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Dynamical System 
Theory
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DS Theory
Not exactly a theory of cognition

Mind

Brain

World

A coupled system

The advance of DST is to think coordinated behaviour not 
as masterminded by a digital computer –sending symbolic 
instruction– but as an emergent property of nonlinear 
dynamical system, self-organizing around instabilites.

Also known as nonlinear dynamics, is a set of methods for 
analyzing differential equations and iterated mappings.
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DS Theory
What kind of System is a DS?

Lorentz Attractor 
in Oscillator
(Atom-Field interaction)

It represent the chaotic, 
non-linear, time-dependece of a 
point in a geometrical space

System - set of interdependet variables

Variable - an entity that can be in different states/time

State - value of all variables at a time

Behaviour - transitions between states

Poinaré (1899) Celestial 
mechanics
basis for the local and 
global analysis of nonlinear 
differential equations
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DS Theory
Would a Saturn-like ring system around Earth remain stable?

(Position, Momentum) Variables of the system are properties of the planet

slices of nature’s causal organization and can realize 
many Abstract Systems.

can couple with larger system by means of parameters.

Concrete system

Abstract system

gravity

We’ve to distinguish objects from the system they 
instatiate:

Copyright © 2004 Abdul 
Ahad. All rights reserved. 
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DS Theory
Mapping behaviour onto dynamics

ϕ=−sinϕ−2ksin2ϕ

(1985) Haken-Kelso-Bunz analyse human bimanual coordination

Self-organization features

Cooperative/Coordination 
behaviour

 multistability
switching

DS are quantitative systems with quantitative variables:

ϕ is a number 
corrispond to 
oscillation phase

DS modeling works because of the correspondence 
between quantitative properties of concrete variable 
and quantitative properties of the abstract counterpart
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DS Theory
Mapping behaviour onto dynamics

(1993) Busemeyer, Townsend analyse decision-making process

Gains/Losses  (M)
Attentional Weight (W)

to form

Valence of action (V) valence to produce 
preference state for 
action (P)

DFT models decision-making behaviour as the interdependent 
evolution of quantities over time, governed by math. equation

Decisions are made when thresholds are passed!

and integrate
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Ecological 
Psycology

Cognitive 
Sciences

Dynamical 
Modeling

The Dynamical 
Hypothesis

The aim is to evaluate 
cognitive performace via 

causal organization of agents

Are cognitive agents dynamical systems?

Evolutionary 
Psycology

The Nature Hypothesis

Dynamical Theorizing in Cognitive Neuroscience

DH
 Biological Cognitive Agents are dynamical systems

  We should understand cognition dynamically

The Knowledge Hypothesis
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The Dynamical 
Hypothesis

The Nature Hypothesis

 Cognitive Agents are not themselves systems 
but objects whose property can form systems

(no identity but instantiation)

 Cognitive Agents are many dynamical systems at 
once  

(DFT and HKB are not competitor)

Cognitive performance are explained by means 
of high-level quantities

(no neural firing rates)

The point is not what makes something cognitive, 
but how cognitive agents work and how they’re 
causally organized to produce that behaviour.
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The Dynamical 
Hypothesis

The Knowledge Hypothesis

 If data/simulation correspondence is close to target, 
system is taken to be similar in causal structure to the 
abstract model.

 The correspondence between model and reality is at 
higher-levels of dynamical structure. Cognitive 
phenomena differ from physical.
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The Dynamical 
Hypothesis

Exposed

“For every kind of cognitive performance exhibited by a 
natural cognitive agent, there is some quantitative system 
instantiated by the agent at the highest relevant level of 
causal organization, so that performances of that kind are 
behaviors of that system; in addition, causal organization 
can and should be understood by producing dynamical 
models, using the theoretical resources of dynamics, and 
adopting a broadly dynamical perspective.”

T.Van Gelder (1998)
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Cognition depends upon the way we coordinate our 
activities with features of the external World. 
Cognitive Systems, as coupled, suggest that the Mind may 
not be fully contained in the brain, but integrated with 
the World.

The assumption that cognition must involve representations is based in 
part on inability to imagine how any nonrepresentational system could 
possibly exhibit cognitive performances. Within the dynamical approach, 
such systems can not only be imagined, they can be modeled and 
constructed

T.Van Gelder (1998)

The Dynamical 
Hypothesis

The Challenge
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Dynamical 
Modeling

The Dynamical 
challenge

Against Computation

“Dynamical and Computational systems are fundamentally 
different kinds of systems, and hence the dynamical and 
computational apporaches to cognition are fundamentally 
different in their deepest foundation”

T.Van Gelder (1995)

Ecological 
Psycology

Cognitive 
Sciences

Computational
TOM

The aim is to evaluate 
cognitive performace via the 
analysis of the occurrence, 
transformation and storage 

of information-bearing 
structure (representation)

Evolutionary 
Psycology
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The Dynamical 
challenge

The computational Hypothesis

Cognitive Agents are Digital Computers

to Computational Hypothesis

Symbolic computation as rule-governed 
manipulation of symbols inside the head

from Hobbes...

Digital Computers are systems that carry out 
effective computation over representation. Its 
behaviour is algoritmically specified finite sequence of 
basic operations, i.e. manipulation of representation.

Leviathon (1651)
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The Dynamical 
challenge

DH vs CH

how things change states

where the state is combinatorial/syntactic internal structure

the unfolding of complex structure realization of static structure

change is standardly global change is standardly local

input/outputongoing process
Focus on Focus on

Cognitive 
behaviour
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What is really at stake?

REPRESENTATION

Unlike Digital Computers, Dynamical systems 
are not inherently representational 

Dynamicist find their representations among 
the kinds of entities that figure in DST 

(parameters, settings, system state)

“Dynamics forms a powerful framework for developing models of 
cognition that sidestep representation altogether”

T.Van Gelder (1998)
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Beyond 
Representational Realism
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Not just revolutionary 
rethorics

Dynamical approach model cognition as an 
ongoing-simultaneous knowledge-based process 
that can change dynamically in order to 
correctly coordinate activities. 

Explain how cognitive behaviour could 

 Adapt and Evolve

and how it involves a stable and 
productive

 coordination and cooperation
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But can we really get rid of representations?

motivating for introducing representation into account 
of mental processing follow from the view of the brain 
as a set of mechanisms for controlling behaviour

Indeed, representation provide us information about 
external objects. The mind must represent the 
external phenomena in order to coordinated with 
them.

Using external representation to characterize internal 
representation involves advancing a theoretical 
hypotheses as to how these mental mechanism 
operate. 

?

Not just revolutionary 
rethorics
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The Structure objection

Sophisticated cognitive perfomance require complex 
internal strctures. The Dynamical approach is taking a huge 
step backward in trying to replace symbolic representations 
with quantities. To explain high-level cognition, dynamical 
system will have to implement computational mechanism.

But the Dynamical approach is not vainly attempting 
to do without complex internal structure!

for ex. both connectionist and dynamical theorist share the 
“change is standardly global” assumption of parallel processing.

Not just revolutionary 
rethorics
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Explaining a mental fact could lead to a 
naturalization of the mind: the idea that mental facts 
have explanation in terms of natural sciences

The criticisms upon representation could be of help 
in rethinking:

How we model 
cognitive 

phenomena

How we explain 
cognitive 
behaviour

the epistemological level

Cognitive 
Sciences

Not just revolutionary 
rethorics
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Realism about representation involve beliefs that: 
there are such things as internal representation

the metaphysical level

Representational realist would deny the “first hand 
knowledge” since knowledge is always via some 
means. 

The criticisms upon representation could be of help 
for realist in rethinking:

Structure of 
representation

Function of 
representation

Philosophy 
of 

Science

Not just revolutionary 
rethorics
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Not just revolutionary 
rethorics

A step up for 
representational realism

difficulties of indirect realism:

 if information is assumed, then something else responsible 
for processing data percept have to be involved in perception. 

 if we only have knowledge of representation of the world, 
how can we know that they resemble in any significant way 
the objects to which they’re supposed to correspond? 

For ex. any creature with representation have to interact with the objects that 
are represented to identify them with representation.
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The analysis of 
representation

not just one model

Representation = VEHICLE + CONTENT

Since Cognitive Sciences and Neuroscience 
are involved with different (but overlapping) 
aims of research, there’s is not just one idea 
of representation’s vehicle

cognitive 
performance 
(syntactically 
structured)

processing 
within the 
nervouse 

system (map-
like layout) 
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HOW REPRESENTATIONAL VEHICLES ARE EMPLOYED IN 
A SYSTEM AS TO GENERATE BEHAVIOUR?

HOW MENTAL REPRESENTATION COME TO HAVE 
THEIR CONTENT?

The analysis of 
representation

Not trying to naturalize content, but to specify naturalistic 
content-determining relation between mental representations 
and the abstract object they express.

not just one problem

Mind

Brain

World
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The analysis of 
representation

the Dynamical perspective

“Any reasonable characterization of representation 
will be based around a core idea of some state of a 
system which, by v ir tue of some general 
representation scheme, stands in for some further 
state of affairs, thereby enabling the system to behave 
appropriately with respedt to the state of affairs”

T.Van Gelder (1995)

BUT what is for one thing to stand in for 
another?
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The analysis of 
representation

Naturalist Theory of content determination

Informational 

The representation carries information about the 
objects or events. 

The content is grounded in information it carries 
about what does or would cause it to occur

Dretske (1981)

Information is explained in terms of reliable 
coovaration.

Thermometers carry informations about what are causally related to, due to 
the causal coovariation between the height of colun and temperature. But it 
does not represent the temperature in the relevant sense

More, a representation can be caused by something it does not 
represent !

More, if the content of representetation is external to it, it’s unclear 
how the content could determine its causal powers to enable cognitive 
behaviour coordination !

BUT
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The analysis of 
representation

Naturalist Theory of content determination

Functional 

Wimsatt (1972)

The function of representation is to carry information 
abut certain aspects of the world

Something has a function when its existence is explained 
in terms of selection process

When the state rise withour carries the information for 
which it was selected, misrepresentations occurs.

To identify the function of a representation one must 
focus on the user of information

BUT
Something could be a representation even if rarely or 
never actually carries information.

(the radiation leaks detector)
Millikan (1993)
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evolutionary 
theory

causal 
information 

theory

The analysis of 
representation

Coovariation 

The frog and the bug

Functional 
consideration

Lettvin, Maturana, McCulloch, Pitts (1959)

firing rate of retina cells increased in 
respose to small, blob-like shapes 
moving accross the recetive field

enter in determining that the firing 
response relates to the activity of a 
bug-detector, not just a blob-like 
detector.

A coupled system
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The analysis of 
representation
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The analysis of 
representation

the Dynamical perspective on format

In order for a process to use representation, this must 
be coordinated with the format of representation.

AI

Cognitive 
Neuroscience

process operates on 
representation

representation figuring in the 
process

In CN, states within a system are representation only 
insofar as they’re stand-ins in the causal process. When 
representations are identified in the process, then it’s 
possible for them to change
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The analysis of 
representation

the Dynamical perspective on format

To Fodor cognitive operation involve only formal representation, so 
whatever existing beyond representation is irrelevant for understanding 
cognition.

In symbolic processing, information is composed in string and operate on 
formal rules. Deduction allow for the generation of new statement if 
requisite structure is presented. And you can do that even if you don’t know 
the meaning of the statement !

BUT
Dynamics process could change the activation of 
representation indipendently on rules

Informations in connectionist models are Distribuited 
representations figuring in parallel distribuited processing. 
It’s not structured but emerge during the training within the 
model itself. Connectionist model can achieve syntactically 
structured representations without employing it.

Anderson (1983)
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Eliminating or rethinking 
representation?

Bechtel and the mechanistic perspective
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Bechtel and the mechanistic perspective

Eliminating or rethinking 
representation?

WATT 
GOVERNOR

Servomechanism 
to keep the speed 

of flywheel 
constant

It would be misleading to considere the effect that 
the angle at which the arms are swinging is a 
representation of the current speed engine. There is 
no explanatory utility in describing the angle in 
representational terms (the dynamical analysis is 
sufficient)

T.Van Gelder (1995)
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mechanistic analysis

Eliminating or rethinking 
representation?

Shifting from the overall behavior to the 
description of component parts and how 
they operate!

each component operates on a different engineering 
principle and hence performs a specific operation; each 
operation contributes to the capacity of the governor to 
keep the flywheel rotating at a constant speed. That is, the 
opening of the valve gets transformed (via a piston) into 
the rotation of the flywheel, which gets transformed into 
the angle of the spindle arms, which gets transformed into 
the opening of the valve.....

 It is because the spindle arms rise and fall in response to the speed of the 
flywheel that their angle can be used by the linkage mechanism to open 
and shut the valve in the appropriate way. Without the spindle arms and 
their linkage mechanism, the valve has no access to information about the 
flywheel’s speed.

Bechtel (1998)
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mechanistic analysis

Eliminating or rethinking 
representation?

The explanation of overall Governor behaviour identifies states 
which stand in for other states and indeed are used by a 
system because they so stand in! 
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mechanistic analysis

Eliminating or rethinking 
representation?

BUT

Arm angle and engine speed are at all times both 
determined by and determining each other’s behaviour. 
So there’s no correlation between them, since the arms 
is always lagging behind the speed of the flywheel while 
it is already employed  in regulating the steam valve. An 
without correlation there’s no representation.

T.Van Gelder (1995)

 Following from Millikan something could represent 
even if it never correlated with what is represented

 When an effect represent its cause, there may be 
multiple steps in creating the representation, and so it 
can quite naturally lag behind.

Bechtel (1998)
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This is clearly compatible with DST, since it provide tool 
for analyzing how representation may change 
dynamically. DST is a collaborator in understanding the 
format of representation.

Mechanistic representation

Eliminating or rethinking 
representation?

Focusing on the user within the system could 
be useful when there is uncertanity about what 
is actually represented and which components 
perform which operations.

The governor works precisely because Watt discovered a 
way to represent the speed in a way that allowed the 
system to use the information
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Why Mechanism 
is not (just) 

representation
“The first step in the search for a mechanism is to identify a 

puzzling phenomenon of interest”

Lindley Darden
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What is a Mechanism

DST help us to focus on the limits of static representation in 
dynamical cognitive activities, overstepping formal structure 
toward physical structure of system’s components. 

But how the mechanistc perspective could help the dynamical?

Unraveling the nature of mechanism underlying cognitive performance 
because we want to explain both what the regularities are in the 
phenomena, their evolution and what mechanism underlie them.

Phenomenon

t

Causal Mechanism
sabato 4 maggio 2013



What is a Mechanism

Phenomenon

t

Causal Mechanism

Phenomenon as abstract system is the object of dynamical analysis, 
whose aim is to determine the regularity and evolution of the 
overrall activity. The parameters are rather feature of the 
phenomenon itself

Concrete system is the object of mechanistic analysis. Decomposing 
the phenomenon is about decomposing a concrete system in its 
concrete parts. It’s a movedown of level between behaviour and its 
costituent. Moving among levels specify the manner in which the 
parts are organized so as to USE the specific contributuion of each 
parts in a manner appropriate to the overrall activity to be 
performed.
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What is a Mechanism

“A mechanism is a structure performing a function in 
virtue of its component parts, component operations, and 
their organization. The orchestrated functioning of the 
mechanism is responsible for one or more phenomena”

(Bechtel, 2006)

Biochemical mechanismns at chemical synapses. 
From Gordon M. Shepherd, Neurobiology, 3/e; C 

1994 by Oxford University Press, Inc.

Bechtel epistemic account
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What is a Mechanism
Bechtel epistemic account

1. mechanisms are identified in terms of the phenomena 
for which they are responsible.

Which means that different Mechanisms may reside in the 
same physical entity, if that entity is responsible for 
different functions. 

We can ask for a 
general 
phenomena

Chemical Transmission at 
synapses 

..or more detailed 
activity

Long-Term Potentiation
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What is a Mechanism
Bechtel epistemic account

1. mechanisms consist of parts and operations.

For Bechtel thinking about Mechanism is first to 
localize an operation, so to assign it to a specific part. 
Parts are the structural components of a mechanism 
whereas by operations he refers to processes or 
changes involving the parts.

To identify parts and operations, researchers must 
decompose the mechanism. Parts of mechanisms are 
not just any physically separable part of a mechanism, 
they are working parts,

Chemical Transmission at synapses 

How action potential works?

Na+/K+ pump
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What is a Mechanism
Bechtel epistemic account

1. parts and operations must be organized 
appropriately.

One reason organization is important is that the 
functioning of the mechanism requires the different 
operations to be linked to one another. Systemic 
properties help us to analyse the difference that 
organizations makes to the behaviour of the 
components.
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What is a Mechanism
Bechtel epistemic account
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Mechanistic explanation
What beyond the mechanism is involved 

in explanation?

Epistemic Hypothesis: mechanism is always 
contextually situated and its behavior is oſten altered 
by conditions in the environment.

what the scientist advances is a representation of a 
mechanism not the mechanism itself. They evaluate the 
representation by using it to reason about how such a 
mechanism would be expected to behave under a variety 
of circumstances and testing these expectations against 
the behavior of the actual mechanism.

So Mechanism epistemically depends on its 
representation

Backdrop

Focusing on the user within the system could be useful 
when there is uncertanity about what is actually 
represented and which components perform which 
operations.
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Ontic Hypothesis: we can downplay all 
epistemic features, including representations of 
mechanisms, and appeal directly to ontic factors: the 
component parts, operations, and organization of the 
mechanism. Mechanistic explanation must explain the 
kind of causation at work in the production of a 
certain functional activity

Mechanisms representations do not explain themselves! 

Mechanistic explanation
What beyond the mechanism is involved 

in explanation?
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From one side Explanation cannot give away 
with human representational processes.

Explanation is an epistemic activity performed by 
scientists by means of models.

From the other, Explanation should provide good 
reasons for supporting realism about entities in 
the model. Representation are important by the 
extent to which help us to stress ontic hypothesis 
about the entities and their causal relations.

Explanation is a theoretical activity performed by 
scientists by means of models

epistemic and ontic cold fit 
together

Mechanistic explanation
What beyond the mechanism is involved 

in explanation?
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Mechanistic explanation
What beyond the mechanism is involved 

in explanation?

BioVision Lab, Harvard University
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Dynamics and Mechanism
Dynamical Mechanistic Explanation

The aim is to understand how circadian rhythms works, 
so how organism are able keep track of the time of day 
even when deprived of external cues and how it affects 
cognitive performance.

Modeling Circadian Rhythms 
in Drosophila

Limit cycle generated by 
Goldbeter’s (1995) model
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Dynamics and Mechanism
Van Gelder’s objection to mechanistic/

dynamical approach

DST reject the assumption of decomposition and 
localization. If we try to decompose the task of Watt’s 
Governor what we obtain just modularity and 
homuncularity 

Mechanistic explanations are not compatible with 
nonlinear dynamics. Decomposition lead to cyclic/
serial explanation

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

  c. calculate the necessary throttle valve adjustement

4. Make the throttle valve adjustement

5. Return to step 1.
T.Van Gelder (1995)
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Dynamics and Mechanism
Bechtel response

The fermentation system
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Dynamics and Mechanism
Bechtel response

Mechanistic model could represent non 
linear dynamics in integrated systems. 

We can provide a linear description of 
fermentation system, but only the side loop in 
the mechanism focus on ATP and NAD as 
entities that carry information about process 
elsewhere.

+ ADP = more energy

stable ADP = energy balance
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Dynamics and Mechanism
So where’s the point of divergence?

Connectionist 

Dynamical Model

Non-Connectionist 

Dynamical Model

(1993) Busemeyer, Townsend 
decision-making process

(1991) Elmann linguistic recurrent 
network (SRN)

DS modeling
Mechanism

Localization

Decomposition

few components
different activities

numbers of components, 
same type of activity
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Dynamics and Mechanism
modeling divergence

(1993) Busemeyer, Townsend analyse 
decision-making process

Gains/Losses  (M)
Attentional Weight (W)

to form

Valence of action (V)
valence to produce 
preference state for action 
(P)

and integrate

The differential equation are intended to describe 
patterns of linked change in the value of specific 
parameters in the system’s evolution.

Parameter (e.g. motivational value)do not 
correspond to component of the system which 
interact causal ly, they’re feature of the 
phenomenon itself.
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Dynamics and Mechanism
explanatory divergence

if we describe the equation underlying the evolution of the 
system as a law for the system’s behaviour, we must ask 
further:

How is the concrete system able to instatiate the 
laws identified in DST model?

DST support conuterfactuals: DST model are designed to tell 
what would happen under different motivational value.

BUT

DST appeal to covering law explanation: DST model define the 
law of evolution of the abstract system.
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Covering Law explanation do not shed light on 
causal interaction that figures in explaing the 

production of the phenomenon

Dynamics and Mechanism

(More, covering Law explanation are not found frequently in life sciences)

explanatory divergence

We can derive the lenght of the shadow b 
generated by the height of the pole h by means 
of α and the S.

Accordingly, we can derive the height h from 
the lenght b. But does the shadow cause the 
lenght of the pole? does it explain (in the 
relevant sense) that property of the pole?
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Dynamics and Mechanism
Why Dynamical Mechanistic explanation 

is different

 “The equations are advanced not as general laws, but 
as descriptions of the operations of specific parts of 
a mechanism. The purpose of a computational 
simulation is not to derive the phenomenon being 
explained, but to determine whether the proposed 
mechanism would exhibit the phenomenon.”

Bechtel (2011)

To say that the model is able to generate the 
phenomenon by means of laws is not enough for the 
explanation of its behaviour.  We must decompose and 
localize the activity performed by the system

Mechanistic explanations are different from 
law-like explanations.
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Dynamics and Mechanism

Connectionist 

Dynamical Model

Non-Connectionist 

Dynamical Model

(1993) Busemeyer, Townsend 
decision-making process

(1991) Elmann linguistic recurrent 
network (SRN)

DS modeling
Mechanism

Localization

Decomposition

few components
different activities

numbers of components, 
same type of activity

So where’s the point of divergence?

sabato 4 maggio 2013



(1991) Elmann linguistic recurrent 
network (SRN)

Dynamics and Mechanism
connectionist mechanism

An input layer, an output layer, a hidden layer and a context 
layer. The context layer feeds the hidden layer at iteration N 
with a value computed from the output of the hidden layer at 
iteration N-1, providing a short memory effect (used to 
predict by means of series of values) 
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Dynamics and Mechanism
connectionist mechanism

 How can the apparently open-ended nature 
of language be accommodated by a fixed-
resource system?

 Does recurrent connections provide 
sufficient information to the network to predict 
words of grammatically appropriate categories?

What’s behind the research?

Elman appeals to (distribuited) representation to 
explain 

1. congnitive performance of a concrete system
2. how information is carried throught the system 
and made available to other parts.
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Dynamics and Mechanism
connectionist mechanism

What’s behind representation in SRN? 

 The representations are not propositional, and their 
information content changes constantly over time in 
accord with the demands of the current task.

 The task is decomposed in PCA (Principal component 
analysis)

 The representational capacity of the model is grounded 
in its context-sensitive nature: the fact that the network 
exhibit regular behaviour is not because of a sort of 
context insensitive feature. 

Is not necessary to appeal to high-order representations to 
explain cognitive phenomena. The right sort of representation is 
the one that empower the system to use its own information 
to produce that behaviour. 

does not preclude the ability to capture generalizations 
which are at a high level of abstraction.
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“The numbers have causal properties; they advance the 
lock into different states. The effect of a number is 
dependent on its context. Entered in the correct 
sequence, the numbers move the lock into an open state. 
The open state may be said to be functionally 
compositional in the sense that it reflects a particular 
sequence of events. The numbers are "present" insofar as 
they are responsible for the final state, but not because 
they are still physically present”

Dynamics and Mechanism
functional approach to representation

Elman (1991)
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Connectionist 

Dynamical Model

Non-Connectionist 

Dynamical Model

(1993) Busemeyer, Townsend 
decision-making process

(1991) Elmann linguistic recurrent 
network (SRN)

DS modeling
Mechanism

Localization

Decomposition

few components
different activities

numbers of components, 
same type of activity

Dynamics and Mechanism
who’s in?
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Dynamics and Mechanism

Connectionist 

Dynamical Model

Dynamical Mechanistic 
Model

(1991) Elmann linguistic recurrent 
network (SRN)

DS modeling Mechanism

(2011) Bechtel Circadian Rythm 
Mechanism

some dynamical systems are 
models of mechanism

models of mechanism could support 
complex (nonlinear) behaviour
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Dynamics and Mechanism

DSTheory focus on laws that relate parameters in 
the system so as to generate behaviour

Phenomenon

t

Causal Mechanism

Cognitive Science focus on the nature of 
mechanism underlying cognitive performance
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