behaviorist view which suggests subjective categories are at best 
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short hand labels, and at worst mystifying illusions. Instead, the internal 
model provides an analogue of subjectivity, and enables computer programs 

to generate structural complexities of performance comparable to the be­
havior of biologically evolved purposive organisms. Thus Boden believes 
that the image of machine provided by the artificial intelligence use of the 
computer can clarify the mind-body problem. She rejects the position of 
those, such as Dreyfus, who implicitly define intuition and other like terms 
in such a way that they are simply what the computer can't do, and believes, 
on the contrary, that recent work has provided interesting insight into human 
intelligence. 

However, Boden does not insist that all aspects of human thought are in 
principle amenable to simulation. The epistemological issues involved are too 
obscure for any definitive claims to be made at present. Moreover, there is 
indeed a danger that the widespread use of computers could have bad effects 
and change our view of ourselves, removing the belief that we are truly 
purposive beings, and hence lead to the loss of an individual's sense of re­
sponsibility. But, on the other hand, artificial intelligence models are more 
markedly humane than the widely accepted and currently used behavioral 
views. The artificial intelligence view of intelligence as being expressed 
through computer procedures, with mistakes as program bugs which can be 
overcome, is, she argues, a more constructive and emancipatory view of 
intelligence than the view that it is the product of a number of mysterious, 
monolithic talents which one either has or forever lacks. 

This sophisticated justification for artificial intelligence clearly has great 
motivational potential for practitioners in the area, and moreover, offers a 
legitimation for the far wider application of the artificial intelligence approach 
and ideas. It goes far beyond the range of concepts (which implicitly embody 
the dichotomous epistemology) generally available for discussing artificial 
intelligence and robots, by using terms pertaining to human characteristics in 
a modified materialist and realist manner. It thus raises the utopian hope 
for a resolution of the conflicts between objectivity and subjectivity, mind 
and matter, and man and machines (97). Furthermore, artificial intelligence 
has revolutionary potential not just because of its scope for practical applica­
tion, but also because it has implications for the whole of the rest of science, 
by challenging the entrenched view of scientific objectivity (again based on 
the dichotomous epistemology). According to Boden it does this by: 
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Showing in a scientifically acceptable manner how it is possible for psychological beings 
to be grounded in a material world, and yet be properly distinguished from "mere 
matter". Far from showing that human beings are 'nothing but machines', it confirms 
our insistence that we are essentially subjective creations living through our own mental 
constructions of reality (among which science itself is one) (98). 

There are undoubtedly many variants even of this sophisticated justifica­

tion for artificial intelligence, and there are still extensive debates about the 
detailed arguments. Nevertheless, it does appear that a solid belief in the value 

and revolutionary potential of the approach is firmly established, and is 
spreading (99). While the extent of this belief is as yet still limited, and while 
there is clearly still an enormous amount to be done in the way of articulating 

and elaborating the full scope of the perceived potential, nevertheless there 
already exists the core of a broad program. Furthermore, there is already in 
existence a rapidly growing range of practical activities, an infrastructure, 
providing ample opportunity for the gaining of social experience to validate 
these new structures of thOUght. As a result it is perhaps justified to talk in 
terms of a new utopia. 

Utopias, Industrial Robots, and Artificial Intelligence 

Thus an examination of the structure of attitudes held by people closely 
located to artificial intelligence work reveals a complex pattern which is 
associated with the specialty positions of the proponents. Rather than one 
utopian/dystopian dichotomy sufficing to align those within the field against 
their critics outside, there is a relational structure. Various different utopian 
or dystopian interpretations tend to be emphasized by different groups of 

practitioners, and can be seen to relate to specific intellectual commitments 
and research interests. This complex social and cognitive structure, though it 
draws on the wider themes and ideologies found in the more general literature , 

is also a response to the specifics and contingencies of the actual scientific 
and technological development. Moreover, it is providing the context in which 
a new cognitive space is being opened up. 

Accompanying the differentiation of research areas, the development of 
a wide range of artefacts, and the increasing interest and participation of 
many people from related disciplines, new patterns of thought are emerging 
to map out the more complicated relationship between human beings and 
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'intelligent' machines. From a relatively simple set of ideas and concepts 
reflecting the prevailing dichotomous epistemology, work in and around the 
area is beginning to generate an enriched vocabulary and an articulated 
interpretive structure for considering the relation of men to machines and the 
future possibilities for development. This extended cognitive space, as it 
percolates into the wider ideological structure presently dominated by the 
dichotomous epistemology of man versus machine, mind versus matter, 
intuition versus calculation, and subjective versus objective, will ensure that 
the advent of robots and artificial intelligence, no matter how limited or 
spectacular their capabilities, will be absorbed without either of the major 
simple utopian or dystopian outcomes being realized. 

Among the articulations of this new cognitive space, there gleams the hint 
of a potent epistemology, the basis for a new utopia, waiting to take over 
from the existing crumbling dichotomies which have received so much 
sustenance from the three hundred year sway of the natural sciences. The 
issues raised by artificial intelligence and robotics are of central cultural 
importance, bearing as they do upon the conception of human nature and 
upon the relation of human beings to their material creations. 

These issues have become crucial at the present time firstly because the 
monopoly of religion over the means of orientation with respect to the 
definition of human nature is being challenged (100), and secondly because 
we live in an increasingly industrialized and artefact defined and generated 
culture. Previous scientific developments have had wide ideological reverbera­
tions because the issues involved related to the question of man's place in the 
order of things, which meant at the time the relation of man to nature. Today 
the question of man's place in the order of things is becoming more and more 
the question of man's relation to his material products. 

The central focus of many classical utopias was man's relation to nature, 
and natural laws, as revealed by science, became the ideal, with the emphasis 
heavily on the objective over the subjective, and matter over mind. This gave 
rise to the feared or hoped for assumption that human cognition could be 
reduced to natural laws; that the individual "is reduced to his calculable 
useful functions", while "utility becomes the supreme principle of the 
regimentation of things and human beings" (101); that humanity is "a law 
bound manipulable organism" (102). 

These assumptions, which underlie the robotic dystopia in particular as 
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well as other dystopias in general, are, however, denied by the new utopia 
already outlined. The new approach is seen as offering a basis for understand­
ing how human beings think or behave without reducing them to calculable 
functions. It is believed that the new approach can accommodate contingency, 
chance, and individual variability, without any intent to eliminate them. By 
challenging the man/machine and subjective/objective dichotomies, what is 
sought is not the extension of natural law to cover man, but rather the 
elimination of a purely instrumental conception of science and the rein­
troduction of mind, albeit on a material basis, into the operation of the 
material world. In this respect, the new utopia has something in common 
with the romantic utopian interpretations of high energy physics which seek 
to find room for subjectivity in terms of the contingency and uncertainty 
apparent at the elementary particle level (103). But with the new utopia of 
cognitive science it is not merely a matter of finding room for subjectivity 
within natural law, but the reassertion oflaw, as far as the behavior of human 
beings is concerned, as a medium for the interaction of moral agents, of 
conscious purposive entities. 

Conclusion: Utopias and Science 

It is clear, therefore, that utopias can influence and shape scientific develop­
ment by providing motivation, legitimation, and even inspiration. This 
appears to be an inherently dynamic process. As scientific development 
proceeds, and social and cognitive differentation takes place, there may well 
be an increasing differentiation of positions, both positive and negative, 
which draw upon the societally available resources of utopian and dystopian 
images, but also reflect the research interests and commitments of those 
involved. The comments by Hagstrom on the motivational and legitimatory 
programs presented by proponents of emerging specialties, can be seen 
to fit in with these wider processes, as clearly these programs may be con­
structed using societally available resources of which literary utopias are a 
crystallization. 

However, scientific and technological activity are constantly giving rise to 
results which go beyond the explanatory or accommodative capability of 
existing cognitive structures. Consequently new structures of understanding 
are always emerging to map out and explain the growing range of techno-



Artificial Intelligence and Industrial Robots 223 

logical artefacts and scientific discoveries, and to provide a basis for describ­
ing and exploring the social relations of the new artefacts and the potential 
modes of production associated with them. In most cases it seems likely that 
the new cognitive structures engendered as a result of scientific activity 
will be effectively orthogonal to the utopian elements deployed, and will 
therefore have no direct nor easily identifiable effect on them. Of course, 
accumulations and combinations of events in the broader social structure 
will give rise to changes in the available resources, and to different utopian 
elements becoming predominant. 

But occasionally it may happen that the scientific activity generates results 
with the potential for immediate and direct effect on the utopian elements, 
possibly by producing fundamental shifts in epistemological orientation, a 
process which is perhaps occurring in the case of the new utopia arising in 
association with artificial intelligence and industrial robotics. Such cases seem 
to evoke the dilemma discussed by Davis: 

... either scientific discovery remains free and utopia is exposed to the fortuna of its 
happenings and the radicalism of its consequences, or utopia is stabilised by controlling 
and ultimately stopping scientific discover (104). 

However, the metabolism of utopian thought, if not the power of accom­
modation of particular utopias, appears quite equal to the challenge of 
regeneration posed by scientific activity. Indeed, is it not possible that Davis 
has got it wrong? Perhaps utopia and science, far from being the two horns 
of a dilemma, are instead complementary modalities of the same process. 
Perhaps Oscar Wilde was right when he wro~e: 

A map of the world that does not include Utopia is not worth even glancing at, for it 
leaves out the one country at which Humanity is always landing. And when Humanity 
lands there, it looks out, and seeing a better country, sets sail. Progress is the realization 
of Utopias (lOS). 
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