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Abstract One of the major divergences between dynamical systems theory and
symbolism lies in their views on the role of representation in cognition. From the
perspective of development, the cognitive development could be divided into
three levels: sensorimotor, imagery representation and linguistic representation.
It is claimed that representation is not a sufficient condition though it is necessary
for cognition. However, it does not mean that the authors agree with the notion of
strong coupling in dynamicism that completely rejects representation.
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1 Introduction

Cognitive science, an extension of the philosophical epistemology, has expanded
due to the emergence of some new empirical themes. There is no unified
theoretical framework for the current cognitive studies, but certain paradigms
rival to each other can be found in the field. Following the symbolism and the
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connectionism, one attractive theory, dynamical systems theory (DST), has
gained a rapid development in cognitive sciences since the 1990s, which explains
cognition and mind from the perspective of dynamical systems. The advocators
of the DST include. Edelman G, Clancey W J, Thelen E, Smith L, van Gelder T,
Port R F, Varela F J, Kelso J A'S, Clark A, Brooks R, Beer R and so on. Compared
with symbolism, the dynamical approach to cognition is based on diverse
philosophical ideas. It has proposed various cognitive views and adopted different
methods as well. To boil it down, the DST sees cognition as real-time adaptive
activities of agents who are embedded in the environment, as it is known to us
that cognition is a systematic event and cognitive development is an emergent
outcome derived from decentralized and local interactions in a complex dynamical
system.

The core of the debates between the DST and symbolism concerns the role
that representation plays in cognition, namely an issue as to whether or not
representation is sufficient and necessary to cognition. The physical symbol
system hypothesis (PSSH) developed by Newell and Simon suggests that all
cognitive processes are in essence computation of symbolic representations
in discrete time (Newell 1976, pp. 113—126). However, the DST questions its
view and rejects its basic concepts. For example, Varela holds that “the very
notion of representation obscures many essential dimensions of cognition not just
in human experience but when we try to explain cognition scientifically” (1991,
p. 134); Brooks insists that “representation is the wrong unit of abstraction
of building the bulkiest of parts of intelligent systems” (1991, pp. 139-159);
van Gelder claims that “dynamics forms a powerful framework for developing
models of cognition that sidestep representation altogether” (1998, pp. 615—665).
Some dynamicists have even advanced the radical embodied cognition thesis
(RECT), making declaration that “structured, symbolic, representational and
computational views of cognition are mistaken. Embodied cognition is best
studied using non-computational and non-representational ideas and explanatory
schemes involving e.g. the tools of dynamical system theory” (Clark 1997,
pp. 461-481). Thus, we call the RECT the concept of strong coupling dynamicist
representation.

Despite the fact that the progress made by the dynamical approach in such a
disorderly mixed situation in the current study of cognitive dynamical systems is
so great and exciting that more and more evidence has shed light on the cognitive
notions of embodiment, situatedness and dynamical systems, one can never deny
that the higher-order cognitive activities of human beings are realized by virtue
of symbolic capacity. Therefore, we have to be cautious and prudent to deal with
the conception of representation in cognitive sciences. The discussion will be
made in this paper under such a general precondition that “cognition is cognitive
development.” The questions to be clarified are as follows. 1) How many
developmental levels have cognition gone through? 2) Are all the realizations of
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cognition at each level based on the symbolic representation? In other words,
is the computing process of symbolic representation sufficient for cognition? If
not, and then 3) at which level or levels is representation crucial to cognition?
Is representation complete to cognition at the levels at which representation is
critical to cognition? Finally, 4) it is necessary to distinguish whether or not
dynamicism is inevitably at odds with the concept of representation.

2 Cognitive development and embodied mind

The classical epistemology and symbolism both implicitly treated cognition as
a symbolic representation process, in which language is the most universal and
primary symbolic form in human beings’ thinking process. Thereby, both theories
put cognition directly on the intelligent level of verbal thinking for study. In
that case, cognition was regarded as such higher-order psychological processes
as logical reasoning based on distinct concepts, hypothesizing, programming,
strategy-making and problem-solving, while knowledge as the product of
theoretical thinking. However, according to the evolution theory, organisms
are evolved, and cognitive capacities of organisms are evolved accordingly. The
cognitive capacities of humankind and other organisms on each evolutionary
stage of phylogeny and ontogenesis are different, i.e. such capacities are
developing, which means that neither of them has the very cognitive capacity of
thinking with the symbolic representation at the very beginning. Instead, the
cognitive capacity of human beings has undergone a long-time biological
evolution, and a gradual development in certain cultures and societies as well.
Hence, an intrinsic historical dimension can be found in knowledge acquisition
and theory construction by means of cognition.

Piaget argued that cognition is a specific form of biological adaptation in
respect of complex organism in complex environment, and that the higher-order
intelligence of human beings is an extension of biologically adaptive behaviors
(1972). Vygotsky claimed that the higher-order psychological function of human
beings is the outcome of a cultural-and-historical process (1929, pp. 415—432). It
was due to the original study made by Piaget, Vygotsky and other researchers that
the rational study of the genesis and development of human cognition developed.
From this point of view, the intelligence of animals and infants deserves a further
study as a kind of cognitive phenomenon.

Humans came into being not as abstract subjects epistemologically described
by Descartes R’s “I think” or Husserl E’s “pure consciousness.” On the other
hand, the cognition of human beings did not start with the mechanical activities
of inert matters, either. Cognition originates neither from the subject with distinct
self-consciousness nor from the well-formed object apt to brand itself on the
subject (from the viewpoint of the subject), but rather derives from the interactions
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between the subject and the object, in the midway of which the kind of the
interactions would occur (Piaget 1972). Real cognitive subjects are not at all
those of pure spirituality who are separated from nature in the sense of Cartesian
epistemology, but body-subjects as Merleau-Ponty suggested (1962). Thus, the
foremost important thing in the study is to know the mode of man’s natural
existence if we want to understand his actual cognitive activities.

“The mind is inherently embodied” (Lakoff 1999, p. 1), which is one of the
three major findings of cognitive sciences. Its significance lies in the affirmation
of the non-dualist mode of existence of biological agents and human beings.
In other words, biological agents are neither existents of absolutely mechanical,
inert and external physical movements, nor those of mental activities of pure
consciousness or spirit which are disembodied. The embodied mind is in neither
of the two extremes, but rather, it is a kind of “ambiguous” existence between
the two extremes addressed by Merleau-Ponty (1962). For instance, the kind of
ambiguity, which is both sensible and sensitive, manifests in the unique bodily
experiences of biological agents. The same hand of a human being can both touch
and be touched, which is neither the merely interior sensations nor the merely
exterior things touched; the body is both passive and active, which responses to
stimuli, but at the same time, endows these stimuli with significances. A case in
point is that when we hit a piece of paste or one’s body, the paste and the body
response the hit with a similar dent; however, the body has reflex to avoid the
pain by the hit. By doing so, the body displays its intentionality, and yet this kind
of intentionality is not the one of the pure “I think”, but the kind of instinctive,
reflex and unconscious bodily intentionality in the world. It is through bodily
intentional activities that the agent begins to be intimately interwoven with the
world.

Edelman declared that it is not enough to just talk about embodiment, one must
say how (1992, p. 15). Biologically speaking, the body is a corporeal entity with
a densely distributed nervous system. It is the very natural evolution and
development of the nervous system that has transformed an organism from a
purely outward and objective soma to a lived body with an inward mental world.
The nervous system of all mammals and higher primates consists of the central
nervous system converged in the brain and peripheral nervous systems distributed
in the rest of the body. Thus, a biological agent can be divided into two distinct
parts: the brain with the central nervous system and the rest of the body with the
peripheral nervous system. All the operations of the human intelligences from
action to verbal thinking are realized by means of the internal mediating states of
the nervous system. In this sense human beings are neural beings. Our brain takes
in the outside information from the peripheral nervous system, and puts out the
information integrated in the brain in order to adjust the body movements and
other intelligent behaviors. What our bodies are like and how they function in the
world thus constitute the very concepts we can use to think. We cannot think just
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anything—only what our embodied brains permit (Lakoff'). Without the close
coupling of the central nervous system with the peripheral nervous system, the
embodiment of mind is simply impossible. To a great extent, the evolution of the
brain nervous system determines the agent’s level of cognitive development.?

3 Levels of cognition and symbols of representation

The “cognitive revolution” taking place in the 1960s smashed the narrow
Behaviorist ideas that denied the internal mental states, and put forward a
computational model of mind by symbolic representation. The model is a
theoretical construct of the internal mediating state (form and process) of the
brain analogizing to the computer before the black box of the brain is opened. In
contrast, cognitive neuroscience and brain science intend to enter the black box
to see how the brain operates. A figure is exhibited in the following to demonstrate
the development of the views on cognition (see Fig. 13).
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Fig.1 Evolution of views on cognition

'Lakoff G, “Philosophy In The Flesh”: A Talk With George Lakoff. http://www.edge.org/3rd
culture/lakoff/lakoff p2.html.

2The embodied mind is not simply embodied in the brain, but emerges from the whole body
distributed extensively by the central and peripheral nervous systems. Therefore, the
intelligence of an organism is not completely determined by the evolutionary level of the brain.
For instance, if man had not had his flexible hands which could be used to perform delicate
movements to match with the brain, his ability to manufacture tools in the primitive stage
would have confined to a narrow limitation, and as a result, his intelligence would also be
restricted.

3The design of Fig. 1 consults Liu (2005) and Plunkett, McLeod and Rolls (1998).
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Cognitive psychology and cognitive neuroscience both hold that adaptively
intelligent behaviors are conducted through the mediation of internal processes.
The difference between them consists in the fact that the former takes the internal
processes as symbolic computation similar to computer and yet the latter argues
that the internal processes are performed by a neural dynamical system of true
human being.

Now a basic issue to be clarified is this: does the construction of mind as
symbolic representations sufficiently capture all the types of intelligence carried
out by the brain in the whole courses of phylogeny and ontogenesis? In other
words, are the mediating processes of neural systems just the computing processes
of symbolic representations? Or is the thesis of strong Al that takes the brain to
be a digital computer true? To answer the above questions, first let us take a look
at the types of intelligence and the levels of cognition of agents developed by
natural selection instead of logic design.

Above all, language is the foremost important criterion because only human
beings possess the faculty of language in Noam Chomsky’s sense or the language
instinct in Steven Pinker’s sense (1994), Chomsky said:

Recent work seems to confirm, quite generally, the not very surprising
traditional assumption that human language, which develops even at very low
levels of human intelligence and despite severe physical and social handicaps,
is outside of the capacities of other species, in its most rudimentary properties,
a point that has been emphasized in recent years by Eric Lenneberg, John
Limber and others. The difference appears to be qualitative: not a matter of
“more or less,” but of a different type of intellectual organization (1980,
p- 439).

In a sense, a majority of animals possess respectively their own signal
communication systems. All these signal communication systems, however, lack
the faculty of linguistic syntax in Chomsky’s sense. To illustrate this point, let
us take a look at the three roots of language identified by Stern W: expressive
tendency, social tendency and intentional tendency (Vygotsky 1961, p. 58).
Although the first two roots can universally be observed in the animal world,
the third is exclusively observable in human beings. Biihler K and Popper K R
made the similar division. According to the Biihler-Popper division, there are
four levels of communication in animals and human beings. 1) The expressive
or symptomatic function: the animal is expressing its inner states of emotion or
feelings, as also done by human beings with calls, cries, laughter, etc. 2) The
releasing or signaling function: the “sender” by some communication of its
symptomatic expression attempts to bring about some reaction in the “receiver.”
Ecological studies have revealed an enormous variety of these signals. 3) The
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descriptive function: this makes up the greater part of human communication.
This is a kind of capacity of narrating or describing: in certain stage of
psychological evolution, human beings acquire the ability to signify something
while making certain voice, the capacity of describing and narrating something
outside, or what have happened inside his own internal world. 4) The
argumentative function: it is language at its highest level. The art of critical
argument is intimately bound up with the human ability to think rationally.
Evidently, the first two functions are shared by both animals and human beings in
their communication while the latter two are unique to human languages (Eccles
1989, pp. 71-72).

Two significant characteristics of the verbal-thinking intelligence are
highlighted by the descriptive functions of language. 1) Language frees man from
his spatio-temporally-limited expression of body movements. Language is the
means with which man can represent almost anything absent, i.e. linguistic
representations can be independent to a great extent of objects represented, as
they have gradually been developed into an independent language system in
the course of evolution. With the aid of the system, man can construct in
his imagination an abundant world, a noema in Husserl’s sense. Owing to
the publicity of grammar, man’s linguistic capacity of verbalization and
communication considerably helps himself go beyond the limitation of bodily
expressions of his inner world. Unlike animals, man has no longer expressed
himself or conveyed his ideas by resorting to finite body schemas combined with
sound signals. As a result, his rich imaginative world can be communicated freely
to others without any spatio-temporal restriction. 2) Human beings have got a
relatively independent inner world. Benefited from the capacity of imagination,
man is able to weave his inner world, i.e. it is possible for the signifier to be
independent of the signified, and for a noema to be separated from a real object.
In this way, to the receiver the statements delivered by the sender can be either
true or false, thus there is the problem of truthfulness or falsity of propositions.
This is possible only after the emergence of a relatively independent inner world.
It is this world of fertile imagination that distinguishes man from any other
organisms in respect of independence of the natural world.

As is evidently manifested in the above discussion, human beings have
acquired the cognitive capacity of verbal-thinking in the course of evolution,
while nonhuman beings have not. On the other hand, from the perspective
of ontogenesis, an individual cannot reach the higher cognitive level of
verbal-thinking in the very beginning of his life. The fact is that before speech
intelligence is developed, there remains a phase of non-speech intelligence. Take
an infant as an example whose explorative and expressive activities are quite
similar to those of an animal since both of them depend on bodily movements to
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express themselves. Based on Kdhler’s studies on ape’s intelligence, Vygotsky
drew the following conclusions: 1) thought and speech have different roots in
their ontogenetic development; 2) in the speech development of a child, we can
establish with certainty a pre-intellectual stage, and in his thought development, a
pre-linguistic stage; 3) up to a certain point in time, the two follow different lines,
independently of each other; 4) at a certain point these lines meet, whereupon
thought becomes verbal and speech rational (1961, p. 83). Whereupon we come
to the conclusion that linguistic representation is not sufficient to human cognition
because there do exist non-language cognitive activities.

Neither animals nor infants in the pre-linguistic stage acquire the faculty of
linguistic representation. Do they completely lack the faculty of representation?
It is the second issue to be clarified. The complex behaviors of animals are greatly
similar to those of human beings. It is due to the similarity that we can understand
the behaviors of animals. On the ground of that we speculate that both animals
and human beings have some similar neural mediating states. One of the
significant emergent outcomes of the internal meditating states manifests as
mental images. For example, we can present the images of the road leading home
and its surroundings (trees, houses and so on) in our mind, and likewise, animals
also can take advantage of this capacity to mediate their behaviors. We may say
that the capacity of imagery representation is shared by animals and human
beings. Owing to the imagery representation, animals also have their own
imaginative internal worlds (Edelman 1989). However, compared with the
internal world constructed in language, the one constructed with imagery is
extremely restricted, for imagery representations are always concrete whereas
language can be used to represent abstract meanings. Without language—the
valuable technique assistance (Kohler 1927), animals have to depend mainly
on their expressive capacities of body movements and sound signals whenever
they intend to convey their internal images out so that animals are always living
a life of “remembered present” as Edelman said (1989). Consequently, animals’
symbolic and semantic capacities are confined to a narrow scope because they do
not have the faculty to acquire true language though they are able to construct
mental scenes or mental images. Thus, we can conclude that both human beings
and animals possess the faculty of imagery representation which is weaker than
that of symbolic representation. Imagery is such a kind of capacity in the brain
that is restricted by body movements while linguistic sign is a kind of output
device (Wilks 1982), an external sign with which public communication can be
carried out. Although we still do not know exactly how images emerge out of
neural dynamical processes in the brain, the experiments of mental rotation
initiated by Shepard and Metzler (1971, pp. 701-703) not only demonstrated the
real existence of imagery but also offered us proof that “you can manipulate
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objects in image much like you manipulate actual objects” (Kosslyn 2004,
p. 322).

The above arguments show that both language, the external symbolic
representation for public communication, and imagery, the means of representation
existing in mind, fall into the category of conscious cognitive process. However,
one of the important discoveries of cognitive science is “thought is mostly
unconscious” (Lakoff 1999, p. 1), that is to say, not all the mediations (operations)
of neural system will turn out to be conscious symbol representations or imagery
representations (Crick, 1994; 2002). For instance, both humans and animals have
extensive capabilities of implicit memory, implicit learning and auto-processing.
Therefore, it appears inappropriate to take all mediating states and processes
in the brain as processes of conscious computation of representations. In this
respect, our view is similar to that of Markman and Dietrich put forward in their
In Defense of Representation, i.e. neural mediating states are a superordinate
category of representations. Here it goes, “Our analysis suggests that all theorists
accept ideas that cognitive processing involves internal state along with
information-carrying states that meditate cognitive processing. These meditating
states are a superordinate category of representations” (Markman 2000,
pp. 138—171).

In the light of the above discussion, let us categorize the cognitive capacity
into three developmental levels (See Fig. 2).

1) Primitive cognitive level: sensorimotor cognition. This is the cognitive stage
that can easily be identified in animals and infants. The characteristics of this
level can briefly be outlined as “Thinking is doing”, or “Knowledge is action”.
It is speculated that there is no lie or deception at this stage as there is no
well-established internal world on the level.

2) Primary cognitive level: imagery cognition. Edelman classifies consciousness
into primary consciousness and higher-order consciousness (2003, pp. 5,520—
5,524). The imagery cognition is something like Edelman’s primary consciousness,
or roughly Piajet’s pre-operation. At this phase, cognition can take place in the
brain by means of imagination, a capacity of event rehearsal in the brain. In spite
of the emergence of imaginative internal world at this stage, cognition still largely
relies on bodily movements. Thus, the characteristics at this stage can be described
as “Thinking is more than doing”, and at this level actions by planning and
deception develop in some animals.

3) Higher-order cognitive or verbal-thinking level: language cognition.
Cognition at this level is similar to Edelman’s higher-order consciousness, and
corresponds roughly to Piajet’s concrete and formal operations. It is mainly based
on the logic operation of definite concepts. Cognition at this stage surpasses the
spatio-temporal limitation of body movement expression, which makes the
development of the abstract world possible. Language not only enables human
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beings to develop a cultural world on the basis of the natural world, but also
makes cultural evolution on the basis of natural evolution possible. The
characteristics of cognition at this stage can be summarized in one sentence,
“Thinking is far more than doing.” It seems that lies and deceptions are inevitable
in human cultural world.

It is necessary for us to emphasize the following two points: 1) as the
high-order cognition is based on the low-order cognition and permeated by the
low ones in the process of evolution, the real verbal cognition is in fact a kind of
sensorimotor-imagery-language mixture, and imagery cognition is a kind of
sensorimotor-imagery; 2) what we made above is only a rough division, so we
have to be clearly aware that the artificial network of category or conception is
far from being delicate, that it is still impossible so far for man to capture
completely a real world in his mind, let alone the development of intelligence
which has gone through a long geological evolution, that between the primitive
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and primary stages and between the primary and higher-order stages, there must
be quite a few evolutionary sub-stages, and that it is practically beyond our ability
to describe the details of evolution with so few concepts mentioned above, not to
speak of identifying the differences displayed in the process of evolution.

Concerning the issue “if symbolic representation is necessary and sufficient to
cognition,” we come to the conclusion based on our investigation of the levels of
cognitive development. Since the internal meditating state is the superordinate
category of representation, cognitions at all levels are not always resorting to
symbolic representations, but the most important cognitive activities of human
beings are conducted by means of linguistic representation, and the mental
activities with imagery representation are also popular among animals.

On the basis of the above conclusion, let us now turn to some arguments made
by certain dynamicists and put forward our own notion of the dynamical approach
to representation.

4 Coupling and incomplete representation

We have mentioned earlier the current disorderly mixed situation in the study
of cognitive dynamical systems, which can at least be seen through the diverse
attitudes toward representation. Some dynamicists, for example, Varela and
Clancey hold that symbolic representation is not sufficient to characterize
cognition, but they do not entirely deny the cognitive function of representation
(Varela, 1991; Clancey, 1997). And some others, including van Gelder, Thelen
and Beer, argued that representation is totally a wrong conception, and that the
strong agent-environment coupling makes it impossible to interpret the realization
of cognition as representation (Thelen, 1994; Beer, 1995; van Gelder 1998). Can
the dynamical approach of strong coupling sufficiently characterize cognition at
all levels? Let us boil the dynamicist anti-representation argument down to two
parts.

1) The first part includes general ideas of the dynamicism, i.e. the cognitive
agent is embedded in its environment, that is, cognition is a sort of embedded,
real-time and adaptive behavior; cognition refers to a cognitive system, an unity
of agent (brain-body) and its environment; the unity does not result from the
external connection, but from the coupling of the variables in the dynamic
system instead; and a single mind is not a meaningful unit for analysis. Beer’s
agent-environment model of dynamic system can be employed to demonstrate
the unified dynamic cognitive system (Fig.3). Beer exhibited the coupling
relationships with two functions of S and M. Here S is supposed to be the sensory
input function from environment to agent while M is the motor output function
the other way around; S(X;) stands for the sensory input and M(X)) for the agent’s
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Fig. 3 Agent-environment coupling dynamical system

motor output. In this way, the state change between agent and its environment
can be described as the following equation (Beer 1995, p. 131)

i, = A(x,;8(x,))
iy =E(xp;;M(x,))

2) The second part is the core of the argument—the notion of strong coupling.
The variables in the system are co-evolving in a continuous fashion, interacting
and determining mutually and simultaneously. The change in respect of
environmental state inevitably induces the change in respect of agents’ state, and
the agent’s state influenced will in turn affect the change of its environment:

Any action that an agent takes affects its environment in some way through M,
which in turn affects the agent itself through the feedback it receives from its
environment via S. Likewise, the environment’s effects on an agent through S
are fed back through M to in turn affect environment (Beer 1995, p. 131).

This coupling is so strong that in the continuous and simultaneous change of
the agent and its environment there would be no independent representation
processing sequences in the brain between the sensory inputs and motor outputs.

Van Gelder cited Watt centrifugal governor, one of the classical examples in
the study of dynamic system, to elucidate this kind of strong coupling. Watt
centrifugal governor is usually linked to steam engine and together they form a
coupling system (Fig. 4) (van Gelder, 1997). Either of them can be regarded as
a dynamic system: in the engine system, the key variable is engine rotating speed
o, which is the parameter of the governor system; in the governor system, the
key variable is the arm angle of the pendulum arm 6, the parameter of the engine



Representation and development of cognition 595

Spinning weights fly
outward as spindle
rotates faster, thereby
pulling throttle closed
alittle, and reducing
steam pressure.

Pully belted on Throttle
to flywheel & valve

Fig. 4 Watt centrifugal governor-engine coupling dynamical system

system. This kind of coupling system can be characterized by a differential
equation (Denny 2002, pp. 339-350)

d’0 d b do

W ( ] + s1n(0))cos(9) - —sm(@) — _E )
dcu

20~ h0,) @

Via the above example, van Gelder compared the paradigm of representation
computation with the mode of modulation for each throttle valve in Watt
centrifugal governor. The paradigm of representation computation takes the speed
modulating process as a discrete, sequential algorithmic flow:

1) measure the speed of the flywheel;

2) compare the actual speed against the desired speed;

3) if there is no discrepancy, return to step 1), otherwise

a) measure the current steam pressure,
b) calculate the desired alteration in steam pressure,
¢) calculate the necessary throttle valve adjustment;

4) make the throttle valve adjustment;

return to step 1).

This algorithmic sequence involves a circle of sensory measurement,
computation and action implementation, which is just like the decomposition of
the cognitive process by the paradigm of representation computation: perception
of the environment, generation of internal representations, computation and
selection of actions. However, the real process of throttle valve of Watt centrifugal
governor is totally different from the computing approach to representation, the
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former is self-organizedly realized by means of coupling interactions between
systems. From the preceding differential equation, we can see that 0 and w cannot
be treated as external parameters in their respective systems if the stability
of dynamic modulation is to be reached. The arm angle () is continuously
modulating the rotating speed of the engine (w), which in the mean time is
continuously modulating the arm angle. When everything works well, this
coupling engine-governor system will reach a scheduled rotating speed balance,
i.e. a fixed point attractor eventually appears in the 6-w phase space. That is
why van Gelder viewed it as a failure to explain the dynamic process of the
governor-engine system by the computing approach to representation. (van
Gelder 1995, pp. 345-381)

We insist the general ideas of dynamicism as discussed in the first part of the
above argument. We hold that it is because of the coupling of the agent and its
environment that there cannot exist such a cognitive agent completely independent
of the environment in the sense of the traditional epistemology. That is to say, it
is impossible for an agent to completely represent his environment when
being independent of it. This incompleteness is determined by the nature of the
agent-environment coupling because cognition is not simply a process of sensory
inputs in which motor outputs will not be involved, rather, cognition is a
perception-action unified process®. It is like in the governor-engine system: if the
arm angle (0) comes to completely represent the rotating speed, then the rotating
speed (w) must be a quantity totally independent of the governor system,
otherwise, the arm angle () has to represent itself simultaneously due to the
governor-engine coupling, which will never happen. Therefore, the arm angle
(0) cannot completely represent rotating speed (w), in other words, complete
representation is nowhere to be found.

The incomplete representation is quite common in cognitive activities of
human beings. A good case in point is the hermeneutic circle in hermeneutics, the
reflexivity of the financial market disclosed by Soros (1987). In nature, reflexivity
is equal to coupling. In a stock market, if a participant attempts to predict the
future of the market, he would do so by comprehending the past and judging the
present situation, and would discount the future by predicting it, while the future
in turn counts on how the present discounts it. In this case, the stock market
participant and the market environment are not independent of each other. Instead,
they not only have an impact on each other, but also determine each other. As a

4Perception is not merely an internal mental transformation, but a systematic event which is
fulfilled by a continuously running perception-action circuit. The action refers to the perception-
oriented action while the perception refers to action-guiding perception. An agent’s perception
constrains what it is able to do while its deeds likewise constrain what it is able to perceive.
The perception is not solitary but appears from the coupling of sensory input, perception and
motor coupling.
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result, the interactions between them increase the uncertainty of the market.
This is the very implication of the market reflexivity. It is easy to see that the
reflexive movement of the market forms a continuously outspread time sequence:
the currently made decision, which is based on the interpretation of the past
and anticipates the future of the market, will affect and shape the future of
the anticipated market. Like Beer’s agent-environment coupling model and
the governor-engine coupling system, Soros tried to express the reflexive
phenomenon of cognition-participation via a pair of coupling functions: cognitive
(understanding and judging) function and participating (discounting and applying)
function

X = ®(Y) cognitive (convergent) function
Y =¥(X) participating (divergent) function

where X stands for the participant’s point of view concerning the market situation
Y, and Y for the market situation with the participation of X (Soros, 1987).

We can also rewrite this coupling equation into Beer’s coupling differential
equation

x=C(X;D(Y))
Y =S8(Y;¥(X))

where C is the cognizer and S is the stock market.

In the market the participant is situated, the cognitive function ® and the
participating function ¥ operate simultaneously, neither of which is isolated from
the other. If the stock market participant only steps aside as an onlooker to observe
the market and analyze the change independently, or in other words, if he only
represents the stock market without participating in the transaction, then there
will never be a stock market system.

The notion of strong coupling demonstrates that there is no complete
independence. Likewise, complete representation is in no way a correct concept.
However, should we believe that there is no representation at all just because
we discover that there is neither complete independence nor complete
representation?

It has been made clear in the above discussion that due to the development of
imagery and linguistic representations the agent is equipped with a comparatively
separated internal world. In the agent’s cognitive activities, sensory inputs
and motor outputs are connected with each other via the very internal world.
Therefore, through the operation of the internal world, the immediate interactions
and inter-determinations of the sensory inputs and the motor outputs are delayed,
i.e. an extra process is added, which is marked with a dashed line in Fig. 5: the
agent can carry out its cognitive activities by manipulating the environmental
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Fig. 5 Incomplete representation in the agent-environment coupling dynamical system

representation R(E), without interacting momentarily with the actual environment.
In this sense, the coupling is no longer so strong because it has been temporally
weakened or decoupled by the indirect internal world. It should be emphasized
that this “decoupling” is not the end, but the coupling is, because the operation
based on the representation has to contact with the actual environment ultimately.
In short, our notion of representation based on the dynamical approach to
cognition includes three points: 1) the agent(s) and the environment cannot
completely be decoupled; while 2) the capacity of representation enables the
agent to possess a relatively independent internal world; so 3) it is impossible for
the internal world to have a complete environmental representation, and yet there
is indeed relative independence and incomplete representation of the real world.

5 Conclusion

In connection with the debate on “whether or not symbolic representation is both
sufficient and necessary to cognition” between the symbolism and the strong
coupling approach to dynamicism, we start with a survey of the levels of cognitive
development, insist in the general ideas of dynamicism, and draw the following
conclusions: the representation (either imagery or linguistic) is the most important
means of cognizing and learning; it is due to the faculty of representation that
man developed an independent, internal and imaginative world; it is because
of coupling on the other hand that this independence of the internal world is
invariably relative and thus the representation remains incomplete all the time.
Although we have no complete independence, we do have some relative
independence. Likewise, although we have no complete representation, we do
have some incomplete representation. We claim, therefore, that the symbolic
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representation is insufficient but necessary to cognition, in particular, to higher-
order cognitive activities of human beings. Fundamentally speaking, dynamicism
and symbolism are not absolutely incompatible with each other.

The relative independence and incompleteness of representation determine that
our relationship to the world is by no means a dualist epistemological relationship.
Instead, there is a coupled existential link between us and the world which is
implemented by both the perception-action coupling and the theory-practice
coupling. Such a link is already indicated in Husserl’s pre-scientific “Life
World” (Lebenswelf) (1970), Martin Heidegger’s “Being-in-the-World” (1999),
and Merleau-Ponty’s “Flesh of the World” (1968). On the other hand, human
existence is always paired with a special epistemological “wonder” of the world,
a theoretical attitude towards the world (Husserl, 1970). It is this very attitude
that stimulates human beings’ determination to constantly represent the world
in which they live, which will eventually lead to a theorized conceptual world.
However, due to the incompleteness of representation, what we need to be
cautious of is: never regard the theorized conceptual world as the whole “real
world” and never take a map as the actual territory.
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