Agency and
Interaction
in Minimal Systems

• AIMS Project, UOW
• Agency and Intelligence on
Multiple Scales
• 2020-2022

• AMP Project, Georgetown
• Active Materials Project
• 2017 & 2018

Today’s talk

1. Background
on Ac/ve
Ma3er Systems

2. Interaction
and Agency

3. Interactive
Agential
Dynamics

1. Active Matter Systems
• •Active matter systems are “a distinct kind
of nonequilibrium system” (Ramaswamy,
2017, p. 2) made up of independently active
entities that collectively engage in
interesting patterns of activity.
• •Active matter systems are made up of
individual self-propelled agents
• •At a collective level, these agents generate
interesting macro-scale behaviors such as
swarming, flocking, or schooling

Video by Dylan Winter

Active Matter Systems
• Some systems can respond to environmental features
(clustering, obstacle avoidance, following trails or gradients,
re-forming after perturbances, etc)
• Their collective behaviors can often be modelled using very
simple rules (whether individuals are highly complex or
relatively simple entities)

•
•
•

E. Coli (video by Matthew Copeland, University of Wisconsin, Madison)
Vicsek Model (video by Sri Vallabha Deevi)
More videos: Fraden Lab (Brandeis), Dogic Lab (UCSB), Thomson Lab
(CalTech), Needleman Lab (Harvard)

Modeling Ac,ve Ma/er Systems
●

The most widely-known 2D model is the Vicsek model (seen on last slide)

●

These models are useful for all kinds of active matter systems because they ignore material and
cognitive complexity, using only a simple rules for individuals: alignment mechanism, selfpropulsion, + noise

●

Within the model, agents change the direction of their movement based on the direction of their
neighbors

●

○

Can vary density of population

○

Can vary strength of alignment mechanism (internal noise)

○

Attraction / repulsion dynamics

○

Varying external noise

○

Velocity matching

Phase shifts and other transitions

Living Ac)ve Ma-er
Systems
• In animal groups, collective motion (macro-scale) such as
starling murmurations, fish schooling, and wildebeest
migrations arises from repeated local interactions
(Couzin 2009).
• Interacting living individuals with local sensing abilities
are said to follow a small number of behavioural rules:
collision avoidance, velocity matching, and flock
centering (staying near to flockmates) (Reynolds 1987)
that lead to alignment.
• This enables collective behaviors such as the
amplification and dampening of collective responses,
where rapid information sharing is possible through the
motions of a few individuals.
• “Behavioural rules” are often thought to rely on various
cognitive dynamics, such as memory and anticipation for
projecting a course of motion.

Non-Living Active
Matter Systems
• Recent studies have shown we can still get many of the complex
features of flocking, swarming, and/or clustering through:
• vision or vision-like perception alone and response to
instantaneous cues (Barberis and Peruani 2016).
• Local jamming of self-propelled elongated particles can
result in alignment (Abaurrea Velasco et al. 2018)
• steric interactions, which concern only the attraction and
repulsion dynamics that take place between individuals of
certain material or chemical makeups (Abaurrea Velasco et
al. 2018)
• only repulsion dynamics (Fodor and Marchetti 2018)

Paul Chaikin’s Lab, NYU

• Non-living groups have also been shown to be able to follow
thermal gradients (Meredith et al., 2021) as well as navigate
obstacles (Bechinger et al., 2016).

Explanatory Differences
• Explanations for how local interactions lead to collective behaviors
are quite different for living and non-living active matter systems.
• Collective behaviors are described by appealing to general
regularities involving alignment mechanisms and speed within a
defined area (Abaurrea Velasco et al., 2018).
• Alignment mechanisms:
• Living: cognitive capacities of individuals (behavioral rules),
functional contributions (e.g. the importance of information transfer
or food distribution)
• Non-living: minimal perception, steric interactions, properties or
formalizations of interactions themselves (Gompper et al., 2020)

• This suggests that though there may be functional explanations for why
living groups take part in these collective behaviors, they are also likely
to be exploiting interactive regularities, as we find similar patterns of
collective behavior in groups across the phylogenetic landscape.
• We might think, and often do, that to explain the coordinated
behaviors of living active matter systems, we will need to draw on an
extensive list of internal dynamics (e.g. memory, anticipation, leaderfollowing, dispositions, learning, and/or rule-following).
• The study of interactive dynamics in non-living active matter systems
shows that we might overestimate the amount of cognitive work
needed in order to get interesting collective behaviors (Ouellette and
Gordon, 2021).
• While this certainly raises some interesting questions about the
cognitive processes we posit to understand some kinds of collective
activity, I want to focus on how this research highlights the importance
of interaction itself and the role that interactive dynamics might be
playing in governing the activities of individual agents.

2. Interaction and Agency
• What is agency?
• Accounts of agency:
• Anthropocentric approaches
• Biogenic approaches
• Physics approaches
• Computer modeling
• ArGﬁcial Intelligence
• RoboGcs
• Stapleton and Froese (2016): “At the very least
the term ‘agent’ implies (1) an individual, and
(2) a capacity for acGon” (p. 221)
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• Commonality: Methodological Individualism
• Agency is treated as a property or capacity of an individual
• Questions about the why & how of agency (or agential behavior)
then also focus on the individual (Longino 2021)
• Investigating/understanding agency focuses on the individual
• The methodological individualism we find in definitions focused on
demarcating agential from non-agential individuals is not necessarily
problematic given the types of questions we usually want to pose.
• As Longino explains it: “[I]n any particular inquiry researchers have
particular aims and particular characterizations of the phenomena to be
explained. The appropriate characterization of the phenomena will
depend on what we want to know about it” (2021, p. 14)

• 2 concerns:
• (1) focus on individuality leaves other aspects of agency (such as
interaction) out of our study of agential dynamics in action/behavior
• (2) risks attributing too much at the individual level before even
beginning to investigate the role of interactive dynamics
• We saw previously the tendency to over-attribute cognitive
processes to explain collective patterns of activity
• Likewise, theoretically overloading a definition of agency is, for the
project of looking at regularities in interactive dynamics, neither
necessary nor especially useful.
• Active matter shows that looking at interactions can reveal
important inter-individual regularities inexplicable in terms of
individual or collective properties or capacities.

3. Interactive Agential Dynamics
• Agential Dynamics & Cognitive Dynamics:
• Looking at interactive dynamics can be an altogether different (though supplemental and
supporting) project from determining agential capacities & dynamics.
• What makes the dynamics agential rather than cognitive is that the individuals do work using
their own energy, satisfying a pre-theoretical definition of agency to which variables can be
added as interactions grow more complex.
• A simple, pre-theoretical definition of agency is useful for looking at interactive regularities on
all scales because it does not involve attributing cognitive capacities. The important factor is
that the agent is energetically responsible for its own movement.

Why look at interaction?
• Helen Longino has recently argued that an ontologically pluralistic approach to
behavior is needed, one that includes not only the individual and the collective
in explanations, but also treats interaction itself as a suitable object of research
(2020, 2021)
• Longino points out that many of “the questions we ask already presuppose an
ontology” (2021, p. 14), which is implied in the way these questions carve out
phenomena in need of an explanation.
• The ontological framing in these questions frequently involves an implicit
commitment to methodological individualism, as the questions posed seek
answers that emphasize the individual at the exclusion of interactive and
collective aspects of behavior.
• Longino proposes that by treating interactions as a viable metaphysical object of
study, we expand the breadth of questions we can pose about phenomena and
encourage new types of answers as well.

• Interac(ve agen(al dynamics:
• mutually dependent, mulK-agent processes in which individuals directly parKcipate that may guide,
scaﬀold, or constrain agency
• mutually dependent in the sense that they are sustained by individual agents but cannot be
explanatorily reduced to the acKviKes of individuals nor aMributed to any emergent properKes of a
group
• The agents involved directly par(cipate in the interacKon, and the interac(ons are necessary
(though not suﬃcient) for explaining the ac(vity of the individuals.
• Not about describing acKviKes that individuals engage in together (e.g. joint acKon), but about
understanding how interacKve properKes or acKve forces between individuals establish scaﬀolding
and constraints for behaviors.

Overlaps: Agen.al & Cogni.ve,
Individual/Interac.ve/Collec.ve
• Pamela Lyon: “What an observer designates as an organism’s
‘cognitive subsystems’ will always have substantially linked, if not
shared, molecular pathways with other systems usually
considered to be non-cognitive—just as the brain, so often
equated with mind, supports ‘physical’ functions as well as
‘mental’ ones, and it is difficult to determine where one sort
ends and the other sort begins” (Lyon 2006, p. 25).
• The short answer is that it isn’t important until it’s important.

Asking Questions about
Interactive Agential Dynamics
• Agency involves energy exertion within a limited range of degrees of freedom.
• To look at how they influence agency, interactions can be treated as possibly contracting
or expanding degrees of freedom for action - facilitating actions that would otherwise
not be available or limiting actions that would otherwise be available.
• Simply by asking a question in this manner, by treating the interaction as a causal entity,
we are afforded the opportunity to operationalize and empirically test the interaction
itself (coupling strength, density thresholds, etc.) in obtaining an answer.
• Coordination models - HKB model (Kelso 2021)
• Participatory Sense-making (De Jaegher and Di Paolo 2007)

Further Applications
• While this presentation has focused mostly on providing motivation for asking questions about interindividual interactions, we might also think about how inter-scale interactions could be similarly
treated as a viable ontological category.
• “The question is what kind of framework could be put in place which will allow us to make sense of
the relationships between these different scales – recognizing their differences and systematically
addressing their interactions” (McGann 2020, p. 5).
• To do so, I suggest, would also require that we consider interactive agential dynamics in the minimal
way I have advocated for in previous sections. Locating agency at a particular scale or threshold of
cognitive capacities limits our ability to understand the interactive agential dynamics that can help us
make sense of the behaviors of individuals, collectives, and the scaffolding and constraints between
scales. Consideration of the scale-specificity of some kinds of behaviors, as well as the scale-specific
manifestations of scaffolds and constraints, will point to the kinds of disciplinary resources that will
be helpful for getting some answers.

Summary
• Agents, even human agents, can be enmeshed in all kinds of interac7ve dynamics
that shape their behavior.
• Though using formula7ons from physics is o<en thought of as being a reduc7ve
approach to understanding cogni7on, decades of work from coordina7on
dynamics demonstrate that this is not the case.
• Looking at non-living ac7ve ma@er to understand interac7ve agen7al dynamics
provides inﬁelds to grasping even more interac7ve phenomena that shape
behavior, and thinking in terms of agency rather than cogni7on helps us in
formula7ng ques7ons about constraining and enabling condi7ons at a mul7tude
of scales.
• As Longino has proposed, trea7ng these interac7ons as causally relevant
ontological categories can reveal explanatorily relevant intermediaries between
individual and group scales. The ﬁrst step is just to start asking the right kinds of
ques7ons.
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