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Abstract:

Humans are gifted at detecting and discriminating odors, yet we have difficulty identifying
even the most prevalent everyday odors by name. This paper ofters a new explanation for
the puzzling discrepancy between our olfactory capacities for discrimination and
identification by weaving together recent neuroscientific findings regarding the cortical
connectivity of the olfactory system, the olfactory system’s proprietary semantic integration
center, and recent philosophical research on the olfactory system’s compositional format of
representation. The paper combines these areas of research to develop the comprehensive
explanation that we cannot readily deploy conceptual resources in naming odorants,
because of an incompatibility of compositional formats employed by our conceptual
semantic resources and the olfactory system.
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1. Introduction

Surprising as it may seem, humans are excellent smellers (Barwich, 2017; McGann, 2017).2
We are continually immersed in a sea of smells that shape our daily lives in a host of
manners outside of our awareness. Olfactory perception influences mate selection, food
preferences, kinship recognition, and social interactions.? Moreover, the olfactory system is
gifted in its capacity to discriminate and detect odors.* The most recent estimate of our
olfactory ability to discriminate odors places the number around one trillion (Bushdid et al,
2014). While this number and the model used to derive it has been criticized (Meister,
2015), the latest estimate of the dimensional space for olfactory qualities using perceptible
discriminations exceeds that of vision and surpasses our ability to name odors (Keller,
2017). When considering our olfactory performance for detecting and discriminating
odorants alone, we are gifted, yet a puzzling discrepancy arises when we compare this
capacity to our ability to identify smells using names. English speakers are notoriously bad
at naming odors to the extent that if it were not so pervasive across the population we
might consider it pathological.

We are remarkably bad at naming odors that we encounter on a daily basis. As a means of
self~-demonstration Yeshurun and Sobel (2010) suggest performing the refrigerator smell
test. Take any item out of the refrigerator and ask a blindfolded individual to name the item
based on its smell. Most people cannot identify things as simple as peanut butter, ketchup,
or mustard. Yet the refrigerator smell test is an unfair method for assessing our olfactory
abilities, since these stimuli are being presented at a low temperature that is not optimal for
generating the volatility of the chemical compounds necessary for the perception of
olfactory quality. By comparison, the refrigerator smell test is on par with asking you to
identify the colors of peoples’ clothing in a dark movie theater. The do-it-at-home test is far
trom perfect, yet even under ideal conditions our ability to name odorants is poor.

In experimental settings humans can on average identity between 26% to 60% of the tested
odorants by name, but this percentage varies across experiments, ages, and if the odorant is
presented to both nostrils. In one of the earliest studies on odor identification, Cain (1979)
showed that of the 80 familiar odors presented, participants could only identify 60%.° In a
turther set of experiments Wijck & Cain (1994) showed that the percentage of odors

2 An excellent overview of the cultural difference in olfactory abilities and how to improve olfactory
perception can be found in Majid et al. (2017).

% Olfaction guides our food choices (Fallon and Rozin, 1983), dietary preferences (Rozin, 1978;
Rozin, et al,, 1986; E. Rozin, S. Rozin, and E. Rozin, 1992), our selection of mates (reviewed in
Havlicek and Roberts, 2009; Young, 2014) and social acquaintances (Herz and Schooler, 2002; Jacob
et al, 2002; Li et al,, 2007), and is responsible for identification of kin (Russell, 1976; Porter,
Cernoch, and McLaughlin, 1983; Porter, et al., 1986).

+ Humans have two olfactory perceptual pathways, one from the front of the nose (orthonasal smell)
and one from the back of the throat (retronasal smell). Retronasal smell is responsible for most of
what we consider our experience of flavor. The paper concerns only orthonasal smell as the
literature referenced on olfactory perception and its linguistic centers only concerns this pathway.
Moreover, for the purposes of this paper all claims regarding the puzzling discrepancy are
relativized to orthonasal smell. Additionally, English speakers display difficulty naming orthonasal
smells, while identifying retronasal food odors seems easier. Readers interested in retronasal smell
and flavor perception might want to look at Shepherd (2012) or for taste, at Smith (2007) or Lycan
(2017).

5IFor a discussion of different methods of increasing olfactory encoding that yield increased
descriptive accuracy in olfaction, but not necessarily identification, see Section 5.



correctly identified is related to age, with the highest rate of identification amongst young
adults with 53% correctly identifying familiar odors. A follow-up study showed that odor
identification varies with age - those aged 8-14 correctly identified 50% ot odorants, which
increased to 60% in the 18-37-year-old cohort, but slowly dropped to 40% between the ages
of 65-90 (Cain et al. 1995). However, these findings of 60% accuracy at odor identification
are rather high. Other studies have reported far lower rates of identification, such as 26.5%
(Huisman & Majid, 2018), 37% (Distel & Hudson), 29% accuracy using one nostril, and 50%
using unfamiliar odors (Jonsson, Olsson, et al. 2005). One reason Cain et al’s reported
identification rates might be so high is that they use familiar odors from everyday life, but
when unfamiliar odors are employed the accuracy of identification drops (Savic &
Bergulund, 2004).% Additionally, Herz’s (1999) findings that identification decreases with
the use of only one nostril might explain the very low rate of identification in Jonsson,
Olsson, et al. (2005). In a further set of experiments Jonsson et al (2005) showed that
instances of failure of identification involve a failure of knowing (FOK) more than a tip-of-
the-tongue (TOT or TON tip-of-the-nose in olfaction) phenomena, which leads them to
conclude that the lack of accuracy arises from a failure to identity the odor.

Failures of object identification are not unique to olfaction; we have similar issues with
identifying unfamiliar faces, which is attributed to the representational format of facial
representation being holistic. In fact, it has been suggested that odor identification might be
similar to facial identification in that they both use holistic representational formats
(Murphy et al. 1991). However, in a rather ingenious set of experiments, Stevenson and
Mahmut (2013) show that odor identification is not completely analogous to facial
identification. Even if we cannot identify a face, we still have access to associated semantic
information about the face, yet if we fail to identify an odorant we cannot access
semantically associate information about the smell. Stevenson and Mahmut conclude that
we have fully formed odor percepts in these situations, yet there is poor connectivity
between olfactory perceptual centers and semantic memory processing within olfaction.
Thus, our failure in identification is directly linked to an inability to access semantic
information about the target smell.

Herein we are presented with the puzzling discrepancy;” humans are gifted at
discriminating odorants, but pitiful at identifying odors by name. We can detect a vast
quantity of odors (Bushdid et al. 2014)® and the dimensionality of our capacity for olfactory

¢ In addition to the difference in accuracy at identifying odorants, Savic and Bergulund (2004) show
that there are separate cortical areas responsible for processing familiar and unfamiliar odors.

7 The paper proceeds under the general assumption that our olfactory capacities for discrimination
and identification are linked, thus by comparison there is a discrepancy between them. However, one
could challenge this assumption and claim there is no puzzling discrepancy, rather we require two
independent explanations: (1) what facilitates olfaction’s superior discriminative ability for
perceptual qualities when compared to other modalities; and (2) why are we bad at identifying smells
by name. This alternative will not be entertained within the paper, as a more parsimonious and
comprehensive single explanation can be provided assuming that capacities are linked. Both
capacities and the discrepancy between them can be explained by noting the compositional encoding
strategy at the sensory level of olfactory processing, which generates our efficient discriminative
abilities, yet the representational format of some higher levels of olfactory processing, such as
olfactory perception and cognition is incompatible with the format of semantic conceptual systems.

8 Gerkin and Castro (2015) have disputed the methods used to generate this number and claim that
the original study demonstrates that we can detect at most 1.72 trillion odors Olofsson. Even if their
criticisms are accepted and the original model is corrected, the estimated number of odors humans
can detect would still vastly exceed our ability to identity them, which would still yield the puzzling



discrimination dwarfs that of vision (Keller, 2017), yet we accurately identify only a fraction
of these olfactory objects (Engen and Ross, 1973; Cain, 1979). Identifying an odorant by
name demands further cognitive resources than detection or discrimination, because it
requires generating the sematic label of the olfactory stimulus, suggesting that our poor
performance is linked to semantic processing issues (Jonsson et al 2005; Stevenson 2009;
Veramendi et al 2013). As noted above, in the absence of a correct identification we cannot
access associated semantic information about the odor (Stevenson & Mahmut, 2013)
indicating that the discrepancy arises as an interface issue between olfactory processing and
our conceptual semantic resources. We cannot simply explain our poor accuracy at
identifying odors as deriving from being bad at smelling, because quite the opposite is true.
Olfaction is gifted in its capacity for detection and discrimination, yet frequently inaccurate
when it comes to odor identification. How is it that we are so good at one and so bad at the
other?

The paper develops a new explanation of this puzzle by showing that the olfactory system
employs a system of compositionality that is incompatible with the compositionality
required for the deployment of our semantic conceptual resources. The most basic
conception of compositionality is that the meaning of a complex representation is derived
from how it is composed from its constituent parts. However, it is easy to overlook that
there are multiple types of compositional systems based on the different modes of
composition employed in generating the complex representation. Thus, the thesis to be
explored in this paper is that the difficulty in identifying odors by name derives from
interconnections between cortical processing hubs that employ incompatible compositional
tormats. The explanation on offer builds upon recent work in contemporary chemosciences
and neuroscience by arguing that we must note the type of representational format
employed at each stage of processing in the olfactory system as it projects and interfaces
with linguistic centers. What will be argued is that our puzzling olfactory abilities do not
merely derive from our linguistic abilities or connectivity issues. Comparing the format
employed in olfactory processing as it projects to linguistic centers with what is known
about the representational format of concepts, generates a more comprehensive explanation
of the puzzle than the current alternatives.

The proposed explanation that the discrepancy arises from a mismatch in compositional
tormats builds upon previous explanations by combining findings across levels of olfactory
processing from sensory transduction, to perceptual states, and even cognitive states. To
provide a more comprehensive explanation the paper unfolds across seven sections. Since
research on the discrepancy between olfactory discrimination and identification has already
been surveyed in the introduction, section 2 reviews previous explanations of our difficulty
in identifying smells. Section 2 ends by introducing the thesis that the problem arises due to
an incompatibility in representational formats. Explaining the discrepancy as an issue
regarding incompatibility of compositional formats builds upon an unexplored aspect of
Oloffson and Gottried’s connectivity explanation, which is the closest competitor, as well as
previous research arguing that the olfactory system employs a format of non-conceptual
representations (Young, 2015). The new explanation shows its comprehensive strength by
(a) surveying the representational formats across levels of olfactory processing, (b)
combining findings across experimental methods, and (c) combining these data points to
generate a parsimonious explanation of the discrepancy. Before surveying the olfactory
literature, section 3 introduces compositionality, the different types of compositionality, and
what is known about the cortical realization of compositionality. Section 3 not only provides

discrepancy. A detailed discussion of the vast dimensionality of odor quality space using judgments
of just noticeable differences can be found in Young, Keller, and Rosenthal (2014) and Keller (2017).



an introduction to compositionality under the assumption that the semantic concepts
employed in naming tasks must minimally obey functional compositionality, but also
introduces a more minimal form of non-decomposable functional compositionality that
section 4 then shows is employed in olfactory processing. Section 4 provides evidence from
olfactory sensory encoding, cortical processing, perceptual states, and cognitive states that
olfaction employs the more minimal format of functional compositionality. Section 5 then
considers a possible criticism that the discrepancy is culturally mediated and reflects
Western societies’ lack of a dedicated odor lexicon and dearth of daily conversation about
smells. Finally, section 6 then concludes by noting future research that would help fully
establish the theoretical explanation on offer.

2. Previous Explanations of Our Olfactory Shortcomings

Accounts of the puzzling discrepancy between our ability to discriminate and name odors
have been offered based on the olfactory system’s anatomy, functional organization,
temporal transduction rate, and the effects of a culture's odor lexicon.” However, rethinking
the discrepancy between our olfactory capacities as an issue of representational format,
creates an explanation that works in concert with aspects of these previous explanations in a
coherent and integrated fashion.

2.1 Attention and Temporal Transduction

An intriguing explanation of our difficulty at identifying odors derives from the temporal
processing of smells. Based on the slow transduction speed of the olfactory system, as
compared to vision, it has been argued that we rarely attend to our olfactory sensory states.
The lack of attention might make it more difficult for us to be conscious of our perception of
olfactory stimuli (Sela and Sobel 2010). Thus, olfactory perception might be in a constant
state of change blindness, whereby we simply cannot attend to the variegated nature of the
odor plume continually traversing our nostrils, causing our difficulty in identifying odors.
Continuing the analogy to vision is a similar explanation that argues olfactory perception is
similar to Blindsight (Lorig 1989; Castro and Seeley 2014). Individuals with Blindsight can
employ visual information, yet they are unable to semantically identify the visual stimuli,
which resembles the puzzling discrepancy in our olfactory abilities.

Aside from the tyranny of holding the olfactory system hostage to the temporal processing
speed of vision, the knock-on eftect of slow stimuli transduction on attention might only
play a small part in explaining the puzzling discrepancy. Despite olfaction’s slow
transduction rate, we can increase our conscious perceptual abilities simply by increasing
exposure to odors and the number of our olfactory experiences. For instance, the primary
means of perceptual and cognitive enhancement for olfactory recognition is not semantically
mediated by increasing our attention or lexical prowess, but rather by increasing the
amount and type of exposure to the olfactory stimuli (for a review cf Young, Keller, and
Rosenthal, 2014; and Majid et al 2017).

Furthermore, following multiple studies on this olfactory discrepancy, it is widely accepted
that the problem arises from a deficit in accessing semantic information about odors
(Jonsson et al 2005; Stevenson 2009; Veramendi et al 2013). Further support for the claim
that the problem arises from a difficulty at the interface between linguistic and olfactory
information is derived from the tip-of-nose phenomena whereby we can recognize an odor

9 The effect of cultural mediation on olfactory naming ability will be dealt with in the criticism
section 5.



as a common everyday smell and be able to describe its usage, yet not be able to name it
(Sulmont-Rose 2005; Gilbert, 2008; Keller, 2017). Consequently, the olfactory system's slow
transduction might yield a general lack of conscious awareness of the changing stream of
odors transiting our nostrils, yet slow temporal processing speeds are unlikely to explain
the deficit and attention might only play a small mediating role.!°

2.2 Anatomical Explanations

Another research paradigm is to sniff out an explanation of our odor-naming deficit by
exploring olfaction’s unique anatomical structures, cortical architecture, and
neurofunctional connectivity. Currently there are three plausible explanations involving:
the thalamus, the lateralization of olfactory processing, and cortical connections between
olfactory sensory processing and cortical centers for semantic integration.!!

2.2.1 Thalamic Mediation

The lack of a direct thalamic mediation between olfactory perceptual states and the
olfactory cortex (reviewed in Young, 2012) has been put forward as one of the possible
explanations of the poor connection between language and olfaction (Herz 2005). Initial
research suggests that in general, thalamic connectivity plays an important role in language
processing (Klostermann, et al, 2013). The thalamus’s primary function in language
processing might be attributed to its placement as a hub for interconnecting language
centers (Crosson, 2013). To reiterate a claim stressed in the introduction, an explanation of
our deficit at odor identification should avail itself of research on the representational
formats employed at each anatomical hub and stage of processing. Empirical research
conducted after Herz posed her (2005) explanation indicates that the functional role of the
thalamus in language processing is the segregation of informational streams in language
processing required to generate the compositionality of language (Theofanopoulou et al.,
2016). The thalamus is claimed to play an integral role in synchronizing separate areas
within linguistic processing as a necessary element in generating the compositional
compounds of combinatorial linguistic representations within the brain. Even if the
olfactory system does not have the same anatomical connectivity it might be supplanted
with a functional analogue, such as the linguistic olfactory integration centers revealed by
Olofsson et al., (2013, 2014 (see section 2.2.3). Since a functionally analogous realizer could
perform the same role for olfaction, the mere lack of thalamic connectivity in olfaction
cannot be the whole explanation.

2.2.2 Lateralization

The lateralization of semantic and olfactory processing serves as the basis for another
possible explanation of the puzzle. Royet and Plailly, 2004 claimed olfactory processing
occurs predominately within the right hemisphere while language processing primarily
occurs in the left hemisphere (Bind et al., 2004). The lack of convergent processing within a

10 A further reason to reject this explanation can be derived from research covered in section 5
showing that perfumers and coffee experts with an increased odor lexicon and daily attention to
smells show the same deficit in identifying odors by name.

11 An alternative fourth suggestion is that the difficulty in deploying semantic resources for
olfactory identification is attributable to a cortical bottleneck based on competition for the same
cortical resources (Lorig, 1999; Lorig, Elmes at al 1998). However, this explanation is left aside in
what follows, as it is not substantiated by current research that shows olfaction has its own cortical
center for semantic integration and processing.



hemisphere might explain why it is so hard to deploy semantic resources for olfactory
identification using semantic labels. Yet meta-analysis of published data from neuroimaging
of the human olfactory cortex does not strongly support the hypothesis of cortical
lateralization (Seubert et al., 2013). Moreover, the explanation assumes that lateralization is
sufficient for generating a limited interaction between semantic and olfactory centers of
cortical processing. Given the connectivity between hemispheres via the corpus collosum,
this explanation would at best predict a lag in processing times for naming, but not
necessarily a failure in accessing semantic content.'?

On purely theoretical grounds, a counter-example from music comprehension and song
identification makes this explanation highly implausible. The auditory encoding of musical
stimuli occurs in the right hemisphere (Hendrick et al., 2014), while semantic linguistic
processing occurs in the left hemisphere. Nevertheless, in tasks of identifying songs using
either their title or melody the results of using either of these means of identification were
the same (Zehra et al., 2008). Thus, hemispheric lateralization is not sufficient to explain our
poor naming ability of odors, as an analogous deficit is not found within the lateralization of
auditory music stimuli and linguistic tags.

2.2.3 Cortical Connections

A more recent line of research explains the discrepancy between semantic resources and
olfactory processing as a connectivity issue. In a progressive series of experiments, Olofsson
and Gottfried (2018, 2014, 2015), mapped the linguistic centers responsible for our ability
to linguistically represent and verbally report our experience of odors. Identifying and
naming a stimulus requires a three part series of perceptually transducing the odor object,
representing the stimulus, and generating a verbal report using the representation of the
perceptual entity. Using this tripartite breakdown of the prerequisites of fulfilling a naming
task, they began by first studying the verbal production of semantic tags for odors. Using a
cohort of patients suffering from primary progressive aphasis (PPA) Olofsson and Gottfried
(2013) localized areas within the temporal pole (TP) and inferior frontal gyrus (IFG), which
process the verbalization of odors. In a further set of studies, they showed that the temporal
pole in the anterior temporal lobe (ATL) mediates the connection between olfactory
representation in the piriform cortex and language centers (Olofsson et al 2014). Based on
the sequence of studies they identify these areas as olfactory specific centers for olfactory
and semantic integration, which are dedicated to the linguistic mediation of olfactory
representations.

Employing these studies, they note that there are only three relays between olfactory
sensory processing and these cortical areas. The lack of connectivity leads Olofsson and
Gottfried to hypothesize that the lack of cortical relays yields a dearth of processing.
Accordingly, they conclude that olfactory semantic integration is inferior, because less
processing has occurred to the sensory information by the point that it reaches the ATL
(Olofsson et al 2015). Their theory tacitly assumes that the decreased cortical connectivity
implies a decreased amount of processing and this alone is sufficient to explain the puzzling
discrepancy.'® While their research is fundamental in unraveling our perplexing olfactory

12 ] must thank two anonymous reviewers for suggestions that sharpened these criticisms of the
lateralization explanation.

19 Reller (2017) accepts the line of argument that insufficient connectivity to language centers
sufficiently explains the discrepancy between our naming and discriminative abilities, but claims this
is in keeping with the overall function of olfactory perception. His argument is that olfaction is
selectively designed for the guidance of action and behavior, thus it has greater connectivity with



abilities, there is a significantly under explored aspect of their proposal concerning the
format of olfactory representations, which I will seek to complete. Building upon previous
research that olfaction employs a different form of compositionality than concepts (Young,
2015), this paper develops the argument that it is not just the amount of connectivity and
processing that matters, rather that understanding the representational format at each level
of processing is required to explain the puzzle. The moves of this argument proceed
through the next few section as follows: Section 2.3 introduces the representational format
explanation, section 8 reviews the different types of compositionality including in section
3.3 a discussion of the role of the ATL in generating the representational format of
compositionality; section 4 then wraps up the argument by surveying research across each
level of olfactory processing indicating that the olfactory system implements a different
compositional format.

2.3 The alternative — Representational Format

Our inability to identify smells by name is not only attributable to the lack of connections
between olfactory processing and language centers; rather the location of these
interconnections allows us to infer that the best explanation involves interface issues
derived from an incompatibility of formats. The cortical connection that feeds into the
olfactory language center identified by Olofsson et al., (2013, 2014) derives from the
piriform cortex (PC), whose encoding structure is distributed in a manner that is not
reminiscent of the compositionality observed in the other perceptual systems.'* Thus, it is
not just the connectivity, but also an incompatibility of representational formats that
explains the puzzling discrepancy.

Since our deficit for naming odors arises from how olfactory processing accesses semantic
resources (see Introduction and section 2.1) it will be assumed that identification, as
assessed by naming tasks, requires the deployment of semantic conceptual resources and
this is where problems arises. Section 38 develops the idea that concepts employ a
representational structure that is compositionally formatted. The section offers a brief
introduction to compositionality and the neural realization of the compositionality of
concepts. Following this overview, section 4 offers evidence that the olfactory system
projecting to the ATL and some of our experiences of complex smells do not employ this
same form of compositionality. Thus, a more comprehensive explanation can be provided by
showing that olfaction and our conceptual semantic resources employ different
compositional formats.

cortical areas responsible for these functions. Nonetheless his account does not offer an explanation
of why the lack of connectivity on its own is sufficient for explaining the discrepancy. Moreover, it is
unclear how his account can handle the cultural differences in olfactory naming abilities (see section
5) without a risk of confabulating the selected function of olfaction with its current function.

1+ The alternative explanation offered in this paper derives from both the olfactory system's
interconnection with language centers and the format of representations employed in processing at
these hubs. Explaining the puzzling discrepancy in a comprehensive manner requires considering
the olfactory pathways, cortical connections, and representational formats at each stage of
processing. In an ideal hypothetical system everything and anything can be connected and processed
along a host of different pathways and formats. However, using olfaction as the model system in this
instance constrains the realm of possibilities. For instance, the constituents of compositional odor
representations cannot simply be decomposed and inputted into processing by the conceptual
cortical systems, because of a lack of direct and unmediated pathway between these processing areas.
In fact, even when complex mixtures yield elemental mixtures (see section 4.2) this is subserved by
independent olfactory pathways in the amygdala.



3. Compositionality and Concepts

The research surveyed in the introduction indicates that the difficulty in identifying odors
by names arises in accessing semantic resources. Given this diagnosis this section turns to
analyzing the compositional format of concepts, because as argued elsewhere, (Young, 2015)
even at their most minimal conception, concepts are the components of semantically
meaningful thoughts. By first looking at the compositional format of concepts we can then
compare this representational format to that employed by olfaction in support of the thesis
that puzzling deficit arises from an incompatibility in representation format between the
olfactory and conceptual semantic processing centers.

Despite much disagreement in both Philosophy and Cognitive Science regarding the nature
of concepts, there is consensus that concepts are to some extent compositional (Jylkka,
2011; Piantadosi et al. 2016; Connell & Lynott, 2010; Del Pinal, 2015; Frixione, & Lieot,
2012). Theories of concepts vary widely on the details of how our conceptual system
implements and respects the notion of compositionality. Despite these differences it is
traditionally assumed that one of the essential characteristics of concepts is that they are
minimally sensitive to and have access to their constituents.

There is a long-standing tradition of inferring the representational structure of our
cognitive states from our cognitive or perceptual capacities. Most famously this move is
seen in the systematicity argument where the compositional syntax of thought is inferred
from the compositionality of language (Fodor, 1987, Fodor & Pylyshyn 1988, Fodor &
McLaughlin 1990). However, this strategy is also found in the productivity argument
(Fodor, 1981, 1985, 1987, Fodor & Pylyshyn 1988), visual and auditory systematicity
(Cummins, et. al 2001), the tracking argument (Horgan & Tienson, 1994, 1996, 1997), and
our capacity for inferential coherence (Crane, 1990; Fodor, 1985; Horgan & Tienson, 1994,
1996). Our mental economy's systematic and productive nature together with the stability
of conceptual content, intra-subjectively across time and inter-subjectively at any instance,
requires that our conceptual systems must be compositional. In what follows, I shall remain
neutral regarding the nature of concepts and only assume the minimal consensus for the
sake of argument that whatever concepts might be, they must obey compositionality to
some extent. (Young, 2015).

Compositionality is determined relative to a system of representations, such that it requires
specifying the primitives for the system, the rules of formation and transformation, as well
as the rules of well-formedness allowed by the system for generating meaningtul complex
expressions (van Gelder, 1990). The minimal conception of compositionality requires a
specification of the interrelation between the syntax and semantics of a system of
representation, such that the meaning of a complex expression is determined by the
meanings of the atomistic parts and the systems mode of combination (Dever, 2005, 2012,
Pagin and Westershtal 2010a-b). The most important factor in determining whether a
system is compositional is the mode of combination i.e. the rules governing the composition
of complex expressions. The mode of combination determines whether a system is
compositional, as well as the type of compositionality.

Intuitively we assume the classical conception of compositionality as requiring part whole
relations, whereby the complex representation syntactically contains the constituents. Or to
put it more succinctly, our intuitive assumption is that any representational system that
implements compositionality must do so via concatenation. The section proceeds by
introducing the strong classical conception of concatenative compositionality, which will be
contrasted with the less stringent notion of functional compositionality. Section 3.2
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introduces a more minimal form of non-decomposable functional compositionality, which is
implemented by the olfactory system. Section 3.3 concludes the discussion of
compositionality with a brief overview of what we know about the neural realization of the
compositionality of concepts, in relation to the cortical hubs of olfactory language
processing.

3.1 Concepts and their relation to Classical (Concatenative) Compositionality

The most stringent form of compositionality occurs in Fodor’s Language of Thought
Hypothesis (LoTH) (1976, 1981, 1987, 2000, 2008), according to which, thought occurs in a
representational medium similar to language, such that each thought is the concatenation of
its constituents.!” According to the LoTH all thoughts must occur in such a compositional
rubric as evidenced by the systematic and productive nature of our cognitive and linguistic
abilities (Fodor, 1981, 1987; Fodor & Pylyshyn, 1988; Fodor & McLaughlin, 1990).
Classical compositionality is merely concatenation based on the spatial juxtaposition of
expressions within the complex mental representation. Simply put, the complex
representation must have as a proper part an instance of each of the constituents. The
internal structure of the system’s states must be of a formal nature, such that the
constituency relations among the expressions are directly mirrored in the structure of the
corresponding tokens. Thus, the explicit syntactic representation of the primitives within
the complex mental representation is required. While concatenative compositionality is a
rather extreme form of compositionality, it is quite clear that Fodorian LoT requires such a
robust format (Dever, 2005, 2012; Pagin and Westersthal, 2010a). However, the
applicability of concatenative compositionality to concepts and thought is questionable
(Clapp, 2012). Furthermore, the theory of concepts generated from this concatenative
standpoint is far from widely accepted in the cognitive sciences.

With the rise of research on our psychological conceptual capacities, their inferential roles,
and their biological realization, it has become clear that while concepts require
compositionality, how they implement it varies from the logical part-whole concatenation
espoused by the LoTH. Contemporary views of concepts still hold compositionality dear,
yet their means of implementation can vary drastically. There are even those who still
espouse the strong form of classical compositionality while arguing that it can be realized in
non-classical systems.

Prototype theories of concepts stand in stark contrast to the atomistic theories of concepts
predicated upon a concatenative internal syntactic structure. According to prototype theory
(and most statistical regularity theories of concepts) the complex structure of a concept
encodes a statistical typicality relation of the properties their members tend to have
(Laurence and Margolis, 1999, p. 27; Murphy, 2002).'¢ Recognizing the challenge of
generating compositionality within these systems (Fodor, 1981; Fodor and Lepore, 1996)
prototype theories have offered various implementation strategies for accomplishing
classical compositionality (Prinz, 2002, 2012; Del Pinal, 2015; Frixione and Lieot, 2012).

15 Versions of concatenative compositionality can also be found in Frege (Szabo 2000; Dever 2006)
who endorses a version of mereological composition according to which the meaning of the parts of
the sentence are explicit within the meaning of the entire sentence. In contemporary philosophy of
language Jacobson (2002) and Barker and Jacobson (2007) have defended strong direct
compositionality that is equivalent to concatenative compositionality (also referred to as strong
parallelism) (Szabo 2000a-b; Dever, 2006).

16 The current construal of prototype theory is a simplification that is adequate for purposes of this
paper, but it does not do justice to the nuances between different versions of prototype theory.
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However, more scientifically plausible and biologically implementable theories have been
offered that create compositional concepts not in terms of concatenative representations.
These transitional theories still maintain that complex concepts require constituent
structures to be compositional. However, they weaken the requirements for generating
constituent structures, either by employing a multivariate system that respects classical
compositionality using biologically plausible versions of tensor product networks, (Steward
and Eliasmith, (2012) or by allowing that the constituents do not need to be literal
components of the complex representation (Rice, 2013).

What unites the aforementioned theories of concepts is their adherence to the necessary
condition that compositional representations require internal constituents or be connected
via composition or decomposition functions to the relevant constitutive concepts. However,
it might be possible to realize compositionality in non-concatenative representational
systems either using a dual layer theory such as the probabilistic language of' thought
(PLOT) (Goodman et al. 2015) or by assuming a hierarchy of flexible distributed
representations comprised of modality specific conceptual features (Kiefer & Pulvermuller,
2012). Contemporary biologically plausible theories of concepts wishing to maintain their
allegiance to compositionality without the strictures of concatenative compositionality
might avail themselves to the more permissive format of functional compositionality.

3.2 Functional Compositionality

Minimally, all that is required for a system of representations to be considered
compositional is the specification of a relation for the combination of expression types and
primitives. Recognizing the theoretical possibility of a more minimal form of
compositionality, van Gelder proposed functional compositionality, which requires a
systematic manner for creating compound expressions given the constituents, and a similar
systematic mode for decomposing the complex representations into their constituents (van
Gelder, 1990). Mental representations with functional constituent structures are formed
from the constituents and can be decomposed back into them, but these complex
representations do not have constituent parts which we can refer to as their internal
structure.

van Gelder’s theoretical motivation for formulating compositional representations without
discrete syntactic constituents was to explain how connectionist networks could generate
systematicity. For this reason, he thought it was of grave importance to show that the
system could both represent the complex representation aRb and it’s systematic variant
bRa.'” With systematicity as van Gelder’s target phenomena, his proposed theoretical
tunctionally compositional system required reliable rules of processing for generating the
complex from the constituents, decomposing these functionally complex representations,
and transforming these same constituents into systematic variants (Martinez-Manrique,
2014, p. 309). For van Gelder’s purposes the decomposition function plays an integral role
and is a necessary condition for a representational system to be functionally compositional
(van Gelder, 1990, p. 361).

However, a more minimal form of compositionality is possible that jettisons the ability of
the system to functionally decompose the complex representation into its constituents. The

17 For present purposes I am assuming Cummins et al. (2001) neutral interpretation of systematicity,
which is less contentious for connectionist theories than the linguistic examples of systematicity
often stated by LoT theorists.
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most minimal form of compositionality does not require that the components persist within
the complex expression or that the complex be decomposable into its previous component
parts, but only that the meaning of the whole is determined from the meaning of these
parts.'® The functionally complex representation is endowed with complex meaning within
the system, by virtue of being formed from constituents. Thus, it is a theoretical possibility
that a complex representation with constituent structure need not require an internal
syntactic structure of the classical type, nor that it be decomposable back into these
constituents.

The minimal conception of compositionality allows for a permissive stance on
compositionality that only requires the complex representation be functionally composed
from the constituents.’® Our olfactory sensory, perceptual, and cognitive states can be used
to establish that the olfactory system employs this minimal non-decomposable form of
tunctional compositionality.?® The mismatch of format explains why it is that we cannot
readily identify smells, because the semantic conceptual system employs a different type of
compositionality than the olfactory perceptual system. Before surveying the evidence
indicating that the olfactory system implements non-decomposable functional
compositionality, the next section covers the cortical realization of complex compositional
representation of concepts in general, as well as in connection with what is known about the
ATL, which was identified in section 2.2.3 as the center of olfactory and semantic
integration.

3.3 The Neural Realization of the Compositionality of Concepts

Most theories of concepts agree that concepts must be sensitive to the creative, productive,
systematic, and stable nature of our cognitive states. Our capacity to think thoughts with
complex semantic content derives from our inferential sensitivity to a hierarchy of semantic
content and rich interrelations between the associated constituents that generate the
complexity we attribute to concepts. What is decisive throughout the literature on concepts
is that these entities either have an internal structure that can be used to explain their
complex semantic value or we can refer to their constituents by way of their compositional
formation and decomposition function. Regardless of ones’ theory of concepts, a necessary

18 Non-decomposable functionally compositional representations are compatible with Dever’s (2003,
2012) minimal compositionality that is syntactically functional, yet non-concatenative.
“Functionally, compositionality is a property had by a meaning theory for a language just in case, for
any complex expression in the language, its meaning is some function of the meanings of its
component parts and their mode of syntactic organization” (Dever, 2012, p. 93).

19 Contrary to this permissive understanding of the theoretical possibility of functional
compositionality, Szabo (2000a, 2000b) has challenged the adequacy of functional compositionality
in relation to mathematics. However, a review of empirical evidence regarding the non-conceptual
format of olfaction (Young, 2015) provides reason to think that a form of functional compositionality
is not only theoretically viable outside of the domain of mathematics, but actually biologically
implemented in olfaction.

20 While some might object that this methodology conflates separate levels of explanation and
analysis, as well as riding roughshod over the personal subpersonal distinction, in keeping with
representational pluralism (Cummins et al., 1996, 2001) and non-conceptual pluralism (Bermudez,
2007) I am attempting to be as neutral as possible regarding the correct level of analysis for mental
content, concepts, and non-conceptual content. Moreover, given that the debate regarding the
nature of concepts and mental representation is so variegated in endorsements of favored levels of
ontological or epistemic analysis, for present purposes I find the personal subpersonal distinction of
little use other than for obfuscation. Additionally, even if a theorist chooses to disregard the stimuli
encoding and neural transduction evidence covered in throughout sections 4.1-4.1.2 my argument
can still be substantiated with the evidence offered in sections 4.2-4.3.
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teature of concepthood is that we can potentially access the constituents that compose the
complex representation when deploying the concept.

Only recently have we begun to identify the underlying cortical realization of the
hierarchical structure required to implement these notions of conceptual compositionality.
The cortical realization of concepts is accomplished through dynamic hierarchical binding
across levels of neural networks, which generates coherent internally structured complex
representations without an explicit concatenative syntax (Maye & Engel, 2012).
Furthermore, the perception of visual objects depends upon hierarchically structured
semantic resources. Visual object perception is refined using these high-level object features
that are coded together with semantic representations (Clarke et al., 2013, 2015). These
studies provide strong evidence that hierarchically structured semantic information plays an
integral role in the formation of visual object representations with their paradigmatic
compositional format. The aforementioned results might be relativized to vision, but there
are similar experimental results for the cortical realization of the hierarchy of compositional
structure in semantic linguistic processing.

Parts of the anterior temporal lobe (ATL) are key in processing conceptual representations
(Tyler et al. 2004, 2013; Moss et al. 2005; Patterson et al. 2007; Lambon Ralph et al. 2010;
Mion et al. 2010; Clarke and Tyler 2014; Clarke et al., 2015; Binder, 2016), which is in
keeping with Olofsson et al’s (2013, 2014) research on the semantic processing areas of
olfaction. However, the ATL’s role in linguistic processing involves representing the
syntactic organization and hierarchy of linguistic stimuli, while the Angular Gyrus (AG)
encodes the semantic features and hierarchy that we would commonly refer to in explaining
compositional thought. A series of studies have shown that the AG processes combinatorial
semantics (Humphries et al., 2006), forms the neuroanatomical hub for conceptual
combination (Price et al., 2015), and plays a causal role in the compositional integration of
lexical semantic information (Price et al., 2016). However, all three studies indicate that the
ATL does not process the combinatorial features of semantic processing required in
implementing the semantic hierarchy that we attribute to the compositionality of concepts.
Not only has it been shown that the cortical realization of conceptual sematic capacities
requires a hierarchical structure of encoding allowing for compositionally complex semantic
concepts that are sensitive to their individual constituents, but also that the ATL does not
encode the semantic aspects of compositional representations for conceptual
representations.

4. Functionally Compositional Olfactory Representations

Olfactory processing does not always employ the same form of compositionality as concepts,
which explains the difficulty of interfacing with semantic conceptual resources in naming
identification tasks. Olfactory states are formatted in a manner that is mediated more by
sensory templates than by our conceptual repertoire and lexical resources (Young, Keller,
and Rosenthal, 2014). This section explores the compositional format that mediates
olfactory encoding of odorants projecting to the olfactory language processing centers in
the ATL. Additionally, this section explores the available content of olfactory experiential
states at the level of perception and cognition.

Prima facie, olfactory experiences occur in a different fashion than states mediated by our
semantic conceptual resources. While olfactory states are arguably representational,?! the

21 Arguably it is the case that olfactory experiences have representational content, because of cases
of olfactory misrepresentation (misidentification and misattribution of the olfactory object), the
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structural nature of the representational system employed by olfaction is combinatorial, but
not concatenatively compositional (Young, 2015) or functionally compositional in the
stronger sense. The section proceeds by extrapolating the compositional structure of
olfactory states from olfactory sensory transduction, perceptual encoding, and cognitive
states.

4.1 Stimuli Transduction and Syntactic Encoding

The most striking difference between olfaction and the other sensory systems is the lack of
isomorphism between receptor types and perceptual stimuli. There is no strict chemotopic
mapping of chemical properties of the distal stimuli to individual receptor types or higher-
level glomeruli in the olfactory bulb. The lack of chemotopic maps either at the receptors or
olfactory bulb is quite unlike vision with its retinotopic maps and orientation columns in
V1, or audition with the decomposition of frequency in the cochlea. Furthermore, olfactory
cortical states encode complex odor compounds not simply as the summation of their
constituents, which begins to provide the basis for an explanation of our inability to
perceptually identify more than four components of complex olfactory mixtures (section
4.2), which arguably shows that olfactory perceptual experiences are functionally
compositional in the weak non-decomposable sense.

4.1.1 Olfactory Receptor Neurons and the Olfactory Bulb

Odorants are transduced in a combinatorial manner (Buck and Axel, 1991; Malnic et al.
1999; Araneda et al. 2000; Firestein, 2001; Meierhenrich et al. 2004; Hallem et al. 2006a,
2006b). At the initial sensory level, the olfactory system encodes the molecular structure of
chemical stimuli in a distributed fashion across multiple olfactory receptor neurons (ORN).
Odorants are combinatorally encoded in a spatially extended and parallel fashion across
multiple receptors, both at the receptor level and at the further stage of processing within
the olfactory bulb. The glomeruli and mitral cells within the olfactory bulb (OB) encode
input from across multiple ORNs. Glomeruli show a preferential firing pattern for
particular chemical structures but are also sensitive to other chemical stimuli. As a result, a
chemotopic map does not arise within the glomeruli of the olfactory bulb. The olfactory
bulb might not have a strict chemotopic map like the retinotopic map of vision, but it does
have a coarse chemotopic organization (Bozza & Mombaerts, 2001).

The combinatorial encoding of a stimulus is distributed across multiple regions throughout
the glomeruli of the OB, with each glomerulus being sensitive to different parts and
combinations of the chemical structure. Odorant encoding occurs in a parallel and
distributed manner across multiple glomeruli. The distributed nature of olfactory stimulus
encoding within the olfactory bulb suggests that monomolecular, and by extension complex
odors are not encoded as the sum of their parts, rather they have their own unique
distributed patterns of activation (for a review cf Auffarth, 2013). In addition to the spatially

intentional inexistence of the olfactory object, and our ability to represent olfactory experiences
under different conceptual guises (representing as x) (Young, 2011). Further arguments for the
representational status of olfactory experience can be found in Batty (2009, 2010a-c) and Lycan
(2014). However, the stimulus driven approach favored by the aforementioned theories has been
criticized by Barwich (2014, 2017) who proposes a process based theory of olfactory perception, and
Keller (2015, 2017) who endorses the non-objective process view. The paper cannot do justice to this
debate as it diverges into a larger debate regarding how to conceive of the olfactory object, but the
explanation on hand as an expansion of the cortical connectivity explanation (section 2.2.3) falls
within the overarching research program endorsed by Olofsson and Gottfried (2015) that we should
treat smells as objective entities.
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distributed encoding of olfactory stimuli across glomeruli, the encoding dynamic is also
temporally extended (Linster & Cleland, 2013, Olofsson, 2014; Hadad et al 2014; Sanders et
al 2014). Olfactory stimulus encoding is accomplished by large groups of glomeruli and
mitral cells firing across time, such that stimuli transduction is spatially and temporally
distributed.??

The distributed nature of the spatiotemporal structure of sensory representations might be
used to adjudicate against concatenative representations with their strict internal syntax.
Given that the primitives within a concatenative compositional system are literal parts
tokened within the complex expression, it is prima facie not obvious how this could be
accomplished by the olfactory bulb’s encoding of odorants. Since complex olfactory
mixtures are encoded in a spatiotemporally parallel and distributed fashion within the OB,
literally tokening the constituents is not possible at a given time. However, relaxing the
synchronic condition of compositionality to allow for distributed temporal parts would still
not circumvent the problem, as they would still be spatially distributed in a manner unlike
any example that has formal parts within a complex representation. Hence, olfactory stimuli
at the sensory level of olfactory processing are not encoded by a concatenative syntactic
system.

Sensory transduction and olfactory stimuli encoding provide strong evidence that olfaction
implements a syntactic system employing functional compositionality. However, this does
not yet show that olfaction implements a form of compositionality incompatible with all
formats of concepts. What needs to be further demonstrated is that odorant encoding forms
complex representations that generate compositionality that does not allow access to the
constituents or that cannot be decomposed.

4.1.2 Odorant Encoding at the Piriform Cortex

The rough chemotopic organization found within the olfactory bulb is not maintained in the
olfactory systems projections to the Piriform Cortex (PC).?* In animal studies of the neural
encoding of odorants it has been shown that the PC does not maintain the chemotopic
organization found in the OB. Rather, convergent neural ensembles respond to dissimilar
molecular structures of odorants in the same way (Stettler and Axel, 2009). This is in
marked contrast to the visual, auditory, and somatosensory systems that preserve the
spatially organized transduction of the similarity of stimuli features from the sense organ
through their respective sensory cortexes (Woolsey and Walzl, 1942; Talbot and Marshall,
1941; Marshall et al., 1941). Moreover, odorant encoding within the PC is represented in a
sparse and spatially distributed fashion that does not code the minute difterences between
the structural components within complex odor mixtures (Illig & Haberly, 2003; Wilson &
Stevenson, 2006; Rennaker et al, 2007; Stettler & Axel 2009).2* Additionally, recent

22 Research by Johnson et al. (2007, 2010) has questioned the role of temporal processing time. Their
research indicated that odorants are combinatorally encoded in a spatial and non-summative (non-
concatenative) manner, but temporal distribution patterns are not required for odor encoding.
However, Hadad et al (2014) refuted these their claims by showing that the olfactory bulb is
sensitive to temporal dynamics for odorant encoding, while the PC is less sensitive to these temporal
dynamics and more selectively sensitive to the neural firing rates outputted from the olfactory bulb.
28 An excellent account of the debate regarding the role of the Piriform Cortex in olfactory
perception and its implications for philosophical theories of the objects of olfactory perception can be
tound in Barwich (2016).

2¢ The current section’s argument and evidence derives from mappings and encodings of stimuli as
inputted to the PC, which suggest the coarse grained distributed functionally compositional
representations of complex odorants. However, the pathways between the PC and the orbital frontal
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research has progressed our understanding of the PC as an associative center for olfactory
processing and as integral for generating configural odor objects from the molecular
properties encoded at lower levels of sensory processing (for a review see Courtiol and
Wilson, 2016).

While chemotopic organization is not maintained in the PC, it has been documented that
cortical neurons within the dorsoposterior part of the anterior PC in rats, display neural
specificity to some food related categories of odorants, either in a holistic fashion to the
entire mixture of odorants derived from the food source, or selectively to a prominent
component of the mixture (Yoshida and Mori 2007). Despite cortical neurons within the PC
displaying some manner of sensitivity to the odorant category, further research
substantiates interpreting the PC as an associative network for generating categorical
stereotypes of odorants not in terms of their concatenative compositionality, but in a
holistic fashion (Stettler and Axel, 2009). Barnes et al., (2008) found that neuron ensembles
within the rat PC treat an odorant composed of ten components as equivalent to that same
mixture minus one component. Their results indicate that the PC completes the
representation of the complex odorant even in the absence of a component. Additionally,
their research showed the neural ensembles discriminated between two different ten-
component mixtures. Together these studies suggest that the olfactory system at the PC
encodes odorant categories of varying molecular complexity in a combinatorial manner that
does not depend upon explicitly representing each of the component parts. The
combinatorial syntax of olfactory stimulus transduction within the PC does not depend
upon the explicit representation of each constituent in a manner required for concatenative
compositionality. Thus, it is arguably the case that olfactory processing at the PC
implements a system of functional compositionality that does not require access to all of the
constituents or the decomposition of the complex mixture into their constituents.

4.2 Olfactory Mixture Perception

Further, evidence that olfactory system, and in particular perceptual states, implement non-
decomposable functional compositionally can be derived from research on olfactory
mixtures. Olfactory mixtures occur when two or more odorants are combined to form a
complex odor. The majority of smells are composed of a vast number of molecular
compounds. Consequently, the nature of olfactory mixtures is of great importance in
attempting to understand how it is that we recognize, identify, and individuate a smell.
There is evidence for distinct encoding at the cortical level between single and binary odor
mixtures (Boyle et al., 2009). However, in what follows, the focus will be upon the encoding
of odor mixtures, as these are the most decisive in examining the compositionality employed
by the olfactory system.

When two or more odorants are combined into a complex, one of two possible mixtures
results: a configural mixture whose olfactory quality differs from the smell of the
components which are not discernable as constituents of the new smell; or an elemental
mixture whose olfactory quality is merely the concatenation of the components that are
discernable within the complex (Berglund et al., 1973). Configural mixtures are particularly

cortex (OFC) suggest that there is a degree of organization and spatial topography to odorant
encoding within the PC in connection with the OFC (Chen et al., 2014). Since the issue at hand
concerns the pathways relevant to odor language encoding these pathways between the PC and
OFC will be left aside. Olofsson and Gottfried’s research (see section 2.2.3) indicates that the
projection to the ATL is from the PC, thus the role of the OFC in this regard is not clearly of
relevance.
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tascinating since the mixture’s quality is not determined as an additive process such that
one can predict the new smell from its individual components (Berglund et al., 1973).

Initial research on rodents indicated that perceptually similar odorants (i.e. those with
similar olfactory qualities) yield configural mixtures, while dissimilar odorants yield
elemental mixtures (Wiltrout et al., 2003). However, it has since been shown that the
resultant quality of an olfactory mixture is better accounted for by ORN receptivity (Kay et
al., 2008, 2005). Odorants formed by similar molecular structures activate similar sets of
receptor neurons thereby generating configural mixtures, while those differing in structure
yield elemental mixtures.

Additionally, Kay et al. (2005) uncovered the concentration effect that similar and dissimilar
components can yield both kinds of mixtures depending upon the concentration levels of the
constituents. By varying the concentration of odorant components, one can influence
whether the complex mixture will be perceived as configural or elemental (McNamara et al.,
2007). The concentration effect goes some way towards demonstrating that olfactory
mixture quality is not a simple additive process, nor is it completely determined and
predicted by the olfactory quality of the constituents. What becomes clear is that the
olfactory system can represent complex olfactory stimuli either in a classical compositional
manner (elemental mixtures) or employing functional compositionality (configural
mixtures).

Recent work on olfactory processing has shown that the olfactory system employs two
distinct centers for the neural realization of our perception of configural and elemental
mixtures. Elemental olfactory mixtures are encoded within the Amygdala (A4M), while
configural mixtures are encoded within the posterior PC (PPC) (Howard and Gottfried,
2014). Hence, the cortical area activated when we have a configural olfactory experience is
implicated in encoding odorants in a non-decompositional form of functional compositional,
as discussed in section 4.1.2. The combinatorial syntax of transduction at the sensory level,
in combination with distinct areas responsible for processing configural and elemental
olfactory mixtures sheds light on the next olfactory phenomena of our inability to identify
the components of olfactory mixtures, which suggests that olfactory employs non-
decomposable functional compositionality.?

Livermore and Laing (1996, 1998) and Laing et al, (1989, 1992, 1999, 2001, 2002)
documented our inability to identify odorants within a complex odor. They established that
even if the subject had access to the individual constituent of the complex odor, they could
identify at most three to four of the components within a complex chemical mixture. The
inability to perceptually identify the constituents within a complex smell is best explained in
light of the aforementioned evidence that the nature of sensory and cortical encoding of
olfactory stimuli does not always encode complex odors as the concatenation of their
constituents. The limitation in identifying parts of a complex odor might be attributed to
the compositional format outputted from the PC.

The Laing effect and configural olfactory mixtures demonstrate that the constituents of
complex olfactory perceptual states are not readily discernable in the manner that would be
expected if olfaction implemented compositionality in the strong concatenative or functional

25 Given the distinct pathways for configural and elemental mixtures together with the pathway
known to be associated with connection to the language centers in the ATL transiting the PC, it
cannot be argued that the olfactory system could simply output the atomistic representation of each
odor we can discriminate into our conceptual system.
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decomposable manner. Our inability to identify more than four components of a complex
olfactory mixture suggests that all of the constituents of the mixtures are not perceptually
accessible. Since we can accurately estimate the concentration of the constituents and we
experience the mixture as a complex entity that transcends the summation of its
constituents, it cannot be objected that these are simply cases of the olfactory system
generating new primitives.

Configural mixtures confirm that our olfactory perceptual abilities do not represent
complex olfactory stimuli as the mere tokening of their constituents. Since we can
manipulate the concentration eftect in configural mixtures to shift the overshadowing of the
components, as well as change them into elemental mixtures, it suggests that these
perceptual states are representationally complex. Veridical experiences of these mixtures
present a complex entity that is not merely the summation of its parts. Moreover, the
constituents are not identifiable as distinct tokens within the complex stimuli. Configural
olfactory mixtures are not represented in a concatenative or functionally decomposable
tashion; rather the best explanation of their representational structure only requires the
most minimal notion of compositionality.

4.3 Olfactory Imagery

Algom and Cain (1991) originally showed that olfactory imagery mimics the veridical
perception of odor mixtures. Generally, mixtures of perceptually similar components are
Judged as less intense than would be expected if the intensity consisted of the summation of
the parts. Subjects in their study generated the same imagistic percepts in accordance with
this naturally occurring perceptual phenomenon. The far-ranging implication is that we can
mentally combine mixtures with the same compositional results as those of actual olfactory
mixtures. [t is arguably the case that olfactory cognitive states also employ the same format
of compositionality. Our capacity for olfactory imagery (reviewed in Stevenson et al., 2005;
Arshamian and Larson, 20145 Young, 2014), which mimics veridical perception, suggests
that the compositional representational format is preserved from sensory and cortical
processing through perceptual and cognitive states. While the evidence covered throughout
section 4 shows comprehensively across levels of processing and means of experimental
methods that olfaction employs a different format of compositionality than that employed
by semantically accessible concepts, as surveyed in section 3, the next section considers a
possible strong line of criticism, which will be shown does not obviate the table thesis of the
paper, but rather offers further reason to think considering the format and cortical
realization of compositional olfactory states and linguistic semantic states is of importance
in understanding the discrepancy between olfactory discrimination and identification.

5. Possible Criticism: the discrepancy is culturally mediated and arises from linguistic
practices.

A possible line of criticism of the entire research project of explaining the discrepancy in
identifying odors by names is to deny at the outset that there is a puzzling deficit that
requires explanation. The discrepancy between olfactory capacities for identification and
discrimination is not universal; rather it might reflect western culture’s contempt for smell.
English does not have a designated odor lexicon (Majid, 2015), but cultures with a robust
lexicon for odors that is employed in everyday life display little to no discrepancy in
identifying odors (for a brief review cf O’Meara and Majid, 2016).2¢ For instance, Maniq has

26 Despite only showing 26.3% accuracy at odor naming a recent study by Hulsman and Majid
(2018) suggests that in addition to odor familiarity (as indicated in introduction) the familiarity of
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a rich culture of talking about smells using a two-dimensional odor lexicon that does not
extensionally refer to natural kinds but picks out common odor qualities. Additionally, the
Aslian community of Jahai have a dedicated lexicon of olfactory terms and categories that
are integral to their daily lives. Moreover, when compared to English speakers they show
no deficit between their descriptive capacity for colors and odors (Majid and Burenhult,
2014).27 In a more recent study Majid and Kruspe (2018) go on to attribute the inability to
name odors as a culturally contingent fact that is related to subsistence mode, such that it is
not seen in their subset of Aslian communities that are hunter gathers, but it is seen within
those whose subsistence depends more on agriculture and trade. Thus, the discrepancy is
not a universal phenomenon, but partially dependent on language, culture, and mode of
subsistence.

The cultural relativity of the accuracy of identifying odors might be taken as a counter-
example to the thesis that the deficit for English speakers is attributable to an
incompatibility in the representational format employed by the conceptual semantic systems
and olfactory language centers. However, the lack of a discrepancy in some cultures does
not negate that there is a puzzle when relativized to English speakers. Furthermore, noting
that different lexicons generate different olfactory capacities strengthens the driving claim
of the paper that compositional formats must also be taken into account. In fact, Olofsson
and Gottfried (2105) and Majid (2015) agree that cortical connectivity on its own will not
be sufficient to explain why discrepancies exist between cultural groups with different odor
lexicons.

If we consider language as an ongoing innovation that effects the plasticity and neural
architecture of the human brain, then odor lexicons might generate neural connectivity
differences between cultures, which is noted as a possible explanation by Majid (2015), as
well as Olofsson and Wilson (2018). Majid (2015) list a number of instances of languages
effecting cortical connectivity. In particular, it has been shown that professional perfumers
have increased density of cortical areas associated with olfactory processing indicating
neural plasticity, change in connectivity, and neural reorganization for these olfactory
experts (Delon-Martin, et al. 2013). Thus, the explanation on offer does not run contrary to
cultural differences, but further supports the need to understand the underlying formative

the odor label also plays a modulating role in increasing naming accuracy (instrumentally measured
as the descriptive content of responses). Thus, they conclude that odor label frequency also needs be
taken into account to explain the difficulty in naming odors. Based on these results they suggest that
more research needs to be conducted on the effect of lexical properties on our olfactory perceptual
capacities, yet the thesis of this paper that the compositional format of representations (an arguably
linguistic property when applied to our semantic conceptual resources) at each processing center
within the olfactory system projecting to language centers is not considered.

27 As a methodological aside, the task within Majid and Burenhault (2014) and Majid and Kruspe
(2018) is disanalogous to the odor identification task used in the studies reviewed in the
introduction. The method employed in both these studies compares the description of the participant
to the experimental cohort in terms of (a) descriptive agreement, (b) length of utterance, and (c) type
of response. The descriptive analysis is not the same method employed in the studies of English
speakers, which requires the participant to freely generate a veridical linguistic tag (name) for an
odorant. However, that is not to question the validity of the cross-cultural comparison of Majid and
Burenhault (2014), as their measure compared English to Jahai speakers on (a-c) for descriptions of
colors and odors under the assumption that smells are qualities of objects and not objective
perceptual entities (an assumption criticized by Olofsson and Gottfried, 2015). Further scrutiny of
the Majid and Burenhault (2014) results indicate that while Jahai might not have a discrepancy
between describing colors and odors, they lag well behind English speakers” capacity to describe
colors, which might suggest they have greater cognitive and neural resources available for
deployment in their use of an odor lexicon.
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nature of semantic conceptual representations and those employed by our olfactory
language systems. Further research needs to be conducted on the neural representation of
odors cross-culturally. For instance, do individuals in these cultures display the same
inabilities in decomposing complex odors into their constitutive components (see section
4.2)? Additionally, it would be of further general interest to explore the compositional
format of semantic concepts in these cultures with rich odor lexicons.

A further worry for the explanation on offer that the deficit in olfactory identification within
western cultures might be attributed to an incompatibility in representational formats is the
claim that people can improve their capacity to name odors in a short period of time
through training. Cain (1979) claims to have shown an increase from 60% accuracy to 77%
over the course of four sessions spaced two days apart. However, in the re-testing session
the task re-used the linguistic labels from the previous session, thereby generating a
measure of matching and recognition across trials and not the self-generated naming task
that was used in the initial conditions. Similarly, Sulmont-Rosse et al (2005) show that if
individuals re-use their self-generated linguistic labels across trials, their odorant
recognition increases, but this does not demonstrate an increase in odor identification.
Directly contradicting Cain’s (1979) finding, Jehl et al. (1997) showed that verbal encoding
enhances the encoding of odorants for short-term and long-term memory in a manner that
increases detection and recognition, yet identification decreased across trials.

While it is plausible that increasing our odor lexicon and verbal descriptions of smells
might increase olfactory identification, even highly trained wine and coftee experts whose
livelihood depends upon their use of specialized odor lexicons do not show increased
accuracy in olfactory identification (Croijmans & Maid, 2016). Since the aforementioned
studies do not show an increase in identification across trials, it might be wondered how
odorant encoding and memory can be increased across time? Lyman and McDaniels (1990)
show that odorant encoding is improved when both verbal/linguistic and visual routes are
also used to encode an odorant. Employing two extra encoding methods increases retrieval
rates, making it likely that as odorant encoding converts more resources from vision and
semantic centers, odorant encoding and memory is improved. Improvements in odorant
recognition and identification might be attributed to converting resources from visual
cortical processing, which might sound implausible based on the speed of neural plasticity
this would require. However, Qu et al. (2016) show neural plasticity within two days of
learning de novo odor-visual categories that require the use of both olfactory and visual
cues. All indications from the experimental literature are that linguistic prowess does help
tor discrimination, detection, and recognition, but from the outset it has been noted that we
are gifted in this regard. Moreover, in those instances of cross-cultural comparison that do
not show a deficit between olfactory capacities for discrimination and identification, the
theorists involved in the debate agree that linguistic usage can effect cortical connectivity
based on the format and use of language, thereby making room for the thesis of the paper
that explains the discrepancy based on the different compositional formats employed by
olfaction and our conceptual semantic resources.

6. Conclusion

Our initial puzzle was why is it that we are gifted in our olfactory abilities for detecting and
discriminating odorants, yet pitiful at identifying odors by name? The discrepancy involves
accessing and deploying semantic information, since identifying an odorant requires the
deployment of our semantic conceptual resources, while detection and discrimination does
not. The most likely explanation given this line of thought, is that the problem arises as an
interface issue between conceptual resources and olfactory processing, since it is not
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obvious that detection and discrimination require conceptual resources, but odor
identification does. Also, as noted in the introduction, in those situations that we cannot
identify the odor, we also do not have access to associated semantic information about the
smell. The thesis argued for in this paper is that the problem is not just a lack of
connectivity or the amount of stimulus processing before the olfactory system connects to
cortical language centers. Rather, the olfactory system employs a compositional format that
is incompatible with the representational nature of our conceptual semantic resources.

The format of stimuli transduction and encoding from sensory to cortical areas in the
olfactory system as it projects to olfactory language centers does not require the explicit
representation of each constituent within the complex representation, yielding a form of
tunctional compositionality that does not readily allow the complex to be decomposed into
its constituents, which facilitates efficient detection and discrimination, but not
identification. The format of olfactory stimuli transduction and encoding allows for an
extremely efficient representational system that is sensitive to the vast range of variegated
chemical stimuli (including complex mixtures) that we can detect and discriminate.

The reason we cannot identify odorants with ease is because our conceptual semantic
resources operate using a hierarchical system of representation that is either
concatenatively compositional or able to access the constituents using a decomposition
tunction, while the olfactory system employs a more minimal form of compositionality.
Even in those instances that our experience of smells yields olfactory mixtures with an
internal syntax reminiscent of classical compositionality, these are encoded by the
amygdala, which is not directly connected to olfactory language centers. The language
centers of olfaction do not represent or parse the incoming projections from the piriform
cortex in a manner that enables it to be readily employed by our conceptual semantic
processing hubs. The modality specific area of the cortex responsible for olfactory language
convergence, the ATL, receives its input from the piriform cortex, which does not obey the
strictures of classical compositionality or even decomposable functional compositionality.
Moreover, the ATL has been associated with processing the syntactic aspects of
compositional linguistic representation, but it is not implicated in processing compositional
semantics. Future empirical research is required to support the thesis of this paper to fully
asses the compositional format employed within the ATL for olfactory processing, as well
as the compositional format of neural processing for those cultures that have a rich odor
lexicon. However, explaining the puzzling discrepancy as an interface issue between
incompatible compositional formats allows an integrated explanation across each stage of
olfactory processing, as well as providing a unified explanation of why we are gifted at
olfactory discrimination, yet bad at identifying smells.
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