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(0) Autonomous Agency
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(0.1) Identity in Autonomous Agency

● We can outline a 
tension throughout 
the history of science 
between holistic and 
reductionist 
perspectives in the 
study of life, mind 
and society:
● the organism, the 

self, the intention 
vs.

● molecules, cells, 
neurons, tissues Image from  Kelso et al (2013)
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(0.1) Identity in Autonomous Agency

● Throughout the 
history of science, we 
can outline a tension 
between holistic and 
reductionist 
perspectives in the 
study of life, mind 
and society:
● collectives, peoples, 

cultures 
vs.

● individuals, groups, 
institutions Adapted from  Kelso et al (2013)
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Adapted from  Kelso et al (2013)

(0.1) Identity and Interaction 
in Autonomous Agency

● A scientific account 
of autonomy allows 
us to assess the 
identity of 
components coupled 
to a system without 
being subsumed by 
it, i.e. without losing 
their specific identity
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(0.1) Identity and Interaction 
in Autonomous Agency

● Autonomy for depicting the ‘selfless self’ (Varela, 1991), i.e. 
● a ‘virtual’ identity with no particular location and not 

reducible to its components, yet
● emerging from a material substrate in continuous interaction 

among its parts and with the surrounding environment
● Persistence (identity):

● Conatus (Spinoza, 1677)
● Homeostasis (Cannon, 1929, 

Rosenblueth et al., 1943; Wiener, 
1948)

● Ultrastability (Ashby, 1954)
● Operational Closure (Ashby, 1962; 

Maturana, 1970).
● Autopoiesis (Maturana & Varela, 

1980)

● Coordination (interaction):
● Self-synchronization (Wiener & 

Schadé, 1965; Winfree, 1967; 
Kuramoto, 1975)

● Slaving principle (Haken, 1978)
● Homeokinetics (Iberall, 1977)
● Metastability (Kelso, 1995)
● Self-Organized Criticality (Bak et 

al., 1987)
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● Autonomy for depicting the ‘selfless self’ (Varela, 1991), i.e. 
● a ‘virtual’ identity with no particular location and not 

reducible to its components, yet
● emerging from a material substrate in continuous interaction 

among its parts and with the surrounding environment
● Persistence (identity):

● Conatus (Spinoza, 1677)
● Homeostasis (Cannon, 1929, 

Rosenblueth et al., 1943; Wiener, 
1948)

● Ultrastability (Ashby, 1954)
● Operational Closure (Ashby, 1962; 

Maturana, 1970).
● Autopoiesis (Maturana & Varela, 

1980)

● Coordination (interaction):
● Self-synchronization (Wiener & 

Schadé, 1965; Winfree, 1967; 
Kuramoto, 1975)

● Slaving principle (Haken, 1978)
● Homeokinetics (Iberall, 1977)
● Metastability (Kelso, 1995)
● Self-Organized Criticality (Bak et 

al., 1987)

?
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(0.1) Identity and Interaction 
in Autonomous Agency

● Biological (cellular) basic autonomy (Ruiz-Mirazo and 
Moreno, 2004): 
● (1) functional and organizational integration of inner 

constitutive processes and 
● (2) regulation of the boundary conditions controlling the 

flow of matter and energy through the boundary

Adapted from Barandiaran (2008)
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● Biological (cellular) basic autonomy (Ruiz-Mirazo and 
Moreno, 2004): 
● (1) functional and organizational integration of inner 

constitutive processes and 
● (2) regulation of the boundary conditions controlling the 

flow of matter and energy through the boundary
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Autonomy
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(0.1) Identity and Interaction 
in Autonomous Agency

● Levels of interactive autonomous agency (Barandiaran et al., 
2009): 
● (1) the agent must be defined by itself, 
● (2) as an active source of interaction, 
● (3) according to self-generated norms.

Adapted from Barandiaran et al. (2009)



11
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● Levels of interactive autonomous agency (Barandiaran et al., 
2009): 
● (1) the agent must be defined by itself, 
● (2) as an active source of interaction, 
● (3) according to self-generated norms.
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Autonomy
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(0.1) Identity and Interaction 
in Autonomous Agency

● E.g. a vegetative state:
● (1) the agent must be 

defined by itself, 
● (2) as an active source of 

interaction, 
● (3) according to self-

generated norms.

'just' biological autonomy



13

(0.1) Identity and Interaction 
in Autonomous Agency

● E.g. a dancing with a 
hula hoop:
● (1) the agent must be 

defined by itself, 
● (2) as an active source of 

interaction, 
● (3) according to self-

generated norms.

Sensorimotor autonomy
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(0.1) Identity and Interaction 
in Autonomous Agency

● E.g. a dancing in a 
couple:
● (1) the agent must be 

defined by itself, 
● (2) as an active source of 

interaction, 
● (3) according to self-

generated norms.

social autonomy
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(0.1) Identity and Interaction 
in Autonomous Agency

● E.g. a dancing 
multitude:
● (1) the agent must be 

defined by itself, 
● (2) as an active source of 

interaction, 
● (3) according to self-

generated norms.

collective autonomy
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(0.2) Outline

● We explore two domains of application of autonomous 
agency:

● (1) Neurocognitive agency
● (2) Social agency

● We address two questions for each domain:

● (a) Is there an interactive domain on top of the biological 
constitution of the agent?

● (b) How can autonomous agency be constructed upon this 
interactive domain?
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(0.2) Outline
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(0.3) Complex Systems Analysis
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Neurocognitive Autonomy
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(1) Interactive Domain of 
Neurocognitive Agency
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(1) Interactive Domain of 
Neurocognitive Agency
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(1) Interactive Domain of 
Neurocognitive Agency
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(1.1) Description of the Problem

● How is a domain of interaction constitutive of 
neurodynamic systems? 

● Can we quantify what is missing when an agent is 
decoupled from this sensorimotor interactive domain?
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(1.1) Description of the Problem

● How is a domain of interaction constitutive of 
neurodynamic systems? 

● Can we quantify what is missing when an agent is 
decoupled from this sensorimotor interactive domain??
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(1.2) Experimental Framework

● Simple gradient- climbing 
agent

● Neural controller with 
two oscillatory units 
(HKB model) connected 
with a sensor and two 
motors
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(1.2) Experimental Framework

Sensitivity parameter

s

Modes of behaviour
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(1.2) Experimental Framework

Behavioural transitions
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(1.1) Description of the Problem

● Can we quantify what is 
missing when an agent is 
decoupled from this 
sensorimotor interactive 
domain?

● Passively-coupled agent: 
decoupled agent 
receiving an exact copy 
of the input of a situated 
agent.
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Complex Systems Analysis
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(1.3) Results

● Result 1: fixed points
● Behavioural transitions 

are only captured 
through the analysis of 
the whole brain-body-
environment system

● They cannot be deduced 
from the behaviour of 
the passively-coupled 
HKB model alone

Situated agent

Passively-coupled agent
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(1.3) Results

● Result 2: transients
● Transient trajectories in the situated HKB are far from 

trivial, unfolding at different timescales. 
● Transient trajectories in the decoupled HKB are very simple.

Situated agent Passively-coupled agent
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(1.3) Results

● Result 3: fluctuations
● A passively-coupled agent receiving an input generated by a 

situated agent suffers correlated and amplified fluctuations 
not present in the situated agent.

Situated 
agent

Passively-
coupled 
agent
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(1.3) Results

● Result 4: dynamical signatures
● Statistical signature collapsing the phase space of the agent to 

one of its variables.
● It characterizes the domain of sensorimotor interaction of 

the agent
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(1.3) Results
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(1.3) Results
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(1.3) Results
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(1.4) Discussion

● Some cognitive processes take place 
in an interactive domain constituted 
by the brain-body-environment 
system as a whole

● We cannot reduce the cognitive 
process to a decoupled or passively 
coupled agent operating according 
to representations of the world.

● Instead, our hypothesis is that 
neurocognitive autonomy is 
constituted over the regulation of 
this domain of interaction
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(2) Autonomous Constitution of 
Neurocognitive Agents



41

(2) Constitution of 
Sensorimotor Autonomy
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(2) Constitution of 
Sensorimotor Autonomy
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(2.1) Description of the Problem

● Autonomous agents are not just coupled to the 
environment, but they actively regulate the conditions of 
of their exchange with the environment.
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(2.1) Description of the Problem

● Double regulatory loop of 
circular agent-environment 
interaction.

● A formal model of 
autonomous agency may be 
able to characterize elusive 
properties such as 
intentionality, meaning or 
purposeful behaviour 
(Juarrero, 1999; Van Orden 
and Holden, 2002; 
Silberstein and Chemero, 
2011)

Adapted  from Varela (1997)
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(2.2) Experimental Framework

● We model an scenario where 
the agent has the possibility of 
modulating its coupling with 
the environment:
● Different environmental 

stimulus
● Internal plasticity in the form 

of relational homeostasis
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(2.2) Experimental Framework

● Previous models have 
addressed behavioural 
preference based in the 
existence of different 
homeostatic regions (Iizuka & 
Di Paolo, 2007)

● We extend these previous 
models introducing the idea of 
relational homeostasi in a 
network of oscillators
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(2.2) Experimental Framework

● Stable homeostatic zones are not fixed to any particular 
position but depend on the relations (connectivity) of the 
oscillators of the network
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(2.2) Experimental Framework
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(2.2) Experimental Framework

● Sensorimotor autonomous behaviour is constituted over 
the interaction of three groups of variables: cell assemblies 
(CA), synaptic assemblies (SA) and lights reached (L)
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Complex Systems Analysis
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(2.3) Results

● Mutual information decreases for the passively-coupled 
agent when synaptic patterns are involved
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(2.3) Results

● We characterize 
the causal 
dependencies 
between the 
variables of the 
agent using 
transfer 
entropy
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(2.3) Results

● Result 1: Operational closure
● Autonomous agency closes an asymmetrical loop of agent-

environment interaction.
Passively-coupled agentSituated agent



57

(2.3) Results

● Result 1: Operational closure 
● Measuring the flows of mutual information, we find that 

synaptic patterns accumulate information about the 
behaviour of the agent only when situated
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Complex Systems Analysis
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TSE Complexity

● Neural complexity is defined 
as the ensemble average of 
mutual integration values 
between subsets of a given 
size and their complement, 
summed over all subset sizes. 

Tononi et al (1998)
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(2.3) Results

● Result 2: Interactive 
asymmetry

● We measure TSE 
complexity as the mutual 
information at several 
scales

● The level of TSE 
complexity increases from 
the passively coupled to 
the situated agent when 
the agent has synaptic 
plasticity Situated Passively-coupled
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(2.3) Results

● Result 2: Interactive 
asymmetry

● Interactive asymmetry does 
not emerge just as an 
directional vector, but as a 
multiscale circular 
relationship between agent an 
environment 

● The agent is able to react to 
the complexity its 
surroundings at fast scales, an 
act upon its environment as a 
whole at higher scales.
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Complex Systems Analysis
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1/f Scaling

β=1

β=2

β=0
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(2.3) Results

● Result 3: Interaction-
dominant dynamics
● Long-range correlations 

in the form of 1/f 
patterns are found in 
the situated agent in 
comparison with the 
passively coupled agent.

● Coordination between 
scales of interaction in 
the organization of 
agencial regulation
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(2.4) Discussion

● We provide a mathematical 
characterization to what 
before has been generally 
addressed as qualitative 
theoretical properties:
● System's constitution 

through operational closure
● Agent-environment 

interactive asymmetry in their 
causal relations

● Precariousness in the 
emergence of long-range 
correlations



66

Social Autonomy
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(3) Interactive Domain in 
Social Engagement
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(3.1) Description of the Problem

● Autonomous agents can interact with a non-autonomous 
environment, but also with another autonomous agents

● Is there a social interaction domain at a different level than 
the dynamics of each individual agent? 
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● Autonomous agents can interact with a non-autonomous 
environment, but also with another autonomous agents

● Is there a social interaction domain at a different level than 
the dynamics of each individual agent? 
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(3.2) Experimental Framework

● Perceptual crossing 
experiment: a 
minimal framework 
for studying social 
engagement
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(3.2) Experimental Framework

● What would happen if we considered the agent as 
decoupled from this interactive domain?

● Comparison between genuine human-human interaction 
and human-bot interaction
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(3.2) Experimental Framework

● Aggregated probability density function of time between 
crossings.

● We find that the statistical distribution of the interaction 
with each bot is better characterized by its scaling exponent
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Complex Systems Analysis
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1/f Scaling

β=1

β=2

β=0
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(3.2) Experimental Framework
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(3.3) Results

● Result I: individual dynamics
● The 1/f patterns cannot 

discriminate the case of genuine 
human vs. human interaction 
for the individual dynamics of 
player and opponent.

Player velocity

Opponent velocity
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(3.3) Results

● Result II: interactive 
dynamics
● Human vs. human 

interactions display a scale 
free 1/f distribution

● Human vs. oscillator and 
human vs. shadow 
distribution drift towards 
brown noise and white 
noise distributions 
respectively

Relative velocity
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(3.3) Results

● Examples of individual trials:
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(3.4) Discussion

● Fractal scaling can identify genuine human vs. human 
engagement:
● When it presents a 1/f dynamical distribution
● In a shared interactive domain
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(3.4) Discussion

● Our results suggest that the process of social engagement 
may have in some cases an autonomy of its own, and it 
cannot be reduced to autonomy of individuals.

● The sensorimotor interactive domain in neurocognitive 
agents may be extended into a social interactive domain
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(4) Constitution of 
Collective Autonomy
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(4) Constitution of 
Collective Autonomy
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(4.1) Description of the Problem

● Can we define a level of 
identity of collective 
agency?

● What mechanisms may 
give rise to collective 
autonomy?
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(4.1) Description of the Problem

● Rise of networked movements since 2011 (Castells, 2012): 
Arab Springs, Occupy, 15M...

● Aggregation dynamics conserving autonomy and diversity 
(Monterde et al, 2015) – Multitudinous identitie

André Panisson, hashtag #jan25 
posted on February 11 2011

Tahrir Square, Cairo. February 11, 2011. 
Photo REUTERS/Suhaib Salem
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(4.1) Description of the Problem

● How does a multitude without a formal organization self-
organize to bring a democratic demand articulated 
through the articulation of online spaces and occupied 
physical spaces?

André Panisson, hashtag #jan25 
posted on February 11 2011

Tahrir Square, Cairo. February 11, 2011. 
Photo REUTERS/Suhaib Salem
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(4.2) Experimental Framework

● Case study: 15M movement
● Large-scale grassroots 

movement in Spain (from 6 
to 8 million participants)

● Intensive use of social-
media communication 
tools

● Large dataset of 1,444,051 
tweets from 181,146 users, 
collected between 13 May 
2011 and 31 May 2011 (Peña-
López et al., 2014)
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Complex Systems Analysis
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(4.3) Results

● Constitution of the system. Transfer entropy between 
activation bursts located at different main cities. 
Operational closure of the network of causal interactions
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Complex Systems Analysis
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(4.3) Results

● Detection of 
synchronized activity at 
multiple scales: wavelet 
phase-locking analysis.

● Are moments of internal 
synchronization and 
scattering regulating the 
embodiment of the 
network (in the form of 
rallies, protests, etc.)?

Example of phase-locking statistics  for day 
May 17. Start of the camps 

T
 ( m

in
ut

e s
)

t (hours)
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(4.3) Results

● Example: May 27, the camp at Barcelona is evicted by the 
police, and regained again by a massive peaceful 
demonstration in reaction to police violence.

● Multitudinous demonstrations in major Spanish cities in 
response
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(4.3) Results

Two of the main hashtags for day May 27 

Two moments of collective action
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(4.3) Results
Example of phase-locking statistics  for day May 
27. Evicton of Plaza Catalunya 

T
 (m

in
u t

es
)

t (hours)

CA
B

CA
A
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(4.3) Results

● We can confirm the existence of these two moments of 
global response? The switch between two collective 
‘cognitive states’?
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Complex Systems Analysis
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CA
B

CA
A
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(4.3) Results

● We can confirm the existence of these two moments of 
global response? The switch between two collective 
‘cognitive states’?

● Each synchronized coalition displays a different internal 
configuration of causal relations



101

(4.3) Results

● What is the relation between moments of embodiment, 
synchronization, operational closure?

Embodied activity extracted from the 
mentions to demonstrations extracted 
from the GDELT database monitoring of 
news reports
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(4.3) Results

● Moments of closure and synchronization precede strong 
embodiment of protests

● The autonomy of the social subject appears to be 
connected with an embodied interactive domain
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Complex Systems Analysis



104

(4.3) Results

● Moreover, there is a correlation between indicators of the 
constitution of a collective subject (embodiment, 
synchronization and operational closure), with indicators 
of internal complexity (TSE complexity and 1/f scaling) 
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(4) Constitution of 
Collective Autonomy

15M rally
Eviction of

Plaza Catalunya
Replication

of camps
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(4.4) Discussion

● Social agency cannot be reduced to political representation 
or a fixed bureaucratic organization.

● Instead, we identify mechanisms of constitution of social 
agency: operational closure, transient multiscale 
synchronization, internal multiplicity: 

● Multitudinous identitie
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(5) Discussion
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(5.1) Contributions

● Contribution to a modelling route for 
testing, comparing and validating 
hypothesis about neurocognitive 
autonomy. 

● Proof of concept for some properties of 
cognitive autonomy (operational 
closure emerges, agent-environment 
interactive domain)

● New predictions about the nature of 
autonomy (multiscale-symmetry 
breaking, double metastable regulatory 
loop, the coordination of spatial and 
temporal multiscale complexity)
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(5.1) Contributions

● We have explored the extension of our model 
of cognitive autonomy to the social realm: 
● the constitution of a collective subject in the 

sensorimotor domain in a social interactive 
task

● the emergence of an autonomous social 
identity in a large-scale technologically-
mediated social system. 

● Similarities between social and neurocognitive 
autonomy (transient coalitions of embodied 
action, coordination of spatial and temporal 
multiscale complexity) provide new 
conceptual and analytical tools for thinking 
social and political autonomy
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(5.2) Methodological Aspects

● Indicators of complexity (informational 
complexity, metastable synchronization 
or critical scaling) as proxie for 
quantitative and qualitative aspects of 
autonomy. 

● Indicators of complexity per se are not 
sufficient for detecting if a system 
displays an autonomous organization, 
yet they can enrich qualitative intuitions 
indicating so.

● Conceptual aspects about how we apply 
these indicators (e.g. the operational 
closure of the network or the situated vs. 
passively-coupled comparison) provide a 
rich perspective for testing specific 
properties of an autonomous system.
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(5.2) Future Developments

● Two lines of future developments:
● Experimental validation of the 

results of our model of 
neurocognitive autonomy

● Further theoretical and 
experimental support of the 
similarities and specificities of 
social autonomy respect to 
models of neurocognitive 
autonomy
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(5.3) Discussion

● Autonomy appears as a 
conceptual tool to break the 
neutrality of systemic 
perspectives

● We can distinguish between 
the action of an agent 
asserting its identity 
modulating its interaction 
with its environment, respect 
to being dominated by 
exogenous or harmful 
endogenous dynamics

● Framework to distinguish 
between self-determination 
and subjugation
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(5.3) Discussion

● Our notion of autonomous agency proposes a framework 
to quantify, model and analyze the way in which 
interactions themselve allow living entities to emerge as 
self-referential, self-modifying, and self-sustaining 
dynamical processes enacting their worlds.
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(0.1) Identity in Autonomous Agency

● Where the identity of autonomous systems is constituted?
● Biological autonomy: material self-constitution
● Autonomous agency: domain of interaction 

● How the identity of autonomous systems is constituted?
● Biological autonomy: (1) operational closure, (2) adaptive 

regulation of the boundary
● Autonomous agency: (1) operational closure, (2) 

interactional asymmetry (3) precariousness
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(3.2) Experimental Framework

● Difficulty to characterize the 
different behaviours with 
analysis reduced to a single 
temporal scale of analysis as 
previous accounts of the 
parceptual crossing 
experiment
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(3.3) Results

● Time between crossings is very scarce for trials of 45 
seconds. Instead, we analyze the 1/f distributions in the 
dynamic pattern of relative velocities between players.

● Examples of individual trials:
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