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This chapter will focus on the deep evolutionary history of the cognitive capacities underlying
linguistic iconicity. The complex capacity for linguistic iconicity has roots in a more general
cross-modal ability present throughout the animal kingdom, cross-modal transfer. Cross-modal
transfer is the ability to make basic inferences about sensory properties of an object in multiple
modalities based on experience from only one. This situates iconicity as a fundamentally cross-
modal phenomenon; part of a broader, uniquely human cross-modal cognitive suite which
includes relatively rare phenomena like synesthesia, alongside more ubiquitous phenomena
like sensory metaphor and cross-modal correspondences. Evidence suggests the evolutionarily
deep capacity for cross-modal transfer was honed into more sophisticated capacities underlying
iconicity by an evolutionary ratchet of increased prosociality during human self-domestication.
This period provided strong selective pressures for increasingly complex cross-sensory
communication, and eventually, the predominantly arbitrary symbolic systems that underpin
modern human language.
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1. Introduction

Iconicity occurs where there is a resemblance-based mapping between linguistic form and
meaning (Sidhu and Pexman, 2018), and it is often invoked as playing a key role in language
evolution (Cuskley and Kirby, 2013; Imai and Kita, 2014). This invocation rests on two specific
pillars: learning and grounding. Iconicity confers well-established advantages in language
learning (Nielsen and Rendall, 2012) and has been shown to play a key role particularly in
child language acquisition (e.g., Kantartzis, Imai and Kita, 2011). In learning, an iconic

connection between a linguistic form and its meaning makes a mapping easier to store and
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retrieve (Gasser, 2004; Lockwood, Dingemanse and Hagoort, 2016; see also Nielsen and
Dingemanse, 2021). In terms of grounding, a form connected to its meaning can provide the
foundation for a shared convention: in a scenario where two people don’t already share a
communication system and wish to establish one, tying form to meaning is a key means to
getting communication “off the ground”. For example, if multiple members of a population
naturally associate close vowels with smaller entities, an utterance like “ziku” to refer to a small
animal in a complex scene - alongside other multimodal grounding like deictic pointing -
allows for rapid formation of shared form-meaning pairings. In other words, forms (including
vocalisations and gestures) can refer to something other than themselves, by symbolising their
meaning in a shared intuitive manner. A shared understanding of which forms intuitively map

to which meanings can accelerate the construction of a lexicon (Imai and Kita, 2014).

Both the advantages of learning and grounding fit seamlessly into our increasingly
multimodal understanding of language: an integration of vocalisation and manual-facial
gestures was likely key in the face-to-face niche in which language evolved, and bolsters
language acquisition (Vigliocco, Perniss and Vinson, 2014; Murgiano, Motamedi and
Vigliocco, 2021; Rasenberg et al., 2022). While vocalisations in and of themselves have the
capacity to be iconically grounded (Cuskley, 2013; Perlman, Dale and Lupyan, 2015), the
greater visuo-spatial affordances of the manual-gestural modality play a key role in bolstering
this. Importantly, this is not an all or nothing process: iconicity is graded, and can shade into
or be bolstered by linguistic conventions (Ahlner and Zlatev, 2010). Occhino and colleagues
(2017) provide an illustrative example of this from sign languages: while the sign for tree is
iconically motivated in different languages (e.g., Danish Sign Language, Chinese Sign
language, American Sign Language), it nonetheless takes a different form in each language. In
other words, there are many ways to express a single meaning iconically. This entails the fact
that iconicity can be, but isn’t necessarily, transparent in that it has an obvious meaning for a
completely naive onlooker or hearer. Form-meaning pairings can be iconic for some particular
language users while being opaque or arbitrary to others (Occhino et al., 2017); forms can have
a variety of guises, occurring in just one modality at a time (e.g., as a sound), or as a multimodal

unit (e.g., a sound temporally synchronized with gesture and touch; Hodge and Ferrara, 2022).

While both learning and grounding are well-established areas of evidence for the role of
iconicity in language evolution, these only partially cover the questions we need to answer for
a fully comprehensive understanding of the evolution of language iconicity (and other areas of

language; see Spike, 2017). Tinbergen (1963) identified a systematic way of thinking about
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behavioral phenomena in terms of proximate and ultimate views (Bateson and Laland, 2013).
Proximate explanations focus on causal mechanisms (how a trait works in an an organism, e.g.,
neurological structures underlying it), and development (how a trait develops over an individual
organism’s lifespan; see Perniss and Vigliocco, 2014). Ultimate explanations focus on the
adaptive function of a trait (what it evolved “for”), and the trait’s phylogeny (its evolutionary
history, including related traits in other species). The ultimate adaptive function of iconicity
has been clearly articulated in terms of the aforementioned grounding of emergent language
systems (Cuskley, 2013; Cuskley and Kirby, 2013; Imai and Kita, 2014; Vigliocco, Perniss and
Vinson, 2014). Here, we focus on ultimate phylogenetic mechanisms of iconicity, particularly
its evolutionary precursors and selective pressures which led to the broader cross-modal

cognitive suite which enables linguistic iconicity.

To answer more ultimate phylogenetic questions, we can use what we know about the
proximate factors of a trait as a starting point. Sidhu and colleagues (2018) identify five
mechanisms underlying sound symbolic associations, which in turn form the basis for vocal
iconicity: statistical learning, shared (low or high level) properties, neurological factors,
evolved species-general associations, and linguistic patterns. This provides a useful framework
for the kinds of proximate factors which can underlie these associations, but they note that
these aren’t mutually exclusive for any given association. Particularly within a Tinbergian
evolutionary framework, these mechanisms offer different levels of explanation for a given
association. Identifying neurological structures involved in sound symbolic associations and
statistical learning provides explanatory power in mechanistic and developmental terms at the
proximate level. On the other hand, evolved species-general traits provide a partial ultimate
explanation, confined mainly to associations between size and pitch (Ohala, 1995). Linguistic
patterns have both a proximate and ultimate side: in terms of proximate development, they
form the basis of statistical learning, while in an ultimate sense, they may arise from the
amplification of general sound symbolic biases in the cultural transmission of language (Imai

and Kita, 2014).

Shared properties, both at high and low levels, seem to have the most explanatory
power; therefore, how we have the capacity to compute and connect shared properties is a key
question. For example, close front vowels and small shapes share the property of smallness,
and stop consonants and angular shapes have connotations of being fast and tense (Sapir, 1929;
Bozzi and Flores D’Arcais, 1967; Sidhu and Pexman, 2018, table 3, p. 1631). Why do close

front vowels have the property of smallness for us, and #ow did we evolve the capacity to store
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this connection? Why are stop consonants or angular shapes especially fast and how did they

come to be so? What is the deeper evolutionary history of the capacity for linguistic iconicity?

This chapter will aim to fill this gap, by proposing an evolutionary path from cross-
modal transfer into the human cross-modal cognitive suite. Section 2 will demonstrate that
cross-modal capacities underlying language iconicity share close ties to the evolutionarily older
capacity for cross-modal transfer. Section 3 will outline other phenomena, including cross-
modal correspondences, cross-modal metaphor, and synesthesia, which descended from cross-
modal transfer to form the uniquely human cross-modal cognitive suite. Section 4 will tie the
emergence of this cross-modal cognitive suite to human self-domestication, which has been
identified as a key process in the evolution of language structure and cultural transmission
(Thomas and Kirby, 2018). The environment created by self-domestication acted as a key
selective pressure to expand our existing cross-modal capacities to include language iconicity,
which has fundamentally social and communicative functions. Finally, Section 5 will provide

concluding thoughts on the evolution of linguistic iconicity and the cross-modal cognitive suite.

2.Cross-modal transfer: a precursor of language iconicity
2.1 Understanding cross-modal transfer

Briefly, cross-modal transfer! is the ability to utilize sensory information from one modality
to make inferences about, or undertake actions in, another. For example, we readily make
assumptions based on the appearance of an object about how it would feel (Saito et al., 2003),
even if we’ve only ever seen it. In other words, we use input from only one modality (vision)
to make inferences about properties from another (touch). This ability is pervasive across our
sensory modalities, with evidence of cross-modal transfer from touch to olfaction (Dematte et
al., 2006), vision to taste (Slocombe, Carmichael and Simner, 2016), and sound to vision (Rose,
2013). Developmentally in humans, cross-modal transfer emerges early and robustly: for
example, measures of cardiac response show that infants match intensities of light and sound

as early as three weeks old (Lewkowicz and Turkewitz, 1980).

! Note that there is substantial variation in the use of terminology related to concepts covered in this chapter.
The term “cross-modal” is sometimes used interchangeably with multisensory, multimodal, cross-sensory,
intersensory, intermodal, and a variety of other terms generally used idiosyncratically across the literature. This
entry uses cross-modal transfer to refer to the phenomenon of transferring experience in one modality directly
to another (e.g., inferring visual features based on tactile experience), cross-modal correspondences to refer to
associations between modalities which seem to be broadly shared in a population regardless of their underlying
mechanism (including cross-modal correspondences underpinned by cross-modal transfer), and multimodal to
refer to representations or interactions involving multiple modalities.
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Cross-modal transfer can seem like an impressive leap of inference, and indeed for a long
time was considered to be uniquely human (Davenport, Rogers and Russell, 1973). However,
the capacity for cross-modal transfer is essential for the function of embodied action in an
organism: it is a basic component of a functional multisensory system. For example, accurate
inferences about how a substance might taste (and thus, its nutritional or caloric value) based
on what it looks or smells like are basic cognitive tools for survival (Simner, Cuskley and
Kirby, 2010). Likewise, coordinating simple movements in three-dimensional space requires
cross-modal transfer: visual input allows an organism to coordinate effective movements using
the sense of the body in space (proprioception). In other words, even our distant primate
ancestors would have required cross-modal transfer to function in their physical environment:
the basic ability to coordinate a successful leap to (and grasp of) a previously unencountered
branch requires cross-modal transfer from vision to proprioception (Ramachandran, 2004).
Performing this kind of task based only on visual input of a novel scene would have been

essential even for our ancestors tens of millions of years ago.
2.2 Cross-modal transfer in other species

Given this basic function of cross-modal transfer within multisensory systems, it is
unsurprising that it is a capacity shared widely across the animal kingdom. Until the second
half of the twentieth century, many researchers argued the ability was uniquely human
(discussed in Davenport, Rogers and Russell, 1973), potentially arising as a result of our
linguistic cognition (Geschwind, 1974). Nonetheless, research has shown that a wide array of
phylogenetically distant species share the capacity to varying degrees. Both our closest ape
relatives and more distantly related monkeys have demonstrated this capacity (Cowey and
Weiskrantz, 1975; Ettlinger and Jarvis, 1976). Early work also showed that rats trained to
discriminate the intensity of a sound (e.g., performing a task for a reward with a high intensity
stimulus, but not a low intensity one) spontaneously transfer this training to light (Over and
Mackintosh, 1969). Schumacher and colleagues (2016) trained fish on discrimination of light
and electrical stimuli in the weakly electric fish, Ganthonemus petersii. They found that the
fish can transfer discrimination training both between light and electro-sensory perception, and
that this transfer is particularly sensitive to extremes. Solvi and colleagues (2020) trained
bumblebees to discriminate between different shapes in total darkness — meaning they had only
experienced the shapes haptically. The bees later encountered the shapes visually, but could

not touch them; they nonetheless maintained discrimination performance in the visual
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modality. This was also reversible: bees were able to discriminate haptically between shapes

(in the dark) having only ever seen them previously.

Overall, testing for cross-modal transfer in other species can be tricky: it relies primarily
on discrimination training, which is time intensive and requires captive populations. Given the
practical difficulty with operationalizing cross-modal transfer, its apparent survival value, and
the phylogenetically diverse array of species demonstrating the ability, it is quite possible that

current research has underestimated the ubiquity of cross-modal transfer.

3. The cross-modal cognitive suite

While early theoretical work suggested language might underpin cross-modal
“processing” (Geschwind, 1974), this was later abandoned as a rich body of evidence emerged
that cross-modal transfer was significantly more evolutionarily widespread than language
(Ettlinger and Wilson, 1990). However, the reverse — that cross-modal abilities are a
prerequisite for language — has amassed substantial evidence. More specifically, we propose
that cross-modal transfer has blossomed in primates — and particularly humans — into a more
sophisticated cross-modal cognitive suite. This suite provides us with neurological and
behavioral tools to not only make, but store and extend cross-modal representations. These
representations underpin our ability to learn arbitrary symbols, and tie together atypical sensory
phenomena like synesthesia with more abstract and mundane sensory phenomena like cross-

modal metaphor.
3.1 Cross-modal correspondences

The human cross-modal cognitive suite extends beyond cross-modal transfer to more
arbitrary cross-modal correspondences. These are shared associations that involve either the
extension or even the apparent uncoupling of the clear connective mechanisms inherent to
cross-modal transfer. We generalise cross-modal correspondences that arise from statistical
learning: small animals make high pitched sounds, so we associate higher pitched sound with
smaller shapes in general (Ohala, 1995; Mondloch and Maurer, 2004). However, many cross-
modal correspondences have no clear mechanism. Cross-modal correspondences are often
described as “non-arbitrary” because they tend to be shared across participants at high rates
(Spence, 2011; Slobodenyuk et al., 2015). But there is often no transparent mechanism at play.

In terms of linguistic iconicity, there is some ineffable “resemblance based mapping” between
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forms; but we don’t always have a sense of what underlies the resemblance, beyond the fact

that we seem to share a strong intuition that there is one.

For example, we associate high pitch with abstract shape angularity: higher pitches are
more angular, while low pitch is round (Marks, 1987). This association is robust across
participants, but there is no obvious physical mechanism to connect pitch and angularity. Some
researchers argue that all cross-modal correspondences might be reduced to statistical learning:
they are the result of picking up on co-occurrences in the environment, like that larger objects
tend to be heavier (Spence, 2011). Proponents of this approach suggest that statistical
regularities in the environment may also underlie less obvious associations. In some cases,
research has substantiated this: Parise and colleagues (2014) have shown that robust
associations between pitch and spatial location (high pitch? tends to be high in space, low pitch
low) are reflected in the statistical properties of soundscapes. In other words, high pitched

sounds tend to actually come from higher elevations in natural soundscapes.

But for many associations, mechanistic explanations which rely on statistical
regularities are tenuous, and have more of a feel of “just-so” stories. For example, Parise and
Spence (2012) suggest that for pitch and angularity, “harder objects resonate at higher
frequencies and tend to scatter into sharper pieces than softer objects when broken”
(Slobodenyuk et al., 2015, p. 1380). Thus, we associate higher pitch with more angular objects.
But even if this held, it would be a very complex chain of cross-modal correspondences: tying
the shape of a two-dimensional object to its three dimensional form, simulating the behavior
of this 3D form when broken, associating this with hardness, hardness to resonant frequency,
and resonant frequency of an object to pitch. This particular mechanistic chain is untested, and
there may be a simpler explanation for shape-pitch correspondences; but the point is that this
kind of explanatory mechanism involves a complex cross-modal chain, bringing this well
beyond the norm of more basic cross-modal transfer. Moreover, these kinds of explanations
are especially common for the kinds of linguistic cross-modal correspondences that underlie
iconicity. The next section provides a brief overview of linguistic cross-modal correspondences
and some of their proposed mechanisms. Following that, we connect these explicitly to two

other linguistic elements of the cross-modal cognitive suite: synesthesia and metaphor.

3.2 Linguistic cross-modal correspondences

% Note that the metaphorical language used to describe pitch (high vs low) in English reflects this association;
this will be discussed further in section 3.3.
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Work on linguistic cross-modal correspondences can be traced back in large part to
early work by Kohler (1929) on shape and Sapir (1929) on size. Briefly, findings based on this
work have shown that shape features are associated with a variety of phonetic, phonological,
and articulatory features. In consonants, voicing, manner of articulation and sonority have been
associated with roundedness (e.g., Nielsen and Rendall, 2011; D’Onoftrio, 2014; Cuskley,
Simner and Kirby, 2017), while stops are more angular and continuants tend to be more
rounded (Westbury, 2005; Nielsen and Rendall, 2012). In terms of vowels, both closer and
more front vowels are associated with more angular shape (Ozturk, Krehm and Vouloumanos,
2013), and back-rounded vowels are associated with rounder shapes® (Maurer, Pathman and
Mondloch, 2006). Linguistic cross-modal correspondences involving shape are sensitive to
orthographic effects: though the effect is persistent across cultures with diverse writing systems
(Cwiek, et al., 2022), the acquired cross-modal shape-sound mappings inherent in alphabetic
writing systems can interfere with these effects in certain kinds of tasks (Cuskley, Simner and
Kirby, 2017). Additionally, it is possible that orthography reflects linguistic cross-modal
correspondences: letters look like they sound, to some degree (Jee, Tamariz and Shillcock,

2018).

In terms of size, close front vowels are associated with small entities, and open back
vowels are associated with large entities (Thompson and Estes, 2011; Ohtake and Haryu, 2013;
for more detailed reviews of size and angularity symbolism, see Sidhu and Pexman, 2018;
Westbury et al., 2018). While the majority of work on linguistic cross-modal correspondences
has tended to focus on shape and size, recent work has also focused on motion (Cuskley, 2013),
smell (Speed et al., 2021), taste (Simner, Cuskley and Kirby, 2010), color (Cuskley et al., 2019;
Johansson, Anikin and Aseyev, 2020), and emotions (Adelman, Estes and Cossu, 2018) (see
also Dingemanse, Perlman and Perniss, 2020 for a detailed overview of experimental

approaches to linguistic iconicity).

Linguistic cross-modal correspondences often focus specifically on sound symbolic
associations (Hinton, Nichols and Ohala, 2006; Sidhu and Pexman, 2018), probing the bounds
of how sound maps onto other modalities, responding to the historically underrated potential
for vocal iconicity (Perlman, Dale and Lupyan, 2015; Johansson, Carr and Kirby, 2021).

However, particularly in the context of language evolution, the term linguistic cross-modality

3 1t’s worth noting that roundedness and frontness are confounded in many studies which look at these features.
Like cognitive sciences generally (Blasi et al., 2022; Henrich, Heine and Norenzayan, 2010), the vast majority
of these studies focus on English speakers, for whom there are no rounded front vowel phonemes, and the
majority of back vowels are rounded.
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is more apt, extending beyond sound symbolism in two important ways. First, the term
linguistic cross-modal correspondences encompasses sound symbolic associations, but also
gestural symbolism in multimodal linguistic interaction, which may be used to infuse non-
transparent vocalizations with iconicity (Cuskley and Kirby, 2013; Rasenberg et al., 2022).
Second, a focus on linguistic cross-modal correspondences underscores their considerable
potential to account not only for grounding in spoken languages, but also signed languages
which occur primarily in the manual/visual channel. Overall, the term /linguistic cross-modal
correspondence better fits the “multimodal, polysemiotic, and plurifunctional” nature of

iconicity (Hodge and Ferrara, 2022).

Multimodal interactions are of crucial importance given the face-to-face niche of
linguistic interaction. Symbolic alignment emerges earlier and more reliably in multimodal
contexts (Rasenberg et al., 2022), and gestural signals arguably have greater affordance for
transparent cross-modal mappings, particularly to the visual modality (Hockett, 1978). There
is little, if any, work on “gestural cross-modal correspondences” per se, mainly because
gestures tend to be much more obviously iconic (often in part because of their transparency),
and so this work falls under the umbrella of manual or gestural iconicity. There is still a great
deal to understand about the mechanisms at play in creating and understanding iconic gestures
(see e.g., Hassemer and Winter, 2018; Ortega and Ozyiirek, 2020). However, the mechanisms
connecting, for example, small gestures and small quantities (e.g., Woodin et al., 2020), are
more obvious than, for example, those which connect shape roundness to voicing. These tend
to be more straightforward extensions of cross-modal transfer (smaller quantities tend to
occupy less space), as opposed to the complex (and often hypothetical) syllogistic cross-modal
chains often invoked to explain cross-modal correspondences like those between roundedness

and voicing.

The proximate mechanisms underlying a particular cross-modal correspondence
(including those that are linguistic in nature) will range from being relatively transparent and
simple (small things make high pitched sounds) to more opaque and complex. Each
correspondence — linguistic or not — requires further study to illuminate its specific properties
and underlying proximate mechanisms. Nonetheless, these associations can be considered
extensions of the general and evolutionarily deep capacity for cross-modal transfer. Linguistic
cross-modal correspondences, and cross-modal correspondences more broadly, are often
characterized as innate or “hard-wired” (see Spence and Deroy, 2012 for an overview of

arguments about innateness cross-modal correspondences generally, and Sidhu and Pexman,
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2018 for sound symbolic associations). In the first instance, there are general philosophical and
conceptual issues with claims dealing in concepts like innateness (Mameli and Bateson, 2011)
and the degree to which behaviors are “hard-wired” (Lilienfeld et al., 2015). More importantly,
if we wish to illuminate the phylogeny of linguistic cross-modal correspondences (and thus,
iconicity), it is more fruitful to consider the capacity for cross-modal correspondences in

general as the entity we need to explain the evolution of, rather than specific instantiations.

In other words, regardless of the source of a particular cross-modal correspondence, it
is our capacity for making and using these associations that is unique, and this has been used
to particular effect in language. Moreover, humans haven’t just expanded the capacity for
cross-modal transfer into more opaque cross-modal correspondences but moved further in two
ways. First, we utilize this capacity in the creation and interpretation of sensory metaphors,
which are a major source of expansion within a vocabulary. Second, in some individuals, cross-
modal cognition has gone beyond ineffable association and into the realm of sensory

experience in the form of synesthesia.
3.2 Metaphor

Leaving a detailed discussion of the relationship between metaphor and iconicity aside
(see Hiraga, 2005), this section will focus on the relationship between cross-modal
correspondences and metaphor. Some metaphors have such a strong cross-modal basis that we
barely recognize them as metaphorical. In English, we refer to sounds with higher frequency
as high pitch, and so associations between pitch and position in space seem almost literal.
Metaphors work because they are based on the kinds of shared extended affordances inherent
to, and sometimes reflecting, shared cross-modal correspondences. Pitch-height metaphors are
conventionalized in English, but even efforts to explain them in literal terms lead to more
metaphor. The supposedly dry language of physics that describes pitch in terms of high
frequency is technically somewhat metaphorical; fundamental frequency changes as a function
of the distance between crests in a sound wave, usually quantified in terms of how many waves
pass within a second (Hz) — this is more literally how fast the sound wave is cycling (amplitude,
experienced as loudness, is conventionally represented as the height of a sound wave on a 2D

plane).

Like there are many roads to iconicity, there are also many roads to metaphor. Height
is not a universal metaphor for talking about variations in sound frequency; languages use a

variety of metaphors in this domain including weight, age, strength, and thickness (Eitan and
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Timmers, 2010; Dolscheid et al., 2013). Most readers can likely guess which way these
metaphors go with little effort and no experience in the relevant languages: high pitch is light
while low pitch is heavy (Kpelle, Liberia; Stone, 1981), high pitch is young and low pitch is
old (Suya people of the Amazon Basin; Zbikowski, 1998), and high pitch is weak while low
pitch is strong (Bashi, central Africa; Merriam and Merriam, 1964; Eitan and Timmers, 2010).
Like English, Dutch uses height metaphors for pitch; Farsi on the other hand uses thin and thick
to refer to high and low pitch respectively (Dolscheid ef al., 2013), while Japanese uses both
height and thickness metaphors. Dolscheid and colleagues (2013) found that this affects
performance in a purely psychophysical task: when asked to sing back pure tones while looking
at a screen, Dutch speakers reproduce higher pitch tones when a line is presented at the top of
the screen at the same time as the tone, and lower pitches when a line is presented at the bottom
of the screen. On the other hand, Farsi speakers display thickness interference: they produce a
lower pitch when a thicker line is displayed, and a higher pitch when a thinner line is displayed.
Dutch speakers initially don’t display thickness interference, but after brief training on using
thickness metaphors to talk about pitch, thickness interference appears in the tone reproduction

task.

This shows a bi-directional cross-modal relationship: not only does how we perceive
pitch affect how we talk about pitch, but how we talk about pitch can affect performance in a
perceptual task. Despite not being the pitch metaphor of preference for all languages,
visuospatial elevation does seem to map to pitch consistently across developmental stages
(Walker et al., 2018) and cultures (Parkinson et al., 2012). Children who speak pitch-thickness
languages, like Farsi and Turkish, are quicker to learn perceptual mappings between pitch and
thickness than children who speak a pitch-height language like German (Shayan et al., 2014).
In other words, these correspondences both manifest in languages, and can be intensified or
fine-tuned by language learning (Holler et al. 2022). Our capacity to make novel metaphors,
and internalize them as conventions, is part of the same cross-modal cognitive suite underlying
linguistic iconicity. The neurological mechanisms underpinning this connection will be

discussed further in section 3.4.
3.3 Synesthesia

Synesthesia is a phenomenon wherein a stimulus in one modality (known as the
inducer) not only triggers the usual sensory experience (e.g., hearing sound), but also a
response from at least one additional modality, known as the concurrent (e.g., seeing color as

a result of hearing sound). Importantly, for synesthetes, the relationship between inducer and
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concurrent goes beyond the more widespread cross-modal correspondences described earlier
in this section: the concurrent is automatic, and perceptually real (although this can take many
forms; see van Leeuwen, 2013, for a discussion). For example, the most widely attested kind
of synesthesia is colored graphemes, wherein participants reliably see printed letters in
particular colors (Simner et al., 2005). Various behavioral studies have shown this effect is
genuine (Ward et al., 2010), but there is also neurological evidence: grapheme-color
synesthetes show activation in the V4 color area of the visual cortex within 110ms of the onset
of a black and white grapheme stimulus (Brang ef al., 2010). While synesthesia was once
thought to be rare and exhibit much higher prevalence among women, it is now understood to
be fairly prevalent (occurring in approximately 5% of the population), with an even gender
distribution (Simner and Carmichael, 2015). It also shows genetic patterns, with over 40% of
synesthetes reporting at least one synesthetic relative in their immediate family (Barnett et al.,
2008) and some research suggesting genetic similarity between families with a higher

prevalence of synesthetes (Tomson et al., 2011).

The relationship between synesthesia and cross-modal correspondences has been a
matter of debate. On the one hand, some have argued that human neonates are all strongly
synesthetic, but that normal neural pruning creates division between sensory modalities in
development such that most adults have cross-modal correspondences, but not synesthesia
(Maurer, Gibson and Spector, 2013). On the other hand, many have argued that synesthesia
and cross-modal correspondences should be considered distinct phenomena (Deroy and
Spence, 2013). However, much of this debate surrounds the level of granularity at which we
consider the phenomena. While the specific nature of synesthetic inducers and concurrents
might be highly idiosyncratic, there do tend to be trends across synesthetes (e.g., for grapheme
and color, A4 is more likely to be red, B is more likely to be blue), and these are echoed by
shared cross-modal correspondences in the general population (Simner et al., 2005; Cuskley et

al., 2019).

This “echo” is, however, less specific: synesthetes show strong stability and specificity
of their associations over time. Shared cross-modal correspondences might be temporally
stable (e.g., people associate the letter 4 with red reliably when tested at different times), but
they are more relative: A is redder than other letters, but it is not a specific shade of red. For
synesthetes, concurrents are both temporally stable and specific: they exhibit hue similarity to
a far more specific degree than non-synesthetes (Rothen et al., 2013), and this consistency can

span decades (Simner and Logie, 2008). Overall, while synesthesia is rightly considered a
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distinct phenomenon (defined primarily by the perceptual reality of automatically and
involuntarily experiencing a concurrent), there is little doubt that it is fundamentally related to
more general cross-modal correspondences in some important ways (Deroy and Spence, 2013;

Bankieris and Simner, 2015).

The relative versus specific nature of cross-modal correspondences and synesthesia can
also be thought of in terms of structure. In a vowel-color association task across over a thousand
Dutch speakers, Cuskley and colleagues (2019) found that a relative minority demonstrated the
consistency in choosing specific colors across trials generally used as a diagnostic criteria for
synesthesia. However, a majority of participants — including most synesthetes — showed
structure in their mappings: that is, vowels that sounded similar were likely to have similar
colors, even if those colors weren’t consistent across trials. This indicates that the cross-modal
cognitive suite involves a general preference for cross-modal structure, but a flexibility with
respect to the precise nature of that structure. Synesthetes have more definite and specific
preferences, but these could play a key role in seeding the cross-modal correspondences in a

population (Cuskley and Kirby, 2013).

There are at least 60 distinct varieties of synesthesia that have been documented,
including tasting words, hearing colors, and seeing emotions (Simner, 2012). But within this
diversity, a majority of attested synesthesias involve linguistic inducers; either in terms of
graphemes, phonemes, or the lexicon (Simner, 2007). Most obviously, this points to a
particularly important relationship between language and cross-modality. But it also
underscores the key role played by learning even in such an automatic, perceptually real
phenomenon — a phenomenon so real and automatic, that many synesthetes report being
unaware that their experience was unusual (Auvray, Deroy and Matthen, 2015). Even
proponents of a largely innate language faculty concede that language specific properties (like
phoneme contrasts and lexical items) must be learned (Pleyer and Hartmann, 2019); indeed,
the lexicon is one area of language which is plastic into adulthood and beyond. Given its
patterns of heredity (Brang and Ramachandran, 2011), there does appear to be a strong genetic
basis for synesthesia, but it is polygenetic and non-specific: it is a predisposition for a trait that

is shaped by learning and the environment, not a specific cross-modal connection.

Grapheme-related synesthesias are a particularly interesting case for the role of learning
in both synesthesia and cross-modal phenomena more generally. Not only are graphemes
learned, but they are effortfully learned affer the sound system of a language has been acquired.

Graphemic mappings already entail an initially effortful cross-modal mapping between sound
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and shape that eventually becomes so automatic that the sight of a written representation can
activate a phonological one (Ziegler, Ferrand and Montant, 2004). Moreover, reading is not
universally learned — not every contemporary language has a written form (signed languages
tend not to, and many spoken languages lack one), and historically, literacy was far from
ubiquitous across the population. In other words, graphemes are not necessarily a “normal”
part of development. Nonetheless, they often seem to be how synesthesia is expressed; even
for non-synesthetes, graphemes are an acquired automatic, perceptually real shape-sound
correspondence. In short, language related synesthesias underscore the flexible nature of cross-
modal phenomena, as a capacity for creating associations between modalities that adapt to and

interact with individual experience.
3.4 Neurological underpinnings of the cross-modal cognitive suite

Neuroscientists have been aware of specialized areas of the brain related to experience
in single modalities (e.g., somatosensory cortex for touch, the visual cortex in the occipital
lobe, and auditory cortex within the temporal lobes; Purves et al., 2004), for centuries.
However, the neurological activity involved in multisensory experience cannot be pinpointed
in the same way we can locate e.g., “vision” alone; rather, it seems to be a network of structures
working together which integrate information from various subsystems (Sadaghiani and
Wirsich, 2020). Despite its relatively late discovery, this distributed network is far from
peripheral; in fact, many have argued that the integration of sensory and experiential
information is a key component of what we experience as consciousness (Searle, 2004; Crick

and Koch, 2005; Koch et al., 2016).

Nonetheless, this cross-modal neurological network does seem to have an array of
different “hubs” throughout the brain, including sensory specific cortices, as well as the
superior temporal sulcus, the intraparietal sulcus, the insular claustrum, the frontal cortex, and
the superior colliculus, among others (Calvert, 2001). Ettlinger and Wilson (1990) argue that
these areas do not seem to store multi-sensory representations, rather, they “relay” cross-
sensory connections. Particularly relevant to the evolution of cross-modal transfer is that these
brain areas do not seem to be unique to humans, not only in terms of their presence, but in
terms of their role in cross-modal tasks across a wide variety of species, including rats, cats,

and monkeys (Crick and Koch, 2005).

While we shouldn't necessarily expect to locate a specific “cross-modality area” in the

brain for reasons we will discuss shortly, some particular structures show interesting behavioral
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and evolutionary patterns relevant to the cross-modal cognitive suite. The intraparietal sulcus
(IPS) is a large groove in the cerebral cortex located in the parietal lobe (sulcus being Latin for
“fold or wrinkle”), which plays a role in cross-modal correspondences (including cross-modal
transfer), metaphor, and synesthesia. The IPS plays a key role as a relay of information for
visual, spatial, and auditory systems in primates. This extends to a role in cross-modal
correspondences more generally, particularly as these relate to cross-modal effects in speech
perception (Kilian-Hiitten, Formisano and Vroomen, 2017). The right IPS has been implicated
in perceptual metaphor processing (Sadaghiani, Maier and Noppeney, 2009), and more
specifically in novel metaphor production, as a kind of informational relay in a complex
network between perceptual and executive function areas in the brain (Beaty, Silvia and
Benedek, 2017). The IPS also seems to play a role in synesthesia. In a grapheme-colour task,
grapheme-colour synesthetes have greater activation in the left IPS than non-synesthetes
(Rouw and Scholte, 2010), and the IPS also shows notable activity in numerical-spatial

synesthesias (Cohen Kadosh, Cohen Kadosh and Henik, 2007; Arend et al., 2017).

Moreover, there is evidence for evolutionary changes to the IPS in humans. The degree
of folding in a mammalian brain - also known as gyrification - is key to the expansion of
available cortical surface area without necessarily increasing overall brain volume (Tallinen et
al., 2014). Gyrification within a confined cranial capacity increases cortical surface area not
just by creating new folds, but also by deepening existing ones. The depth of the IPS groove is
markedly enlarged in humans relative to macaques (Grefkes and Fink, 2005), and deeper in
humans (22-26mm, Ludwig et al., 2013) than chimpanzees (11-12mm, Bogart et al., 2014).
Simultaneously, these sulcal depth differences show lateral asymmetries, with greater
differences in depth between left and right sides of the brain in chimpanzees relative to
macaques (Bogart er al., 2012; Sawada, 2020 for additional detail on lateralization). This
asymmetry in [PS depth is further intensified between humans and chimpanzees and has been
specifically connected to language and tool use (Binofski et al., 2016). This asymmetry
suggests that some hemispheric specialization related to cross-modality was present in our last
common ancestor with chimpanzees. Overall, this points to a distributed network crucial for
the cross-modal cognitive suite, with the IPS as a key relay: one which has undergone

significant changes increasing cortical surface area particularly in humans.

While the IPS is perhaps a common theme, the distributed nature of this cross-modal
network means that this is by no means the only brain area implicated in cross-modal

experience (see e.g., Calvert, 2001 on cross-modal processing; Schmidt and Seger, 2009 on
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metaphor; Rouw, Scholte and Colizoli, 2011 on synesthesia). Debates about the relationship
between widespread cross-modal phenomena (including cross-modal correspondences and
sensory metaphor) and synesthesia often focus on the diversity in these cross-modal
experiences (Deroy and Spence, 2013). The variety of neural structures underpinning cross-
modal transfer makes this system ripe for exaptation: “features that enhance fitness but were
not built by natural selection for their current role” (Gould and Vrba, 1982, p. 4). Where brain
areas are functionally (and thus, adaptively) specialized (e.g., as in the visual cortex for vision),
those systems develop robustly and are developmentally canalized. On the other hand, systems
which are more distributed tend to be more plastic: they can respond to learning and experience
throughout the lifespan, and exhibit more individual and cultural variation (Barrett, 2012). This
feature of cross-modal systems has made them a prime candidate for expansion and exaptation

into a broader cross-modal cognitive suite.

This also underscores the argument that, at least from an evolutionary perspective, we
should veer away from treating cross-modal experiences as confined traits with varying deep
or superficial similarities. This is not to say we shouldn’t study phenomena like metaphor,
synesthesia, or visuo-motor coordination in their own right, much like inhibition (one
dimension of executive function) and visual encoding (one dimension of memory) still remain
vital areas of study independent of the broader cognitive systems to which they belong. Rather,
in evolutionary context, cross-modal experiences are more usefully framed as a cognitive suite
or system, alongside other multidimensional cognitive systems like executive function (Gilbert
and Burgess, 2008) and memory (Squire, 2004). Our cross-modal cognitive suite is not
confined to specific behavior(s), but is a capacity to make associations across modalities with
varying degrees of automaticity, perceptual activation, and abstraction. The next section
outlines the potential selective pressures which might have led basic cross-modal transfer to
have expanded into this broader system, particularly as a tool for iconicity, and an adaptation

for communication.

4. From cross-modal to communicative

Sections 1 and 2 have introduced the relationship between linguistic iconicity and cross-
modal transfer, while section 3 has detailed the much broader human cross-modal cognitive
suite. Evidence regarding the cross-modal cognitive suite points to a generalized cross-modal
network in the brain, potentially revolving around considerable growth in the depth of the

intraparietal sulcus (IPS). We propose that this network was originally used primarily for basic
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coordination tasks in cross-modal transfer, and was exapted for more generalized cross-modal
correspondences. This system expanded behaviorally and neurologically, growing into both
more abstract and general-purpose use for linguistic metaphor, and more idiosyncratic but

perceptually real phenomena like synesthesia.

There is still a missing link here: exaptation requires selective pressure. While many
animals (including humans) use cross-modal transfer to dynamically navigate the world around
them as individuals, humans seem unique in their propensity to use cross-modality for social
communication. What selective pressure led to its more social and communicative use in
humans? Increasingly, researchers have come to appreciate the significant potential role of
human self-domestication on our evolution, particularly as this pertains to many aspects of
language, including social cognition and cultural transmission (Benitez-Burraco, Ferrettti, and
Progovac 2021; Thomas and Kirby 2018). Self-domestication refers to the evolution of traits
associated with domestication syndrome (including physical ones, like shorter muzzles and

floppy ears in dogs, but also behavioral changes, such as increased prosociality).

Thomas and Kirby (2018) focus on a conditions view of domestication: what are the
natural selective pressures created by domestication (self or otherwise)? Importantly, these are
separate from artificial selection and selective breeding, and instead focus on the general
environment of domestication, including “reduced living space, increased predictability of food
and water supply, dietary changes, altered social structure, and greater availability of shelter
... [including] profound changes to an organism’s microclimate” (Thomas and Kirby, 2018, p.
15). Indeed, there is good evidence that the conditions of domestication induce similar genetic
changes across diverse domesticated species (Theofanopoulou et al., 2017). Primate self-
domestication involved increased pressure for cooperation, selection against aggression, and
greater prosociality in general (Hare, Wobber and Wrangham, 2012). Thomas and Kirby (2018)
identify this changed phenotype in humans as leveraging vocal learning and cultural
transmission combined with an emergent communicative intent to bolster the emergence of

language.

It is important to acknowledge domestication as a gradual process, where a (sub)species
becomes increasingly domesticated across generations. As such, it is difficult — and
potentially misleading — to pinpoint an exact moment in time when humans became self-
domesticated. Theofanopoulou et al. (2017) use genomic data and physical attributes to show
that modern humans have genetic markers of domestication that are absent in Neanderthals.

While this speaks to the relative domestication of humans and Neanderthals, it doesn’t preclude
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the possibility of some self-domestication in earlier hominid species; indeed, there are some
markers of self-domestication even in Bonobos (Pan pansicus) relative to common
chimpanzees (Pan troglodytes, Hare, et al., 2012). Self-domestication likely intensified for
Homo sapiens since the split from our last common ancestor with Neanderthals, approximately
550-765 thousand years ago (Meyer et al., 2016). In other words, humans are especially
domesticated, but evidence shows our hominid relatives likely shared some of these traits.
Neanderthals had a material culture not unlike contemporary humans (Hardy et al., 2020),
which has been tied to neuroanatomical changes likely caused by self-domestication (Bruner
and Gleeson, 2019). Neanderthals also share key features of vocal tract organization with
humans that have been tied to complex vocalization (D’ Anastasio et al., 2013; de Boer, 2009).
Finally, recent evidence shows frequent and intense interaction between hominid species
(Djakovic, Key and Soressi, 2022), including interbreeding (Villanea and Schraiber, 2019),

making it unlikely that Neanderthals and humans had drastically different social organization.

Figure 1 shows a schematic of the relationships between the different aspects of the
cross-modal cognitive suite, and a tentative suggestion as to how this relates to the split from
our last common ancestor with our Neanderthal cousins. Regardless of when and to what extent
self-domestication played a role in hominid evolution, self-domestication created significant
pressure for humans to channel their experiences into communicative acts. This pressure then
led to the expansion and exaptation of cross-modal transfer into the more unique human cross-
modal cognitive suite, as this supported the learning and grounding of communicative systems.
Exact dating of this process is difficult, and so it is impossible with current evidence to say
whether (or to what extent) the cross-modal cognitive suite was exclusive to humans. However,
it seems likely that these pressures somewhat affected the last common ancestor of Homo
sapiens and Neanderthals more than 550 kya, or at least that Neanderthals responded to similar
selective pressures in similar ways by undergoing some level of self-domestication and

concurrent evolution of the cross-modal cognitive suite.



19

Linguistic iconicity and the cross-modal cognitive suite

( )
Cross-modal Cross-modal Cross-modal
transfer correspondence cognitive suite
Multi-modal representations Correspondences Increased prosociality and
supporting inference decoupled from pressure for social
Phylogenetically deep, shared embodied experience communication/learning
with e.g. rats, fish, bees Expands into synesthesia,

linguistic iconicity and
L metaphor
W

Intensifying self-domestication

_______ w )
550-765kya Present
Split from last common Homo sapiens

ancestor with Neanderthals
and Denisovans

Figure 1: A sketch of the evolution of the cross-modal cognitive suite in the context of self-
domestication, encompassing evolutionary precursors of cross-modal transfer and cross-modal
correspondences.

The relationship between prosociality, self-domestication, and cross-modality plays an
important role in the expansion to the cross-modal cognitive suite. Neurochemicals like
serotonin (Popova et al., 1991) are associated with the increased prosociality and cooperation
at the core of self-domestication, and have also been shown to affect the cross-modal cognitive
suite in humans. In synesthetes, the use of selective serotonin reuptake inhibitors (SSRIs) can
disrupt synesthetic experience (Marek ef al., 2003; Brang and Ramachandran, 2008). In non-
synesthetes, drugs which increase the release of serotonin in the brain, such as LSD and
psilocybin, can induce temporary and genuine synesthetic experience (Luke et al., 2022). These
neurochemicals are found in higher levels in domesticated species, suggesting that they
increase (partly) in support of prosocial behavior during domestication (Popova et al., 1991).
This indicates that the conditions of domestication not only provided a pressure for prosocial
communicative acts, but also gave rise to neurochemicals that play a key role in the cross-
modal cognitive suite. Sommer and colleagues (2022) measured prosociality alongside
sensitivity to cross-modal correspondences and found that more prosocial individuals have

stronger cross-modal correspondences.
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There is further evidence for a relationship between self-domestication and the cross-
modal cognitive suite in the brain. Bruner and Gleeson (2019) argue that self-domestication is
specifically associated with expansion in the parietal lobe in both Neanderthals and humans
(Bruner, 2018), including the IPS, which plays a key role in cross-modal cognition. While there
is evidence of an increase in parietal brain volume in both Neanderthals and humans, the IPS
specifically accounts for much of the variation between species — specifically, greater depth of
the IPS in humans relative to Neanderthals (Bruner, 2010). Overall, during the time period
when hominids would have begun the process of self-domestication (sometime around 550-
765 thousand years ago), there is evidence of strong selection for behaviors associated with the
IPS and the parietal lobe more generally, including “associative functions integrating visual,
auditory, and spatial information with sensorimotor activity” (Coolidge et al., 2015, p. 194;
Holloway, 1996). This describes the core of the cross-modal cognitive suite underlying
linguistic iconicity, which arguably played a key role in establishing lexical referential systems
in the early stages of language evolution in terms of both grounding and learning (Cuskley and

Kirby, 2013; Imai and Kita, 2014).
5. Conclusions

A growing body of work has suggested that linguistic iconicity played a key role in the
evolution of language, particularly in its potential for grounding shared language in populations
without an existing system, and for the role it plays in language learning. Work in this vein has
extensively documented the proximate mechanisms and adaptive function of linguistic
iconicity. This leaves a gap: where does the capacity for linguistic iconicity come from in our
evolutionary history? This chapter has identified a key candidate for an evolutionary precursor
to linguistic iconicity: cross-modal transfer. Cross-modal transfer is widespread in the animal
kingdom, and involves using perceptual experience to make inferences; for example, pairing a

high pitched sound with a smaller animal, even before you can see it.

In humans, self-domestication put selective pressure on this basic cross-modal system
to expand and extend to cross-modal correspondences, which often have less obvious or direct
mechanisms which connect modalities. For example, the suggested mechanisms behind
associating more angular shapes with higher pitch involves a complex cross-modal chain.
These kinds of cross-modal chains may well be the mechanism underlying any given cross-
modal correspondence, but they indicate a step-change from more basic processes of single

step cross-modal transfer, wherein mechanisms are more direct. This expansion of the cross-
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modal suite entailed specific selection for linguistic cross-modal correspondences: our ability
to readily associate multimodal communicative events (spoken, signed, or dual-channel) with
perceptual experiences. In the context of self-domestication, more complex communication
systems facilitated and intensified cooperation, putting further pressure on our cross-modal

system to support communication.

This suite not only expanded to linguistic cross-modal correspondences, but also the
related cross-modal phenomena of metaphor and synesthesia. Once a linguistic form is
established via iconic grounding, the same cross-modal processes which facilitated perceptual
grounding enabled metaphorical shifts and broadening, allowing language systems to expand
(Cornejo et al., 2009; Cuskley and Kirby, 2013; Ellestrom, 2017). The cross-modal cognitive
suite not only allows us to readily make shared cross-modal correspondences, but also to learn
them. The grounding function of iconicity gets a system started, but its advantages during
learning are key for the continuation and expansion of a system. Synesthetes present a special
case of “super” cross-modal associators, who have unusually stable, specific, and perceptually
real cross-modal correspondences. While synesthetic correspondences show patterns, they are
largely idiosyncratic in nature; but they may sow the seed for more widely shared cross-modal
correspondences in a population. Because the ability to rapidly acquire new cross-modal
mappings is part of the cross-modal cognitive suite, synesthetes may provide the spark a

population needs to jumpstart a language system.

Language evolution is an inherently complex problem, with many facets beyond
explaining how we came to have a complex shared vocabulary, including the function and
acquisition of language structure, and the complex social cognition it entails. Nonetheless,
understanding both the proximate and ultimate mechanisms underlying iconicity has strong
explanatory power regarding the particularly human capacity for a large, open-ended system
of shared symbols. Embedding iconicity within a wider cross-modal cognitive suite, and this
within human self-domestication, begins to give us a clearer, more holistic picture of how and

when language may have evolved.
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