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Abstract. Affordances and image schemas are two building blocks of cognitive and 
behavioral modeling. In this paper, we present initial steps towards an extension of 
our dispositional view of affordances and effectivities to image schemas. In 
particular, we consider image schemas as mental patterns that are, in most cases, 
about classes of affordances and effectivities. 
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1. Introduction 

According to Kutz et al. [1], affordances and image schemas are the twin pillars on which 
a successful theory of cognition is built; and they have been intensively investigated in 
various fields for the last few decades. How affordances and image schemas are entwined 
has been less carefully investigated, though. Indeed, for instance, Kuhn [2] develops an 
image-schematic and algebraic account of affordances, which has been widely applied 
as in Cunha et al’s [3] visual representation of concepts. However, an analysis of 
ontological nature of affordances, image schemas, and their relations is still lacking. We 
provided in former work a dispositional formalization [4, 5] of affordances and 
effectivities. This paper will provide an ontological analysis of some relation between 
image schemas on one hand, and affordances and effectivities on the other hand. 

The remainder of the paper is structured as follows. After preliminaries on our 
general ontological framework, Section 2 synthetizes how we formalized affordances 
and effectivities in former work [5], and analyzes the connection of image schema with 
so-called “family-directed” affordances and effectivities. Section 3 discusses a few 
points, including how image schemas can be applied beyond their domain of origin, how 
our framework accounts for the dual nature (static and dynamic) of image schemas, and 
how image schemas might be combined. Section 4 concludes the paper with some 
remarks on future directions of research. 
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2. From Affordances to Image Schemas 

2.1. Preliminaries 

For the sake of anchoring our work in a general ontological background, we postulate 
some basic categories and relations that are relatively widespread in upper ontologies. 
Entities fall into two kinds: universals (aka types, classes) and particulars (aka tokens, 
instances). Particulars (e.g., Mary) bear the instance-of relation to universals (e.g., 
Human). Particulars (resp. universals) fall into two categories: continuants (aka 
endurants) and occurrents (aka perdurants). Continuants exist fully at each time when 
they exist; whereas occurrents (including processes) extend through time and have 
temporal parts. Note that discussion on occurrents in formal ontology is complicated by 
significantly diverse usages of the term “process” (as well as the terms “event” and 
“state”, which we will not discuss for simplicity). In this paper the term “process” refers 
to occurrents in which continuants can participate (such as the process of an organism 
sleeping). Continuants can be further divided into independent continuants (including 
objects) and dependent continuants (properties such as qualities or dispositions, which 
can be seen as tropes). Independent continuants, especially objects (e.g., stones), can be 
bearers of dependent continuants (e.g., hardness). 

2.2. Affordances, Effectivities and Image Schemas 

The term “affordance” was coined by Gibson [6] 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” [6, 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. Our 
recent conceptualization of affordances [4, 5] builds upon both Turvey’s [7] dispositional 
view of affordances and a state-of-the-art formal-ontological characterization of 
dispositions [8, 9]. A disposition is a property that is linked to a realization, namely to a 
specific possible behavior of an independent continuant (typically an object) that is the 
bearer of the disposition. To be realized in a process, a disposition needs to be triggered 
by some other process. Typical examples include fragility (the disposition of a glass to 
break when pressed with a certain force) and solubility (the disposition of salt to dissolve 
when put in a certain solvent). The crux of Turvey’s argument is that: “An affordance is 
a particular kind of disposition, one whose complement is a dispositional property of an 
organism” [7, p. 179]. He also calls this complement an “effectivity”. For instance, the 
affordance of the stairs is their disposition to move an organism upward and its 
complement is the disposition (effectivity) of an organism to move upward when using 
stairs. 

Image schemas, on which we put a primary focus in this paper, are used in a number 
of different domains, ranging from cognitive linguistics and developmental psychology 
to artificial intelligence. They are usually attributed originally to Lakoff [10] and Johnson 
[11]. Roughly speaking, image schemas are mental patterns or “conceptual building 
blocks” that are extracted from the sensory and motile experiences.3 They are presumed 

 
3 For instance, Johnson [11, p. xiv] initially defines image schemas as follows: “An image schema is a 

recurring, dynamic pattern of our perceptual interactions and motor programs that gives coherence and 
structure to our experience.” Oakley [12, p. 215] explains image schemas from the viewpoint of cognitive 



to be learnt during the early infancy [14]; and a complete understanding of them requires 
considering carefully prelinguistic conceptual development [13]. Image schemas are 
derived from embodied experiences deriving themselves from sensorimotor inputs, 
which are multimodal. Quite often, image schemas are nonetheless associated practically 
to generic spatiotemporal relationships that are learnt from the repetitive interactions 
with the environment (and the objects therein), especially in formal studies.4  

One of the most intensively studied image schemas is CONTAINMENT: broadly, 
the recognition that objects can be inside other objects or (container-shaped) sites.5 
CONTAINMENT is most basically defined as the relationship between an inside, an 
outside, and the border between them [11]. Seen dynamically, however, 
CONTAINMENT could be characterized in terms of more “fine-grained” image 
schemas INTO and OUT OF [13]. Other paradigmatic examples of image schemas 
include SUPPORT (which denotes a relationship between two objects in which one 
provides support to the other), PATH (which represents movement of objects from one 
point to another), and LINK (an enforced connection between objects where the linked 
object reacts to the stimuli of the other). 

2.3. The Connection between Image Schemas and Effectivities 

As has been already alluded to in [5], Galton [17, p. 1] would serve as a useful starting 
point for the extension of our dispositional construal of affordances to image schemas: 
“Examples of image schemas include CONTAINER and PATH: the link with 
affordances is obvious, since to be a container is precisely to afford containment, while 
to be a path is to afford passage. Thus at least in many cases image schemas may be 
characterized in terms of the affordances of actual exemplars of those schemas.” 

We agree with Galton that there is a strong connection between image schemas and 
affordances. We will characterize image schemas in terms of what we call “family-
directed” affordances and effectivities. To explain what those are, we need to remind our 
model [5] of Turvey’s [7] idea of affordances and effectivities as reciprocal dispositions. 

2.3.1. Categorical Bases and Reciprocal Dispositions 

First, let us introduce the notion of “categorical basis” of a disposition as a quality (or a 
sum of qualities) of the disposition bearer that underlies this disposition. The categorical 
basis of glass0’s fragility is the sum of individual qualities of glass0 that make it fragile, 
and the categorical basis of its electrical resistivity is the sum of its individual qualities 
that make it electrically resistive [8,9].6 

Let us now turn to the notion of reciprocal dispositions. Classical examples of 
reciprocal dispositions include a key and a lock such that the former opens the latter: 
key1 has the disposition d1 to open lock2, and lock2 has the disposition d2 to be opened 

 
linguistics: “an image schema is a condensed redescription of perceptual experience for the purpose of mapping 
spatial structure onto conceptual structure.” Mandler and Cánovas [13, p. 526] also critically state: “Image 
schemas are generally viewed as redescriptions of perceptual events, or even more broadly as generalizations 
over perceived similarities.” 

4 For example, Kuhn [2] characterizes image schemas merely as “patterns abstracting from spatio-
temporal experiences.” 

5 For details on CONTAINMENT, see Davis, Marcus and Frazier-Logue [15] in artificial intelligence; 
and also Bennett and Cialone [16] in formal ontology. Note that (canonical) image schemas are normally 
written in upper case letters in the relevant literature, and we adhere to this convention in this paper. 

6 Particulars and relations will be hereafter written in bold, and classes in italic. 



by key1. Those two dispositions have something in common: they can be triggered by 
instances of the same class of process, namely key1_pivoting_in_ lock, and they can be 
realized by instances of the same class of process, namely lock2_opening. We say that d1 
and d2 are reciprocal dispositions; and affordances and effectivities are reciprocal 
dispositions in this sense of the term. For instance, the affordance a0 of gap0 to be 
contained in gap0 and the effectivity e0 of John enabling him to be contained in gap0 are 
reciprocal dispositions: they both can be triggered by the process of John entering into 
gap0 and be realized by the process (or state – we will not analyze this distinction here) 
of John being contained in gap0. 

2.3.2. Individual-directed and Family-directed Affordances and Effectivities 

We can introduce dispositions that are closely related to but differ from d1 and d2. Let Q1 
be the universal of properties that characterize a key that can open a lock similar to lock2, 
and Q2 be the universal of properties that characterize a lock that can be opened by a key 
similar to key1, such that q1 instance_of Q1 and q2 instance_of Q2, where q1 and q2 are 
categorical bases of d1 and d2, respectively. Let Key1 be the class of keys which have a 
property instance of Q1 (hence key1 instance_of Key1); and let Lock2 be the class of locks 
that have a property instance of Q2 (hence lock2 instance_of Lock2). Then, we can define 
the following dispositions: 

• the disposition d1’ of key1 to open locks instances of Lock2. 
• the disposition d2’ of lock2 to be opened by keys instances of Key1. 

Although they are similar to some extent, d1 and d1’ are not identical: contrarily to d1, 
d1’ does not depend existentially on lock2 – that is, d1’ could continue to exist even if 
lock2 ceased to. Similarly, d2 and d2’ are not identical: contrarily to d2, d2’ does not 
depend existentially on key1. Dispositions like d1’ and d2’ reflect more general properties 
of key1 and lock2, and therefore might be more relevant entities than d1 and d2. 

This strategy can be adapted to affordances and effectivities, since we have defined 
them as reciprocal dispositions. We have called the affordance a0 of gap0 to contain John, 
and the effectivity e0 of John to be contained in gap0 “individual-directed” affordances 
and effectivities, respectively [5]. Such dispositions are in line with Turvey’s [7] analysis 
of affordances and effectivities, as they depend existentially on each other. However, 
more relevant dispositions might be the affordance a1 provided by gap0 to contain any 
member of a general class Material object1 (the class of material objects with the 
appropriate dimensions to be contained in gap0) and the effectivity e1 of John to be 
contained in any member of a general class Gap1 (the class of gaps with the appropriate 
dimensions to contain John). We call such dispositions “family-directed” (abbreviated 
as “F-D”) affordances and effectivities. 

Because of their general character, F-D affordances and effectivities seem to be 
especially relevant for all fields using the notions of affordances and effectivities. 
Moreover, as explained in [5], individual-directed affordances and effectivities are 
vulnerable to “Cambridge change”: a0 depends existentially on John, although John is 
external to a0’s bearer gap0. Similarly, e0 depends existentially on gap0, although gap0 is 
external to e0’s bearer John. On the other hand, a1 and e1 would not be affected by 
changes external to their bearers. And as we will see, F-D affordances and effectivities 
are also more relevant to image schemas. 



2.3.3. What Image Schemas are about 

We will propose that (at least) most image schemas are closely related to special kinds 
of affordances and effectivities. First, we must make clear that image schemas are not 
identical to affordances and effectivities. As a matter of fact, according to classical views 
like Turvey’s [7], affordances and effectivities are – at least partly – “out of the mind” 
of the agent. For example, a1 inheres in gap0, and has as categorical basis physical 
qualities of gap0 (or maybe qualities of the material in which gap0 is carved). Similarly, 
e1 inheres in John, and has as categorical basis physical qualities of John such as his 
height. Independently of the existence of agents, any site has a disposition (an 
affordance) to contain objects of appropriate dimensions, and any material object has a 
disposition (an effectivity) to be contained in sites of appropriate dimensions. 

On the other hand, image schemas are arguably “in the mind” of the agent: they are 
mental patterns, and thus should be seen as inhering in the cognitive system of an agent, 
or maybe being a part of it (we will not take any further position here on the nature of 
mental patterns, though). Therefore, image schemas cannot be identified with 
affordances or effectivities. 

Despite this, image schemas are strongly related with affordances and effectivities. 
More specifically, image schemas are related to family-directed affordances and 
effectivities rather than to individual-directed ones, because they are general mental 
patterns that are extracted from individual sensorimotor experience.7 Granted that a gap 
is a kind of container, for instance, John’s image schema CONTAINMENT should be 
construed in connection with FD-affordance a1 or FD-effectivity e1 (rather than in 
connection with individual-directed affordance a0 or effectivity e0). Actually, 
CONTAINMENT should be understood in connection with classes of such family-
directed affordances and effectivities, such as the class A1 (of which a1 is an instance) of 
gaps’ affordances to contain material objects that can fit in them, and the class of material 
objects’ effectivities E1 (of which e1 is an instance) to be contained in gaps in which they 
can fit. 

However, the existence of affordances and effectivities does not require an organism 
to have a corresponding image schema: gap0 has an affordance a1 and John has an 
effectivity e1 whether he (or any other agent) has a corresponding image schema or not. 

As we said, image schemas are mental patterns. As such, there is arguably an 
intentional dimension of image schemas: they are about something. A natural proposal 
is that many image schemas are about classes of affordances and effectivities. For 
example, John’s CONTAINS image schema would be about 8  the class of F-D 
affordances of sites (such as gaps) to contain objects, whereas his IS CONTAINED 
image schema would be about the class of F-D effectivities of material objects to be 
contained in sites. 

It is not clear, however, that all image schemas are about classes of affordances or 
effectivities. Consider for example the image schema THING [13], that is involved in 
recognizing so-called “ordinary material objects” such as stones, people, and tables. This 
image schema might be about e.g. Material object or Independent continuant, rather than 
being about classes of F-D affordances or effectivities. Some bundle views of objects 

 
7 Kuhn [2] states: “Image schemas generalize over concepts (e.g., the CONTAINMENT schema abstracts 

container behavior from concepts like cups, boxes, or rooms)”. 
8 See [23,24] for the usage of the is_about relation in formal ontology. See also [25,26] for careful 

consideration of the nature of aboutness. 



might interpret material objects as bundle of dispositions9 ; in such a framework, even 
image schemas such as THING might be about a class of effectivities. We do not take 
position here on the validity of such frameworks, and leave as an open question whether 
all image schemas are about classes of affordances and effectivities, or only most of 
them.10 

3. Discussion 

3.1. Applying Image Schema beyond the Realm of Material Objects 

An agent’s image schemas enable him to organize his perceptions, but they can then be 
used to fulfill a variety of purposes. That is, even if an image schema is about a class of 
affordances or effectivities (which are dispositions inhering in material objects), this 
image schema might then be used to conceptualize other, non-material entities. For 
example, Lakoff and Núñez [29] attempt to explain mathematics based on image 
schemas (e.g., the natural numbers by the image schema PATH). Such considerations 
might enlighten some discussions about constructivist interpretations of mathematics 
[30]. 

3.2. Representing Formally the Aboutness of Image Schemas 

As we argued, many (if not all) image schemas are about classes of dispositions, namely 
F-D affordances or effectivities. Note that Web Ontology Language (OWL) [31] does 
not enable to represent relations of aboutness between a particular (such as John’s 
CONTAINS image schema) and a class of dispositions (such as the class of F-D 
affordances of sites to contain material objects). A variety of technical workarounds 
might enable to represent such relation, such as punning [32] or referent tracking 
formalism [33]. 

3.3. The Static and Dynamic Nature of Image Schemas 

One of Tseng’s [34] features of image schemas is that they are static and dynamic, 
although they may sound contradictory: “Image schemas can be experienced as states of 
being or as a process. For example, the PATH schema can be experienced in a dynamic 
way --- the process of moving from one place to another. Or it can be realized “as a static 
thing”, the road, track or passage that has been traversed” [34, p. 143].11 Our view of 
image schemas as being (in at least many cases) about dispositions solves this paradox. 
As a matter of fact, dispositions are static and dynamic in the sense that: “dispositions 

 
9 See [27] for the bundle theory of objects; and see [28] for dispositionalism, viz. the view that all 

properties are dispositional. 
10 Another difficult example would be the image schema CYCLE, which seems to be about processes 

rather than about dispositions – such as heartbeat, breathing, seasons, etc. However, one might interpret it as 
being about the dispositions that are realized by such heartbeat, breathing, seasons, etc. (the disposition of the 
heart to beat regularly, the disposition of a human to breath regularly, the disposition of the seasons to come 
back regularly, etc.) It is more difficult, however, to interpret such dispositions as affordances or effectivities. 

11  In a similar vein, Kuhn [2] says: “they [image schemas] are internally structured (e.g., the 
CONTAINMENT schema involves behavior associated with an inside, an outside, a contained entity, and 
possibly a boundary)”. 



connect the static structure of the world, i.e. the natural kinds of continuants, with the 
dynamical structure, i.e. the types of possible and actual causal processes” [8, p. 3, our 
italicization added].12 In the aforementioned example, PATH can be about the class of 
disposition inhering in material pathways (which are static entities) that can be realized 
by an object moving along such pathways (which are dynamic entities). 

3.4. Combining Image Schemas 

Characteristically, image schemas can be combined in many different ways [2,12,13]. 
To take Kuhn’s [2] example, CONVEYANCE (a vehicle for transporting something) is 
plausibly taken to be a combination of PATH and SUPPORT (or PATH and 
CONTAINMENT). By our lights, a combination of two image schemas is1 (which is 
about a class of disposition D1) and is2 (which is about a class of disposition D2) might 
be modeled as being about a collective complex composed by D1 and D2. A collective 
disposition is defined by the upper ontology Basic Formal Ontology (BFO) [35] as: “A 
disposition inhering in an object aggregate OA in virtue of the individual dispositions of 
the constituents of OA and that does not itself inhere in any part of OA or in any larger 
aggregate in which OA is a part” [36, p. 410].13 For instance, a crowd has the collective 
disposition to do the wave in virtue of each individual crowd member’s disposition to 
stand at the appropriate time [36, p. 409]. Understood by analogy with the wave of a 
group of people, for example, CONVEYANCE could be formalized as being about a 
class of dispositions composed by the class of dispositions that PATH and SUPPORT 
are about (or PATH and CONTAINMENT). Mereological relations between dispositions 
could help to analyze more finely such dependences [21]. 

4. Conclusion 

To recapitulate briefly, we took a first step towards an extension of our ontological 
analysis of affordances and effectivities to image schemas: several important image 
schemas (not only CONTAINMENT, but also PATH, SUPPORT, CONVEYANCE, 
etc.) are about classes of family-directed effectivities and affordances. It might be 
possible to think that image schemas are the result of “dispositional evolution” of an 
individual’s effectivities. At first, an infant might conceptualize only individual-directed 
affordances and effectivities: e.g., one effectivity of John to be inside this house and 
another effectivity of his to be inside that baby park; and the affordances offered by this 
house and that baby park to contain him. Through repeated interactions with individual-
directed affordances, the infant later learns to conceptualize classes of family-directed 
affordances and effectivities, such as the classes of affordances of sites to contain objects 
of appropriate sizes. Such conceptualization leads to his image schema 
CONTAINMENT. We also discussed briefly some consequences of our dispositional 
account of image schemas. 

Future work includes: 

 
12 More specifically, in [8] and [9], those static and dynamic features of dispositions are accounted for 

respectively by the categorical bases of dispositions, and their triggers and realizations. 
13 An object aggregate is a BFO category: “A material entity that has as parts (exactly) two or more 

objects that are separate from each other in the sense that they share no parts in common. Examples include a 
heap of stones, a population of bacteria, a flock of geese” [35, p. 181]. 



i. the application of our dispositional interpretation of image schemas to e.g., 
analysis of metaphors [37] (e.g., the metaphor “marriage is a prison” stems from 
the CONTAINMENT-based conceptualization of marriage); and  

ii. comparison and/or integration between our dispositional formalization of image 
schemas and e.g., the logic [38] for image schemas and directed movement. 

A long-term project would be to provide a full formalization of affordances and image 
schemas that would contribute to the building of a core ontology [39] for cognitive and 
behavioral modeling: an ontology that covers the most basic categories and relations 
among them regarding agency, cognition, perception, and actions. As was implied in [4], 
it will also have crucial implications for the ontology of the environment [40-42]. 

References 

[1] O. Kutz, N. Troquard, M. Hedblom and D. Porello. The mouse and the ball: Towards a cognitively-based 
and ontologically-grounded logic of agency. In S. Borgo, P. Hitzler and O. Kutz (eds.), Proceedings of 
the 10th International Conference of Formal Ontology in Information Systems (FOIS 2018), Cape Town, 
South Africa, September 17-21, 2018, Amsterdam: IOS Press, 141-148. 

[2] W. Kuhn. An image-schematic account of spatial categories. In S. Winter, M. Duckham, L. Kulik and B. 
Kuipers (Eds.), Spatial Information Theory, Lecture Notes in Computer Science, vol. 4736, Springer, 
152-168, 2007. 

[3] J. M. Cunha, P. Martins and P. Machado. Using image schemas in the visual representation of concepts. 
In O. Kutz and M. M. Hedblom (Eds.), Proceedings of TriCoLore 2018 - Creativity | Cognition | 
Computation, Bozen-Bolzano, Italy, December 13-14, 2018, CEUR Workshop Proceedings, vol. 2347, 
11 pages. 

[4] F. Toyoshima. Modeling affordances with dispositions. In L. Jansen, D. P. Radicioni and D. Gromann 
(Eds.), Proceedings of the 4th Joint Ontology Workshops (JOWO 2018), Cape Town, South Africa, 
September 17-18, 2018, CEUR Workshop Proceedings, vol. 2205, 6 pages. 

[5] F. Toyoshima and A. Barton. A formal representation of affordances as reciprocal dispositions. In O. 
Kutz and M. M. Hedblom (Eds.), Proceedings of TriCoLore 2018 - Creativity | Cognition | Computation, 
Bozen-Bolzano, Italy, December 13-14, 2018, CEUR Workshop Proceedings, vol. 2347, 14 pages. 

[6] J. J. Gibson. The Ecological Approach to Visual Perception. Houghton Mifflin, 1979. 
[7] M. T. Turvey. Affordances and prospective control: An outline of the ontology. Ecological Psychology, 

4(3), 173-187, 1992. 
[8] J. Röhl and L. Jansen. Representing dispositions. Journal of Biomedical Semantics, 2(Suppl 4): S4, 2011. 
[9] A. Barton, O. Grenier, L. Jansen and J.-F. Ethier. The identity of dispositions. In S. Borgo, P. Hitzler and  

      O. Kutz (eds.), Proceedings of the 10th International Conference of Formal Ontology in Information       
      Systems (FOIS 2018), Cape Town, South Africa, September 17-21, 2018, 113-126.  

[10] G. P. Lakoff. Women, Fire, and Dangerous Things. What Categories Reveal about the Mind. Chicago: 
University of Chicago Press, 1987. 

[11] M. Johnson. The Body in the Mind: The Bodily Basis of Meaning, Imagination, and Reason. Chicago: 
University of Chicago Press, 1987. 

[12] T. Oakley. Image schema. In D. Geeraerts and H. Cuyckens (Eds.), The Oxford Handbook of Cognitive 
Linguistics, Oxford: Oxford University Press, 214-235, 2010. 

[13] J. M. Mandler and C. P. Cánovas. On defining image schemas. Language and Cognition, 6(4), 510-532, 
2014. 

[14] J. M. Mandler. How to build a baby: II. Conceptual primitives. Psychological Review, 99(4), 587-604, 
1992. 

[15] E. Davis, G. Marcus and N. Frazier-Logue. Commonsense reasoning about containers using radically 
incomplete information. Artificial Intelligence, 248, 46-84, 2017. 

[16] B. Bennett and C. Cialone. Corpus guided sense cluster analysis: A methodology for ontology 
development (with examples from the spatial domain). In P. Garbacz and O. Kutz (Eds.), Proceedings of 
the 8th International Conference of Formal Ontology in Information Systems (FOIS 2014), Rio de Janerio, 
Brazil, September 22-25, 2014, Amsterdam: IOS Press, 213-226. 

[17] A. Galton. The formalities of affordance. In M. Bhatt, H. W. Guesgen and S. M. Hazarika (Eds.), Spatio-
Temporal Dynamics: the 19th European Conference on Artificial Intelligence (ECAI 2010) Workshop 
Proceedings, Lisbon, Portugal, August 16-20, 2010, 1-6. 



[18] A. Chemero and M. T. Turvey. Gibsonian affordances for roboticists. Adaptive Behavior, 15(4), 473-
480, 2007. 

[19] H. Min, C. Yi, R. Luo, J. Zhu, and S. Bi. Affordance research in developmental robotics: A survey. 
IEEE Transactions on Cognitive and Developmental Systems, 8(4), 237-255, 2016. 

[20] M. Brand. Intending and acting: Toward a naturalized action theory. Journal of Philosophy, 84(1), 49-
54, 1984. 

[21] A. Barton, L. Jansen and J.-F. Ethier, J.-F. A taxonomy of disposition-parthood. In A. Galton and F. 
Neuhaus (Eds.), Proceedings of the 3rd Joint Ontology Workshops (JOWO 2017), Bozen-Bolzano, Italy, 
September 21-23, 2017, CEUR Workshop Proceedings, vol. 2050, 10 pages. 

[22] A. Barton, W. Duncan, F. Toyoshima and J.-F. Ethier. First steps towards an ontology of belief. In L. 
Jansen, D. P. Radicioni and D. Gromann (Eds.), Proceedings of the 4th Joint Ontology Workshops 
(JOWO 2018), Cape Town, South Africa, September 17-18, 2018, CEUR Workshop Proceedings, vol. 
2205, 5 pages. 

[23] R. Ferrario and A. Oltramari. Towards a computational ontology of mind. In A. Varzi and L. Vieu (Eds.), 
Proceedings of the 3rd International Conference of Formal Ontology in Information Systems (FOIS 
2004), Torino, Italy, November 4-6, 2004, Amsterdam: IOS Press, 287-297. 

[24] B. Smith and W. Ceusters. Aboutness: Towards foundations for the Information Artifact Ontology. In 
F. M. Couto and J. Hastings (Eds.), Proceedings of the 6th International Conference on Biomedical 
Ontology (ICBO 2015), Lisbon, Portugal, July 27-30, 2015, CEUR Workshop Proceedings, vol. 1515, 
5 pages. 

[25] S. Yablo. Aboutness. Princeton: Princeton University Press, 2014. 
[26] P. Hawke. Theories of aboutness. Australasian Journal of Philosophy, 96(4), 697-723, 2018. 
[27] P. Simons. Particulars in particular clothing: Three trope theories of substance. Philosophy and 

Phenomenological Research, 54(3), 553-575, 1994. 
[28] S. Mumford. Laws in Nature. New York: Routledge, 2004. 
[29] G. Lakoff and R. E. Núñez. Where Mathematics Comes From: How the Embodied Mind Brings 

Mathematics Into Being. Basic Books: New York, 2000. 
[30] D. Bridges and E. Palmgren. Constructive Mathematics, The Stanford Encyclopedia of 

Philosophy (Summer 2018 Edition), Edward N. Zalta (ed.), URL = 
<https://plato.stanford.edu/archives/sum2018/entries/mathematics-constructive/>. 

[31] I. Horrocks, P.-F. Patel-Schneider, D. L. McGuinness and C. A. Welty. OWL: a Description-Logic-
Based Ontology Language for the Semantic Web. In F. Baader, D. Calvanese, D. L. McGuinness, D. 
Nardi and P. F. Patel-Schneider (Eds.), The Description Logic Handbook: Theory, Implementation and 
Applications (Second Edition), Cambridge: Cambridge University Press, 2007, 458-486. 

[32] S. Schulz, C. Martínez-Costa, D. Karlsson, R. Cornet, M. Brochhausen, A. Rector, An Ontological 
Analysis of Reference in Health Record Statements, in: Proceedings of the 8th International Conference 
of Formal Ontology in Information Systems (FOIS 2014), 2014, Amsterdam:IOS Press, 289-302. 

[33] W. Ceusters and B. Smith. Strategies for referent tracking in electronic health records. Journal of 
Biomedical Informatics, 39(3), 362-378, 2006. 

[34] M.-U. Tseng. Exploring image schemas as a critical concept: Toward a critical-cognitive linguistic 
account of image-schematic interactions. Journal of Literary Semantics, 36(2), 135-157, 2007. 

[35] R. Arp, B. Smith and A. D. Spear. Building Ontologies with Basic Formal Ontology. MIT Press, 2015. 
[36] A. Goldfain, B. Smith and L. G. Cowell. Dispositions and the Infectious Disease Ontology. In A. Galton 

and R. Mizoguchi (Eds.), Proceedings of the 6th International Conference of Formal Ontology in 
Information Systems (FOIS 2010), Toronto, Canada, May 11-14, 2010, Amsterdam: IOS Press, 400-
413. 

[37] G. Lakoff and M. Johnson. Metaphors we Live by. Chicago: University of Chicago Press, 1980. 
[38] M. M. Hedblom, O. Kutz, T. Mossakowski, and F. Neuhaus. Between contact and support: Introducing 

a logic for image schemas and directed movement. In F. Esposito, R. Basili, S. Ferilli and F. A. Lisi 
(Eds.), Proceedings of the 16th International Conference of the Italian Association for Artificial 
Intelligence on Advances in Artificial Intelligence (AI*IA 2017), Bari, Italy, November 14-17, 2017, 
256-268. 

[39] A. Valente and J. Breuker. Towards principled core ontologies. In B.R. Gaines and M.A. Musen (Eds.), 
Proceedings of the 10th Knowledge Acquisition Workshop (KAW’96), Banff, AB, Canada, November 
9-14, 1996, 301-320. 

[40] B. Smith and A. C. Varzi. The niche. Noûs, 33(2), 214-238, 1999. 
[41] B. Bennett. Foundations for an ontology of environment and habitat. In A. Galton and R. Mizoguchi 

(Eds.), Proceedings of the 6th International Conference on Formal Ontology in Information Systems 
(FOIS 2010), Toronto, Canada, May 11-14, 2010, Amsterdam: IOS Press, 31-44. 



[42] P. L. Buttigieg, E. Pafilis, S. E. Lewis, M. P. Schildhauer, R. L. Walls and C. J. Mungall. The 
environment ontology in 2016: Bridging domains with increased scope, semantic density, and 
interoperation. Journal of Biomedical Semantics, 7:57, 2016. 


