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Modeling Affordances with Dispositions
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Abstract. Affordance remains obscure conceptually and formally notwithstanding
its paramountcy to the ecological approach to perception, cognition, and action.
This paper aims to offer a preliminary work to a full-fledged formal modeling of
affordance. Characteristic of the approach of the paper is to base M. T. Turvey’s
dispositional theory of affordance upon the formal representation of dispositions
that is elaborated in the existing ontology research. This work will contribute to the
research to which the agent-environment interaction is integral.
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1. Introduction

The term ‘affordance’ was coined by Gibson [1] to pin down precisely the interaction
between animals and the environment: “The affordances of the environment are what it
offers the animal, what it provides or furnishes, either for good or ill” [1, p. 119]. For
instance, a gap affords hiding when it is of a certain size relative to the size of a person
and a stair affords climbing when it is a certain proportion of a person’s leg length.

The notion of affordance has been since utilized in a number of different do-
mains, ranging from philosophy and cognitive science to engineering fields such as
robotics [2,3]. It would be therefore valuable to axiomatize this cross-disciplinary notion
in order to conceptualize the real world coherently. This would help to provide a general
framework for enhancing the integration of empirical data on agents’ cognition. The on-
tological nature of affordance is nonetheless such a highly controversial subject that one
can nowadays find numerous theories of affordance (e.g., [4,5,6,7]).

In this paper I offer a preliminary formalization of the notion of affordance so that its
full-fledged version will be implementable and available in information systems. I begin
by presenting Turvey’s [8] dispositional account of affordance, which would fit well with
the formal ontological conception of affordance (Section 2). Then I attempt a formal
characterization of the affordance concept (Section 3) and provide a brief, opinionated
survey of related work (Section 4). I conclude the paper with some brief remarks on
future directions of research (Section 5).
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2. Affordances and Dispositions

Turvey [8] offers a dispositional theory of affordance. Here I detail the notion of dispo-
sition for the sake of my future argument. A disposition is an intrinsic property with a
‘causal profile’ [9,10].% In more detail, it is a property of some object (‘bearer’) which
brings about some state of affairs (‘realization’) when it is stimulated (‘triggered’) by
some state of affairs under some specific circumstances (‘background conditions’). It is
additionally based on some non-dispositional (categorical) property (‘base’) [12].3

Examples include the flammability of a match. The flammability disposition of the
match (bearer) is realized when it is struck against a suitable surface (trigger) in an oxy-
genated environment (background condition), thereby bringing about the production of
fire (realization). It is also based on a particular molecule structure (base) of the match.
Moreover, some dispositions are reciprocal: they are mutually realized when matched
with their ‘partner’ dispositions [14]. For instance, the disposition of salt to dissolve is
realized when met with the disposition of solvent (e.g., water) to dissolve a solid.

Turvey’s fundamental presumption is that one of the key features of animal activity is
its prospective control (PC): “control concerned with future events, usually interpretable
as goals to be realized” [8, p. 174]. To walk across a cluttered room, for instance, an
agent needs to know what (bodily movement) is possible. The ecological approach to
PC therefore requires that affordances be perceivable in such a way that they are closely
linked with the possibilities of the environment with respect to which PC is conducted.

Granted that dispositions essentially carry inside them potency, all these considera-
tions lead to the idea that an affordance is the kind of disposition whose reciprocal dispo-
sition (what Turvey calls ‘effectivity’) has as bearer an organism.* For instance, the af-
fordance of the stairs is their disposition to move an organism upward. It is based on the
physical structure (i.e. a set of steps) of the stairs and it is realized only when an organism
that has the disposition (effectivity) to move upward locates itself in the vicinity of the
stairs. The affordance disposition of the stairs and the organism’s effectivity disposition
are mutually realized, thereby bringing about the organism’s climbing the stairs.

A dispositional theory of affordance would mesh well with the formal ontologi-
cal treatment of affordance in some respects, although its theoretical validity is a con-
tentious matter (but see Section 4). First, the concept of disposition has been so ex-
tensively exploited in the ontology research (e.g., in the biomedical [15] and engineer-
ing [16] domains) that it would be more acceptable to employ dispositions than to in-
troduce some new concept.> Second, a formal representation of dispositions has been
investigated [13,18] well enough to enable us to have a rich formalization of affordances
as dispositions in the long run.

2 As the standard account goes, a property is intrinsic if an entity’s having that property depends on what the
entity is like and not on anything else outside the object. See e.g., Francescotti [11] for detailed discussions on
intrinsic properties.

31 follow R&hl and Jansen’s [13] terminology for dispositions because it is widely used in formal ontology,
although I myself prefer to use the terms ‘power’ and ‘manifestation’ instead of ‘disposition’ and ‘realization’,
respectively.

4Strictly speaking, there is a subtle but non-trivial difference between Turvey’s [8] own claim that affor-
dances and effectivities are complementary and my reinterpretation of his dispositional view of affordances
based on the notion of reciprocal dispositions. While leaving a close analysis of this point for future work, I
would say that I am making his theory more defensible by softening the claim under consideration.

5Note the noticeable skepticism over dispositions in the context of formal ontology, however (e.g., [17]).



3. Preliminary Formalization
3.1. Basic Assumptions

I provide a preliminary first-order formalization of the dispositional conception of affor-
dance along Turvey’s [8] line of argument. All the variables presented below should be
read as particulars (at the instance level) rather than universals (at the class level).

I commence with the basic categories and relations that are comparatively widespread
in upper ontologies. Concrete individuals fall into two types: continuants (aka endurants)
(CONT) and occurrents (aka perdurants) (OCUR). Generally speaking, continuants ex-
ist in time, whereas occurrents extend through time. One major subcategory of con-
tinuants is objects (OBJ). As for the relations, I introduce the participation-in relation
participates_in(x,y,t) where x is an object, y is an occurrent, and 7 is a time.

As for dispositions (DISP), T use Rohl and Jansen’s [13] formal relations and assume
their axioms (which I omit to present owing to spatial limitations). That is to say, a dis-
position is a property of (inheres_in) some object; it can be realized in (has_realization)
some occurrent; and it is also triggered by (has_triggerp) some occurrent.

I additionally introduce the relation (backcon_of) between a background condition
of a disposition and the disposition. I leave open whether the former is a continuant or
an occurrent, partly because of its general conceptual underdevelopment®:

backcon_of (x,y) — (CONT(x) v OCUR(x)) ADISP(y) (1)
3.2. Formal Characterization

First of all, there exist an organism, or more generally an agent (AGE), and a non-agentive
object such as the stairs. Agents are objects. For the sake of simplicity I introduce the
predicate NAG for a non-agentive object, which is straightforwardly defined as follows:

AGE(x) — OBJ(x) @)
NAG(x) <» OBJ(x) A ~AGE(x) 3

Most importantly, affordances (AFOD) are dispositions that inhere in non-agentive
objects and effectivities (EFEC) are dispositions that inhere in agents:

AFOD(x) — DISP(x) AJy(NAG(y) Ainheres_in(x,y)) @
EFEC(x) — DISP(x) A3y(AGE(y) Ainheres_in(x,y)) (5)

Since Turvey focuses mainly on affordances for actions (ACT), which would be inter-
preted as occurrents in which an agent participates, a realization of an affordance is an
action and so is a realization of an effectivity:

ACT (x) — Jy(AGE(y) A participates_in(y,x)) (6)

AFOD(x) A has_realization(x,y) — ACT (y) @)

6See e.g., Barton, Rovetto and Mizoguchi [19] for some thoughts on a background condition of a disposition.



EFEC(x) A has_realization(x,y) — ACT(y) (8)

It is rather difficult to specify the reciprocal relationship between affordances and ef-
fectivities within the present framework.” Here I impose the following constraints on the
relationship between them. The triggering occurrent of an affordance has as participant
a bearer of some effectivity and vice versa. In addition, a realization of an affordance is
also a realization of some effectivity and vice versa:

AFOD(x) A has_triggerp (x,y) — 3z, w(EFEC(2) Ainheres_in(z,w)
A participates_in(w,y)) ©)

EFEC(x) A has_triggerp (x,y) — Jz,w(AFOD(z) Ainheres_in(z,w

)

A participates_in(w,y)) (10)

AFOD(x) A has_realization(x,y) — Jz(EFEC(z) A has_realization(z,y)) (11)
(

EFEC(x) A has_realization(x,y) — Jz(AFOD(z) A has_realization(z,y)) (12)

I finally consider the environment (ENV). From the current perspective, the envi-
ronment would be seen as a continuant that is a background condition of an effectivity
disposition:

ENV(x) — CONT(x) (13)
ENV(x) — 3y(EFEC(y) A backcon_of (x,y)) (14)

When Mary is about to climb the stairs, for instance, her environment contains the avail-
able space between the stairs and her, but not the surface of the planet Mars. This is, on
the present interpretation, because the former (but not the latter) is part of the background
condition of Mary’s effectivity disposition to climb the stairs. Given the systematicity
of a background condition of a disposition, this view of the environment matches the
intuition that the environment is something systematic.®

4. Related Work

As for conceptual work, Reed [4] considers affordances as the resources of the environ-
ment that are encountered by animals.’ His theory would however imply the primacy

"t would be necessary to introduce, for instance, the reciprocal relation between dispositions [20, p. 104],
but a full discussion of this topic is beyond the scope of my investigation.

8Built in alignment with the upper ontology Basic Formal Ontology (BFO) [20], for instance, the environ-
mental ontology [21,22] defines the class environmental system (which is synonymous with the environment)
as a ‘system which has the disposition to environ one or more material entities’ where a system is a ‘material
entity (note: the BFO category) consisting of multiple components that are causally integrated’.

9«The fundamental hypothesis of ecological psychology (...) is that affordances and only the relative avail-
ability (or nonavailability) of affordances create selection pressure on the behavior of individual organisms;
hence, behavior is regulated with respect to the affordances of the environment for a given animal.” [4, p. 18]



of the environment over animals in tension with the ecological approach to the animal-
environment interaction. Sanders [5] maintains that “affordances are ideal primitives for
general ontology” [5, p. 103], but this claim is too extreme to fit well with my aim to
give a formal-ontological modeling of affordance. Stoffregen [6] argues that affordances
are properties of the animal-environment system: they are emergent properties that do
not inhere in either the environment or the animal.!? The ontological nature or even the
existence of emergent properties is nonetheless highly debatable (see e.g., [23]).!!

As for formal work, Steedman [24] formalizes affordances using the Linear Dy-
namic Event Calculus: a formalism for reasoning about causal relations over events. My
proposal may be said to underlie his model because the triggering occurrent of the affor-
dance disposition bears a causal relation to its realization occurrent (cf. [25]). Galton [26]
formally addresses the question of where a given surface layout of an object determines
and possesses a particular group of affordances. My formalization could be harmonized
with Galton’s in such a way that he investigates the relation between the affordance dis-
position and its physical base from the viewpoint of knowledge representation.

Sahin et al. [27] formalize affordances based on three perspectives on them (the sec-
ond of which they take to be central to Turvey’s account): agent perspective, environ-
mental perspective, and observer perspective. Capturing the first perspective in terms of
Turvey’s original idea of the effectivity disposition (which tends to be neglected in the lit-
erature), my formal modeling can be coherently enlarged to accommodate the third one,
together with the auxiliary claim that the capacity disposition (e.g., [28]) of the observer
is necessary for the mutual realization of the affordance and effectivity dispositions.

Ortmann and Kuhn’s [29] extension of their ontology of observations to include Tur-
vey’s view of affordance is fairly close to, but nevertheless differs relevantly from my ap-
proach in the sense of focusing more on the agentive and perceptual facet of affordances
than their ontological (dispositional) one. This may be partly due to their compliance
with the DOLCE [30] upper ontology, which purports to represent the categories with a
clear cognitive bias and which does not explicitly have the disposition category.

5. Conclusion

I have proposed a preliminary formalization of the affordance concept based on Turvey’s
dispositional account of affordances, borrowing a formal representation of dispositions
from the existing ontology research. In the future I will deepen the formal modeling of
affordances, e.g., by having a more expressive formalization of dispositions. Once the
(full) formalization is available, I will apply it to, e.g., the implementation of the robot’s
dynamic interaction with its environment and other agents (including humans) [2,3,27].
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