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Passage to impressionism:
between 
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  Surface of the pond
  Reflection of the environment
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   COGNITIVISM



   

Cognitivism



   

Cognitivism

➔ Dominant paradigm with two major 
assumptions:

1. Subject-object dichotomy

2. The subject computationally 
manipulates representational tokens 



   

Cognitivism

World  Sensory R  Cognition  Motor R  World→ → → →
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Systematicity in Cognitivism

➔ Context:
 Propositional logic

 Computers and the computer metaphor

 Generative grammars

 Folk psychology (beliefs and desires)

➔ Core: Representational units (concepts) are 
computationally (i.e. syntactically) processed 
(concatenated, substituted, deleted, added)

➔ Functionalism: hardware-software distinction.



   

Symbol systems

➔ Newell, A. (1980). 
Physical symbol systems. 
Cognitive Science, 4(2), 
135-183.

➔ Newell, A., & Simon, H. 
A. (1976, March). 
Computer science as 
empirical inquiry: 
symbols and search. 
Communications of the 
ACM, 19, 113–126.



   

Systematicity in Cognitivism

➔ Systematicity is about compositionality on the basis of 
generality or kinds of constituent representational 
structures.

➔ In classical approaches this is achieved by syntax and 
logical structure

➔ Schematas
 aRb :: bRa

 p  q :: q  p→ →



   

PDP and Connectionism
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… 

World  Sensory R  Cognition  Motor R  World→ → → →

PDP and Connectionism

Systematicity?



   

Representations all the way down

➔ Representations became a common-place in cognitive 
science

➔ All the way down to animals or insects; e.g. Charruters 
2006 The Architecture of Mind
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Neural cognitivism



   

Cognitivism
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Post-Cognitivism



   

Post-cognitivism

➔ Robotics: Rodney Brooks, Rolf Pfeifer, Randall Beer, 
Ezequiel Di Paolo, Jun Tani, … 

➔ Philosophy: Hubert Dreyfus (Heidegger, Merleau-Ponty), 
Antony Chemero, Shaun Gallager, Francisco Varela, Andy 
Clark, Tim van Gelder, Jean Petitot, Alva Nöe… 

➔ Psychology: Linda Smith and Esther Thelen, Edwin 
Hutchins, Kevin O'Reagan, Michael Turvey (J.J. Gibson), 
George Lakoff and Mark Johnson, Alicia Juarrero, Fred Keijzer, 
… 

➔ Neuroscience: Walter Freeman, Scott Kelso, Antonio 
Damasio, Andreas Engel, Ichiro Tsuda, Gerald Edelman, … 



   

Post-Cognitivism

➔ Not necessarily a 
complete refutation of 
cognitivism but:

➔ Questioning of some 
basic assumptions

 Search for new 
foundations

➔ Displacement of problem 
domains, 

 New questions

➔ Methodological turn
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Post-Cognitivism

➔ Embodied and situated dynamic processes constitute 
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➔ The mind as complex, distributed and fluid adaptive 
process

➔ Emerging from coupled brain-body-environment 
dynamics
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cognition
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Two foundational problems

1. Are dynamical systems capable to account for 
systematicity? Can self-organization deliver highly 
structured and combinatorial “architectures”?

Problem of complexity bottleneck 

2. What are the units (theoretical primitives) of a 
structured embodied and situated cognition if not 
representations? What makes dynamical systems 
cognitive?

Problem of cognitive specificity and constituency



   

Systematicity IS a problem

Reversible patterns (schemes)
Generality

Complex structuring
…

What are the units?
How can we structure them dynamically?



   

   SYSTEMATICITY IN DYNAMICAL 
SYSTEMS
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Morphodynamic structuralism

➔ Structuralist tradition:
 Saussure, Tesnière in linguistics

 Jakobson in phonology

 Levi-Strauss in anthropology

 Greimas in semiotics

 Gestalt psychology: Kohler, Koffka, Wertheimer

➔ Morphodynamics structuralism: topology and dynamical 
systems – bifurcation/catastrophe theory.

 René Thom

 Christopher Zeeman

 Jean Petitot  Application to vision, cognitive grammar, phonetics, →
etc.



   

Morphodynamic structuralism

➔ Thom, R. (1972/1994). Structural Stability And Morphogenesis. 
Westview Press.

➔ Petitot, J. (1991). Syntaxe topologique et grammaire cognitive. 
Langages, 103, 97-128.

➔ Petitot, J. (1994). Dynamical Constituency: an Epistemological 
Approach. Sémiotiques, 6-7, 187-225.

➔ Petitot, J. (2003). Morphogenesis of Meaning. Peter Lang.

➔ Petitot, J. (1995). Morphodynamics and attractor syntax: 
constituency in visual perception and cognitive grammar. In R. F. 
Port & T. van Gelder (Eds.), Mind as motion: Explorations in the 
dynamics of cognition (p. 227–283). Cambridge, MA.: MIT Press.



   

Morphodynamic structuralism

➔ “First of all, we must be aware of the distance that 
separates a true mathematical modeling from a mere 
formal symbolization. 

➔ Modeling a certain class of natural phenomena is to 
interpret them by sophisticated mathematical theories 
which allow to reconstruct their properties 
mathematically; 

➔ whereas to symbolize them, in contrast, is to represent 
such properties formally.” (Petitot, 1994, sec. III)



   

Morphodynamic structuralism

➔ “One must therefore carefully distinguish between the formal 
description of symbolic structures on the one hand and their 
dynamic explanation on the other. 

➔ In the morphodynamical paradigm the conceptual contents of 
mental states and their semantic correlates are no longer 
identified with labels for symbolic ordering.

➔ Their meaning is embodied in the cognitive processing itself, 
identified with the topology of complex attractors of the 
underlying neural dynamics, and the mental events are 
identified with sequences of bifurcations of such attractors.

➔ The mathematization of performance processes has a priori 
nothing to do with the formal description of competence 
rules.” (Petitot 1995:234-5)



   

Computational-symbolic solar systems

➔ Primitives: celestial bodies 
(eternal, cf. Innate): 

 centres 

 orbiters 

 comets

➔ Composition rules: 
 A centre must have at least 

one orbiter

 A centre can also be an 
orbiter

 Comets have more than 
one centre

Centre 1

Orbiters 1,2

Comet 1,2

Center 2,
 orbiter 1



   

Dynamic explanation (Newton)



   

Dynamic explanation (Einstein) 



   

Dynamic explanation

➔ Explanation is not the same 
as generative-description

➔ We get the centres, orbits, 
comets for free.

➔ We can explain the 
formation of planets, …

➔ … and the explanation of 
phenomena that 
compositional-symbolic 
systems cannot explain (e.g. 
black holes, unstable orbits)



   

Catastrophe theory and 
cognitive (case) grammar

➔ Iconicity thesis: there is a homology between the 
structure of a scene (Filmore) as an organiced Gestalt 
and the structure of the sentences which describe it.

➔ Syntax and case roles emerge from the morphology of 
a semantic dynamics of cognitive performance.

➔ It is possible to generate systematic (syntactic and case 
role) relationships between constituent structures out of 
morphodynamic models of mesoscopic brain activity.



   

Catastrophe theory and 
cognitive (case) grammar

➔ At a mesoscopic level of modelling of complex 
dynamical systems (under certain assumptions) there is 
a limited number of elementary catastrophes

➔ These catastrophes define universal archetypes of 
dynamic compositionality and “transformations or 
operations”.

➔ These catastrophes are topologically invariant patterns 
of bifurcation diagrams

➔ A bifurcation diagram captures the discontinuities in 
structural stability of a system for some parametric 
change



   

Catastrophe theory and 
cognitive (case) grammar

➔ The cusp 
catastrophe:

 V = x4 + ux2 + vx
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Catastrophe theory and 
cognitive (case) grammar

➔ From different 
catastrophes we get 
different squemas



   

Catastrophe theory and 
cognitive (case) grammar

➔ From different 
catastrophes we get 
different squemas

➔ Attractor syntax (slow 
bifurcation dynamics)  

➔ Attractor semantics (fast 
transient trajectories)

➔ Case roles as scene 
relationships 



   

Macroscopic morphodynamic patterns 
can be described 

with symbolic formalisms 
but not explained



   



   



   



   

Anchoring cognitive morphodynamic 
schemes in visual scenes

 Doursat, R., & Petitot, J. (2005). Dynamical systems and 
cognitive linguistics: toward an active morphodynamical 
semantics. Neural networks, 18(5-6), 628–638.

 Petitot, Jean, & Doursat, René. (1998). Modèles dynamiques et 
linguistique cognitive: vers une sémantique morphologique 
active (Rapport due CREA No. 9809). Paris, France: CREA, 
Ecole Polytechnique.

➔ Visual scenes are isomorphic with cognitive schemas
➔ Neural network routines transform visual spatio-

temporal input into general morphodynamic schema
➔ Grounding of semantics in vision.



   

But....

Embodiment
Situatedness

Sensorimotor-coupling ?



   

Systematicity of What?

➔ The question is not whether systematicity is possible 
within non-symbolic dynamical systems …

➔ But to what should the systematicity challenge be 
applied to.

➔ In other words... Systematicity of what? How is the 
cognitive dynamic space constituted? What type of 
dynamics?



   

   SYSTEMATICITY OF WHAT ?
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A historical perspective



   

A historical perspective

What did ancient philosophers and 
psychologists found on the water-lily 

pond?



   

habits
ideas

information reflex-arc

representations

libido

stimulus

spiritconsciousness

vibrations

instinct

impressions



   

A historical perspective



   

… to systemicity of habits



   

   A  BRIEF  HISTORY 
OF THE HABIT CONCEPT
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Etymology

➔ Originated in reek terms ethos and hexis
➔ Ethos: twofold meaning originally:

 Habitual place  from here: → habitat

 Disposition or personality of a character in a theater play  →
origin of the term ethics

➔ Hexis: 
 “to be in possession of ” (subject-object relationship) 

 “to be in a condition or state that is the result of practice”.

➔ In Latin habere and habitus → to have (haber in 
Spanish), habit (behaviour), habit (cloth),  habiter (in 
French).



   

Genealogy of the 
concept of habit



   



   

Aristotle

➔ In Ethics:
 Moral virtue is originated on habits that mold human nature 

making actions pleasurable on themselves

 Habit is second nature, the proper nature of humans”

➔ In Metaphysics:
 Qualities or potencialities that become actual in behaviour

 Relational nature of habit is highlighted: between subject and 
world, between the subject and herself (a form of self-
modification).

➔ Rich notion inherited from Aquinas, Summa Theologica 
has a complete chapter on habitus



   

The associationist school



   

Locke, Hume and Hartley

➔ Locke, J. (1690). An Essay Concerning Human 
Understanding.

➔ Hume, D. (1748). Enquiry concerning human 
understanding.

 Association by custom or habit is the unifying principle of 
psychology and epistemology

 It is a mechanical principle: continuity between animals, babies 
and adults

 But a corpuscular (atomistic) and externalist vision, centered on 
sensations and ideas (Newtonian corpurscularism)

 Anti-intelectualism: no es la razón sino el hábito

 The self as collection of habits



   

Locke, Hume and Hartley

➔ Hartley, D. (1749). Observations on man, his frame, his 
duty, and his expectations. 

 Proper application to psychology: memory, development, 
language, etc.

 Habits originate on the corporeal matter of the brain and 
spinal cord according to the doctrine of vibrations (Newton)

 Habits are central for the problem of motor control



   

Pragmatism: James and Dewey

➔ James, W. (1890) Principles of Psychology.
 Associations are the expression of the law of habit:

– The amount of activity at any given point in the brain-cortex is the 
sum of the tendencies of all other points to discharge into it, such 
tendencies being proportionate (1) to the number of times the 
excitement of each other point may have accompanied that of the 
point in question; (2) to the intensity of such excitements; and (3) to 
the absence of any rival point functionally disconnected with the first 
point, into which the discharges might be diverted. (p.567—italics on 
the original)

 This neuronal mechanism can explain psychological 
phenoma as diverse as memory, expectation, belief, 
judgement, reasoning, affections, fear, love and volition.



   

Pragmatism: James and Dewey

➔ Dewey sensorimotor coordination at the centre (against 
reflex-arc and stimulus-response)

 “Actions are not reactions to stimuli; they are actions into the 
stimuli.” (Dewey 1914)

 “[W]e begin not with a sensory stimulus. but with a sensori-
motor coordination, the optical-ocular, and that in a certain 
sense it is the movement which is primary” Dewey (1893,p.358)

➔ Dewey, J. (1922) Human nature and conduct
 Against consciousness: “Concrete habits do all the perceiving, 

recognizing, imagining, recalling, judging, conceiving, and 
reasoning (…) 'Consciousness' expresses functions of habits, 
phenomena of their formation, operation, their interruption and 
reorganization” (p.177)



   

Thorndike

➔ Thorndike (1911) Animal Intelligence.
 “Behaviour is predictable”, behaviour has laws

 Reduction of processes of abstraction, association and 
thinking to laws of behaviour

 Law of effect: positive and negative reinforcement

 Law of exercise: reinforcement by repetition.



   

Thorndike

➔ Thorndike (1911) Animal Intelligence.
 Anticipated Hebb's rule in terms of neuronal activity and 

synapses

 A vision of habit mechanisms in terms of natural equilibrium 
of neurons:

 “Satisfaction and discomfort, welcoming and avoiding, thus 
seem to be related to the maintenance and hindrance of the 
life processes of the neurones rather than the animal as a 
whole, and to temporary rather than permanent” (p.246)

 “Their [the neuron's] one rule of conduct causes in him [the 
subject] a countless complexity of habits” (p.251)



   

Behaviourism: Watson y Skinner

➔ Under the influence of logical-positivism the notion of 
habit is purified of any internal/physiological component

➔ Watson:
 Prediction and control  “psychology as a behaviorist views it 

is a purely objective experimental branch of natural science. Its 
theoretical goal is … prediction and control” (1913:158).

 Stimulus – Response “To predict, given the stimulus, what 
reaction will take place; or, given the reaction, state what the 
situation or stimulus is that has caused the reaction” (1930:11).

➔ Skinner: operand conditioning = S-R + reinforcers
 The mind as a black-box: “the variables of which human 

behavior is a function lie in the environment” 



   

Behaviourism: Watson and Skinner

The notion of habit is reduced to its scientific 
formulation as a probability correlation between 

stimulus and response

The mind is nothing but a black-box determined 
by external correlations between stimulus and 

response-reinforcers



   

I should write a 
review article to 
improve my CV



   

➔ Chomsky, N (1959) A 
review of Skinner's 
Verbal Behavior. 
Language, 35(1): 26-58.

I should write a 
review article to 
improve my CV



   

➔ Chomsky, N (1959) A 
review of Skinner's 
Verbal Behavior. 
Language, 35(1): 26-58.



   

The cognitivist blackout



   

Cognitivism

➔ Computer metaphor
➔ Between Stimulus and 

Response: Cognition
➔ S-C-R and what needs to be 

explained is the C



   

The organicist-phenomenological school



   

Kant

First mention of self-organization 

In the organism parts are cause and effect of each 
other, they produce and depend on each other, 

they are means and end of each other
(unlike machine) 

Teleology  as regulatory concept



   

Hegel

Back to Aristotle

The mind is only possible thanks to habit: 
transition between nature and mind

Idiotism and madness

Plasticity and mediation

Habits make us free



   

Von Uexküll

Functional circle

Ümwelt

Beauplan



   

Buytendijk, J. J. (1928). Psychologie des animaux. 
Paris: Payon.

Guillaume, P. (1936). La formation des habitudes. 
Paris: F. Alcan.

Goldstein, K. (1939). The Organism. Zone Books.

Other authors



   

Merleau-Ponty

La structure du comportement (1942)
Phenomenologie de la perception (1946)

Integration of the notion of Gestalt with nervous 
activity and action, anticipating notions of self-

organization

Habits as embodied knowledge: non-
intellecutalism, absorbed fluid coping with the 

world



   

Piaget



   

Piaget

The plasticity of habit constitutively mediates 
between the rigid reflex schema and the abstract 
schema, situated at the transition where “mental 

life is dissociated from organic life” so that 
“sensori-motor assimilation is converted into ever 
more mobile structures which have an ever wider 

scope” (Piaget 1947:118).



   

Piaget

➔ Equilibration of an increasingly complex organization of 
habits through assimilations and accommodations.

➔ By assimilation of environmental variations Piaget meant 
their integration within the already existing repertoire of 
habits. 

➔ Accommodation refers to the modifications of an 
individual habit (re-organization of habits) to 
perturbations or variations of the environment.  

➔ Through recurrent interactions with the environment and 
the dynamics of assimilation and accommodation the 
cognitive subject gets increasingly structured constructing 
an organized network of habits.
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Cognitivism

World  Sensory R  Cognition  Motor R  World→ → → →



Mental Life



What is a habit?

➔ HABIT =  self-
sustaining pattern of 
behaviour. 

➔ The stability of a particular 
behaviour is coupled with 
the stability of the 
mechanisms generating it. 



A Bundle of Habits

➔ Multiple habits might 
coexist

➔ Internal stability 
dependencies
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A Bundle of Habits

➔ Multiple habits might 
coexist

➔ Internal stability 
dependencies

➔ An organized bundle 
defining a set of viability 
conditions as a whole. 

➔ The bundle sustains itself 
as a whole through 
interactions

➔ In a continuous process of 
equilibration: assimilation 
and accommodation
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Evolutionary robotics

➔ Origins in Artificial Life and adaptive behaviour
 CTRNNS as universal approximators to dynamical systems

– Funahashi, K., & Nakamura, Y. (1993). Approximation of dynamical systems by 
continuous time recurrent neural networks. Neural Networks, 6(6), 801-806. 
doi:10.1016/S0893-6080(05)80125-X

 Genetic Algorithms as optimization technique to tune network parameters 
for behavioural self-organization

➔ A research program on minimal-cognition
 Beer (1991), Cliff (1991), Cliff, Husbands, Harvey (1993), Nolfi & Floreano 

(2000).

➔ Different “simple” behavioural tasks evolved
 Categorical perception

 Learning

 Social coordination

 Predator prey dynamics



   

Evolutionary robotics and re-habituation to 
visual inversion

➔ Robot capable re-adaptation to visual inversion (Khöler)
 Di Paolo, E. A. (2000). Homeostatic Adaptation to Inversion of the Visual Field and 

Other Sensorimotor Disruptions. In J. Meyer, A. et. al (Eds.), From animals to 
animats 6. MIT Press.

 Kohler, I. (1964). Formation and Transformation of the Perceptual World. 
Psychological issues

➔ Use of homeostatic plasticity
 Turrigiano, G. G. (1999). Homeostatic plasticity in neuronal networks: the more 

things change, the more they stay the same. Trends in Neurosciences, 22(5), 221–
227.

➔ Some latter developments
 Iizuka, H., & Di Paolo, E. (2008). Extended Homeostatic Adaptation: Improving the 

Link between Internal and Behavioural Stability. In From Animals to Animats 10 (pp. 
1-11). Retrieved from 

 Iizuka, H., & Di Paolo, E. A. (2007). Toward Spinozist Robotics: Exploring the 
Minimal Dynamics of Behavioral Preference. Adaptive Behavior, 15(4), 359-376.



   

Evolutionary robotics and re-habituation to 
visual inversion

➔ Kohler, I. (1964). Formation 
and Transformation of the 
Perceptual World.

 Inverted goggles

 2 weeks for re-habituation

 Different layers

 “habits exist in all areas of 
human personality” (p. 137) 
and that only when we 
undergo a strong process of 
rehabituation “do we notice 
what habit is, and to what 
extent we consist of many and 
strong habits” (p. 138).



   

Homeostatic plasticity

➔ Well documented during learning and development
 Feldman, D. E. (2002). Synapses, scaling and homeostasis in 

vivo. Nature Neuroscience, 5(8), 712-714.

 Marder, E., & Prinz, A. A. (2003). Current compensation in 
neuronal homeostasis. Neuron, 37(1), 2-4.

 Turrigiano, G. G., & Nelson, S. B. (2004). Homeostatic 
plasticity in the developing nervous system. Nature Reviews. 
Neuroscience, 5(2).

➔ Design principle inspired on Ashby's homeostat
 Ashby, W. R. (1952). Design for a Brain. J. Wiley. 



   

Evolutionary robotics and re-habituation to 
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Evolutionary robotics and re-habituation to 
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A Piagetian interpretation

Assimilation

Assimilation



   

Accommodation

A Piagetian interpretation

Accommodation

Assimilation



   
Accommodation

Assimilation Assimilation equilibration



   

Barandiaran & Di Paolo (2011) Exploring 
Homeostatic Plasticity in Robot Controllers: 
development, learning and habit formation



   

Operand conditioning 
(reinforcement learning) task



   

CTRNN



   

Homeostatic plasticity



   

Pre-synaptic hebbian activity dependent 
plasticity



   

Artificial Evolution

1

2
3

4



   

Agent's behaviour



   

Decision chart and performance



   

Plasticity during development



   

Plasticity during lifetime



   

Spontaneous emergence of habits



   

Other phenomena

➔ Developmental perturbations leads to dysfunctional 
behaviour.

➔ Environmental incoherences makes the robot lose 
neurodynamic stability (e.g. all poisonous food for a 
sustained period)

➔ Long term instability (senescence)
➔ …



   

Coupled oscillators and phase coordination
(with Bruno A. Santos)



   

Coupled oscillators and phase coordination
(with Bruno A. Santos)

➔ The controller oscillates in a metastable region (no 
fixed attractors) of phase-relations between oscillators 
(dwelling)

➔ Sensory input operates like a control parameter for 
internal dynamics

➔ Transient dynamics are stabilized through behavioural 
modulation of visual input

➔ Disruption of the sensorimotor coupling (introducing 
sensory or motor delays) disrupts patterns of phase 
relation.
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A “simple” habit

➔ COGNITIVISM: 
perception, processing 
of proposition “look 
left” + desire “not to 
be smashed”  motor →
command to turn head 
left and perceive



   

A “simple” habit

➔ But... the habit of 
looking right starts on 
the feet (on how we 
approximate the 
border of the road) 
and involves a 
complex set of 
patterns terminating on 
the feet again.



   

A more recent historical perspective
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A bundle of habits

“When we look at living creatures from an outward 
point of view, one of the first things that strike us is that 
they are bundles of habits.” (James 1890: 104)

The cognitive subject as a systemic and adaptive 
organization of habits

Sensorimotor or behavioural autonomy: self-
maintenance of the organization of habits though 
behaviour



   

From systemicity of habits 
to systematicity of thought?

➔ Bottleneck of the third stage of Piaget's sensorimotor 
intelligence: 

 where the plasticity of an organized system of habits is 
progressively equilibrated through: 

 successive co-ordinations (combinativity), 

 reversals (reversibility), 

 detours (associativity) 

 that leads to the structuring of sensorimotor grouping and the 
construction of objects.

➔ The present challenge is to deliver a dynamical model of a 
system of habits capable to enact this set of transformations

➔ The systematicity of thought will have to wait



   

From systemicity of habits 
to systematicity of thought?

Systemicity 
of habits

Systematicity 
of thought

Systematicity of 
sensorimotor 
schemes



   

   THE END



   

thanks

Curious things, habits. People themselves
never knew they had them.

AGATHA CHRISTIE



   

Defining Agency | COGS 
Seminar

   THE END



   

Monostable controller  bistable behaviour→



➔ Chemoton (Gánti 1971)
➔ Autopoiesis (Maturana & 

Varela 1973)
➔ M-R Systems (Rosen 1981)
➔ Autocatalytic sets 

(Kauffman, 1971)
➔ Basic Autonomous 

Systems (Ruiz-Mirazo & 
Moreno 2001)

➔ Current models in 
Synthetic protocell biology 
(Solé et. al 2007)

Minimal model of Life



The Place of Life in Mind



Minimal model of Mental Life



Mind and World
➔ Mental Life cannot exist without an open world of 

interactions (like biological life). 
➔ It is through the world that the autonomy of cognition 

is achieved and maintained

➔ Sensory deprivation leads to Mental Death: the 
disintegration of psychological identity.
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