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Abstract

Within contemporary philosophy of perception, it is commonly claimed that fla-
vour experiences are paradigmatic examples of multimodal perceptual experiences.
In fact, virtually any sensory system, including vision and audition, is believed to
influence how we experience flavours. However, there is a strong intuition, often
expressed in these works, that not all of these sensory systems make an equal contri-
bution to the phenomenology of flavour experiences. More specifically, it seems that
the activities of some sensory systems are constitutive for flavour perception while
others merely influence how we experience flavours. This paper aims to answer the
question regarding the constitutive factors of flavour perception in a twofold way.
First, a theoretical framework is developed, relying on debates regarding constitutiv-
ity in analytic metaphysics and philosophy of science, which defines the stronger
and weaker senses in which the activities of sensory systems may be constitutive
for flavour perception. Second, relying on empirical results in flavour science, the
constitutive status of activities related to distinct sensory systems in the context of
flavour perception is investigated.

1 Introduction

Within contemporary philosophy of perception, it is commonly claimed that fla-
vour experiences are paradigmatic examples of multimodal perceptual experiences
(e.g., Smith, 2013; Stevenson, 2014). Typically, flavour experiences occur due to the
activities of various sensory systems processing, inter alia, gustatory, olfactory, tac-
tile, thermal and trigeminal information (see Delwiche, 2004; Verhagen & Engelen,
2006). In particular, the narrowly understood sense of taste, which processes merely
stimuli interacting with chemical receptors on the tongue, cannot give rise to the
majority of typical flavour experiences such as experiences of strawberry or coffee
flavours (e.g., Auvray & Spence, 2008; Spence et al., 2014). In consequence, it is
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postulated that taste, or more technically gustation, should be understood as one of
the unimodal components of a multimodal flavour sense.

In fact, virtually all sensory systems, including vision and audition (e.g., Car-
valho et al., 2017; Spence, 2014; Spence, 2015c), are believed to influence how we
experience flavours. However, there is a strong intuition, often expressed in philo-
sophical works regarding flavour perception, that not all of these sensory systems
make an equal contribution to flavour perception. More specifically, it seems that
the functioning of some sensory systems is constitutive of flavour perception while
others merely influence how we experience flavours. For instance, Smith (2013, p.
307) claims that "there is no agreement on what is necessary or constitutive of fla-
vour experience" and postulates that factors which causally affect flavour percep-
tion should be distinguished from the constitutive factors. Similarly, Prescott (2015,
p. 47) postulates a distinction between intrinsic constituents and extrinsic elements
affecting flavour experiences, while Spence (2015c, p. 24) writes about the need to
distinguish factors constitutive of flavour perception and factors that merely modu-
late flavour experiences.

The above examples demonstrate a need to distinguish constitutive and non-
constitutive components of flavour perception that has not yet been satisfied by phi-
losophers of perception. From the philosophical perspective, addressing this need
will require explicating what it means to say that some factors are ‘constitutive’ of
flavour perception and providing a criterion for distinguishing constitutive and non-
constitutive factors. However, in contemporary philosophical and empirical works
regarding flavour perception, the notion of ‘constitution’ is used in a loose sense,
without stronger connections to the philosophical debate regarding constitutivity,
and without providing criteria for assessing the constitutivity of sensory systems.
This paper aims to fill in this theoretical gap by (a) explicating the notion of ‘con-
stitutivity’ in the context of flavour perception relying on philosophical discussions,
(b) distinguishing the stronger and weaker meanings of constitutivity, and (c) show-
ing that the proposed conceptual framework can be used to assess the constitutivity
of various sensory activities by relying on empirical results.

The specific issue addressed in this paper concerns the constitutive relation
between the functioning of sensory systems and the ability of human flavour percep-
tion to generate flavour experiences.! For instance, a relevant question is whether
without the functioning of the visual system, some flavour experiences cannot be
generated, or whether without the functioning of the olfactory system any flavour
experiences can occur. The main intuition behind my conceptualisation of consti-
tutiveness is that functioning of a sensory system is constitutive of flavour percep-
tion if some activities of this sensory system belong to minimal sets of conditions

! A further question, which cannot be accommodated in the scope of this paper, concerns the relation
between functioning of certain sensory systems and the presence of certain phenomenal aspects of fla-
vour experiences. For instance, it may be proposed that touch is mainly relevant for phenomenal aspects
determining spatial properties of flavour stimuli, while olfaction is for phenomenal aspects determining
perceptual categorisation of eaten items.
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jointly sufficient for the occurrence of some flavour experiences (see Sect. 2 for
explication).

I conduct my analyses in the context of normally functioning human flavour per-
ception. In consequence, all further statements about the necessity of some sensory
activities should be read in a restrictive way as applying only within the context of
normally functioning human cognitive systems (see more on this in Sect. 3).

Given the above characterization of my approach, the notions of “flavour experi-
ences” and “sensory systems” play a crucial role in the investigations conducted. I
characterize flavour experiences following Auvray and Spence (2008), who describe
flavour perception as a perceptual modality that represents the properties of enti-
ties positioned in the mouth in order to assess whether they can be eaten (see also
Stevenson, 2009).> From this perceptive, flavour experiences can be characterized
as those which seem to occur in the mouth and which present properties of external
objects.

Nevertheless, the above characterization has to be extended in order to distin-
guish flavour experiences from taste experiences, because even sensations occurring
due to mere stimulation of gustatory receptors, like the sensation of bitterness, may
be exteroceptive and seem to happen in the mouth. An initial proposition could be
to claim that what distinguishes flavour experiences from taste experiences is mul-
timodality: flavour experiences occur due to the activity of more than one sensory
system, while taste experiences are unimodal. Nevertheless, even the paradigmatic
taste experiences involve both some gustatory processing, due to which we may feel
sensations like bitterness, and some tactile processing, due to which we localize
the sensation in the mouth. To avoid this problem, I propose a modified approach
according to which, flavour has to occur by virtue of the activity of at least two sen-
sory systems such that the activities of each of these systems add something more
to the phenomenal character’ of an experience than apparent localisation in the oral
cavity.

However, even after the above addition the characterization of flavour experi-
ences would be too wide. For instance, an experience associated with having a cold,
tasteless plastic cube which seems to be occurring in the mouth is exteroceptive and
multimodal by being produced by thermal and tactile senses, but intuitively it should
not be considered as a flavour experience. Hence, in order to grasp the above intui-
tion, an additional requirement has to be added, namely that flavour experiences are
those which are commonly referred to by using terms naming flavour-categories
(e.g., ‘strawberry’, ‘vanilla’, ‘fishy’).

Taking together the above observations, I propose the following definition of fla-
vour experiences which will be used in the paper:

2 In consequence, I adopt a kind of realism in regard to flavours, according to which they are understood
as properties of external objects that are represented in flavour experiences (see Smith, 2013).

3 I do not assume any particular theory of phenomenal character of sensory experiences. I use this term
in accordance with a common philosophical intuition that phenomenal character is this aspect which
determines “what is it like” to have a given experience. For instance, experiencing a sweet taste feels
different from experiencing a sour taste and this difference consists in having distinct phenomenal char-
acters.
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(Flavour Experience) An experience is a flavour experience if and only if (a) it
seems to occur in the mouth, (b) is an exteroceptive experience, (c) it occurs in vir-
tue of the activity of at least two sensory systems such that the activities of each of
these systems add something more to the phenomenal character of an experience
than the apparent localisation in the oral cavity, and (d) is commonly characterised
by using predicates naming flavour-categories.

The above definition is sufficient for further investigation as its grasps the main
intuitions connected with typical situations of experiencing flavours.* For instance,
there are olfactory experiences which are not flavour experiences due to lack of
apparent localization in the mouth despite the fact that they are exteroceptive and are
often characterized by terms naming flavour-categories (e.g., ‘lemony’ or ‘vanilla’).
Similarly, some experiences intuitively happening in the mouth, such as tooth pain,
are not flavour experiences because they are interoceptive states representing states
of a body, and not properties of external entities. An important advantage of the pro-
posed definition is that it does not assume the constitutive character of any sensory
system. In consequence, it is suitable for investigations concerning which senses are
constitutive of flavour perception.

When using the notion of “sensory systems”, I follow a physiological approach
used in flavour-related literature (see Stevenson & Tomiczek, 2007; Verhagen,
2007).% According to this idea, distinct sensory systems use different groups of
receptors to detect stimuli and initially process obtained information using separate
neural mechanisms. For instance, olfactory and gustatory sensory systems gather
information using receptors with differing structures and localizations. Subse-
quently, they analyse the obtained information using distinct neural pathways, and
only later is the gathered information combined and jointly processed by common
structures (Simons & Noble, 2002; Small & Prescott, 2005; Verhagen & Engelen,
2006).

According to the physiological literature, there are many sensory systems whose
activities are likely to contribute to the occurrence of flavour experiences. In the
paper, I consider four such systems that are frequently discussed in empirical and
philosophical works concerning flavour perception. These four systems are divided
into two groups, on the basis of the strength of intuitions regarding the constitutive
status of their functioning for flavour perception. The first group contains gustatory
and olfactory systems. The functioning of these systems are unanimously treated
as constitutive of flavour perception and virtually every characterization of flavour
modality sees them as crucial for generating flavour experiences (see Auvray &
Spence, 2008). The second group encompasses visual and auditory systems. While

4 Tt should be noted that despite the presence of point (d), my definition is coherent with a view that
flavour experiences are purely perceptual experiences without a cognitive component. This is because
they happen in virtue of the functioning of sensory systems. However, recognising which of the various
perceptual experiences are flavour experiences may have a cognitive component which is included in my
definition. Nevertheless, it does not entail flavour experiences being produced by higher-level, cognitive
mechanisms.

5 For the complications and limitations of characterizing sensory modalities in physiological terms see
Keeley (2002).
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many authors believe that the functioning of these systems influence flavour percep-
tion, it is doubtful whether it is constitutive (Smith, 2013; Spence & Zampini, 2006;
Velasco et al., 2018).

The paper starts by providing a notion of minimal constitutivity that is developed
relying on intuitions presented in works regarding analytic metaphysics and philoso-
phy of science (Sect. 2). Subsequently (Sect. 3), stronger notions of constitutivity
are defined, and I explicate how they can be applied in considerations about flavour
perception. Further, relying on empirical data, I consider the constitutive status of
functioning of the olfactory and gustatory systems (Sect. 4), and visual and auditory
systems (Sect. 5). The conducted analyses confirm the intuitively strong constitu-
tive status of olfactory and gustatory systems. Furthermore, they also allow expli-
cating the type of constitutivity possessed by these systems. On the other hand, it is
argued, in contrary to common intuition, that auditory system is constitutive of fla-
vour perception. Nevertheless, its constitutive status is of a weaker type than in case
of olfactory and gustatory systems. Finally, it is shown that there are serious reasons
to doubt whether functioning of visual system is constitutive at all.

2 Minimal Constitutivity

In my investigations concerning the constitutivity in flavour perception, I will rely
on two philosophical discussions in which the notion of “constitution” plays a major
role. The first is the metaphysical debate regarding material constitution (e.g., Ben-
nett, 2011; Wasserman, 2004; Wilson, 2007). For instance, it seems that an iron
monument is constituted by a lump of iron but is not identical to it (e.g. a lump of
iron may still exist after the destruction of a statue), and the task of analytic meta-
physics is to characterise the nature of such a constitution relation. Secondly, within
the philosophy of science, the notion of “constitution” is crucial for investigations
regarding constitutive mechanistic explanation. It is frequently postulated that some
phenomena, for instance biological or psychological, are constituted by an underly-
ing mechanism, and one goal of a scientific model is to explain a given phenomenon
by describing this mechanism (e.g., Baumgarten and Gebharter, 2015; Craver, 2007;
Kaiser & Krickel, 2016; Krickel, 2018; Ylikoski, 2013). To provide a proper mecha-
nistic explanation, a criterion is needed which allows us to distinguish the elements
that constitute the relevant mechanism from those that merely causally influence its
functioning.

In both these fields, authors postulate similar basic characteristic of the constitu-
tion relation. First, it is a synchronic relation, i.e. a relation occurring between enti-
ties existing at the same moment (e.g., Baumgarten and Gebharter, 2015; Kirchhoff,
2013).° This characteristic is believed to distinguish constitution from causation,
which, according to standard approaches, occurs between entities existing at distinct
moments (e.g., Gillett, 2013; Leuridan, 2012; Ylikoski, 2013). Second, constitu-
tion is an interlevel relation that connects more fundamental entities (those which

 However, see Kirchhoff (2015) for an attempt to develop a notion of diachronic constitution.
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constitute) with less fundamental entities (those which are constituted). Third, con-
stitution is a relation of asymmetric dependency, as the existence of constituted enti-
ties somehow relies on the existence of constituting entities (e.g., Bennett, 2011;
Couch, 2011; Gebharter, 2016).

It seems plausible that the relation between some activities of sensory systems
and flavour experiences satisfies these basic characteristics. This is because the rel-
evant neural activities temporally overlap with the occurrence of flavour experiences
and are considered more ontologically basic than phenomenal, mental states. Fur-
thermore, flavour experiences depend on the activities of sensory systems as they at
least supervene on neural activity.

The above basic intuitions concerning constitution are typically specified in two
general ways. First, it is claimed that constitution requires not only temporal but also
spatiotemporal overlap between constituting and constituted entities, or that consti-
tuting entities are parts of the constituted whole (see Bennett, 2011; Baumgarten and
Gebharter, 2015; Kirchhoff, 2013). For instance, it seems plausible that to constitute
a statue, a lump of iron has to be spatially co-located with a statue. If a statue were
located at a place P at a moment 7 and a lump of iron were located at a disjoint
place G at T, it would be very unintuitive to allow that this lump can compose the
considered statue at 7. In subsequent parts of the paper, I do not investigate such
mereological and topological aspects of constitution. The claim that activities of the
sensory system are parts of flavour experiences or that they spatiotemporally over-
lap with such experiences requires accepting a specific theory regarding relations
between mind and body. However, I do not assume any strong thesis concerning the
resolution of the mind-body problem besides the general claim that flavour experi-
ences supervene on neural activity.

The second popular way of explicating intuitions concerning constitution, which
will be crucial in subsequent investigations, is specifying the dependency relation
between constituting and constituted entities. Within works regarding the metaphys-
ical problem of material constitution, it is claimed that a specific arrangement of
constituting elements is sufficient for the presence of a constituted entity (see the
‘intrinsic necessitation’ condition in Wilson, 2007). For instance, if fragments of an
iron lump are in an appropriate spatial relation, then a statue exists. On the other
hand, a particular arrangement of constituting entities is usually not necessary for
the existence of a constituted entity. For example, it seems that the same iron statue
can survive some changes concerning the constituting material. When the iron lump
constituting a statue loses some iron atoms, it becomes a distinct lump. However,
despite those changes in the constituting material, it seems intuitive to state that the
statue is not replaced by a distinct one but remains the same. Nevertheless, a par-
ticular statue clearly cannot be constituted by any metal lump, and so there seems
to be a set of alternative, sufficient arrangements of constituting elements (see the
‘constituent necessitation’ condition in Wilson, 2007). While I intend to preserve the
above intuitions in my approach to constitutivity, I do not simply adapt the notion of
constitutivity used in discussions on the problem of material constitution, because
in these considerations the notion of constitution usually assumes the presence of
spatial overlap between constituting and constituted entities.
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Similar intuitions, but without a strong commitment to the problematic idea of
spatial overlap, are expressed by philosophers of science who develop regular-
ist notions of constitutive mechanistic explanation (see Couch, 2011; Harbecke,
2010). According to such positions, an activity A of a mechanism’s part is con-
stitutive for a phenomenon F if and only if the presence of A is an element of a
minimal set of conditions whose joint satisfaction is sufficient for F’s occurrence.
The minimality of a set means that without the satisfaction of any of its elements,
for instance the condition concerning the presence of A, the satisfaction of the
remaining conditions would not be, ceteris paribus, enough for the occurrence
of the considered phenomenon F. In other words, the constitutivity of A for F
entails that A is a necessary element of a set of jointly sufficient conditions of F’s
occurrence. Nevertheless, a minimal set of sufficient conditions which includes
the condition concerning the presence of A does not have to be a set of conditions
whose joint satisfaction is necessary for F’s occurrence. It may be the case that
there is a disjunction such that each its element is a minimal set of conditions
jointly sufficient for the occurrence of F, no element of the disjunction is a set of
jointly necessary conditions for F’s occurrence, and the satisfaction of the whole
disjunction is necessary for the presence of F.

The above approach to constitution expresses important intuitions about the
logical relations between constituting and constituted entities. First, the presence
of constituting entities, appropriately arranged, is sufficient for the occurrence of
a constituted entity. Second, constituted entities have a minimal set of conditions,
concerning the presence of constituting entities and relations between them, such
that the joint satisfaction of these conditions entails the presence of a constituted
entity. The minimality means that even a lack of satisfaction regarding one con-
dition causes the satisfaction of the remaining conditions to be, ceteris paribus,
insufficient for the occurrence of the constituted entity. Third, a single constituted
entity may have many different minimal sets of jointly sufficient conditions con-
cerning the presence of constituting entities and the relations between them. This
means that there may be alternative ways in which a constituted entity is formed.

By applying the above the ideas proposed by Couch (2011) and Harbecke
(2010) to the constitutivity problem concerning flavour perception, a notion of
minimal constitutivity can be formulated which serves as a foundation for my
further investigations. This notion describes a minimal condition that has to be
satisfied by a sensory system in order to treat it as constitutive of flavour percep-
tion. According to this notion, the functioning of a sensory system S is minimally
constitutive of flavour perception if and only if there is a flavour experience F
such that the presence of an activity of S is an element of a minimal set of condi-
tions jointly sufficient for the occurrence of F. In addition, to satisfy the basic
intuitions regarding constitution relations, the relevant activity of S has to be syn-
chronous with the occurrence of F. This does not necessarily mean that a sen-
sory activity has to last from the beginning to the end of an experience, as many
flavour experiences can occur by virtue of many subsequent sensory activities.
However, a modest requirement for constitutivity is that constitutive activities
have to at least temporally overlap with constituted experiences.
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In other words, minimal constitutivity of a system S means that there is a flavour
experience F such that there is a way of obtaining it which requires the presence of
an activity of system S. For instance, it may be the case that there is a way of obtain-
ing an experience presenting a strawberry flavour which requires that the olfactory
system is activated in a certain way. If this is the case, then functioning of olfactory
system is minimally constitutive of flavour perception. In the next section, I charac-
terise the notion of minimal constitutivity more precisely in the context of flavour
experiences and formulate stronger types of constitutivity.

3 Flavour Experiences and Varieties of Constitutivity

The activities of human sensory systems contribute to the occurrence of a huge vari-
ety of distinct flavour experiences. Let’s use the term “Flavour Experiences Class”
to name a class whose members are all flavour experiences that can be produced by
normally functioning, human sensory systems:

(FEC) Flavour Experiences Class is a class containing all flavour experiences,
individuated by their phenomenal character, which can occur by virtue of activities
of normally functioning human sensory systems.

FEC describes the space of possibilities available to human flavour perception.
It should be noted that it is not necessarily the case that every human being has to
be able to posses all elements of FEC. This is because there are significant indi-
vidual differences related to the physiology of chemical receptors (see Bartoshuk
et al., 1998 on the distinction between ‘nontasters’ and ‘supertasters’, and Reed &
Knaapila, 2010 for a review on genetic causes of individual differences), which may
determine whether a person can have a certain flavour experience. Furthermore, fla-
vour experiences often depend on a learned association between stimulations of the
sensory systems relevant for flavour perception (see Rolls, 1997; Wan et al., 2014),
and so available flavour experiences may vary with geographical and cultural con-
text. What FEC describes are not the abilities of some particular humans but rather
the maximal abilities of human flavour perception. Furthermore, elements of FEC
should not be treated as instantaneous experiences, as some flavour experiences may
have a complex temporal structure (e.g., experiences associated with drinking wine
are usually characterized as having temporal phases; see essays in Smith, 2007).

Despite its broad range, the extension of FEC is restricted by the normal func-
tioning of human sensory systems. Here, ‘normal’ is understood quite widely, such
that it encompasses the individual physiological differences and cultural differences
mentioned above. What I want to exclude are, in particular, potential flavour experi-
ences that may be obtained by directly stimulating the central nervous system with-
out activating many of the usual sensory mechanisms and those which are caused by
serious disturbances in the functioning of sensory and cognitive mechanisms. Ele-
ments of FEC are individuated by phenomenal character, in the intuitive sense that
each element differs in terms of “what is it like” to have that experience.

The definition of FEC states that its members occur by virtue of the activities of
human sensory systems. This means that for each experience F belonging to FEC
there is a minimal set of conditions jointly sufficient for the occurrence of F such
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that some of these conditions concern the activities of sensory systems. It should
be noted that such a minimally sufficient set of occurrence conditions (henceforth
MSS) does not have to contain only conditions concerning sensory activities. For
instance, occurrences of flavour experiences may also require the activity of some
central mental mechanisms that cannot easily be associated with any sensory system
(e.g., see Deroy et al., 2016 for a review on top-down, metacognitive influences on
multisensory integration).

A single flavour experience may be associated with many MSSs. In such a case
there is more than one way in which a given experience can be obtained. All MSSs
associated with a single flavour experience F constitute a disjunction such that its
satisfaction is a necessary condition of F’s occurrence. Furthermore, every condi-
tion belonging to any MSS is its necessary element. This is because every MSS of
some experience F is a minimal set of F’s jointly sufficient occurrence conditions
and in consequence a lack of any of its elements would cause the joint satisfaction of
remaining conditions to be, ceteris paribus, no longer sufficient for the occurrence
of F.

Relying on the above remarks, we may provide a precise characterization of what
it means, following regularist approach to constitution (Couch, 2011; Harbecke,
2010), to say that the functioning of some sensory system is minimally constitutive
of flavour perception:

(Minimal Constitutivity) The functioning of a sensory system S is minimally con-
stitutive of flavour perception if and only if there is an experience F belonging to
FEC such that F has an MSS containing a condition concerning the presence of a
synchronic activity of the system S.

In other words, the functioning of a sensory system S is minimally constitutive if,
and only if, there is at least one flavour experience such that there is a way of obtain-
ing it requiring the presence of some activity of S.” For a more concrete example,
let’s consider Titchener’s famous description of ripe peach flavour, which is experi-
enced as a blend of, infer alia, “pucker feel of the sour”, “softness and stringiness”,
and “ethereal odour” (Titchener, 1909, p. 135).8 If there is a way of obtaining such
an experience that requires some activities of the olfactory system, then functioning
of the olfactory system is minimally constitutive of flavour perception.

Minimal constitutivity is not the only type of constitutivity that can be defined
using the above conceptual framework. In particular, a stronger version, named
‘essential constitutivity’, may be characterized as follows:

(Essential Constitutivity) The functioning of a sensory system S is essentially
constitutive of flavour perception if and only if there is an experience F belonging
to FEC such that all its MSSs contain a condition concerning the presence of a syn-
chronic activity of the system S.

7 If not mentioned otherwise, by activities I mean synchronic activities, i.e. those that at least temporally
overlap with the considered flavour experience.

8 Of course, this is a simplification, as ‘ripe peach flavour experience’ names a type of flavour experi-
ence and not a particular experience.
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Essential constitutivity means that there is no way to obtain a certain flavour
experience without functioning of a sensory system S. In other words, if people did
not possess system S, then FEC would be different as it would not contain flavour
experiences that cannot be obtained without the activities of S. For instance, it may
be the case that the experience of ripe peach flavour cannot be produced without
some activities of the olfactory system. If this is true, then olfactory system is essen-
tially constitutive of flavour perception. Such dependence is not held by minimal
constitutivity because in that case there is a way of obtaining a flavour experience
that requires the functioning of S, but it may still be possible to obtain this experi-
ence without the functioning of S.

Furthermore, an additional, stronger variant of essential constitutivity can be for-
mulated by considering that flavour experiences are commonly divided into types,
usually named after an object that is associated with paradigmatic experiences of
a given type. For instance, it seems that despite some phenomenal differences, the
flavour experiences associated with drinking sweet coffee and drinking bitter cof-
fee are treated as exemplars of the same coffee-type of flavour experience. It is very
likely that borders between types are vague, as there may be differences, caused by
individual and cultural factors, in how people classify the same flavour experiences
(see Stevenson & Boakes, 2004; Wan et al., 2014). Nevertheless, I believe that it is
plausible to assume that there are some commonly perceived similarities between
certain flavour experiences and so there will be some regularities in dividing experi-
ences into types (see Smith, 2013). For example, it is very likely that people sharing
a similar cultural background will assign experiences of sweet coffee and bitter cof-
fee to one type.

If one accepts that at least some elements of FEC can be assigned to types, then a
following stronger version of essential constitutivity can be formulated:

(Essential-type Constitutivity) The functioning of a sensory system S is essen-
tially-type constitutive of flavour perception if and only if there is a type of expe-
riences belonging to FEC such that for every exemplar of this type all its MSSs
contain a condition concerning the presence of a synchronic activity of the system S.

Essential-type constitutivity is stronger than essential constitutivity. If the func-
tioning of some sensory system S is essentially-type constitutive, then without this
system not only can some flavour experiences not be obtained but a whole type of
experiences would disappear from our flavour perception. For instance, it may be the
case that without functioning of the olfactory system not only can flavour experi-
ences of ripe peach not occur but the same is true of all peach-related flavour experi-
ences, like experiences of peach ice-cream or peach yogurt.

Nevertheless, essential-type constitutivity is still not the strongest kind of con-
stitutivity that can occur between the functioning of sensory systems and flavour
experiences. It is possible that functioning of some sensory system is ‘absolutely
constitutive’ in the following sense:

(Absolute Constitutivity) The functioning of a sensory system S is absolutely con-
stitutive of flavour perception if and only if for every experience belonging to FEC it
is the case that all its MSSs contain a condition concerning the presence of a syn-
chronic activity of the system S.
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If functioning of a sensory system S is absolutely constitutive, then without this
system no flavour experiences could be obtained, or in other words FEC would be
an empty class. For example, if olfactory system is absolutely constitutive of flavour
experiences, then we not only cannot experience peach flavour without olfaction,
but literally no flavour experience can occur without the functioning of the olfactory
system.

As it is easy to see, the above types of constitutivity form a logical hierarchy.
Absolute constitutivity entails essential-type constitutivity: if all flavour experiences
require the functioning of some system S, then this is also the case for flavour expe-
riences belonging to some type. Furthermore, essential constitutivity follows from
essential-type constitutivity, as if all experiences belonging to some type cannot be
obtained without the functioning of S, then there exists a flavour experience that
cannot be obtained without the functioning of S. Finally, if the activities of S are
essentially constitutive, then they are also minimally constitutive. This is because,
if there is a flavour experience that requires the functioning of S, then there is also a
way of obtaining this experience involving the functioning of S.

In subsequent sections, I use empirical data concerning flavour perception to
evaluate the constitutive status of the selected sensory systems.

4 Olfaction and Gustation
4.1 Olfactory System

There is wide consensus that the olfactory system is crucial for flavour perception.
More specifically, what is crucial are mechanisms of retronasal olfaction which are
stimulated by molecules coming from inside the mouth through the nasal cavity.
Activities of retronasal olfaction mechanisms lead to flavour experiences in which
some properties are attributed to entities localized in the mouth (Auvray & Spence,
2008; Small et al., 2005). In opposition, orthonasal olfaction processes stimuli com-
ing from outside the body and leads to experiences as of odours localized in the air
around us. Such experiences are usually clearly distinct from flavour experiences.
In most cases, the phenomenal aspects of flavour experiences occurring by virtue
of retronasal olfaction are not easily introspectively distinguished from aspects pro-
vided by gustation, i.e. mechanisms processing information gathered by chemical
receptors on the tongue (e.g., Marshall et al., 2006). Because of this, people are
often unaware of the impact of the olfactory system on flavour perception.

The conviction that olfactory activities are crucial for flavour perception
comes from the well-established observation that stimulating gustatory receptors
leads only to taste experiences in which properties such as sweetness, sourness,
or saltiness are presented (see Smith, 2013; Spence et al., 2014 for reviews).
To obtain experiences presenting flavours such as strawberry, chocolate, or cof-
fee, olfactory activities are needed. This common observation strongly suggests
that the functioning of the olfactory system is essentially-type constitutive of fla-
vour perception. This is because there are many commonly recognized types of
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flavour experiences which could not be obtained without the functioning of the
olfactory system (Bartoshuk & Dufty, 2011; Spence et al., 2014).

Of course, if olfactory system is essentially-type constitutive, then it is also
essentially constitutive and minimally constitutive. However, a question remains,
namely whether olfaction is also absolutely constitutive. One may believe that
olfactory system should be regarded as absolutely constitutive, i.e. no flavour
experience can be obtained without its functioning, because nearly every fla-
vour stimulus influences the retronasal olfactory system in some way. However,
I believe that such a claim is not without controversies.

Most importantly, there have been psychological studies specifically designed
to investigate how blocking stimuli from activating olfactory receptors influ-
ences flavour perception. In such cases, the threshold for detecting tastants is
higher (Mojet et al., 2005; Nagata el al., 2005). What is more, people make fre-
quent mistakes regarding the categorization of presented stimuli (Simner et al.,
2010). However, despite the fact that without olfactory activities flavour percep-
tion is significantly diminished, people are still able to have some experiences
generated by combined functioning of, inter alia, gustatory, tactile, thermal, and
trigeminal systems. The question is whether such experiences should be clas-
sified as flavour experiences. While they may be quite unlike the paradigmatic
flavour experiences, I believe that there are some reasons for interpreting them
as such.

As stated in the introductory section, flavour experiences are those which
seem to occur in the mouth, are exteroceptive, multimodal, and are commonly
referred to by using terms naming flavour-categories. The considered expe-
riences which happen due to a combination of gustatory, tactile, thermal and
trigeminal systems activities clearly satisfy the first three conditions: appar-
ent location in the mouth, exteroceptivity and multimodality. Hence, the cru-
cial question is whether such experiences not involving olfactory stimulation
are likely to be named by flavour-related categorical terms. In fact, it has been
observed that even experiences invoked by stimuli that solely influence gusta-
tory and not olfactory receptors, like sucrose or table salt, are often described
in typical terms naming flavour-categories (e.g. ‘orangey’ or ‘fishy’, see Simner
et al., 2010, p. 566). Furthermore, while people with serious olfactory disor-
ders often initially report a loss of the ability to taste, upon closer inspection,
or after a period of time, they realize that they have some limited flavour per-
ception which suggests that they are likely to use terms naming flavour-catego-
ries in describing their experiences (see Keller and Malsapina, 2013; Wrobel &
Leopold, 2004). In consequence, while the vast majority of flavour experiences
require olfactory system functioning, it seems plausible that there are some fla-
vour experiences which can occur without olfactory input. For instance, there
may be a multimodal experience occurring due gustatory, thermal and tactile
activities, which seems to happen in the mouth, ascribes properties to entities
positioned in oral cavity, and is described by using a term such as ‘orangey’. The
occurrence of such experiences suggests the olfactory system is essential-type
constitutive but not absolutely constitutive.
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4.2 Gustatory System

The second sensory system that is commonly treated as crucial for flavour percep-
tion is the gustatory system. This system gathers information from chemical recep-
tors positioned in the oral cavity. Usually, five types of receptors are listed, which
are associated with sweet, salt, bitter, sour, and umami taste sensations (see Auvray
& Spence, 2008). Sometimes this list is extended, as there are studies which sug-
gest that activities of the gustatory system lead to ‘metallic’ sensations (Schiffman,
2000).

There is no doubt that functioning of the gustatory system is minimally consti-
tutive of flavour perception, as there are many flavour experiences which can be
obtained in a way that involves the functioning of gustation. Furthermore, it seems
plausible that gustatory system is also essentially constitutive. Probably the most
serious way of rejecting its essential status would be to claim that given the enor-
mous impact of retronasal olfaction on flavour perception, all experiences usually
involving gustatory activities may be evoked in an alternative way consisting in an
appropriate stimulation of the olfactory, but not gustatory, system. Such a view may
be motivated by two types of empirical results. First, it is well confirmed that olfac-
tory activities are able to modify the aspects of flavour experiences that are usually
associated with the functioning of the gustatory system (see Verhagen & Engelen,
2006). The most popular example is the sweetness enhancement effect: a sweet gus-
tatory stimuli is experienced as even more sweet when paired with certain odorants,
for instance those responsible for an olfactory vanilla sensation (e.g., Labbe et al.,
2006; Schifferstein & Verlegh, 1996; Stevenson et al., 1999). Second, due to learned
correlations between gustatory and olfactory stimuli, sensations evoked by odorants
are often described using gustatory-related predicates (e.g., Prescott, 1999; Steven-
son & Boakes, 2004; Stevenson & Tomiczek, 2007). For instance, odours are com-
monly described as sweet or sour.

Nevertheless, such interactions between the olfactory and gustatory systems do
not justify the claim that gustatory system is not essentially constitutive of flavour
perception. The sweetness enhancement and related phenomena show that olfactory
activities may modify aspects of experiences that are usually associated with gusta-
tion, but they do not justify a stronger claim that all aspects introduced by gustation
can be also obtained without gustatory activities by some appropriate stimulation of
the olfactory system. Similarly, attributing gustatory-related predicates to sensations
caused by odorants may suggest that some gustatory aspects of flavour experiences
may also be introduced solely by virtue of olfactory activities. However, such effects
are not sufficient to show that this is true of all gustatory-like qualities. In conse-
quence, it seems that there are no strong empirically motivated reasons to refute
the intuitive conviction that gustatory system is essentially constitutive of flavour
perception.

A further question is whether gustatory system is also essentially-type consti-
tutive of flavour perception. This would be the case if there were types of flavour
experiences such that no exemplars of these types could be obtained without a func-
tional gustatory system. Of course, it may be proposed that every gustatory-related
phenomenal aspect, such as a sensation of sweetness, designates a type of flavour
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experience whose exemplars have precisely this aspect, and so it is trivially true that
gustatory system is essentially-type constitutive.

However, when speaking about essential-type constitutivity I have in mind a
stronger notion of flavour experience-types. My understanding is that in order to
belong to the same type, flavour experiences must have phenomenal characters that
are strongly associated, for instance by personal history or cultural learning, with
eating members of a specific kind of external entity. For instance, a person may
learn that experiences associated with eating strawberries are highly similar and
group them within a common strawberry type. Furthermore, the strawberry type
may also contain experiences caused by other things, like strawberry-flavoured ice
creams or bubble gums, as they also cause experiences with phenomenal character
that is recognised as similar to that associated with eating strawberries. On the other
hand, it is less plausible that there is a specific class of entity that is strongly associ-
ated with generating sweet phenomenal character, as such character can occur when
eating entities belonging to a huge variety of distinct kinds.

Given this stronger reading, one may propose that even types of flavour expe-
riences that usually seem to be strongly associated with some gustatory aspects
have exemplars that can occur due to olfactory activities without stimulating gus-
tatory receptors. For instance, some authors suggest that while lemon-type experi-
ences seem to be strongly associated with sourness, an exemplar of this type can
also occur by virtue of a water solution combined with lemon-related odorants (see
Murphy & Cain, 1980). If such examples can be found in cases of all flavour-cate-
gories, then gustatory system is not essentially-type constitutive. However, there are
serious doubts about whether experiences occurring in virtue of olfactory stimula-
tion without gustatory stimulation should be treated as flavour experiences. A grow-
ing number of studies show that to obtain an experience which seems to happen
within the mouth via olfactory stimulation, the stimulation of olfactory receptors
must co-occur with the congruent gustatory simulation, i.e. such gustatory stimu-
lation that commonly appears together with given retronasal stimulation and thus
is highly associated with it (e.g., Lim & Johnson, 2011, 2012). On the other hand,
co-occurring tactile stimulation alone is insufficient for obtaining oral referral (see
Spence, 2016). Given such results, it is plausible to assume that gustatory system is
essentially-type constitutive of flavour perception.

If one accepts that gustatory system is essential-type constitutive, then the final
question concerns the absolutely constitutive status of gustatory system function-
ing. Even if olfactory stimulation without congruent gustatory stimulation can-
not provide flavour experiences, it can still be asked whether some flavour experi-
ences may occur without both olfactory and gustatory activities. For instance, there
may be experiences which occur in virtue of joint functioning of tactile, thermal
and trigeminal stimulation. However, while such experiences seem to occur in the
mouth, are exteroceptive and multimodal, it is unlikely that they are named by terms
referring to flavour-categories as they are phenomenally distinct from usual flavour
experiences. In fact, objects generating experiences of this type, such as ice cubes,
are likely to be described as ‘tasteless’. In consequence, their lack of flavour status
makes it is plausible to accept that gustatory system is constitutive in the strongest,
absolute sense.
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5 Auditory and Visual Influences
5.1 Auditory System

While according to an initial intuition, the activities of the auditory system are
not of high importance for flavour perception, there is a significant body of evi-
dence showing its influence on our experience of flavours (see Spence, 2014,
2015a). Of particular interest in the context of constitutivity are studies show-
ing that auditory stimuli provide a relevant cue for experiencing food as being
crisp (e.g., Velasco et al., 2018; Spence, 2014, 2015a, 2015b; Verhagen & Enge-
len, 2006). Crackling sounds produced when crisp food is chewed are transferred
through jaw bones and activate auditory mechanisms. In particular, it has been
demonstrated that by providing appropriate auditory input through headphones,
the experienced crispiness of eaten food can be enhanced (for instance, chips
seem to be more crisp, Zampini & Spence, 2004, see also Dematté et al., 2014 for
an example with apples). In addition, in such experimental situations, participants
perceive the provided sounds as coming not from the headphones, but from the
food itself. This suggests that information processed by the auditory system is
sensorily integrated with information processed by the gustatory, olfactory, and
other systems.

I believe that the above results suggest not only that auditory activities caus-
ally modulate functioning of other sensory systems, but that they are actually
minimally constitutive of flavour perception. For auditory activities to be mini-
mally constitutive, there must be a flavour experience F such that there is a way
of obtaining F which requires auditory activities. More technically, there must
be a minimal set of conditions jointly sufficient for the occurrence of F such that
some conditions concerning the presence of synchronic auditory activities belong
to this set. The information about crispiness of food may be acquired both by tac-
tile and auditory modality. However, in the considered experiments only auditory
information about crispiness changes as the texture of chips or apples remains the
same. Nevertheless, despite the sameness of tactile information, the perception
of crispiness varies significantly due to changing auditory input. Furthermore, it
is unlikely that in the considered cases, the crispiness perception changes solely
because the auditory system modifies the functioning of the tactile system. This
is because participants do not experience crackling sounds coming from head-
phones, hence judging crispiness relying merely on the perceived texture; instead
they believe that crackling sounds come from the eaten food. This suggests that
the functioning of the auditory system directly contributes to an assessment of
crispiness and does not merely influence tactile aspects of flavour experience.

In consequence, there is a set of conditions jointly sufficient for a certain
experience of crispiness F which contains some conditions regarding auditory
activities and some conditions regarding tactile activities. Furthermore, this set
is minimal, in the sense that removing conditions regarding auditory activities
would, ceteris paribus, result in a set of conditions which are no longer suf-
ficient for the presence of a crispiness experience, or would result in a different
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experience than F, with a lower level of crispiness. This is because in the con-
sidered situation, tactile activities alone would not lead to the experience F but
at best to some experience in which crispiness is less pronounced. Hence, there
is a flavour experience F such that there is a way of obtaining F which requires
functioning of the auditory system, and so audition is minimally constitutive of
flavour perception.

The investigations regarding crispiness are of particular importance, as other
auditory influences on flavour perception commonly mentioned in the literature,
like modification of intensity and gustatory aspects of food by environmental
noise (see Spence, 2014), can be plausibly interpreted as merely causal influ-
ences. In those cases, auditory activities modulate functioning of the gustatory,
olfactory, and other systems, and as a result some flavour experience F occurs.
However, the minimal set of conditions jointly sufficient for F does not contain
auditory activities, since a joint occurrence of gustatory, olfactory, and other
systems would be sufficient for F’s occurrence. The role of the auditory system
is only to causally evoke those gustatory, olfactory, and other activities whose
combination is sufficient for the experience F.

It should be noted that ‘minimal constitutivity’ is a qualitative category such
that functioning of a sensory system may be minimally constitutive for flavour
perception even if there is only a single experience F such that there is a way of
obtaining it which requires activities of the considered system. An additional,
quantitative notion of ‘scope’ can be introduced to account for the number of
experiences for which functioning of a given sensory experience is constitutive.
By using it one can state that while functioning of the auditory system is con-
stitutive, according to the current state of the art its constitutive character may
have very limited scope.

On the other hand, it is less plausible that the auditory system should be
treated as essentially constitutive. In fact, there are studies suggesting that infor-
mation about the crispiness of food obtained by the auditory system is redundant
and can be replaced by tactile information (see Delwiche, 2004; Spence, 2015a
for a review). Crisp food breaks into pieces as a result of chewing and produces
vibrations that are detected by tactile mechanisms and allow the crispiness to be
assessed. Hence, it may be the case that while there is a crispiness experience
F for which there is a way of obtaining it which requires both some auditory
activities A and tactile activities 7, there may be another way of obtaining F
such that F happens due to some distinct tactile activities 7/ and without audi-
tory input. For instance, possibly the same crispiness experience can occur due
to a combination of some auditory activities and moderate tactile activities as
well as due to strong tactile activities despite lack of auditory stimulation. If
this is the case, then the auditory system is not essentially constitutive of flavour
perception as there are no experiences that can only be obtained with auditory
system functioning.

Overall, it seems reasonable to state that auditory system is merely minimally
constitutive of flavour experiences. Nevertheless, it is less likely that it is also
essentially constitutive.
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5.2 Visual System

There seem to be a consensus among flavour scientists that there are certain ways
in which vision influences flavour perception (e.g., Delwiche, 2004; Shankar
et al., 2010a, 2010b; Spence, 2015b, 2015c; Verhagen & Engelen, 2006). In
particular, while it is less clear whether visual activities modify the perceived
intensity of flavours, it seems well-established that they help in flavour identifica-
tion, understood as recognizing the category, like ‘strawberry’, to which a flavour
belongs (see Spence et al., 2010 for a review). However, it is also widely believed
that visually formed flavour-related expectations play an important role in visual
influences on flavour perception (see Shankar et al., 2010a, 2010b; Spence et al.,
2010). The assessment of the exact role of such expectations is crucial for deter-
mining whether visual system is constitutive of flavour perception. In particu-
lar, there seem to be three major interpretations concerning the role of visually
formed flavour-expectations:

(1) Visual activities lead to certain expectations but do not influence the phenomenal
character of flavour experiences (see Carvalho et al., 2017; Wang et al., 2017 for
studies suggesting such a view). For instance, when given a yellow beverage, a
person may expect it to be sourer, but the taste-component of the overall experi-
ence of flavour is not modified by these expectations.

(2) While visual activities do not directly influence the phenomenal character of
flavour experiences, such influence is mediated by the visually formed expecta-
tions. For instance, the flavour of a yellow beverage may actually seem sourer
due to the top-down influence of visually formed expectations.

(3) Visual activities are able, at least in some cases, influence the phenomenal char-
acter of flavour experiences without or independent of the influences of expecta-
tions (see Hyman, 1983; Johnson & Clydesdale, 1982; Maga, 1974 for studies
suggesting such a view). In this case, a yellow beverage may actually seem sourer
in virtue of visual activities.

If the first option is true of all visual influences on flavour perception, then it
is obvious that visual system is not constitutive. Furthermore, even if the second
option is true, and influences on flavour perception are caused by visually formed
expectations, the visual system would not be even minimally constitutive of fla-
vour perception. This is because for system to be minimally constitutive, there
must be an experience F with a minimal set of jointly sufficient occurrence condi-
tions such that some of these conditions concern the presence of the activities of
the considered system. However, in the case discussed, a sufficient set of occur-
rence conditions, including conditions regarding both visual activities and expec-
tations, is not minimal. Conditions belonging to a smaller set, which does not
contain conditions regarding visual activities but those regarding expectations,
would still be a set of jointly sufficient conditions of F’s occurrence if only the
relevant expectations could be activated without visual input (e.g., by virtue of
some propositional information delivered by auditory speech stimuli).

@ Springer



B. Skrzypulec

However, if the third option is the correct one, and there are cases in which visual
activities modify the flavour experiences independent of expectations, then minimal
constitutivity can be attributed to functioning of the visual system. I believe that
the currently available data do not allow us to decisively state which of the above
options is true. In consequence, it is possible that visual system is minimally consti-
tutive of flavour perception, but one can also have justified doubts whether it is con-
stitutive at all. On the other hand, there are no data suggesting that visual system can
be essentially constitutive. The functioning of visual mechanisms does not introduce
any novel aspects of flavour experiences, but merely modifies those which occur by
virtue of gustatory, olfactory, and tactile activities (Shankar et al., 2010a, 2010b;
Spence, 2015b, 2015c¢; Verhagen & Engelen, 2006). There are no strong reasons to
believe that any of these visually modified flavour experiences couldn’t be re-created
without visual input by appropriately arranging stimuli connected with other sen-
sory systems.

6 Conclusions

By applying the theoretical framework proposed in section three and relying on cur-
rent empirical findings regarding flavour perception, it has been possible to assess
the constitutive status of various sensory systems whose activities are likely to influ-
ence how we experience flavours. In some cases the current state of knowledge did
not allow for decisively choosing a single interpretation of the constitutive status of
a given type of sensory system. Nevertheless, in all considered cases one may for-
mulate constraints that determine the most likely interpretations.

In the case of the olfactory system, it is clear that its functioning is essential-type
constitutive. However, there seem to be experiences, created by a combination of
gustatory, thermal, tactile and trigeminal stimulation, which satisfy the characteris-
tic of flavour experiences without involving olfactory activities. While such experi-
ences are rather rare, their presence is sufficient to reject the claim that olfactory
system is absolutely constitutive.

On the other hand, the gustatory system is likely to be absolutely constitutive of
flavour perception. This is because the olfactory stimulation without congruent gus-
tatory stimulation does not lead to experiences apparently happening in the mouth,
and experiences obtained merely due to combination of tactile, thermal, and trigemi-
nal activities are unlikely to be named by using terms referring to flavour-categories.

In considerations regarding auditory systems, I argued that there are good reasons
to postulate that auditory system is minimally constitutive of flavour perception.
This is because there are certain specific flavour experiences, such as experiences
of crispiness, which can be obtained in a way that requires some functioning of the
auditory system. However, it less likely it is also essentially constitutive as there are
data suggesting that auditory activities can be replaced by tactile activities.

Visual system is the only type for which there are serious reasons to believe that
it is simply not constitutive of flavour perception. There is a variety of data sug-
gesting that visual activities at least sometimes modify flavour experiences. How-
ever, it is not obvious whether visual activities are able to directly influence flavour
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experiences, or whether their influence is always mediated by expectations, i.e.
vision activates certain expectations concerning flavours and those expectations sub-
sequently change the phenomenal character of flavour experiences. If the first option
is true, then visual system is minimally constitutive. If the second is the case, it is
not constitutive at all.
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