Ontology of Multisensory Unification

1. Research objective

The goal of the project is to construct an ontological model of structural, multisensory unification. This is an
empirically-informed philosophical project combining philosophy of mind, results of empirical cognitive
sciences, and formal ontology in order to provide a novel solution to the important, and currently unresolved,
philosophical question regarding the way in which unimodal structures are unified in the structures of
multimodal experiences. Within the project, | will analyze four major dimensions of experiential structures
considering three hypotheses: Simple unity, Transformative unity, and Disunity hypothesis (see Section 3a).
In everyday situations, we experience the world from a unified, first-person perspective. In particular, our
conscious awareness contains elements associated with distinct sensory modalities as we may simultaneously
perceive the environment by using distinct senses. For instance, it seems that within a single experience one
can see a dog, hear its barking, smell bread from a nearby bakery, and be aware of a pain in the left foot.
Furthermore, the elements presented in multimodal experiences are not presented as merely co-occurring but
usually seem to be unified within some higher-order structures. For example, we are not only able to experience
that something looks dog-like and that something makes a barking sound, but also that there is a single object
which has the appearance of a dog and barks (Kubovy and Schutz, 2010; O’Callaghan, 2015). In consequence,
it is plausible that elements presented in usual multimodal experiences are arranged according to certain
principles, and one of the goals of philosophy of perception is to develop a conceptual framework explicating
these principles (Macpherson, 2011; Nudds, 2010; Richardson, 2010; O’Callaghan, 2016).

The above intuitive observations lead to a unification problem which is multisensory and structural. It is
multisensory as it concerns the way in which elements presented in virtue of various senses are unified in
multimodal experiences. It is structural since addressing it requires specifying the structure of multimodal
experiences by, inter alia, characterizing dependency relations between presented elements, determining the
spatiotemporal framework in which they are presented, and specifying the rules according to which simpler
elements compose complex wholes. The question of multisensory, structural unification is particularly difficult
due to the fact that each modality may organize the presented elements by using distinct structures. For
instance, spatial structures organizing olfactory, auditory, and visual elements may differ significantly from
each other and each of various modalities may individuate and track presented entities in accordance to distinct
principles (Briscoe, 2016; Matthen, 2010; Richardson, 2010; Smith, 2013; de Vignemont, 2014; Young, 2016).
In consequence, it is not obvious how these distinct structures, which may not be compatible, constitute unified
structures of multimodal experiences. | propose that the problem of structural, multisensory unification can be
addressed by formulating an empirically-informed, ontological model, i.e., a model which by (a) using
contemporary ontological frameworks provided by mereotopological theories, individuation theories,
and dependency theories, and (b) utilizing current empirical state of the art, characterizes relations
between unimodal and multimodal experiential structures.

It should be noted that my research questions concern the relations between unimodal and multimodal
experiential structures and not unimodal and multimodal experiences. It is so because it is likely that nearly
all sensory experiences are multimodal. However, multimodal experiences involve various unimodal
structures, i.e. structures which occur due to functioning of mechanisms associated with a single modality,
which jointly constitute a multimodal structure. Furthermore, the project does not assume whether the
experiential structures correspond to structures in the environment (e.g., whether visual space has the same
features as physical space). In addition, it is neutral regarding what metaphysical types of entities are sensory
experiences and their structures. Because of that my project can be combined with various epistemic and
metaphysical views on perception.

2. Significance of the project

a) State of art and justification for tackling scientific problems by the proposed project

During the last two decades, philosophers of perception became more and more interested both in the topic of
multimodality and investigations concerning structural aspects of experiences. First, it has been recognized
that a ‘visuocentric’ approach which treats vision as a model of all perceptual modalities may lead to a distorted
image of human sensory perception (Kubovy and Van Vankelburg, 2001; O’Callaghan, 2015). This
recognition led to the development of philosophical studies concerning non-visual modalities and multisensory
perception (e.g., Briscoe, 2016; Cohen, 2010; Fulkerson, 2011; Keller, 2016; Macpherson, 2011). Furthermore,
nowadays it is often recognized that sensory experiences have a certain structure which may be distinct, despite
the sameness of represented elements (Matthen, 2004; Richardson, 2011; Soteriou, 2013). For example, while
vision and touch may represent the same shape, like a circle, it seems that each of these modalities presents a
circle in a structurally distinct way. More specifically, the structural aspects of experiences are those which (a)
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concern elements which are invariant despite changes in presented entities, like the shape of the visual
field which remains the same no matter what is seen (Mac Cumbhaill, 2015; Richardson, 2010), and (b) concern
principles according to which the presented entities are experientially organized, for instance the way
perceptual wholes are composed of simpler elements (Casati, 2015; O’Callaghan, 2008).

Nevertheless, despite the presence of a significant interest in topics of multimodal experiences and structural
aspects of experiences, contemporary studies face serious limitations in attempts to resolve the
multisensory, structural unification problem. 1) The descriptions of structural aspects of sensory
experiences are often provided without specification of the applied ontology, which makes it difficult to assess
the relations between structures of various experiences. 2) Studies usually focus only on specific types of
experiences, like audio-visual experiences, and do not attempt to provide a structural model of complex
experiences which combine various exteroceptive and interoceptive aspects. 3) No answer is provided to the
guestion of how potentially distinct and incompatible unimodal structures constitute structures of multisensory
experiences.

I believe that | can solve these problems by applying a precise conceptual framework for describing structures
of various experiences and analyzing similarities as well as differences between these structures by using the
same notions. In consequence, | will be able to investigate the unimodal structures, how they are related to
each other, and how they constitute multisensory structures. Because resources required for constructing such
a precise conceptual framework are provided by ontological theories, the goal of the project is to develop an
ontological model of structural, multisensory unification in which experiential structures are analyzed
using theories developed on the grounds of formal ontology. Formal ontological theories are modeling
frameworks which describe some domains of reality. In the project, I will apply them in order to model the
structural aspects of sensory experiences. A suitable example of such an empirically-informed, ontological
modeling approach can be found in my paper concerning part-structure of olfactory experiences (Skrzypulec,
2021a). In this work, | investigated whether the structure of olfactory experiences satisfies the mereological
weak supplementation principle which is a part of classic mereology and entails that an entity cannot have
merely a single proper part. By analyzing results of empirical studies concerning perception of complex
olfactory mixtures, | have argued that this principle is not satisfied in the case of human olfaction, so the
olfactory mereology is nonclassical.

b) Innovative character of the proposed project

My approach adopted in the project is novel, since up to this date ontological notions have not been broadly
applied to structural aspects of sensory experiences. This lack of application of ontological notions in
investigations concerning the problem of structural, multisensory unification is unfortunate, as ontological
theories provide precise concepts which are well-suited to describing experiential structures. The novelty of
my project is not restricted to its methodological approach. It is also apparent in its scope as it aims to provide
a model of complex multimodal experiences in which elements presented by various exteroceptive and
interoceptive sensory systems are combined, whereas the usual investigations regarding multimodal
experiences are restricted to narrow cases like audio-visual experiences. Furthermore, the novelty of my project
lies in identification of the crucial difficulty regarding the problem of multisensory unification: how distinct,
potentially incompatible, unimodal structures constitute multimodal structures. This important problem has
not attracted sufficient attention in the philosophical literature, which usually discusses either unimodal or
multimodal structures separately. In addition, as | address the topic of multimodal experiences primarily from
the philosophical perspective, my model is distinct from the usual empirical models which focus not on
experiential structures but on characteristics of representational vehicles, or on the ways in which sensory
information is processed.

C) The impact of the project’s results on the development of the research field and scientific discipline

The project will provide substantial gains for the involved disciplines. From the perspective of the philosophy
of mind, my project aims to answer an important philosophical question concerning the unity of multimodal
experiences. Answering this question is one of the crucial elements of understanding our sensory first-person
perspective through which we experience the world. By combining the philosophical ideas on perception with
ontological notions, 1 will be able to clarify the philosophical conceptions regarding experiential structures and
I will develop a common framework for advancing discussions concerning structural aspects of experiences.
While the main aim of the project is to answer the philosophical question of multisensory unity, the project
will also have an impact on empirical studies concerning multisensory perception. 1) It will serve to identify
gaps in the current empirical state of the art regarding structural aspects of sensory experiences by showing
the ideas that have clear support in empirical data and those which are not yet determined by the scientific state
of the art. 2) My project will explicate relations between philosophical ideas regarding experiential structures
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and scientific research concerning perceptual organization by showing in what way, and to what extent,
philosophical ideas may be supported, or falsified, by empirical data. 3) The project will provide a precise
conceptual framework, for instance regarding the notions of ‘part,” ‘dependency,’ or ‘sameness,” which can be
used in empirical studies investigating the ways in which sensory experiences are organized.

3. Work plan

a) Outline of the work plan and research hypotheses

My investigations will be guided by three general hypotheses:

(A) Simple unity hypothesis: According to this hypothesis, the structure of a multimodal experience is unified
due to the fact that unimodal structures are compatible with each other, so they can compose a multimodal
structure without undergoing modifications.

(B) Transformative unity hypothesis: According to this hypothesis, the structure of a multimodal experience
is unified but the unimodal structures are not compatible, so to compose a unified multimodal structure they
undergo some transformations.

(C) Disunity hypothesis: According to this hypothesis, the structure of a multimodal experience is not unified.
The unimodal structures may co-occur in a multimodal experience, but they do not compose a higher-order,
multimodal structure.

I will evaluate these hypotheses in the context of four crucial dimensions of experiential structures: (1)
Spatiotemporal frameworks, (2) Compositional principles, (3) Individuation principles, (4) Structural
dependencies. The formulated ontological model will allow establishing which general hypotheses, and their
specific realizations, are the most plausible in the context of structural dimensions of various types of
multimodal experiences. | have devised the research plan of the project such that it reflects the division
of the project in four dimensions. My project will last five years; during each of the first four years one of
the project’s dimensions will be analyzed, and during the final year, relying on the previous results, a full
ontological model of structural, multisensory unification will be formulated.

(1) Spatiotemporal frameworks: The majority of sensory experiences present entities as localized in time and
space. To answer the problem of multisensory, structural unification it is important to identify the unimodal
spatiotemporal frameworks and analyze the way they constitute multimodal spatiotemporal frameworks.
Spatiotemporal structures associated with different modalities are likely to be distinct (Cheng and Haggard,
2018; Phillips 2014). In consequence, it is important to investigate how these distinct structures are unified. In
addition to philosophical works, I will rely on empirical studies concerning spatial and temporal aspects of a
variety of sensory systems (e.g., Spence, 2016). Suitable ontological notions are provided by theories of spatial
and temporal mereotopology which explicate concepts of parthood and connectedness (e.g., Mazzola, 2019).
(2) Compositional principles: The sensory experiences usually present entities as having some internal
structure by being composed of simple elements. For instance, vision presents objects as composed of spatial
parts (Casati, 2015; Green, 2017) and audition presents sounds as having temporal parts (Nudds, 2010). By
investigating compositional principles, | will analyze how unimodal principles governing presentations of
complex wholes are related to principles organizing the multimodal compositional structures. The most
relevant empirical works are those which concern principles of perceptual organization in various senses (e.g.,
Haggard and Giovagnoli, 2011). Compositional principles can be analyzed using mereotopological accounts
regarding conditions under which some elements constitute a higher-order whole (e.g., Markosian, 2004).

(3) Individuation principles: Main sensory modalities are able to simultaneously present several distinct
elements and re-identify them. For example, vision can identify objects as being the same while they move in
a spatiotemporally continuous fashion (Scholl, 2007) and olfaction allows tracking of odor even if its qualities
change (Young, 2020). Individuation principles are those which characterize the rules according to which the
presented entities are differentiated and identified in sensory experiences. Because such rules may be distinct
for elements presented by various modalities, a question arises: How is this diversity of individuation unified
in multimodal experiences? To investigate this dimension, | will analyze empirical works concerning the way
in which sensory modalities differentiate between synchronically and diachronically presented elements (e.g.,
Mitroff et al., 2004; Porter et al., 2007). The ontological notions suitable for analyzing individuation principles
are provided by ontological individuation theories (e.g., Effingham, 2012).

(4) Structural dependencies: Sensory experiences have lower-level and higher-level aspects which stand in
certain dependency relations. For instance, it may be the case that certain complex properties, such as shape,
cannot be presented without presenting some lower-level properties such as edges (Green, 2017). My
investigations concerning this dimension will reveal how unimodal dependency structures are transformed or
preserved in multimodal experiences. A suitable ontological framework is provided by dependency theories
(e.g., Bennett, 2004). The relevant empirical works are those which regard relations between higher and lower
levels of perceptual processing (e.g., Hummel, 2013).
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b) Results of the initial analyzes

To successfully conduct my project, it is important to take into consideration contemporary philosophical
discussions regarding experiential structures and multimodality, develop the model by relying on the current
empirical state of the art, and investigate the structural aspects of experiences by using precise ontological
notions. | have already applied such an empirically-informed approach in investigations concerning the
perception of diachronic persistence in vision and audition (Skrzypulec, 2020), the mereology of olfactory
experiences (Skrzypulec, 2021a), the structure of audio visual-experiences (Skrzypulec, 2021b), and the
perception of high-level properties (Skrzypulec, 2019). These preliminary investigations show that the
proposed research framework is likely to be useful in formulating a comprehensive model of multisensory,
structural unification.

c) Risk analysis

The main risks of the project concerns that (a) investigating some of the project’s dimensions may take longer
than assumed, while other dimensions may be less fruitful than initially expected and (b) due to limitation of
theoretical argumentation or lack of empirical constraints, it might be difficult to select the best theories of
multimodal, structural unification. Nevertheless, my preliminary investigations demonstrate that the project is
feasible as the proposed empirically-informed, philosophical approach is able to produce novel results.
Furthermore, as the project is composed of modules which can be investigated independently from one another,
a failure to investigate one of the project’s dimensions does not mean that the project cannot deliver any
important results.

4. Methods of research

While the project is divided into five, one-year long modules, each of these modules has an internal structure
composed of three stages determined by application of the three main methods: (a) conceptual analysis, (b)
theory evaluation, and (c) structural integration analysis. The first method consists of analyzing and
explicating the ideas regarding the structural aspects of experiences that are present in philosophical and
empirical works. It is likely to produce alternative conceptions regarding the unimodal and multimodal
experiential structures. However, in order to assess the obtained conceptions to identify the most accurate, a
different method—theory evaluation—is needed. This method consists of formulating arguments in order to
evaluate which conceptions of experiential structures are the most plausible. | will assess the strength of
alternative theories by investigating their plausibility from the perspective of philosophical argumentation and
their coherence with the empirical state of the art. By the joint application of conceptual analysis and theory
evaluation methods | will be able to select the best conceptions characterizing the unimodal and multimodal
structures. However, achieving the final goal of the project requires analyzing the way in which unimodal
experiential structures constitute structures of multimodal experiences. This can be achieved by applying the
third method: structural integration analysis. This method consists of analyzing the relations between unimodal
and multimodal structures in order to determine ways in which they can or cannot be integrated.
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