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Abstract

The present study investigated cross-modal correspondences
between Cantonese tones and two dimensions: (1) spatial mo-
tion and (2) emotional valence, via a forced-choice mapping
task on Hong Kong native speakers. Results show that the two
contour tones (rising and falling contours) could be reliably
matched with motions (upward and downward) that are con-
gruent with pitch trajectories; and in contrast, the correspond-
ence between contour tones and emotion valence (rising tone
is positive and falling tone is negative) was less robust and lim-
ited for selective vowels. In summary, our findings indicate
that beyond arbitrary form-meaning correspondence, vertical
spatial information, both concrete (motion) and abstract (va-
lence), are also encoded in lexical tones of Hong Kong Can-
tonese, but that the relative strengths of the two types of corre-
spondences were not equivalent.

Keywords: cross-modal correspondence; lexical tones; con-
ceptual metaphor; spatial motion; emotional valence;

Introduction

The arbitrary pairing between words’ forms and meanings
has been widely recognized as a prominent assumption of
structuralism (de Saussure, 1916). That is, linguistic sign is
not directly connected with referents in the real world but in-
stead forms an arbitrary form-to-meaning pairing. This no-
tion has been challenged by the robust sound symbolism
across languages (see Lockwood & Dingemanse, 2015,
among others). Iconicity constitutes an essential part of non-
arbitrariness, referring to the phenomenon that sounds are
cross-modally linked with referents in the dimensions of vis-
ual, tactile, proprioceptive or many other sensory percepts.
One of the well-documented examples is the bouba-kiki phe-
nomenon (Maurer et al., 2006), referring to the iconic resem-
blance between articulatory gestures (i.e., a round vs. un-
rounded vowel) and shapes (i.e., a round vs. angular).

Beyond segmental elements, little is known about the role
of suprasegments, such as tones, in the demonstration of non-
arbitrariness. Unlike vowels and consonants, production of
tones itself is not always characterized by articulatory move-
ments (Shaw et al., 2016), but more by the change of pitch
trajectories. This distinctive feature provides innovative win-
dow into the symbolic potentials of tones. As hypothesized in
Thompson (2018), it is possible that a falling pitch contour
adds an imitative dimension to iconicity by resembling ‘a
physical or emotional drop’. Dynamic pitch trajectories make
spatially-relevant iconicity plausible for tones, especially the
ones involving pitch contours.

Audiospatial binding has been commonly identified in the
production and perception of tones. High- and low-frequency
sounds are often perceived as coming from higher and lower
space, respectively (Parise et al., 2014). In languages where
tones are used phonemically, such as Mandarin Chinese, fa-
cial cues such as head, eyebrows, and lips move in the way
that aligns with the pitch trajectories of each lexical tone in
terms of spatial and temporal dynamics during speech pro-
duction (Garg et al. 2019); and movements of neck, head, and
lips that are relevant to tone articulation, as well as hand ges-
tures that spatially resemble pitch changes, are attested to im-
prove visual tone identification (Chen and Massaro 2008;
Hannah et al. 2017; Morett et al., 2022). These findings indi-
cate that conceptualization of tones is likely to be spatially
relevant, as spatial motions of objects in real world can be
encoded in lexical contour tones (e.g., rising and falling).

This therefore raises question of whether people can acti-
vate spatio-motor representations when hearing pitch con-
tours. In addition, since many abstract concepts such as emo-
tion (e.g., “high spirit”, “cheer up”, “feeling down”) are
grounded in vertical conceptual metaphors related to space
and motion (Lakoff & Johnson, 1980), we ask whether ab-
stract notions such as emotional valence also plays a role in
the conceptualization of pitch contours.

The Present Study

Previous studies have demonstrated the correspondence be-
tween size/shape dimensions with tones—both nonlinguistic
pitch (Gallace & Spence, 2006; Marks, 1987; O’Boyle &
Tarte, 1980) and phonemic tones (Chang et al., 2021; Shang
& Styles, 2017, 2023). However, these studies have revealed
inconsistent findings in terms of how different lexical tones
are mapped with object shapes and sizes. This raises question
of where the core symbolic potential of tones lies, especially
for languages with a complex tonal inventory such as Man-
darin and Cantonese. As previous work have revealed a ro-
bust audiospatial binding in the production and perception of
phonemic tones (e.g., Connell et al., 2013; Garg et al., 2019),
it is plausible for us to hypothesize that space-related con-
cepts, relative to size or shape, serves a more important role
in the conceptualization of pitch contours.

To further our understanding of the mental representation
of auditory tones, the present study investigates the cross-
modal correspondence between tones and two interrelated di-
mensions—motion and valence (Casasanto & De Bruin,
2019; Casasanto & Dijkstra, 2010). We specifically address
three research questions: (1) do pitch contours activate the
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representation of a spatially congruent motion (e.g., a rising
contour denotes climbing), and if it does, (2) whether such
correspondence also exists in a more abstract dimension like
emotion (e.g., a rising contour matches with happiness), and
(3) are the correspondences demonstrated by lexical tones in-
nate or shaped by language-specific experience.

This study focuses on the correspondence demonstrated by
two contour tones in Cantonese—the high-rising tone (Tone
2) and the low-falling tone (Tone 4) (Bauer & Benedict,
1997; Matthews & Yip, 2013). The contrast on pitch trajec-
tories allows us to probe the correspondence demonstrated by
dynamic pitch contours. Specifically, native speakers with a
Hong Kong origin were chosen as targeted participants of the
current study. The rationale that we selected Hong Kong Can-
tonese, rather than Mandarin varieties, was to tease apart the
interference of explicit usage of verbal metaphors during lan-
guage acquisition. In Mandarin, spatially equivalent verbal
metaphors and pinyin marks?, as well as co-speech gestures,
are commonly used to describe lexical tones, especially in the
context of literacy instruction. The involvement of those vis-
ual depictions and embodied actions (Chen & Massaro, 2008;
Morett et al., 2022) likely shape the way language users con-
ceptualize lexical tones. Unlike Mandarin, Cantonese, espe-
cially the Hong Kong variety spoken outside of mainland
China, does not use verbal metaphors or pinyin in oral or writ-
ten communication (Zhang & McBride-Chang, 2011), mak-
ing it possible for us to probe whether the motion and valence
correspondence, if there is any, is independent of language-
specific experience.

Methods

This study used a forced-choice mapping paradigm (Cuskley,
2013; Imai et al., 2008), in which listeners match audio clips
with words in the way that they were most congruent with
each other. The task was conducted in the form of word-
meaning guessing game based on an “alien” language.

Participants

Sixty native speakers of Hong Kong Cantonese participated
in the online study for payment. 49 of them were recruited
via Prolific and 11 were recruited through personal network
of the authors. All participants self-reported that they were
raised in Hong Kong and have never lived outside of the re-
gion for more than two years before the age of 18.

Stimuli

Visual Stimuli For each type of correspondence, seven pairs
of Chinese words were used as visual options (total N = 14).
Within each pair, one word was “upward” and the other was
“downward” for the tone-motion mapping; likewise, “posi-
tive” and “negative” for the tone-valence mapping (cf. Table
1). A pre-norming task was conducted to balance intensities
and directionalities between two words within each pair.

! ping “flat> for the high-level tone, yang ‘rise’ for the rising tone,
gudi-wan ‘turn’ for the low-dipping tone and jiang ‘descend’ for the
falling tone.

Each word pair was displayed twice (14 x2=28). Additional
56 pairs of irrelevant visual words were used as fillers.

Table 1: Sample word stimuli.

Type Directionality  Word Translation
. upward &1l “hiking”
motion ; i o
downward WK diving

| positive B oCa “cheerful”

vajence negative EH “terrified”

Auditory Stimuli Seven Cantonese vowels /iy e ce a o u/
were used as auditory stimuli. Each vowel was produced in
the Cantonese high-rising tone (Tone 2) and the low-falling
tone (Tone 4). All stimuli were recorded by a female and a
male native speaker of Hong Kong Cantonese, hence giving
28 clips in total (Figure 1). Each stimulus was associated with
a word pair, counterbalanced across subjects. Additional 56
auditory monosyllables carrying the other four Cantonese
tones, each associated with a filler word pair, were used as
filler stimuli. All audio clips were scaled to 74dB.

o Male_Rising Male_falling

Figure 1: Visualization of auditory stimuli.

Procedure

Participants completed the online experiment using their own
Internet browser. The experiment was administered online
and programmed using the PennController for Ibex (Zehr &
Schwarz, 2018). Participants provided their consent in the be-
ginning and were introduced with some basic information of
an “alien” planet. They were then asked to take part in a vo-
cabulary game based on an “alien” language. Each page con-
tained only one trial. For each trial, the audio clip appeared
on the top of the page, and two visual words were presented
below the audio side by side (randomized position). Partici-
pants clicked the button to listen to the audio clip only once
and then selected the word meaning from two options. Each
participant completed a total of 84 trials (critical N = 28, filler
N = 56) in a fully randomized order. In the end, participants
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completed a background questionnaire and answered a vali-
dation question asking which audio file has never appeared
in the experiment. The task was demonstrated to participants
in colloquial Cantonese using traditional Chinese characters.

Data Screening

Six participants were excluded for clicking wrong answers to
the validation question, leaving 54 valid subjects for analysis.

Results

A series of logistic regression models, using the Ime4 pack-
ages 1.1-26 (Bates et al., 2015) in R (R Core Team, 2022),
were constructed to examine the effects of tone (rising vs.
falling) and vowel (/i/, Iy/, Iel, Icel, [al, Io] vs. [ul) as well as
their interaction on the matching judgements. For both tone-
motion and tone-valence associations, selections were treated
as a dependent binomial variable (upward vs. downward for
the motion mapping; positive vs. negative for the valence
mapping), and subjects as a random variable. A maximal
model? was constructed first and sequentially pruned based
on results of model comparisons.

Tone-Motion Correspondence

For the mapping between tones and spatial motions, results
of model comparisons showed a similar goodness of fit [%(6)
=9.836, p = 0.132] between models with and without the tone
xvowel interaction. The best-fitting model® indicated that the
two factors did not have interactional effect on the matching
judgements.

Table 2: Selection summary (tone-motion mapping).

selection rising falling Sum
“upward” 207 118 325
“downward” 171 260 431
Sum 378 378 756
u y
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tone

Figure 2: Observed percentages of “upward” motions se-
lected (tone-motion correspondence).

Effects of tone and vowel were examined separately by
pairwise comparisons, using the emmeans package (Lenth et

2 selection ~ vowel
vowel + tone |subject)

: tone + vowel + tone + (1 + vowel : tone +

al., 2021) in R with a Bonferroni correction for the p values
on each factor. Results show that the rising tone and the fall-
ing tone demonstrated significantly different motion mapping
judgements (# = 1.033, p <.001): the falling contour was bet-
ter matched with a downward motion (average = 60.3%) than
the rising contour, and the rising contour with an upward mo-
tion (average = 63.7%) than the falling contour. Also, pair-
wise comparisons on vowel showed that there was no signif-
icant difference across the vowel categories in terms of mo-
tion mapping (ps > .05).

These results indicate a robust tone-motion correspondence
demonstrated by two contour tones in Hong Kong Cantonese.
Specifically, native speakers could associate tones with spa-
tial motions in the way that pitch trajectories are congruent
with movement directions, i.e., the rising tone is upward and
the falling tone is downward (Gao, 2024). Moreover, such
correspondence was not modulated by vowels. The results in-
dicated that vowel category did not significantly affect native
speakers’ tone-motion matching judgements.

Tone-Valence Correspondence

Model comparison for the tone-valence mapping followed
the same procedure. Results showed that the more complex
model was a better fit than the one without the tone < vowel
interaction [x?(6) = 24.041, p < .001]. The best-fitting model*
therefore indicates that there is a significant interactional ef-
fect on the matching judgements.

Table 3: Selection summary (tone-valence mapping).

selection rising falling Sum
“positive” 180 119 299
“negative” 198 259 457
Sum 378 378 756
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tone

Figure 3: Observed percentages of “positive” emotions
selected (tone-valence correspondence).

Post-Hoc tests were conducted to unpack the interaction,
using the same package in R. A pairwise comparison (with

3 selection ~ vowel + tone + (1 + tone |subject)
4 selection ~ vowel : tone + vowel + tone + (1|subject)
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Table 4: Post-Hoc Analysis on tone-valence correspondence (p values corrected; Partial results are provided).

Factors Est. z p-values
Comparison = Vowel
rising /ol - leel -1.31e+00 0.420 -3.119 0.038 *
[el - Iol -1.447 0.421 -3.439 0.012*
falling lel - leel -1.447 0.421 -3.439 0.012*
[el - ul -2.2027 0.490 -4.498 < 0.001 ***
[l - Iyl -1.254 0.410 -3.059 0.047 *
Comparison = Tone
fal -0.152 0.390 -0.389 0.697
lel -0.170 0.413 -0.412 0.681
lil 0.973 0.427 2.277 0.023*
/ol rising - falling 2.200 0.677 3.248 0.001 **
e/ 0.427 0.468 0.911 0.362
ul 15.012 2.934 5.116 < 0.001 ***
Iyl 0.678 0.424 1.600 0.110

Bonferroni correction for the p values) was conducted. Fac-
tors were held constant to examine the contribution of indi-
vidual factors. Partial statistical results are shown in Table 4.
Results showed that the mapping between tone and emotional
valence is modulated by vowel categories. First, certain tone-
vowel combinations demonstrate significantly different va-
lence association than others. When paired with a rising con-
tour, /o/, compared with /ce/, was more likely to be associated
with a positive emotion; Similarly, when paired with a falling
contour, /e/, compared with /o/, /ce/, lul and /y/, is more likely
to be mapped onto a positive emotion. Second, the contrast
between two tones in terms of valence mapping (i.e., the ris-
ing tone is positive and the falling tone is negative) was only
found to be significant for /i/, /o/ and /u/, but not the other
four vowels.

As opposed to the tone-motion mapping, matching judge-
ments obtained from the forced-choice mapping task indicate
a less robust association between lexical tones and emotional
valence. Specifically, the tone-motion correspondence was
only robust for selective vowels, and the mechanism under-
lying those patterns is pending further investigation.

Discussion

The present study investigated two types of crossmodal cor-
respondences (spatial motion and emotional valence) demon-
strated by lexical tones (rising and falling contours) in Can-
tonese. Our results indicated that native speakers could relia-
bly match the rising tone with an upward motion and the fall-
ing tone with a downward motion, and this pattern is con-
sistent across vowel categories. Also, we provided novel ev-
idence that the symbolic potential of tones cannot be fully
extended to a less concrete domain, such that the rising tone
could be matched with a positive emotion and the falling tone
with a negative one. Unlike the tone-motion correspondence,
the association between pitch contours and emotional valence
was less robust, as the mappings were significantly modu-
lated by vowels.

The distinctive patterns can be explained by the different
mechanisms underlying the two types of correspondences.
The conceptualization of pitch contours is considered more
“iconic” in their use of vertical space. Pitch trajectory of a
rising tone goes “up” and that of a falling tone goes “down”,
resembling spatial movements in an iconic manner. Matching
judgements obtained in the tone-motion mappings therefore
indicate that subtle acoustic details can contribute to the men-
tal representation of lexical tones. However, the correspond-
ence between (rising/falling) contours and (positive/nega-
tive) emotions are relatively more abstract, which is mostly
understood in terms of conceptual metaphor (Lakoff & John-
son, 1980; Morett et al., 2022). The less consistent tone-va-
lence mappings likely indicate that correspondence driven by
“metaphorical” analogy is inherently weaker than the one that
is based on “iconic” resemblance.

Itis also noteworthy that whether conceptual metaphors are
explicitly described or not in the language may also serve an
important role in the mental representation of lexical tones.
Although spatially relevant descriptions and pinyin marks are
explicitly used in Standard Mandarin, they are absent in liter-
acy instruction in Hong Kong. Selecting Hong Kong native
speakers as target population, the current study allows us to
tease apart the effects of spatial nature of tones and language
experience on the tone-based correspondence. The relatively
weaker association found in Hong Kong Cantonese as op-
posed to Standard Mandarin indeed provides evidence that
language experience can shape how we understand and rep-
resent lexical tones, and implicit use of vertical conceptual
metaphor may lead to a relatively loose vertical mapping be-
tween tone and space/motion, whereas explicit usage may
promote such correspondence.

While previous work mostly focused on association be-
tween tones and size/shape (e.g., Chang et al., 2021; Shang
& Styles, 2017, 2023), the present study provides novel evi-
dence regarding the vertical mapping of pitch contour—both
in an iconic and a metaphorical way, in a language where
tones are used phonemically. These findings provide further
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insights into sound symbolic potentials of tones, showing that
the form-meaning correspondence demonstrated by lexical
tones is not wholly arbitrary. Instead, vertical spatial infor-
mation is encoded in the pitch contours and can be activated
during speech perception.
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