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Abstract. A new perspective on classifying cognitive systems is
presented in which a distinction is made based on how the world is
represented, rather than the typical distinction between cognitivist and
emergent approaches. It is argued that the typical classification in essence
distinguishes between systems by their implementation, rather than by
their properties. The alternative presented here instead focuses on how
the system represents the world (if at all) and whether these representations are intelligible to the designer or the system itself. From this
novel angle, existing systems are better classified and importantly a gap
in existing cognitive systems research becomes evident. An outline of a
well-founded cognitive system that fills this space is put forward, one
which cognitive robotics is ideally situated to explore.

1

The Embodiment Divide

Cognitive robotics research aims to produce robotics systems that approach the
level of cognitive ability that we as humans display, exhibiting capabilities such
as perception, learning, predicting and taking action, in an autonomous manner.
In cognitivist systems such as Shakey [1], cognition is a modular computational
process underwritten by the physical symbol system hypothesis [2]. Alternatives
such as the subsumption architecture [3], and those based on neural networks,
dynamical systems and others were developed later as a response to perceived
shortcomings of the classical cognitivist approach. These have been collectively
termed emergent systems in surveys of the state of the art in cognitive systems
(e.g.: [4]). Cognitive systems are now commonly classiﬁed along those lines: cognitivist versus everything else. While this distinction may be useful in comparing
the implementation approaches of cognitive systems, it does not provide any further depth of insight into the diﬀerences between them.
This problem manifests itself as ambiguities in classifying systems by characteristics which should properly provide clear lines of distinction. For example, in
the survey above, a system’s “representational framework” is one such characteristic, with cognitivist systems being described as having “patterns of symbol
tokens” as a representational framework while emergent systems instead have a
“global system state”. It can be argued however that a collection of patterns of
symbol tokens taken together also constitutes a kind of global state, thus this
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characteristic fails to delineate a property that successfully distinguishes between
the two families.
Another characteristic, one that is commonly used to diﬀerentiate between
cognitivist and emergent systems, is the notion of embodiment — the situation
of a system in its environment such that it can not only be inﬂuenced by it via
perception but can also inﬂuence it back by taking action. Part of the importance
attached to embodiment stems from its perceived necessity for autonomous systems such as those sought for cognitive robotics: It is precisely the co-interaction
of system with its environment that gives rise to perceiving, acting, learning and
other processes of cognition and hence without embodiment these processes cannot occur [5]. Also of note is the necessity of embodiment for emergent systems,
which for the most part having ad-hoc representations (if any at all [6]) are
driven directly by perception. This is in contrast to cognitivist systems which,
by virtue of having internal representations composed of abstract symbols, are
freed from the necessity of embodiment. For reasons such as these, embodiment
is a property commonly ascribed to emergent systems. However again it is possible to argue that a cognitivist system could also require embodiment — any
cognitive robotics system that treats percepts as symbols is an example, and so
embodiment also fails to be an eﬀective distinguishing characteristic.
Since even a key characteristic such as embodiment fails to clearly delineate
between cognitivist and emergent systems, something is clearly amiss. The traditional classiﬁcation is in eﬀect distinguishing between systems based purely
on their implementation details, rather than the properties of the systems. The
obvious question then arises: Which properties are useful in discriminating between diﬀerent kinds of cognitive systems, in some more illuminating way other
than by just the details of their implementation?
An answer can by found by noting that the notion of embodiment as a requirement for a cognitive system is in fact somewhat misdirected. The question of its
necessity is actually one of whether a system has representations independent
of its environment or not, rather than if the system is physically instantiated.
This insight, along with well-founded arguments about the nature of mental representations from philosophy of mind and cognitive science allows at least two
distinctions to be teased out. The ﬁrst is the content of a system’s representations. Cognitivist systems can be said to have systematic representations, being
representations that are structured and are able to be combined in an inﬁnite
number of ways. By contrast, emergent systems have unstructured or ad-hoc
representations [7]. Secondly, a system’s representations may or may not have
some kind of intrinsic meaning. Those without require external interpretation
for their representations to be understood. This is the case for classical symbol systems, where a theorist must provide an interpretation of its symbols for
them to mean anything at all [8]. On the other hand, representations with intrinsic meaning are independent of being understood, similar to how a map can
represent buildings and streets, regardless of whether it is taken as such [9].
These two characteristics — representational content and representational
semantics — provide a way to classify cognitive systems based on how they
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represent the world. The traditional varieties of cognitive system implementations
are re-cast along these lines in Figure 1. By having unstructured content, it is meant
that the system’s representations are either ad-hoc or non-existent, as opposed to
those that are systematic. Representations with external semantics require meaning to be assigned by the designer, while those with independent semantics are exploitable by the system without intervention by a third party to provide
meaning.
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Fig. 1. Cognitive system implementations classified by representational properties

Thus the traditional classiﬁcation is replaced by one which classiﬁes physical symbol systems as a kind with both systematic representations and external
semantics, and while the various emergent systems all have unstructured representations, dynamical and enactive systems can be classiﬁed as having external
semantics whereas connectionist systems have independent semantics. This not
only better distinguishes between the diﬀerent implementations, but signiﬁcantly
it also makes evident a missing kind of system — one with both systematic representations and independent semantics.

2

Symbolic Emergent Systems

The missing piece in the ﬁgure above poses a further question — what would a
system with systematic, independent representations look like? Unlike existing
hybrid approaches which simply attempt to combine diﬀering implementations,
the aim is for a system that makes use of representations with these speciﬁc
properties, regardless of its implementation. By examining the features entailed
by these properties, it is possible to put together a picture of such a system.
There is a strong argument that a symbol system is necessary for systematic representations. Systematicity requires both productivity — that an inﬁnite
number of possible representations can be formed using a ﬁnitely deﬁned procedure, and compositionality — that complex representational content is constituted from other less complex representations, and the resulting combinatorial
nature can only be met by a symbol system [7]. Further, for representations to
be independently meaningful to a cognitive system, they must be in some way
equivalent to the things they represent, in the same way as a map’s streets are to
those in the city. This implies representations are isomorphism of their targets
— they have objects and relations which correspond to their target’s objects
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and relations [9] and hence consist of some kind of relational structure. Thus the
desired system should have a relational, symbolic basis for its representations1.
What remains then is to explicate a kind of symbol system with representations that are exploitable without requiring a third party to provide meaning
for them. One possible approach can be seen from the perspective of an agent
built with this kind of system. Consider a hypothetical robot with only vision
and temperature sensors, that has been newly situated in a typical kitchen. Over
time it acquires visual percepts of an oven and thermodynamic percepts of hotness. Since it was not furnished a-priori with a symbolic theory of households,
its representation of a “hot oven” must be composed of a relation over heatpercepts and representations of the oven, which is in turn composed of relations
over visual percepts of same. Although a simplistic example, it is clear that the
system’s representational content can consist only of these things: percept symbols, other representations and relations over both. With these being the only
objects of the system’s causal machinery, what the system in eﬀect requires is
the instantiation of a symbolic theory of mind, rather than the usual classical
approach of a collection of disparate theories of kitchens, thermodynamics, and
so on.
This novel system, being a hybrid of the representational properties of both
cognitivist and emergent systems, can perhaps be called a “symbolic emergent”
system. It is a well-principled and yet unexplored foundation for cognitive systems, and is well-situated to be examined in a ﬁeld such as cognitive robotics,
where elements as disparate as symbol systems and laser sensors come together.
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Notably, while advocating a symbol system would usually invoke certain philosophical and technical problems such as the Chinese room gedankenexperiment and the
symbol grounding problem they cease to be an issue when using representations with
intrinsic meaning [9, Ch.9].

