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Robotics can be seen as a cognitive technology, assisting us in understand-
ing various aspects of autonomy. In this paper I will investigate a difference 
between the interpretations of autonomy that exist within robotics and 
philosophy. Based on a brief review of some historical developments I sug-
gest that within robotics a technical interpretation of autonomy arose, related 
to the independent performance of tasks. This interpretation is far removed 
from philosophical analyses of autonomy focusing on the capacity to choose 
goals for oneself. This difference in interpretation precludes a straightforward 
debate between philosophers and roboticists about the autonomy of artificial 
and organic creatures. In order to narrow the gap I will identify a third 
problem of autonomy, related to the issue of what makes one’s goals genu-
inely one’s own. I will suggest that it is the body, and the ongoing attempt to 
maintain its stability, that makes goals belong to the system. This issue could 
function as a suitable focal point for a debate in which work in robotics can 
be related to issues in philosophy. Such a debate could contribute to a grow-
ing awareness of the way in which our bodies matter to our autonomy.

Keywords: autonomy, robotics, philosophy, embodiment

. Introduction

Developments within Artificial Intelligence (AI) influence the way we con-
ceive ourselves; they help to shape and change our self-image as, amongst oth-
ers, intelligent and autonomous creatures. The field of robotics consists of a 
particularly noticeable set of tools for the study of basic features of human 
and animal cognition and behavior (Pfeifer 2004). In this paper I wish to ap-
proach robotics, as a cognitive technology (as described by Dascal 2004), from 
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a philosophical perspective and examine the way it plays, as well as could play, 
a role in the understanding of ourselves as autonomous agents. 

Over the years a growing number of claims have been made within AI 
regarding the existence of autonomous agents. In fact, autonomous agents ap-
pear to be a new research paradigm within AI. Candidates for autonomous 
agents range from software entities (such as search bots on the web) to sophis-
ticated robots operating on Mars. At first sight, robots appear to be reasonable 
contenders for autonomy for several reasons. First of all, robots are embodied 
in the sense that their artificial bodies permit real action in the real world. In 
the case of evolutionary robotics, generally speaking, simulated robots operate 
in virtual reality, but even in these cases at least certain bodily characteris-
tics and physical features of objects in the world are central to the simulation. 
Generally, within robotics the focus is on the interaction between morphology, 
control system and world. Thus, in robotics the emphasis is more on bodily 
action, whereas the traditional (purely information processing) AI approaches 
center more on thinking. The capacity to ‘do something’ makes robots relevant 
to the topic of autonomy. Secondly, the robots’ behavior is often emergent in 
the sense that it is not specifically programmed for (Clark 2001), and therefore 
invokes characterizations as ‘surprising’, ‘original’ or even ‘unwanted’. More-
over, the behavior of robots can be based on their history of interaction with 
the environment: they can learn (change their behavior over time as a result of 
the outcome of earlier actions), instead of blindly repeating fixed behavioral 
patterns. Thus, robots are not only doing things, but often seem to be doing 
them ‘in their own way’. Finally, in many cases when one is observing robots 
it is hard to refrain from a certain amount of empathy. One immediately starts 
wondering about what the robot is doing or trying to achieve. Even if they fail, 
robots often at least seem to have struggled to achieve a goal.

Obviously, many of the words and phrases used above (like action, emer-
gence, original, learn, and struggled to achieve a goal) are ambiguous in the 
sense that one could argue that these concepts only apply to robots in a meta-
phorical way, instead of literally, as we generally assume they do in the case of 
human beings and animals. For many people, robots’ bodies, control systems, 
possibilities for learning and adaptation, and therefore ultimately their behav-
ior is too much dependent on human programming and design in order to 
speak of genuine autonomy.

A complicating factor in addressing this issue of metaphorical versus lit-
eral use of the concept of autonomy is that the meaning of ‘autonomy’ and 
‘agency’ is far from clear. Like so many other concepts that are central to our 
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self-understanding, the notion of autonomy is difficult to define. Rather it seems 
to have a variety of meanings, which at best bear a family resemblance to one 
another, and apply to a great diversity of cases. Similarly, there does not seem 
to be an absolute cut-off point between autonomous and non-autonomous be-
havior, but rather a fuzzy border. The only thing that seems to be clear from the 
beginning is that too permissive and too restrictive interpretations of autonomy 
need to be avoided. For instance, an understanding of autonomy that would al-
low thermostats, or one that would only permit adult human beings to qualify, 
seem inadequate. We may end up with one of them, but to start the investiga-
tion on the basis of such extreme interpretations would be question begging.

Adding to the conceptual uncertainty is, as I will try to show below, the dif-
ference in interpretations of autonomy between robotics and philosophy. For 
some this may mean that the debate about autonomy of robots is a non-starter. 
I would like to suggest however, that it is precisely the interplay between empir-
ical research in robotics and conceptual analysis in philosophy that may help 
to clarify the confusion. Robotics may profit from a philosophical analysis of 
the concept of autonomy, because this may lead to a fuller specification of the 
conditions that need to be fulfilled before robots can be said to have passed the 
benchmark. On the other hand, philosophy might gain in its attempt to clarify 
what is (and is not) meant by autonomy, by receiving from robotics concrete 
and challenging examples of behavior as test cases. Therefore, even though the 
confusions involved in the issue of the autonomy of robots are considerable, 
the debate itself can be fruitful for both philosophy and robotics. This debate, 
in turn, ultimately may deepen our understanding of the important role our 
bodies play in our autonomy. 

2. Robots, autonomy and intervention

Historically, robotics grew out of the development of teleoperation (Murphy 
2000), i.e., the operating of tools (often more or less like elaborate pliers) from 
a distance. This way, human operators could avoid having to be present in dan-
gerous circumstances. They manipulated the operator that steered the remote, 
a tool that functioned for instance in an area with very high temperatures. In 
the late 1940s teleoperation was used in the first nuclear reactors. These tele-
operators were improved by including more feedback to the human opera-
tors so they would get a better feeling of what was happening at the remote’s 
end. Manipulating the operators to direct the remote was very tiring and time 
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consuming, and soon the idea arose to have simple and repetitive operations 
performed automatically, without human steering. This got known as super-
visory control: The operator monitors the process and gives high-level com-
mands (e.g., ‘turn’) while the remote performs parts of the task on its own. 
All the time the human operators could take over the manipulations. This de-
veloped into part-time teleoperation and a semi-autonomous remote. It is no 
great exaggeration to say that the origins of the roboticist’s use of the phrase 
‘autonomous agents’ lie here. Increasing the autonomy of the remote simply 
means reducing the need for human supervision and intervention. Autonomy 
is interpreted relative to the amount of on-line (while the robot is operating) 
involvement of human operators.

Robots go beyond telemanipulators in that their sensorimotor capacities 
enable them to deal with a greater variety of circumstances and events without 
on-line human involvement. Robots are considered to be capable to act, in the 
sense that they not merely undergo events or have effects (like stones rolling 
down a hill). The robots’ operations can be reactive, responding to what is go-
ing on (taxes and tropisms), but also proactive, in pursuit of the goals that are 
active within them, thereby becoming less environmentally driven. Such pro-
active robots can, as Nolfi and Floreano (2002: 31) put it, be “let free to act”, in 
the sense that they can choose how to achieve these goals. 

Fanklin and Graesser (1996) provide a review of the various interpretations 
of autonomous agents that currently circulate within AI. Rather than repeating 
that review,1 I will offer a definition that, I think, captures the general intent: 
Autonomous agents operate under all reasonable conditions without recourse to 
an outside designer, operator or controller while handling unpredictable events in 
an environment or niche.

The ‘without recourse to an outside designer’ refers to recourse during the 
act (i.e., on-line), but not to recourse to a designer preceding the behavior (i.e., 
programming). Here it is usually pointed out that there is a continuum between 
complete dependence and complete independence (e.g., Maes 1995: 108). The 
‘under all reasonable conditions’ is added to indicate that there are limits to the 
robot’s functioning (‘reasonable’), while at the same time signifying that the ro-
bot should not be too dependent on favorable circumstances (‘all’). The clause 
about unpredictable events in an environment is intended to rule out pre-con-
figured systems operating blindly in a completely predetermined environment. 
Within robotics, then, the increase in autonomy of a system is related to the 
reduction of on-line supervision and intervention of the operator, programmer 
or designer in relation to the robot’s operations in a changing environment.
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3. Agents and goals

In the philosophical literature, however, one finds rather more emphasis on the 
reasons why one is acting (i.e., the goals one has chosen to pursue) than on how 
the goals are achieved. Auto-nomos, being or setting a law to oneself, indicates 
the importance of self-regulation or self-government. Autonomy is deeply con-
nected to the capacity to act on one’s own behalf and make one’s own choices, 
instead of following goals set by other agents. The importance of being able to 
select one’s own goals is also part and parcel of the common sense interpreta-
tion of autonomy. 

Although it is impossible to do justice here to all the historical complexi-
ties involved, one can trace an opposition between causation through choice 
versus physical causation back to Plato and Aristotle. In the Phaedo (98c–99b), 
Socrates argues that an explanation of his sitting or lying down purely in terms 
of his bones, sinews and joints, i.e., in terms of physical or necessary (or, what 
Aristotle would call efficient) causation, is missing the real cause, namely the 
reason for his sitting, which is based on Socrates’ aim, the result of his choice 
of what is best to do. Aristotle, in his discussion of the four kinds of causes, 
emphasized the importance of final causation: “there is the goal or end in view, 
which animates all the other determinant factors as the best they can attain to; 
for the attainment of that ‘for the sake of which’ anything exists or is done is 
its final and best possible achievement” (Physics II, iii; 195a 24–26). For Aris-
totle, choices are the result of deliberate desires to do something; it is through 
deliberation that we consider how to put our objectives into practice, and our 
choices reveal who we are (Hutchinson 1995: 208–210). The essential char-
acteristic of voluntary behavior is that the origin of movement is within the 
agent’s psyche (Juarrero 1999: 16–19).

From this perspective, then, the conception of autonomy within robotics is 
not very satisfactory. Robots may be operating independently — even ‘freely’ 
choosing how to act in order to achieve goals — but the goals they are trying to 
achieve are still set by human programmers. Although the reduction of on-line 
involvement of human operators is a considerable achievement for robotics, 
one could doubt that it is sufficient for the autonomy of the robots involved, 
because of the enormous amount of human off-line involvement (i.e., the pro-
gramming and designing of the robot) in advance of the robot’s functioning, 
particularly in relation to which goals the robots should pursue. The contrast 
between philosophy and robotics regarding this issue is perhaps best illustrated 
by considering the following set of examples (it is not uncommon to find such 
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cases in philosophical papers on autonomy (see, for instance, Mele 1995; Den-
nett 2003: 281–285; Mele 2004).

A case of full (or harmonious) autonomy would be the following: I weigh 
the pros and cons of drinking beer for a long time, decide that home-made is 
fine, so I brew my own beer and drink it. This situation is different from a case 
of strong will, where I’d like to drink beer, but since I want to loose weight, I 
take water instead. This, in turn, differs from the perhaps more familiar case of 
weakness of will; I want to be healthy and think that drinking beer is detrimen-
tal to my health, but I buy beer in a shop and drink it all the same. Then there 
are more extreme cases, such as delusions, where I may think that drinking beer 
is the only way to thwart a plot of aliens to take over the world, so I go to a bar 
and order a beer. Finally, there is the philosophically popular example of being 
brainwashed. In such a case, external agents make me think that I want to drink 
beer because it is good for me (or to stop the aliens, or whatever), so I decide to 
sneak into a beer-factory at night and drink the whole lot.

In these examples, one goes from autonomy of will (selecting a goal) and 
action (performing a specific behavior) to autonomy of action (weakness of 
will), to no autonomy at all. Accordingly, the amount of responsibility for my 
actions decreases (even in the case of delusions I may be considered to bear 
some responsibility, as I could have taken therapy or medicine, while this op-
tion is not available in the case of brainwashing). On the basis of these ex-
amples, a philosopher might argue that robots are in a situation comparable to 
that of people who are brainwashed and that therefore robots are not even close 
to being candidates for any serious degree of autonomy. Robots are not autono-
mous because they themselves don’t choose their own goals and they do not 
even know it is us that set their goals for them. In relation to the ‘true’ (philo-
sophical) meaning of autonomy, robots are on the other end of the spectrum.

4. Freely choosing goals?

However, that such a conclusion would be a bit premature becomes clear if one 
considers some developments in the 17th century philosophical debate about 
autonomy and the ability to choose one’s goals. During more or less one cen-
tury, the clear distinction between choice and necessity started to become quite 
vague and the notion of final cause fell into disrepute. In relation to the latter, 
Juarrero (1999: 2) says that purposive, goal-seeking, final causation “no longer 
even qualified as causal; philosophy restricted its understanding of causality 
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to efficient cause”. Efficient causality refers to the push and pull kind of impact 
of forces on inert matter and it has dominated explanatory practices since the 
17th century.

In relation to the former, Vesey (1987: 17) indicates that Descartes intro-
duced a concept of the will that went beyond the classical Greek interpretation 
of will. According to Vesey, the concept of will was interpreted as ‘adopting 
a favorable attitude to some specific object’. For Descartes, however, ‘will’ re-
ferred to a separate faculty with the power to cause voluntary movements, so 
that “from the simple fact that we have the desire to take a walk, it follows that 
our legs move and that we walk (1649: 340). He equated the will with freedom 
of choice and said: “The will simply consists in our ability to do or not do some-
thing” (1641: 40). 

However, as soon as volitions are considered to be the causes of actions, 
Vesey (1987: 20) notes: “it is hard not to allow that volitions are caused by, say, 
motives, that motives are caused by character, and that character is caused by 
heredity and environment”. Descartes insisted that the will was free so that the 
chain of causes would end immediately (“I cannot complain that the will or 
freedom of choice which I received from God is not sufficiently extensive or 
perfect, since I know by experience that it is not restricted in any way.” (1641: 
39). But Hume went beyond Descartes in claiming that the acts of the will are 
caused by motives according to the bonds of necessity: 

We may imagine we feel a liberty within ourselves; but a spectator can com-
monly infer our actions from our motives and character; and even where he 
cannot, he concludes in general, that he might, were he perfectly acquainted 
every circumstance of our situation and temper, and the most secret springs of 
our complexion and disposition” (Hume 1739: 408–409; III, ii). 

Not much later, Hartley (1749: 12; Prop. IX) defended a mechanicism, neuro-
physiologically grounded in his theory of the ‘vibrations of medullary particles’ 
according to which 

each action results from the previous circumstances of body and mind, in 
the same manner, and with the same certainty, as other effects do from their 
mechanical causes; so that a person cannot do indifferently either of the ac-
tions A, and its contrary a, while the previous circumstances are the same; but 
is under an absolute necessity of doing one of them, and that only (Hartley 
1749: 84; Conclusion).

Motives are ‘the mechanical causes of actions’ (1749: 86; Conclusion). So, with-
in the century separating Hartley from Descartes, the contrast between events 
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caused by choices versus events caused by necessity had all but disappeared. 
Although philosophy started out with a conception of agent causation and the 
capacity to freely choose goals, it ended up in the 18th century with a strikingly 
mechanistic view. Vesey claims that the natural outcome of this development 
was formulated most radically in the 20th century by the psychologist Skinner 
(1953: 447–448) who wrote the infamous Beyond Freedom and Dignity (1971) 
and claimed that the ultimate causes of behavior lie outside the agent and that 
‘man is not free’.

5. Goals: Having them vs. choosing them

At this point, it would not be unreasonable for roboticists to shrug their shoul-
ders and claim that it is not reasonable to expect a solution to the problem of 
freedom of will through the development of robots. After all, the issue of free-
dom of will has turned into one of the major issues in philosophy and it would 
be far fetched to expect current research in robotics to solve a metaphysical 
problem that philosophy itself is still trying to come to terms with. As Strawson 
(1998) says about the problem of free will: “New generations (…) will doubt-
less continue to launch themselves onto the old metaphysical roundabout”. 
Similarly, as noted earlier, the technical problem of greater independence does 
not deal with the philosophically interesting aspects of autonomy. These two 
different versions of the problem of autonomy provide little ground for a de-
bate between robotics and philosophy. In fact, one could even argue that ro-
botics fails as a cognitive technology in relation to autonomy because the gap 
between what is done and what (philosophically speaking) should be done is 
too large. Robots, from this perspective, do not provide significant means for 
the production of useful knowledge concerning autonomy.

However, it is possible to distinguish one more version of the problem of 
autonomy. This version concerns the question, how and when the goals of crea-
tures genuinely become theirs. My goals, at least my basic ones, really belong to 
me. But when, and on what basis, could we say that robots are pursuing goals 
of their own? This issue of intrinsic ownership has to be separated from the 
harder problem of the freedom of will, i.e., whether we are free to choose what 
we want to do, and how that would be compatible with physical determinism 
(and it also has to be distinguished from the technical problem of autonomy 
within robotics, as described above).
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As said, I think it is unrealistic to expect solutions in relation to the prob-
lem of free will from robotics. The question concerning the ownership of goals 
seems to me to lend itself more to input from robotics because, as I will venture 
below, it raises questions about the integration between body, control system, 
and the aims of the actions undertaken by the system. This is something that 
can be, and has been, studied both conceptually and empirically.

Even if I don’t freely choose my goals, the goals I pursue are mine. My 
goals are important and intrinsically connected to me. Certain goals I do not 
pursue because others impose them upon me or ask me to achieve them, but 
because they matter to me. What makes goals belong to a system? How are they 
grounded in the system? In the following I will offer a suggestion, that may 
help to sketch a possible path towards giving an answer to these questions, and 
I will attempt to show how this can be related to research in robotics. 

Fundamentally, what makes my goals mine, is that I myself am at stake in 
relation to my success or failure in achieving them.2 That is, goals belong to a 
system when they arise out of the ongoing attempt, sustained by both the body 
and the control system, to maintain homeostasis. To a significant extent, it is 
the body, and its ongoing attempt to maintain its stability, that provides the 
founding of goals within the system. Autonomy is grounded in the formation 
of action patterns that result in the self-maintenance of the embodied system 
and it develops during the embodied interaction of a system with its environ-
ment. There are two aspects involved in this suggestion that bear some further 
investigation in relation to robotics. First of all, there is the issue of the integra-
tion between the control system and the body. Secondly, the notion of homeo-
stasis deserves a closer look. 

6. The integration between body and control system

The biologist von Uexküll (1864–1944) stressed the importance of the integra-
tion of all of the organism’s components into one purposeful whole. We have 
to see, he claimed

in animals not only the mechanical structure, but also the operator, who is 
built into their organs as we are into our bodies. We no longer regard animals 
as mere machines, but as subjects whose essential activity consists of perceiv-
ing and acting (Uexküll 1957: 6).

Furthermore, he stressed that machines act according to plans of their human 
designers, but that living organisms are acting plans (Uexküll 1928: 301; see 
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also Ziemke and Sharkey 2001: 708). It is this ‘building the operator into the 
body’ that provides, I believe, a profound but legitimate challenge to robotics 
in relation to the problem of the ownership of goals. 

As Chiel and Beer (1997) have pointed out, the brain and the body have 
developed in constant conjunction during their evolutionary and lifetime in-
teraction with the environment. The search, then, is for an approach that allows 
for a tight coupling between bodies and control-systems both phylogenetically 
and ontogenetically. Against this background, the field of evolutionary robot-
ics, with its aim to drive the programmer and designer ‘out of the robot’ as 
much as possible, is a very interesting recent development (see, e.g., Sims 1994a 
1994b; Nolfi and Floreano 2000). 

6. Evolutionary robotics

Evolutionary robotics has been defined as “the attempt to develop robots and 
their sensorimotor control systems through an automatic design process in-
volving artificial evolution” (Nolfi 1998: 167). Artificial evolution involves the 
use of genetic algorithms. The ‘genotypes’ of robots are represented as bits that 
can code their morphological features as well as the characteristics (such as 
weights and connections of a neural network) of their control systems. A fit-
ness formula determines candidates for reproduction by measuring the success 
of the robots on a specific task. The genotypes of the selected robots are then 
subjected to crossover with other genotypes and further random mutation, 
giving rise to a new generation of robots. According to Nolfi (1998: 167–168), 
the organization of the evolving systems is the result of a self-organizing pro-
cess, and their behavior emerges out of the interactions with their environ-
ment. Therefore, evolutionary robotics is relevant to the topic of autonomy 
since there is less need for the programmer and/or designer to ‘pull the strings’ 
and shackle the autonomy of the evolving creatures, because the development 
of robots is left to the dynamics of (artificial) evolution.

Artificial evolution is far from straightforward, however, and usually re-
quires an extensive amount of preparation before the evolutionary process can 
take off. As Nolfi (1998: 179) points out: 

In principle (…) the role of the designer may be limited to the specification of 
a selection criterion. However, (…) in real experiments the role of the design-
er is much greater than that: In most of the cases the genotype-to-phenotype 
mapping is designed by the experimenter; several parameters (e.g., the number 
of individuals in the population, the mutation and crossover rate, the length of 
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the lifetime of each individual, etc.) are determined by the experimenter; and 
in some cases the architecture of the controller is also handcrafted. In theory, 
all these parameters may be subjected to the evolutionary process; however, 
in practice they are not.

Moreover, it is not unusual to find that the designer not only pre-arranged the 
evolutionary process, but also interfered directly with its course in order to 
solve thorny issues such as local minima and the bootstrap problem.3 In rela-
tion to problems such as these, Nolfi (1997) reports, for instance, having to 
change the fitness formula by adding elements that cause reward for behavior 
that in itself is not very meaningful, and increasing the number of encounters 
with relevant stimuli. Often, then, “some additional intervention is needed to 
canalize the evolutionary process into the right direction” (Nolfi 1997: 196), 
keeping the designers well in control of their robots, even if the strings to which 
the robots are tied may be less visible. A second difficulty concerns the fact that, 
in practice, what evolves is often just the control system and not the body (the 
morphology of the robot). One of the most used robots is the khepera, a small 
pre-made robot, with specific sensori-motor capacities that can be controlled 
through neural networks. In the context of artificial evolution, most often 
khepera simulators are used instead of the real robots (for reasons of time and 
costs). The neural networks operate simulated bodies, which are similar in cer-
tain respects to the khepera, in a virtual world. After the neural networks have 
gone through a number of changes during the artificial evolutionary process 
they can be downloaded into real khepera in a process that could be described 
as a simple form of ‘brain transplantation’. It is important to realize that during 
the evolutionary process, the khepera itself (both the real one and its simulated 
counterpart) does not undergo any changes at all. There is no equivalent for 
this in real evolution. If the integration between body and control system is im-
portant for autonomy, it is legitimate to doubt approaches that focus on evolv-
ing a neural network in relation to a fixed and pre-designed robot body.

However, there is a growing amount of research on the co-evolution of 
body and control system. Sims (1994a, 1994b) and Harvey, Husbands, and Cliff 
(1994) provide early examples, and have worked with simulations of robots 
and environments. More recently, Pollack, Lipson, Hornby, and Funes (2001) 
have evolved real robots by means of a 3 dimensional printer that uses ther-
moplastics to build bodies in a flexible way. Here, then, we have body-control 
system co-evolution and a greater (though by no means complete) emphasis 
on real (vs. simulated) robots. However, Pollack et al. (2001: 11) note that the 
types of robots that could be built this way are fairly simple, and conclude: 
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The limitations of the work are clearly apparent: these machines do not yet 
have sensors, and are not really interacting with their environments. Feedback 
from how robots perform in the real world is not automatically fed-back into 
the simulations, but require humans to refine the simulations and constraints 
on design. Finally, there is the question of how complex a simulated system 
can be, before the errors generated by transfer to reality are overwhelming 
(Pollack et al. 2001: 14). 

Let me summarize. The ‘ownership version’ of the problem of autonomy leads 
to the consideration of how goals become grounded in systems. A suggestion 
I have pursued is that this grounding is based in part on the integration of all 
bodily components into one purposeful, homeostasis oriented, whole. From 
this perspective, robotics is interesting because of the developments within 
evolutionary robotics that aim to model the phylogenetic co-development of 
the body-control system. Moreover, these developments are accompanied by 
growing possibilities for translating the simulations into hardware versions, 
thereby further emphasizing the importance of the interaction between real 
bodies and real environment. At the same time, however, one has to acknowl-
edge the considerable technical difficulties encountered by recent projects in 
co-evolutionary robotics. Although it is far too early to draw any clear conclu-
sions, this aspect of the ownership interpretation of autonomy at least creates 
the possibility for a fruitful debate between philosophers and roboticists about 
co-evolutionary developed robots. 

7. Homeostasis: How bodies matter

The notion of homeostasis refers to the regulation of the internal environment 
of open systems to remain within a region of stability. The concept was intro-
duced by Claude Bernard (1813–1878) and the term by the biologist Walter 
Cannon in 1932 (meaning: same — steady, i.e., to remain the same). For in-
stance, when glucose concentrations in blood are too high, receptors in the 
pancreas start a process that results in the release of the hormone insulin, stim-
ulating the conversion of glucose into glycogen that can be stored in the liver, 
thereby decreasing the glucose concentration. This is simply put, of course, and 
other examples include oxygen, temperature, water, and urea. This capacity for 
self-regulation in the service of self-maintenance is characteristic of living or-
ganisms. Importantly, homeostasis involves more than just keeping a variable 
constant through the use of feedback, as in the case of a thermostat regulating 
temperature, in that the homeostatic system necessarily depends, for its own 
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existence, on the self-regulation. A malfunctioning or incorrectly set thermo-
stat need not suffer from the negative consequences it produces, but a truly 
homeostatic system always will.

Clearly, the notion of homeostasis plays a fundamental role within robot-
ics. Specifically, the relation between homeostasis and self-maintenance is well 
studied. A simple but perhaps illustrative example concerns the regulation of 
the amount of energy that a robot has at its disposal. The robot regularly checks 
its energy level, and takes the necessary actions when the supply runs danger-
ously low, e.g., by returning on time to its battery reload station. If this kind 
of self-checking and self-maintaining mechanism does not operate properly, 
the robot necessarily will suffer from the consequences, as it will simply stop 
functioning.

However, I would like to suggest that the type of homeostasis that is at issue 
here is merely functional, but not genuinely embodied. To clarify this distinc-
tion, let me start by pointing out a well-known difference between robots and 
living organisms. One can turn robots off for an indefinite amount of time and 
start them later without any principled problems. A similar procedure is, as we 
all know, impossible in the case of living creatures. Once ‘turned off ’, they stay 
off. This is, at least in part, due to the fact that the bodies of current robots are 
fundamentally different in kind compared to the type of bodies belonging to 
living organisms. Organic matter decays when not part of a functioning whole, 
whereas the plastics and metals of robots suffer no such fate. 

I think that Maturana and Varela’s (1987) concept of autopoiesis is par-
ticularly relevant to deepen our understanding of this difference. Autopoiesis 
refers to the self-generating and self-maintaining capacity of the basic building 
blocks of organic bodies: cells. As Ziemke and Sharkey (2001: 733) say, living 
organisms consist of autopoietic unities, self-producing and self-maintaining 
systems. An autopoietic system is a homeostatic machine, and the fundamental 
variable it aims to maintain constant is its own organization. This makes an au-
topoietic system different from homeostatic machines whose bodies can con-
tinue to exist even if they stop operating. The self-organizing capacity of living 
bodies is based on the autopoietic quality of their basic elements. Such a quality 
is missing in current robot bodies. Perhaps another way to point to the same 
difference is to note that an autopoietic system aimed at homeostasis needs to 
interact continually, for as long as it exists, with its environment. Its basic goals, 
the ones that really matter to it, enforce this continuous interaction (on pains 
of annihilation). For currently existing robots, the type of homeostasis they are 
aimed at demands no such thing.
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One may think that, again, it would not be unreasonable for roboticists to 
shrug their shoulders and say that they can hardly be expected to work with 
organic material and living creatures. There is, after all, a difference between 
robotics and biology. However, my plea for genuinely embodied homeostasis 
should not be taken as a request to build robots out of living cells, for the no-
tion of autopoiesis does not reflect some intrinsic quality of a specific kind of 
matter but rather indicates a characteristic of the organization of matter. As 
Maturana and Varela (1987: 51) say: “the phenomena they generate in func-
tioning as autopoietic unities depend on their organization and the way this 
organization comes about, and not on the physical nature of their components” 
(see also Ziemke and Sharkey 2001: 732).

Given that it is the organization of the components and not their material 
constitution that matters, the question is open whether autopoiesis could be re-
alized in artificial matter. All things considered, I do not think that autopoiesis 
provides a principled obstacle for robotics. The argument does indicate a fur-
ther constraint on robotics, however.4 Currently robots are constructed mainly 
out of metals and plastics. A question that needs to be pursued is whether these 
types of materials allow for a genuinely autopoietic organization. In a way, this 
brings back Aristotle’s ideas about the relationship between matter and form. 
The form can actualize the potentialities of the matter, but the potentialities 
have to be there: you cannot build a boat out of sand. A more thorough investi-
gation of the relationship between homeostasis and autopoiesis may lead to the 
development of what perhaps might be called a mild functionalism that pays 
attention to material aspects of the body to a higher degree than currently is 
customary. Again, a fruitful debate between philosophers and roboticists con-
cerning this point seems possible.

8. Conclusion

Robotics constitutes a valuable cognitive technology because it helps in the 
understanding of our selves as autonomous agents, also when it is, at times, 
premature in laying certain claims. Debates about the differences between 
machines and organisms can further sharpen our knowledge about what ac-
tually constitutes autonomy. Analyzing the debate between roboticists and 
philosophers, I have tried to indicate that they have different conceptions of 
autonomy, emphasizing, respectively, the capacity for independent (unsuper-
vised) action versus the freedom to choose goals. I have also pointed out some 
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possible historical reasons for this difference. In the course of this paper, I have 
distinguished three different problems of autonomy. The first one concerns the 
technical problem of how one selects the right type of behavior to achieve a 
certain goal. The second problem concerns the hard problem of freedom of 
will, whether (and if so, how) it is possible to freely choose one’s own goals. 
Finally, there is the issue of how and when goals genuinely belong to the crea-
ture itself, instead of merely being imposed upon, or installed within, it. I have 
suggested that the first problem lacks philosophical import, while the second 
is out of reach for empirical approaches such as robotics. The third one, how-
ever, is relevant for robotics and of considerable philosophical interest as well. 
Regarding this third problem, one possibility worthy of further investigation is 
that the capacity to have goals of one’s own arises out of the continuous integra-
tion of control system and body, resulting in actions aiming at homeostasis. A 
further understanding of this capacity requires considering the co-evolution of 
body and control system as well as the specific ‘potentialities’ of organic mat-
ter, i.e., autopoiesis. In relation to both aspects, an exchange between empiri-
cal research and conceptual analysis seems possible and potentially fruitful. A 
collaborative investigation of philosophy and robotics of autonomy might lead 
to a further strengthening of the growing acknowledgement within cognitive 
science of the importance of our material constitution for cognition. In relation 
to our continuing attempt to understand who we are, bodies may matter even 
more than we currently think.

Notes

* I would like to thank Susan van den Braak and especially Iris van Rooij for detailed and 
helpful comments on earlier versions of this paper.

. Five definitions that are particularly relevant (though not all equally illuminating) here 
are the following.
 (1) Franklin and Graesser (1996: 5): “An autonomous agent is a system situated within 
and a part of an environment that senses that environment and acts on it, over time, in 
pursuit of its own agenda and so as to effect what it senses in the future”. (2) Brustoloni 
(1991,in Franklin 1995: 265): “Autonomous agents are systems capable of autonomous, 
purposeful action in the real world”. (3) Wooldridge and Jennings (1995: 2): “autonomy: 
agents operate without the direct intervention of humans or others, and have some kind 
of control over their actions and internal state”. (4) Maes (1995: 108): “Autonomous agents 
are computational systems that inhabit some complex dynamic environment, sense and act 
autonomously in this environment, and by doing so realize a set of goals or tasks for which 
they are designed”. (5) Murphy (2000: 4): “‘Functions autonomously’ indicates that the robot 
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can operate, self-contained, under all reasonable conditions without requiring recourse to a 
human operator. Autonomy means that a robot can adapt to changes in its environment or 
itself and continue to reach its goal”.

2. Of course, there are many ‘high-level’ goals that are not directly or profoundly related to 
‘being at stake’ (e.g., when I set myself the goal to redecorate the living room). I suggest a 
similar type of relation between such high-level goals and the more basic ones as between 
the social (e.g., shame or pride) and more basic (fear or happiness) emotions. That is, in or-
der for the high-level goals to be genuinely mine, the existence of more basic goals that are 
grounded in my body-control system integration aimed at homeostasis is required.

3. Local minima arise when after a certain amount of progress in relation to the perfor-
mance of a task, new generations stop improving and the evolving robots get stuck in a sub-
optimal performance. The bootstrap problem involves how to get beyond the starting point 
when the individual robots of the initial generation are unable to differentiate themselves in 
relation to the task because they all score zero, so that there is no way to select the ‘best’ or 
least worst individuals.

4. Pfeifer (2004: 120) provides another reason to emphasize the importance of the materials 
used for robots: “Most robot arms available today work with rigid materials and electri-
cal motors. Natural arms, by contrast, are built of muscles, tendons, ligaments, and bones, 
materials that are non-rigid to varying degrees. All these materials have their own intrinsic 
properties like mass, stiffness, elasticity, viscosity, temporal characteristics, damping, and 
contraction ratio to mention but a few. These properties are all exploited in interesting ways 
in natural systems”. He argues that robotics similarly should take advantage of the intrinsic 
properties of matter, in order to simplify the tasks for control systems. Although I am in 
complete agreement with his argument, my point differs from his in the sense that ‘natural 
matter’ not just simplifies the control problem, but also plays a role in grounding the very 
goals the control system is trying to achieve.
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