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Abstract

Crossmodal correspondences are associations between
perceptual features from different senses that aid in crossmodal
binding. The semantic coding of these correspondences is
expected to capture and mediate the emergence of perceptual
crossmodal correspondences. However, the cross-cultural
nature of such semantic coding has not been thoroughly
studied. This research involved five languages across three
different linguistic families (English, Dutch, Turkish, Chinese
and Italian). Using distributional semantics, modality
exclusivity norms and emotional lexicons, networks were
constructed to represent semantic crossmodal correspondences
and assess their relationship with Valence, Arousal and
Dominance. Results indicate that emotions, particularly
Valence and Dominance, play pivotal roles in shaping the
structure of semantic crossmodal correspondences networks
across languages. Moreover, the findings reveal that some
types of semantic crossmodal correspondences might be shared
among different languages in various language families,
suggesting shared cognitive processes. This supports the
significance of emotions as fundamental components in
semantic crossmodal correspondences. Additionally, the study
provides  evidence  supporting shared  crossmodal
correspondences among languages and cultures.
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Introduction

Crossmodal correspondences are systematic cognitive
associations between features across different sensory
modalities (Spence, 2011). Well-known examples include the
association between pitch and spatial elevation (Parise et al.,
2014) and between tastes and shapes; for example, people
often associate roundness with sweetness (Velasco et al.,
2016). Crossmodal correspondences play an important role in
crossmodal binding, which is essential for survival and
enhances the quality of sensory experiences (Stein et al.,
2014). Importantly, crossmodal correspondences relate not to
specific objects (e.g., the sound and smell of a dog) but to
specific modal features (e.g., a round shape and a sweet
taste).

Emotion is one of the proposed mechanisms driving the
formation of crossmodal correspondences (Spence & Deroy,
2013). Numerous studies have demonstrated the role of
emotional mediation, influencing hedonic and affective
responses in associations between different modalities, such
as music and color (Spence, 2020a) or tastes and shapes
(Velasco et al., 2015). Moreover, emotional valence is

encoded early by sensory and brain receptors, which
subsequently influences the identification and naming of
emotions (Feinberg & Mallatt, 2016).

Understanding how crossmodal correspondences are
encoded in language, and whether and how the emotional
mechanisms involved in their formation transfer to this
encoding, would enhance our knowledge of the relationships
between perception and language, including embodied
cognition.

Language differentially encodes the senses in relation to
emotion (Speed & Majid, 2020), particularly demonstrating
a strong valence component in the semantic representations
of taste and smell (Arshamian et al., 2022). The transference
of meaning between words from different sensory modalities
may be based on evaluative judgments (i.e., emotional
valuation) or sensory proximity rather than purely
metaphorical descriptions (Winter, 2019b). The encoding of
crossmodal correspondences in language is likely constrained
by potential sensory hierarchies within a specific language
(Reilly et al., 2020) and issues of ineffability (Levinson &
Majid, 2014). Despite these limitations, and according to the
semantic coding hypothesis (Martino & Marks, 2001),
perceptual experience and language form an abstract
cognitive crossmodal semantic network of mutual influence,
as showed by various researchers (Martino & Marks, 2000;
Walker, 2012). Winter (2019a) specifically argues that
certain sensory perceptual asymmetries and associations are
likely encoded in language due to mechanisms of
embodiment and perceptual simulation, indicating that
perceptual mechanisms of crossmodal correspondence
formation might indeed be transferred to language.

It is important to notice that many of the findings
mentioned before about language, emotion and crossmodal
correspondences vary across languages and cultures. For
example, some crossmodal correspondences differ among
languages (Wan et al., 2014); ineffability and the hierarchy
of senses are also language-dependent (Majid et al., 2018),
and the associations between perceptions and emotions
exhibit culture variability, such as with color (Jonauskaite et
al., 2020). Investigating these similarities and differences can
help us understand to what extent the encoding of crossmodal
correspondences in language is shared across cultures and
determine if there are pervasive perceptual crossmodal
correspondences experienced by segments of the human
population.

Distributional
representations  of

semantic
Such

semantics produces
words as numeric vectors.
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representations capture language structures by predicting a
word based in their surrounding words using neural networks
trained in large corpora (Mikolov et al., 2013). Following the
linguistic distributional hypothesis (Harris, 1954), these word
vectors can measure semantic proximity: the closer the word
vectors, the more similar the contexts in which they are used
and the more similar their meanings. Additionally, word
vectors have been shown to capture, at least partially,
perceptual information (Johns & Jones, 2012; Utsumi, 2020).
Therefore, word vectors can facilitate the construction of a
network of semantic crossmodal relationships between
words, using semantic closeness as a metric of relationship
between words of different modalities.

Methods

The present research involved eight key steps designed to
assess how crossmodal correspondences emerge in language,
as proposed by Alvarado et al.(2023)

Word and Modality Selection

Modality exclusivity norms were searched for in various
languages, including only those languages with a sizable
number of adjectives/object property words, as these words
are closest to the sensorial features of crossmodal
correspondences. Selected languages, modality exclusivity
norm sources, and applied filters are showed in Table 1.

Table 1: Languages and their emotional and modality
sources

Language/
Modality norms
source

Modifications

Emotional
complementary
source

Dutch: Speed &

Only adjectives

(Verheyen et al.,

& Connell (2009)

included

Brybaert (2021) | filtered and | 2020)
Maximum
perceptual
strength >2.5
Chinese: Chen et | Only single | (Zhao et al.,
al. (2019) characters were | 2019) and back
included translation from
VAD lexicon
Turkish: Kumcu | Only adjectives | Saglam et
(2021) filtered al.(2019)
Italian: Morucci | Only adjectives | (Basile &
et al. (2019) filtered Nissim,  2013;
Montefinese et
al., 2014)
English:  Lynott | All words | N/A

Dutch norms have the largest number of adjectives, with
diverse perceptual semantic content. Fortunately, all words
were rated according to the perceptual strength of their
semantics for each sense. Therefore, adjectives with high

perceptual strength were filtered out to prioritize perceptual
adjectives over other types.

Chinese norms only included single characters words,
given that two-character words might already include some
crossmodal combinations (Chen et al., 2019). At this stage,
for each language, sensorial adjectives were retrieved with
their respective dominant modality corresponding to the
highest perceived modality of the word. Only the five
Aristotelian senses were included, reflecting the modalities
present in all norms found.

Modality Labeling and Emotional Values

Attachment

Emotional valence, arousal, and dominance values were
included for each word in each language, extracted from the
NRC VAD multilingual Lexicon (Mohammad, 2018). The
VAD lexicon has values from zero (lowest) to one (highest)
for each emotional dimension and word. Due to the low
number of matched words with the VAD lexicon and its
reliance on translations from English, additional sources
directly generated from each language that included at least
the valence dimension were incorporated. Complementary
emotional sources are detailed in Table 1, and their values
where standardized to values from zero to one where
necessary to make them comparable with the NRC VAD
multilingual lexicon. Values of Valence, Arousal, or
Dominance were then averaged for words that had more than
one emotional source.

Distance Calculations among Crossmodal Words

For each word selected in each language 300-dimensional
word vectors were extracted using fastText from extensive
texts from Wikipedia and Common Crawl(Grave et al.,
2018). Distances were calculated among vectors across each
pair of modality word lists in each language (ten possible
combinations of the five modalities in each language).
Distances were standardized by the mean distance between
each word with all the words of the paired modality, in order
to detect words of one modality closer to a word of other
modality rather than close to all words of the other modality.

Network of
Extraction

Each standardized distance is a relationship between two
words from different modalities. The pairs of words with the
lowest scaled distance between each pair combination of
senses were selected as candidate crossmodal
correspondences. The threshold selected was the proposed by
Tukey (1977) for the selection of extreme points in a
univariate distribution. Each pair combination of senses had
its own threshold, thus controlling for potential effects of the
hierarchy of senses. The result is a sparse graph (network) for
each language whose vertices are words and whose edges are
associations between two words of different modalities with

Crossmodal  Correspondences
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a scaled cosine distance below the selected threshold for each
pair of modalities in each language.

Community Extraction from the Network

In  each language network of  crossmodal
correspondences, communities were detected using
Newman's leading eigenvector method (Newman, 2006).
This technique divides the complete network in smaller
subnetworks of vertices (words) with high density of
interconnections among them, called communities.

Communities’ Emotional Assessment of Differences

ANOVAs were conducted for each dimension of
emotions (Valence, Arousal and Dominance) as dependent
variables with communities for each language (only the
communities with more than five words were selected) as
independent variables. This allows assessing if communities
differ in their emotional average values for each language.

Shared Crossmodal Associations

Crossmodal relationships from other languages were
translated into English using Google Translate, except for
Chinese, whose norms already included an English
translation. Only translations whose dominant modalities
agreed between English Lancaster Sensorimotor norms
(Lynott et al., 2020) and the source language were retained.
Shared crossmodal relationships among languages in at least
two language families were selected, and a network with
relationships shared by two or more languages in more than
one language family was created, aiming to reduce bias from
the inclusion of three Indo-European languages.

Robustness Assessment

The robustness of community selection was assessed by
varying community detection methods. Specifically, Infomap
(Rosvall & Bergstrom, 2008) and Louvain (Blondel et al.,
2008) were employed as community detection alternatives to
Newman’s eigenvector method. It was also tested whether
emotional differences are maintained when using single
sources of emotional dimensions instead of the average of all
sources available.

Results

The number of original words for each language, and the
number of vertices (words) finally selected with at least one
candidate crossmodal correspondence for each language are
shown in Table 2, along with the percentage of words that
have assigned emotional values in the emotional sources.
The percentage of words with emotional values for Dutch
and Italian was low. These are the two largest lexicons of the
study. Further analyses showed that words without emotional
values have lower frequency in the language for Dutch and
Italian. In addition, words without emotional values were not

statistically associated with modality or perceptual strength.
Thus, these words likely did not have emotional values due
to their low frequency in the languages.

Table 2: Number of selected words and crossmodal
correspondences /emotional coverage

Language Initial # of crossmodal %
words/ correspondences | emotion
selected coverage
vertices
Dutch 1523/1176 4750 57.3%
Chinese 171/80 110 87.5%
Turkish 258/155 211 85.2%
Italian 643/518 1775 61.2%
English 423/378 1206 92.7%

Tests were conducted to determine if selected vertices
were more associated with a specific modality than expected.
Dutch and Italian had more haptic and auditory words than
expected and fewer visual words than expected. The effect
was marginal in the same direction for Chinese and English,
and non-existent for Turkish. In each language, all of the ten
possible relationships had at least one crossmodal
correspondence.

Table 3 displays the number of communities in each
language, and the effect sizes of Valence, Arousal and
Dominance for each one. Figure 1 shows words belonging to
the community with the highest and lowest average valence
respectively, for each language (translated to English), with

different colors representing each modality.

Table 3: Emotional differences (Valence, Arousal and
Dominance) across languages.

Language | Valence Arousal Dominance
N(n)*
Dutch =27 7°=.09 =23
10(6) F(5,664)= | F(5,664)= | F(5,559)=
49.55 12.73 32.66
Chinese | 7°=.33 17°=.35
16(5) F(4,42)= | F(442)= | F(4,41)=
5.126 0.345 5.481
Turkish | =27 17°=.26
11(8) F(7,108)= | F(7,66)= | F(7,66)=
5.606 0.419 3.364
Italian 7°=.28 =17
17(9) F(8,336) | F(8,295) | F(8,295)
=16.45 =2.119 =7.807
English | 7?=.18 17°=.06 7°=.07
13(8) F(7,334)= | F(7,334)= | F(7,334)=
10.41 3.11 3.72

*N= number of communities; n=communities > 5 words
Bold italics are significant assocations (p<.01)
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Figure 1- Words of the highest and lowest average

valence community in each language.

Communities extracted with alternative methods (i.e.,
Infomap and Louvain) showed a moderate purity metric of
agreement with original communities, ranging from .28 to
.64. Notably, languages with lower number of words (Turkey
and Chinese) had lower purity results.

Results indicate a strong difference in valence across the
communities of words in different modalities in all
languages. Dominance also show significant differences
across all languages. However, this might be attributed to the
strong correlation usually found between valence and
dominance. In contrast, evidence for arousal differences is
unclear and weak. Nonetheless, it is clear that emotional
components such as valence and dominance are crucial in the
formation of networks of semantic crossmodal
correspondences, some of which may be coded from the
emotional formation mechanism of perceptual crossmodal
correspondences. These results are robust even when the data
sources of emotional values are evaluated independently and
different community detection methods are applied.

Although there is a larger presence of visual words in the
depicted communities in Figure 1, the crossmodal nature of
the communities is evident. The larger presence of visual
words, along with the differences in the number of words, is
explained by the imbalance in the original datasets.

From an initial dataset of 3247 potential crossmodal
relationships across all languages, only 106 where shared by
more than one language. From these, only 25 crossmodal
correspondences were shared across two or more language
families and are depicted in Figure 2. Three languages, as
indicated by the numbers on the edges, share seven out of the
25 relationships.

At least three clear subnetworks emerge in Figure 2. In the
lower right, a network related to weather and outdoors is
visible, primarily joining haptic and visual modalities (sunny-
warm-misty). These results underscore the importance of
weather and outdoors in crossmodal correspondences in
different cultures, with some previous influences found in
eating experiences in Norway and Colombia (Tran et al.,
2023) and color-emotion relationships globally (Jonauskaite
et al., 2020). In this evidence, weather appears as a strong
candidate to be a shared cognitive source of crossmodal
correspondences in different languages and cultures.

At the upper left, a hedonic network of positive-valenced
words across all senses emerge. Although the main line of
connections is mostly visual-haptic, some key language terms
appear in the other senses (pure, melodic, and spicy
conceding that melodic and melodious are synonyms). This
network is a strong candidate as a multicultural cognitive
mechanism of crossmodal correspondences, clearly linked
with emotion, particularly with the brain rewards system
(Kihn & Gallinat, 2012) that connect pleasures such as food
(spicy) and music (melodious) (Spence, 2019).
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Figure 2- Network of shared crossmodal correspondences
in different language families. Edge numbers represent
number of languages including the crossmodal
correspondence

At the lower left, the triplet noisy-dirty-smelly is also
striking and relates auditory, haptic and visual words with
negative valence, and are connected with cleanliness. The
visual and olfactory words (smelly and dirty) might suggest a
connection with disgust, a phenomenon that shares cognitive
mechanisms and circuits (Yiannakas & Rosenblum, 2017).

The three aforementioned networks share striking
similarities with some of the networks found for the English
language by Alvarado et al. (2023) , suggesting that some
domains of experience (such as weather or food) might
organize the semantic network of crossmodal associations in
several languages.

Remaining relationships are sparse, though many of them
are emotionally related (painful-bitter, colorful-delicious).
Three of them are visual-gustatory (colorful-delicious,
colorless-tasteless, acidic-yellowish), showing a potential
cross-cultural connection in the long studied relationship
between colors and tastes (Saluja & Stevenson, 2018).

Conclusion

Results show evidence that the emotion mechanism of
crossmodal formation is encoded in several languages, where
close networks of words in different senses also share
emotional similarity. Such emotional similarity might help to
bind experiences, both in perception and language,
facilitating the formation of crossmodal correspondences,
particularly when complex stimulus are at play (Spence,
2020b).

If different languages encode similar emotional
correspondences, these correspondences may be strongly
perceived across cultures and might be part of widespread
similar cognitive mechanisms aiding in survival (weather and
cleanliness) and enhancing quality of life (hedonic networks).

The present work is limited by the languages where
linguistic resources were available, reducing the scope of
results. In addition, language resources are itself limited,
relying in sets of words that are not exhaustive of their
respective languages neither easily comparable. Word
vectors do not fully capture the perceptual nuances of
semantic memory, and other key factors might be at play
when exploring semantic crossmodal correspondences.
Nevertheless, the present study is a good starting point for
demonstrating the relationship  between  semantic
correspondences and cognitive linguistic processes and the
importance of the emotional role when representing
crossmodal correspondences semantically.
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