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Notice that though this specification of morph captures the behavior
of the robot under all possible configurations of inputs for the combi-
nation of the AND and OR perception, it does not exhaustively charac-
terize morph as a logical operator. Specifically, the table above lists only
three of the 2" combinations of truth values for morph. Filling in the
final line in the truth table for the operator morph is pretty straightfor-
ward, as can be seen in Figure 5.1. y .

Paul’s description of morphological computation provides a precise
example of the kind of embodiment that proponents of the embedded-
embodied approach in philosophy of mind envision.

So, how should we interpret Paul’s characterization of morphological
computations? To begin with, we should be cautious about drawing
metaphysical implication from examples like this. The mere existence
of morphological computation does not, by itself, present a signifi-
cant challenge to the view that morphological computations are just as
multiply realizable as central computations albeit within the context of
an “extended functionalist” framework. Functions realized via morpho-
logical computation are fully compatible with traditional multiple real-
izability. In principle, different configurations of the body could provide
different extended ways of implementing the same function. In the
case of morphological computations, one might imagine a variety of
different ways in which the structure of the body could supplement the
perceptrons, computationally speaking.

So, the point here is not to present a metaphysical challenge to multiple
realizability taken as an in principle argument. Rather, examples like
this support a proposal to modify classical constraints on computational
theory in cognitive science. To begin with, by fixating on multiple real-
izability, traditional cognitive science has tended to assume the fixity
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Figure 5.1 Completing “morph’s” truth table
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of the function at the computational level of description. According to
the perspective we'd advocate here, the unique morphological features
that the XOR™ robot (as we’'ll call it) exemplifies, are constitutive of
the computational challenge facing the agent as well as the behavioral
repertoire which it exhibits in response. Computing XOR™ morphologi-
cally is not the same thing as modeling the approximation of the XOR
function with a disembodied network. As the robot agent navigates its
environment, the details of its embodiment and the range of feasible
physical interactions available to it are constitutive of the manner in
which it learns to implement XOR".

Furthermore, details external to the cognitive system itself can
affect the computational problem facing the system; consider how
the environment can play a role in the problem, when, for example,
we place the XOR' robot on a steep slope. In this case, the function,
as described at the computational level, is altered, and as Paul notes
such changes happen as a whole (Paul 2004). This is why we would call
the function XOR’ rather than XOR. The XOR function is impervious
to hills.

For cognitive science, ignoring bodily and environmental constraints
is a methodologically risky strategy insofar as it can miss the problems
that serve as the starting point for computational theory. Once these
are acknowledged, our computational accounts of the agent’s challenges
and responses are subject to revision and can be updated in light of
increased understanding of the body and the environment.

In this sense, the computational theory of how the agent responds to
the' environment can be understood as an ongoing research topic, rather
than a matter of settled functions at the computational level.

On the view we are advocating here, computational theory should
reveal precisely what Marr said it does: It should illuminate the goal of
the computation, explain why it’s appropriate, and discover the logic of the
strategy by which it can be carried out. The computation itself is the result
of the agent finding or falling into a strategy for achieving some goal.

This strategy is constrained by the body, the environment, and the
goals of the agent. However, one might object that the morphological
computation movement risks confusing the kinds of problems that
minds must overcome with the kinds of problems that bodies or organ-
isms as a whole must overcome. The mind (for the most part) solves its
own problems in the service of solving the agent’s problems.

One problem is the claim that we could think of this as pushing the
problem back a bit. If we were, for example to identifying the mind with
some aspect of the sub-agential level, we might, for example, push back
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to identifying the activity of the mind with the functions performed at
the level of the perceptrons. If so, then how does the central controller
(read the perceptions) tackle the problem of dealing with this bodily
morphology? But isn’t there something arbitrary about identifying the
central controller with the perceptrons rather than any other aspects of
the machine? Moreover, there are two distinct perceptrons connected by
a body; which of the two is to be identified with the central controller?
The AND perception or the OR perceptron? Notice too that they are
jointly participating in the effort of producing the XOR operation..

Marr’s criticism of the study of feature detecting neurons and his criti-
cism of Gibson certainly encouraged the view that Marr understood
the computational level as autonomous with respect to the biology of
perceptual systems. However, the problems and strategies view of compu-
tation which we should take from Marr is more fruitful and, strikingly,
not alien from the embodied-embedded. Reflecting on morphological
computation encourages the view that computational theory, as Marr
understood it, is already the study of embodied computation.

Historically, the bias in favor of the functional or computational level
of investigation dates back at least to the classic early works in cogni-
tive psychology and is clearly articulated in one of the most influential
early works of that tradition, Ulric Neisser's Cognitive Psychology (1967).
Clearly, the doctrine of multiple realizability makes plenty of room for
the view of the mind as a symbol manipulating system whose rela-
tionship to the body is at least contingent and most likely irrelevant.
However, our quarrel in this paper is not with multiple realizability
per se. Rather, it’s with the idea that we have a true and complete story
with respect to the way the mind works at the computational level.
If we had such a story, then it’s quite possible that the body would
be irrelevant. However, we will only arrive at a good computational
account by understanding the kinds of problems faced by cognitive
agents, and we will only understand those problems by understanding
the capacities of the body.

The most obvious point we can take from examples like the XOR*
robot is that computational theory can generate distinct stories about
the inner workings of the agent even when the resulting function is
understood. This is not very surprising. Where methodological consid-
erations are more dramatically altered is with respect to the conditions
defining a problem for the organism or agent. Understanding what can
be morphologically computed by an agent requires more attention to
the way the body works than philosophers of mind have been used to

paying.
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Notes

“We are very grateful to audiences at the University of Pittsburgh and at the New
Mexico-Texas Philosophical Society for helpful feedback. Thanks especially to
Sarah Robins, whose commentary on an earlier version of this paper helped us
to improve it considerably. We gratefully acknowledge the support of Fundacién
séneca (Agencia de Ciencia y Tecnologia de ta Region de Murcia), through project
11944/PHCS/09, and The Ministry of Economic Affairs and Competitiveness of
$pain, through Project FF12009-13416-C02-01.

1. For more on Marr’s methodology see Symons 2007,

2. We are grateful to an anonymous reviewer for encouraging us to add this
section.

3. They focus on what they see as the mereological fallacy invoived in claiming
that the brain rather than the whole person “gathers information, anticipates
things, interprets the information it receives, arrives at conclusions, etc.”

4. The example that Bickle cites is Jerry Fodor’s antireductionism. He writes:
Citing associative processes and the effects of emotion on perception and
belief, even the Jerry Fodor of 1975 insisted that explaining them is left to
lower-level (probably biological) investigation (1975, 203). Yet Fodor has
long denied that reduction is viable for theories about genuinely cogni-
tive phenomena. (Bickle 1998, 3)

5. Some philosophers insist that we have a finished theory of mind, namely
our folk psychological theory of mind. We assume that our readers share our
hope for more from the science of mind than the belief-desire-action model
of mind has provided so far. If you do, then you do not think that the game is
over yet and accept that we do not have a finished theory of mind.

6. Although of course it is now possible to construct neural networks which are
not subject to this constraint and can solve non-linearly separable problems.
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