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Abstract
The present study investigated cross-modal associations between a series of paintings and sounds.

We studied the effects of sound congruency (congruent vs. non-congruent sounds) and embodi-

ment (embodied vs. synthetic sounds) on the evaluation of abstract and figurative paintings.

Participants evaluated figurative and abstract paintings paired with congruent and non-congruent

embodied and synthetic sounds. They also evaluated the perceived meaningfulness of the paintings,

aesthetic value and immersive experience of the paintings. Embodied sounds (sounds associated

with bodily sensations, bodily movements and touch) were more strongly associated with figura-

tive paintings, while synthetic sounds (non-embodied sounds) were more strongly associated with

abstract paintings. Sound congruency increased the perceived meaningfulness, immersive experi-

ence and aesthetic value of paintings. Sound embodiment increased immersive experience of

paintings.

Keywords
cross-modal associations, embodied, aesthetics, art, sound

Date Received: 20 December 2021; accepted: 30 August 2022

Corresponding author:
Marina Iosifyan, School of Divinity, University of St Andrews, St Mary’s College, St Andrews, KY16 9UB, UK.

Email: marina.iosifyan@gmail.com

Article

Perception
2022, Vol. 51(12) 871–888

© The Author(s) 2022

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/03010066221126452

journals.sagepub.com/home/pec

https://orcid.org/0000-0002-6617-5116
mailto:marina.iosifyan@gmail.com
https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/03010066221126452
https://journals.sagepub.com/home/pec
http://crossmark.crossref.org/dialog/?doi=10.1177%2F03010066221126452&domain=pdf&date_stamp=2022-10-11


Everyday life perception is multisensory: we perceive the world as a unity of sounds, movements,
colours, odours, shapes and textures, although we receive information about it via separate senses.
Although research gained insights as to how the mind integrates information from different senses
into a coherent perception, much remains unknown (Stein et al., 2020). For instance, the role of
embodiment in multisensory integration (Tsakiris, 2017). One way of investigating how different
modalities interact is understanding cross-modal associations. Cross-modal associations are asso-
ciations between stimuli from different modalities, for example, colour and sound. Cross-modal
associations do not imply the experience of a concurrent stimulus (like synaesthesia) but associating
sensations with each other. Contrary to synaesthesia, which is a rare condition present in only 4.4%
of the population (Simner et al., 2006), cross-modal associations are much more widespread. Some
neuroscientists consider them as essential and natural part of regular cognition as human mind is
intrinsically multisensory (Pascual-Leone & Hamilton, 2001). Researchers have found cross-modal
associations between odours and music (Levitan et al., 2015), colour and music (Palmer et al.,
2013), taste and music (Wang & Spence, 2015), touch and film (Iosifian, 2020; Iosifyan et al.,
2017), and music and paintings (Albertazzi et al., 2015). All these associations were found in
the general population, among individuals who do not have synaesthesia.

Researchers continue to delineate associations between sensations from different modalities
(Giannos et al., 2021; Mok et al., 2019; Motoki et al., 2020; Saluja & Stevenson, 2018). They
also attempt to understand the mechanisms which underly these associations. Understanding
these mechanisms may contribute to our understanding of multisensory integration, which is one
of the key characteristics of perception. There are different mechanisms which underly cross-modal
associations. They involve emotional, structural, statistical, and semantic correspondences (Spence,
2011). Emotional correspondences involve two sensations which are associated because they both
are associated with a similar emotion. For example, a yellow colour and a major music tone are
associated with happiness. Structural cross-modal correspondences are mediated by peculiarities
of the neural systems which code sensory information. For example, loudness and brightness are
related to increased stimulus intensity, so light and bright stimuli are associated. Statistical cross-
modal correspondences involve two sensations which are associated because they are often corre-
lated in the natural environment. For instance, smaller objects often create sounds of higher pitch,
while larger objects – of low pitch, thus high-pitched sounds are associated with smaller shapes and
low-pitched sounds – with larger shapes. Semantical cross-modal correspondences involve two
sensations which are semantically congruent and thus associated with each other. For example,
pitch and elevation are associated because our language uses the words ‘low’ and ‘how’ both to
describe pitch and elevation. In the present study, we are interested in the role of embodied cross-
modal correspondences: correspondences which are based on sensorimotor associations (Pezzulo
et al., 2011; Spence & Deroy, 2012).

The role of embodied or sensorimotor associations might contribute to our understanding of
cross-modal associations, because embodied representations may explain why certain cross-modal
associations develop. For instance, mirror-touch synaesthesia is discussed in the literature: people
with this synaesthesia experience tactile sensations when they observe someone else being touched
(Blakemore et al., 2005; Holle et al., 2013). Some researchers assume that the underlying mechan-
ism of this synaesthesia is based on mirror-touch neurons: mirror neurons which fire both when
humans observe others being touched and when they are being touched themselves (Linkovski
et al., 2017; Ward & Banissy, 2015). Although some researchers claim that there is no evidence
to link cross-modal associations with the neurological phenomena of synaesthesia (Deroy &
Spence, 2013; Parise & Spence, 2013), others assume that the two are related (Marks, 2017;
Martino & Marks, 2001; Ludwig et al., 2011). Moreover, some researchers assume that mirror-
touch synaesthesia is an extreme endpoint of a normal mirror neuron system, which is also
present in people without synaesthesia (Linkovski et al., 2017). In non-synaesthetes, observing
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others being touched activates certain brain regions which are also activated during actual touch
(secondary somatosensory cortex, Ebisch et al., 2008; Keysers et al., 2004; Keysers et al.,
2010). It is assumed that the purpose of mirror neurons is to translate sensory information into
motor actions (Rizzolatti & Fogassi, 2014). That is, a mirror neuron mechanism can partly
explain how embodied representations underly cross-modal associations: two sensations from dif-
ferent modalities can be associated because they are related to similar embodied representations.

Some researchers assume that cross-modal associations between words and shapes can be
explained by embodied representations. Certain words are associated with angular shapes
because of the audio-motor associations between listening and performing articulatory movements:
the word ‘maluma’ is associated with rounded shapes, because the mouth is rounded when we pro-
nounce this word (Galantucci et al., 2006; Sapir, 1929; Spence & Deroy, 2012).

Another study showed that speech sounds affect the way people perceive mouth-like shapes.
Participants listened to a speech sound (‘wee’ or a ‘woo’ sound) or an environmental sound
(e.g., ice cracking) and after that they very briefly saw an oval which varied in aspect ratio
(Sweeny et al., 2012). When participants were asked to choose the oval they briefly saw from a
group of 10 different ovals, their choice was affected by the sound they heard. The oval was eval-
uated as taller after the ‘wee’ sounds and as wider after the ‘woo’ sounds. It was assumed that while
listening to the speech sounds, individuals automatically perform articulatory movements similar to
these sounds: performing ‘wee’ sound movements involves a narrower mouth shape, hence the oval
was evaluated as taller; performing ‘woo’ sounds movements involves a wider mouth shape, hence
the oval was evaluated as wider (Sweeny et al., 2012).

The sound symbolism approach assumes that certain cross-modal correspondences (e.g., the
mil-mal phenomenon1) can be explained by the movements of the mouth when pronouncing
certain sounds, rather than by other factors (such as statistical correspondences in the environment:
e.g., larger objects make lower-pitched sounds; Sapir, 1929). Thus, audiomotor (sound and move-
ment) and not only audiovisual (sound and shape) correspondences play an important role in these
associations (Galantucci et al., 2006). This does not mean that other mechanisms of cross-modal
associations do not play a role in them (e.g., emotion, semantic evaluation, statistical correspon-
dences). However, the role of embodied representations in these associations is not yet well
reported in the literature.

To fill this gap, in the present study we investigate the role of embodiment in associations
between sounds and complex visual stimuli (paintings). More specifically, we will investigate
the role of embodiment in perception of abstract and figurative paintings. Earlier research in neu-
roaesthetics has found that abstract and figurative paintings are approached differently and elicit
different mental processes. Figurative paintings elicit local gaze scan paths and activate category-
specific brain areas (e.g., tuned for faces and objects). Abstract paintings elicit global gaze scan
paths and activate brain areas which involve perception of shape and colour (features of intermedi-
ate complexity; Epstein & Kanwisher, 1998; Kawabata & Zeki, 2004; Yago & Ishai, 2006;
Zangemeister et al., 1995). Thus, embodied representations can play a different role in cross-modal
associations with abstract and figurative paintings.

Previous research investigated the role of embodiment in the perception of visual art, but not
cross-modal associations. Researchers observed mu-rhythm suppression (which indicates mirror
neuron activation) in response to abstract paintings, as opposed to graphically modified versions
of these paintings (Umiltà et al., 2012). They suggested that this activation reflects the imitation
of movements made to create the artwork (knowing the object [e.g., a painting] is equivalent to
knowing the process by which it has been created). The same effects were found in film perception:
researchers compared brain activity while their participants watched the same scene shot by a fixed
camera and by a moving, zoomed camera (Heimann et al., 2014). They found that motor regions
were more intensely activated when the camera was moving. Artworks can, it would seem, be
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perceived in an embodied manner. This can be related to embodied representations associated with
the process of art-making and representations associated with the content of an artwork.

In the present study, we investigate cross-modal associations between embodied and synthetic
sounds and figurative and abstract paintings. Embodied sounds in this study are understood as
sounds associated with bodily sensations, bodily movements, and touch. Embodied nature of
sound is related to the fact that sounds accompany actions and are processed together (Vainio &
Vainio, 2021). Sound characteristics (higher-lower pitch) affect hand movements (upper-lower
hand locations; Salgado-Montejo et al., 2016). Earlier research found neurons which are sensitive
to both sounds and actions (Keysers et al., 2003; Kohler et al., 2002). Thus, in the present study we
use the sounds which accompany footsteps, coughing, touching pebbles, etc. Synthetic sounds are
sounds which, to the contrary, are not associated with these sensations. Previous research demon-
strated that abstract and figurative art elicit different mental processes (Aviv, 2014). Construal level
theory (CLT), earlier applied to understand differences in the processing of figurative and abstract
art, suggests that there are differences in abstract and concrete mindsets (Durkin et al., 2020):
namely, they vary in the cognitive availability of abstract or concrete representations. Embodied
sounds are related to specific actions, objects, or events (e.g., the sound of breathing, the sound
of tearing paper), while synthetic sounds cannot be easily attributed to concrete events. We
expected that embodied sounds would be more strongly associated with figurative paintings,
because they involve object representation, and that synthetic sounds would be more strongly asso-
ciated with abstract paintings.

Previous research investigated links between visual and auditory stimuli. Interestingly, the idea
that certain shapes are associated with particular sounds was developed by artists, for example,
Vasiliy Kandinsky (Kandinsky, 1926/1994). Cross-modal associations between complex auditory
stimuli (music) and paintings have been empirically investigated. For instance, it was found that
hue, lightness, timbre, and musical tempo are among the key characteristics which underly associa-
tions between music and paintings (Albertazzi et al., 2015). However, the role of embodied repre-
sentations in cross-modal associations between sounds and paintings was not investigated.

Sounds can be associated with images, but they can also affect the way we perceive these
images. That is, cross-modal associations between embodied/synthetic sounds and paintings
might affect the perception of paintings. In the Sweeny et al. (2012) study, described above,
speech sounds influenced the perception of ovals. Research on cross-modal correspondences in
general revealed several perceptual effects: high/low pitched sounds affect the speed and accuracy
of brightness and shape perception (Marks, 1987; Odgaard et al., 2003; Stein et al., 1996), descend-
ing and ascending pitch affects the perception of ambiguous visual motion (Maeda et al., 2004),
sounds of a male/female voice affect the perception of androgynous faces (Smith et al., 2007),
visual cues facilitate identification of auditory tests and vice versa (Schneider et al., 2008; Vallet
et al., 2010). Moreover, cross-modal effects are also related to perceived value of stimuli: congruent
sounds intensify hedonic evaluations of food (Crisinel et al., 2012), and congruent music intensifies
the aesthetic appreciation of paintings (Limbert & Polzella, 1998). For example, jazz music
increases liking of abstract paintings, while Classical music – liking of figurative paintings
(Actis-Grosso et al., 2016; Koning & van Lier, 2013).

To further investigate hedonic and perceptual effects of sounds on paintings, we will measure
how sounds affect aesthetic appreciation, perceived meaningfulness and immersive experience of
paintings. Although the broad concept of aesthetic value includes various evaluative responses
one may have to art (e.g., emotional reaction, absorption, being moved, in Leder and Nadal’s
model of aesthetic appreciation and aesthetic judgments; Leder & Nadal, 2014), in the present
study we focus on a narrower definition of aesthetic value as aesthetic evaluation of an artwork.
In line with the congruency effects described above, it is possible that congruent sounds (both
embodied and synthetic) might increase aesthetic appreciation of paintings. These effects of

874 Perception 51(12)



congruency can be related to the fluency theory of aesthetic pleasure (Forster et al., 2013; Reber
et al., 2004). That is, congruent sound may increase processing of the painting as more fluent.
Fluency, in its turn, may increase positive affect and aesthetic evaluation of the painting.
Moreover, the effects of embodiment may partly underly congruency between sounds and paint-
ings. In relation to embodiment effects on the perception of art, it was found that sensory-motor
engagement impacts aesthetic appreciation of an artwork (Ardizzi et al., 2020). In one study, in
the experimental condition, participants were asked to contract muscles while looking at a figurative
painting with a painful expression. In the control condition, participants were asked to refrain from
making any facial movements. Participants in the experimental group enjoyed the artworks more
than did participants in the control group (Ardizzi et al., 2020). That is, embodiment influences
the hedonic effects of figurative paintings. It is thus possible that congruent embodied sounds
might increase aesthetic appreciation (perceived aesthetic value) of figurative paintings.
Moreover, previous research showed that effects of embodiment are involved in perception of
abstract paintings as well: cortical motor system is involved in observation of abstract paintings
(Umiltà et al., 2012). Thus, we might expect that congruent embodied sounds also increase aesthetic
appreciation of abstract paintings. The effect of synthetic sounds on aesthetic value of figurative
versus abstract paintings is more unclear, so this aspect of the study remains exploratory.

Based on the previous research, congruent visual/auditory stimuli facilitate identification of
auditory/visual tests (Schneider et al., 2008; Vallet et al., 2010). Exposed to a congruent sound
(e.g., a sheep sound), people identify a visually depicted object (e.g., a sheep) faster and make
less errors (Schneider et al., 2008). It is thus possible that congruent sounds might increase per-
ceived meaningfulness of paintings. Moreover, sound embodiment may play a role in cross-
modal effects on perceived meaningfulness of paintings. In line with Freedberg and Gallese
embodied simulation theory, when perceiving figurative paintings depicting acting bodies,
viewers simulate their actions, emotions, and sensations (Freedberg & Gallese, 2007).
Moreover, even perception of abstract paintings involves this corporeal dimension: observing
abstract paintings viewers can simulate the artist’s creative gestures (e.g., dynamic brush
strokes; Freedberg & Gallese, 2007). Thus, we might expect that embodied sounds increase
perceived meaningfulness of both figurative and abstract paintings. For figurative paintings,
congruent embodied sounds might facilitate the understanding of the depicted scenes in
these paintings. For abstract paintings, congruent embodied sounds might facilitate the under-
standing of the artist’s action that produced these paintings.

Finally, together with aesthetic appreciation and perceived meaningfulness, we will investigate
immersive experience of paintings. Immersive experiences in art were mainly investigated in fiction
studies and are described as a feeling of ‘getting lost in a book’ (Nell, 1988). In visual aesthetics,
immersive experience allows the viewer to engage in transportation experience, be fully involved in
a story or an image (Burke, 2015; Di Dio et al., 2016). Since perception in real environment is mul-
tisensory, being able to hear a sound congruent with a painting may increase the feeling of immer-
sion. Earlier studies showed that perception in one modality (haptic feedback) increases the feeling
of immersion in virtual reality (Fan et al., 2013). Sound embodiment may play a role in cross-modal
effects on immersive experience of paintings. Camera movements and audio effects imitating
experiences in everyday life (e.g., zooming imitates visual experience of walking towards the
scene in the real environment) increase sensory immersion in cinema (Gallese & Guerra, 2020).
It is possible that embodied sounds (e.g., imitating the sound of walking on a wooden floor) increase
immersive experience of paintings.

In this study, we presented figurative and abstract paintings paired with embodied and synthetic
sounds. We measured the strength of associations between paintings and sounds, as well as per-
ceived meaningfulness, perceived aesthetic value, and immersive experience of paintings. Based
on the literature reviewed above, we tested the following hypotheses:
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1. Embodied sounds would be more strongly associated with figurative paintings than with
abstract paintings; synthetic sounds would be more strongly associated with abstract paintings
than with figurative paintings.

2. Congruent sounds would increase perceived meaningfulness, aesthetic value and immersive
experience of paintings more compared to non-congruent sounds.

3. Embodied sounds would increase perceived meaningfulness, aesthetic value and immersive
experience of figurative and abstract paintings more than synthetic sounds.

Method

Materials
Sounds. We collected 80 sounds, including 40 embodied sounds and 40 synthetic sounds.
Embodied sounds included sounds associated with bodily movements (e.g., the sound of steps
on a wooden floor), bodily sensations (e.g., the sound of human drinking), and touch (e.g., the
sound of human fingertips running over pebbles). Synthetic sounds included electronic, artificially
created sounds (e.g., electronic music sound samples) and NASA space sounds. We expected that
these sounds would not be associated with bodily movements, sensations and touch. The sounds
were collected on YouTube. The full list of embodied and synthetic sounds used in the main
study, as well as the recordings of sounds, can be found in the Supplemental Materials. All
sounds frequency was set to 44,100 Hz.

To confirm that embodied sounds we preselected are indeed associated with bodily movements,
bodily sensations, and touch, contrary to synthetic sounds, we conducted a pre-test. We also aimed
to select embodied and synthetic sounds which do not differ in liking. Otherwise, the effects of
sounds on aesthetic appreciation of paintings could have been attributed to aesthetic appreciation
of sounds rather than to their embodied/synthetic nature. We recruited 60 participants
on Prolific, a platform for online research, who took part in the pre-test (age range: 19–66 years,
M= 34.13, SD= 12.05, 34 females, 25 males, 1 non-binary). They were asked to evaluate each
sound on two items: embodiment (‘Is this sound associated with bodily movements, bodily sensa-
tions or touch?’) and liking (‘Do you like this sound?’) on a 4-point scale from 1 (not at all) to 4
(very much). Each sound was presented for 20 s before the participant had an opportunity to evalu-
ate it. Participants were not told what sound they were hearing. The time of each trial was not
limited. Each participant evaluated 40 sounds (20 embodied and 20 synthetic sounds).

For the main experiment, we selected 31 sounds evaluated as embodied (>2, M= 2.84, SD=
0.53) and 31 sounds evaluated as synthetic – that is, not associated with bodily movements,
bodily sensations and/or touch (<2, M= 1.34, SD= 0.28). These sounds differed significantly in
embodiment evaluation, t(30)= 14.30, p < .0001, d= 2.59. We also ensured that they did not
differ in liking. There were no significant differences in liking between embodied sounds (M=
1.97, SD= 0.47) and synthetic sounds (M= 2.12, SD= 0.62), t(30)=−0.99, p= .326, d= 0.17.

Paintings. We selected 40 figurative paintings of various artists (e.g., The garden by Emile Friant,
Etoile by Edgar Degas) and 40 abstract paintings (e.g., Sky above clouds by Georgia O’Keeffe, Blue
and grey by Mark Rothko). The paintings were selected by the authors of this manuscript and four
experts affiliated with the Institute for Theology, Imagination and the Arts, University of St
Andrews. We aimed to select an equal amount of figurative and abstract paintings to be further
paired with sounds. All but three figurative paintings involved images of humans (expect for
Carl Blechen’s Forest path near Spandau, Rembrandt’s Ox, and John Constable’s Arundel
castle and gardens). Only three abstract paintings involved images of humans: Pablo Picasso’s
Guernica and Weeping woman and Femme assise. All paintings were uploaded from the
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museum online collections (e.g., Tate Museum online collection) and were not adjusted for bright-
ness. All images varied in dimensions and were adjusted with the following parameters: the average
width of images was 556 (SD= 151), the average height was 509 (SD= 82). Abstract and figurative
images did not differ in their dimensions, ps>.408. See Supplemental Materials for the full list of
paintings.

Sound-Painting Pairs. For the main study, we aimed to pair each painting with a congruent and a non-
congruent embodied and synthetic sound. We selected four sounds and paired them with each paint-
ing (see full list of pairs in Supplemental Materials). The sounds consisted of two embodied sounds
and two synthetic sounds. We aimed to pair each painting with a congruent embodied sound, a non-
congruent embodied sound, a congruent synthetic sound, and a non-congruent synthetic sound. For
this reason, we aimed to select only those paintings which are significantly differently associated
with two embodied sounds (stronger with one than the other) and with two synthetic sounds.

A second pre-test was conducted to ensure that congruent embodied sounds are associated with
paintings significantly stronger than non-congruent embodied sounds and that congruent synthetic
sounds are associated with paintings significantly stronger than non-congruent synthetic sounds.
One hundred and twenty participants took part in the second pre-test, they were recruited on
Prolific (age range: 18–60 years, M= 27.29, SD= 10.93, 81 females, 27 males, 2 non-binary).
They were asked to evaluate 80 painting-sound pairs (‘Do this sound and this painting fit
together?’) on a scale from 1 (No) to 6 (Yes). Each painting was presented once, paired with
either an embodied or a synthetic sound.

One-sample ANOVA was conducted for each painting to ensure that four sounds were differ-
ently associated with the painting (see Supplemental materials). Independent samples t-tests
were conducted further to ensure that two embodied sounds were differently associated with the
painting (i.e., one congruent and one non-congruent), as well as that two synthetic sounds were dif-
ferently associated with the painting (see Supplemental materials). Only paintings with statistically
significant differences between painting-colour associations were selected for the main study (see
Supplemental Materials). Based on this analysis, 51 paintings (20 abstract and 31 figurative paint-
ings), each paired with four sounds, were included in the main study. Twenty-nine paintings were
excluded. Congruent synthetic sounds were associated with paintings stronger compared to non-
congruent synthetic sounds, t(50)= 12.82, p < .001, d= 1.81. Congruent embodied sounds were
associated with paintings stronger compared to non-congruent embodied sounds, t(50)= 16.84,
p < .001, d= 2.35.

Participants
Using G∗Power (Faul et al., 2007), the required minimal sample size to detect differences in
repeated measures analysis of variance (number of measurements= 8) was 62 participants for a
medium effect, a power of .95, and an alpha level of .05. One hundred and nineteen participants
(age range: 18–73, M= 35.68, SD= 13.48, 38 males, 76 females, 3 non-binary, 2 did not report
their gender) were recruited on Prolific. We selected participants with high approval ratings
(>80%) to ensure high-quality data. None of these participants took part in the pre-tests we
conducted.

Procedure
A painting and a sound appeared simultaneously. After 20 s, the response buttons were enabled,
and participants were asked to evaluate the painting-sound on a 6-point scale (from 1 – No, to
6 – Yes) for each of four questions:
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1. Do this sound and this painting fit together?
2. Do you feel immersed?
3. Is this painting meaningful?
4. Does this painting have aesthetic value?

The painting and the sound were presented until participants answered all four questions. The order
of questions was sequential. The time was not limited. Each participant evaluated 51 paintings.
Each painting was paired with either a congruent embodied sound, a non-congruent embodied
sound, a congruent synthetic sound, or a non-congruent synthetic sound. Each participant was pre-
sented with an equal number of trials involving the eight types of response: abstract art+ congruent
embodied sounds (5 trials), abstract art+ non-congruent embodied sounds (5 trials), abstract art+
congruent synthetic sounds (5 trials), abstract art+ non congruent synthetic sounds (5 trials), figura-
tive art+ congruent embodied sounds (8 trials), figurative art+ non-congruent embodied sounds (8
trials), figurative art+ congruent synthetic sounds (8 trials), figurative art+ non congruent synthetic
sounds (8 trials).

For the main analysis, we averaged eight types of response for each participant:

1. Figurative paintings paired with congruent embodied sounds
2. Figurative paintings paired with non-congruent embodied sounds
3. Figurative paintings paired with congruent synthetic sounds
4. Figurative paintings paired with non-congruent synthetic sounds
5. Abstract paintings paired with congruent embodied sounds
6. Abstract paintings paired with non-congruent embodied sounds
7. Abstract paintings paired with congruent synthetic sounds
8. Abstract paintings paired with non-congruent synthetic sounds

Results2

Associations Between Paintings and Sounds
Means and standard deviations of associations between paintings and sounds were calculated (see
Table 13 ). Repeated measures 2× 2× 2 ANOVA (sound congruency, sound embodiment, type of
painting) indicated that the main effect of sound congruency on sound-painting associations was
significant (see Table 2). Paired samples t-tests were conducted to compare associations between
paintings and congruent sounds and paintings and non-congruent sounds. As expected, congruent
embodied sounds were associated more strongly with abstract paintings than non-congruent
embodied sounds were, t(118)= 21.03, p < .001, d= 1.92. Congruent synthetic sounds were asso-
ciated more strongly with abstract paintings stronger than non-congruent synthetic sounds were,
t(118)= 8.36, p < .001, d= 0.77. Congruent embodied sounds were associated more strongly
with figurative paintings than non-congruent embodied sounds were, t(118)= 32.20, p < .001,
d= 2.96. Finally, congruent synthetic sounds were associated more strongly with figurative paint-
ings than non-congruent synthetic sounds were, t(118)= 19.74, p < .001, d= 1.80 (see Table 1).

Paired samples t-tests were conducted to compare the strength of associations between abstract
paintings and congruent synthetic and embodied sounds. Embodied sounds were associated more
strongly with figurative paintings than with abstract paintings, t(119)= -8.79, p< .001, d= 0.81.
Synthetic sounds were associated more strongly with abstract paintings than with figurative paint-
ings, t(119)= 4.17, p< .001, d= 0.38.
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Perceived Meaningfulness and Sound Effects
Repeated measures 2× 2× 2 ANOVA (sound congruency, sound embodiment, type of painting)
indicated that the main effect of sound congruency on the perceived meaningfulness of the paint-
ings was significant (see Table 2). As expected, congruent embodied sounds increased the per-
ceived meaningfulness of abstract paintings more than non-congruent embodied sounds did,
t(118)= 4.73, p < .001, d= 0.43. Congruent synthetic sounds increased the perceived meaningful-
ness of abstract paintings more than non-congruent synthetic sounds did, t(117)= 3.76, p < .001,
d= 0.35. Congruent embodied sounds increased the perceived meaningfulness of figurative
paintings more than non-congruent embodied sounds did, t(117)= 5.49, p < .001, d= 0.51.
Finally, congruent synthetic sounds increased the perceived meaningfulness of figurative paint-
ings more than non-congruent synthetic sounds did, t(117)= 5.46, p < .001, d= 0.5 (see Table 1).

Paired sample t-tests were conducted to compare the effects of sound embodiment on the per-
ceived meaningfulness of abstract and figurative paintings. Congruent embodied sounds did not
increase the perceived meaningfulness of abstract paintings nor figurative paintings more compared
to congruent synthetic sounds, ps>.110.

Perceived Aesthetic Value and Sound Effects
Repeated measures 2× 2× 2 ANOVA (sound congruency× sound embodiment× type of paint-
ings) indicated that the main effect of sound congruency on perceived aesthetic value of the paint-
ings was significant (see Table 2). As expected, congruent embodied sounds increased the
perceived aesthetic value of figurative paintings more than non-congruent embodied sounds did,
t(118)= 4.55 p < .001, d= 0.25. Congruent synthetic sounds increased the perceived aesthetic
value of figurative paintings more than non-congruent synthetic sounds did, t(117)= 3.65, p <
.001, d= 0.33. Congruent synthetic sounds increased the perceived aesthetic value of abstract paint-
ings more than non-congruent synthetic sounds did, t(117)= 2.72, p= .008, d= 0.25. However,
congruent embodied sounds did not increase the perceived aesthetic value of abstract paintings
more than non-congruent embodied sounds did, p= .265 (see Table 1).

Paired sample t-tests were conducted to compare the effects of sound embodiment on abstract
and figurative paintings. Congruent embodied sounds did not increase the perceived aesthetic
value of abstract paintings nor figurative paintings more compared to congruent synthetic
sounds, ps>.192.

Immersive Experience and Sound Effects
Repeated measures 2× 2× 2 ANOVA (sound congruency, sound embodiment and type of painting)
indicated that the main effect of sound congruency on immersive experience was significant (see
Table 2). As expected, congruent embodied sounds increased the immerstive experience of abstract
paintings more than non-congruent embodied sounds did, t(118)= 11.97 p < .001, d= 1.10.
Congruent synthetic sounds increased the immersive experience of abstract paintings more than
non-congruent synthetic sounds did, t(118)= 7.27, p < .001, d= 0.67. Congruent embodied
sounds increased the immersive experience of figurative paintings more than non-congruent syn-
thetic sounds did, t(118)= 17.58, p < .001, d= 1.16. Congruent synthetic sounds increased the
immersive experience of figurative paintings more than non-congruent embodied sounds did,
t(118)= 17.19, p < .001, d= 1.58 (see Table 1).

Paired sample t-tests were conducted to compare the effects of sound embodiment on the immer-
sive experience of abstract and figurative paintings. Embodied sounds increased the immersive
experience of figurative paintings more compared to synthetic sounds, t(118)= 2.52, p= .013,
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d= 0.23. Synthetic sounds increased the immersive experience of abstract paintings more com-
pared to embodied sounds, t(118)=−5.34, p < .001, d= 0.48 (see Table 1).

Discussion
This study investigated whether the general population has cross-modal associations between
embodied and synthetic sounds and figurative and abstract paintings. We found that embodied
sounds are associated more strongly with figurative paintings, and synthetic sounds with abstract
paintings. To our knowledge, this is the first study which tested the role of sound embodiment
in sound-painting associations. It showed that cross-modal associations between visual and audi-
tory stimulation can be partly explained by embodiment effects.

It is possible that associations between embodied sounds and figurative paintings are stronger
because these sounds are related to a concrete context or a certain situation (e.g., the sound of
nails being hammered is associated with a situation where someone is hammering nails).
Synthetic sounds, however, are less concrete (it is harder to link them to a concrete context) and
thus are associated more strongly with abstract paintings. Indeed, artists who make abstract art
suggest that it is context-invariant, free from association with any context, contrary to figurative
art (MacAgy, 1945; Matisse, 1978).

This finding is also in line with the CLT, which bridges art theory and cognitive research (Trope
& Liberman, 2010). CLT characterizes differences in abstract and concrete mindsets, which can be
applied to perception of abstract and figurative paintings. Low level of abstraction involves
representation of object’s concrete, contextual features, while high level of abstraction: essential
and decontextualized features. In line with this theory, it was found that abstract paintings are asso-
ciated with distant situations more (temporal and spatial placement in the world), compared to fig-
urative paintings (Durkin et al., 2020). It is possible that the judged distance of synthetic
(non-embodied) sounds, associated with abstract paintings, will be longer than judged distance
of embodied sounds, associated with figurative paintings. Thus, future research may investigate
if sound embodiment affects auditory-distance estimation.

To our knowledge, this study is the first study to establish the role of embodiment in complex
cross-modal associations between sounds and paintings. It contributes to our understanding of
mechanisms which underly complex cross-modal associations (Spence, 2020b). Previous research
investigated other mechanisms which may underly these associations: semantic congruency
(Albertazzi et al., 2020), emotion (Di Stefano et al., 2022; Spence, 2020a), stylistic similarities
(Hasenfus et al., 1983). These mechanisms can partly account for cross-modal associations we
described in this study, because semantically congruent sounds and paintings, similarly valanced
sounds, and paintings, sounds and paintings with similar stylistics can be associated with each
other. Not denying the role of these possible mechanisms in crossmodal associations, present
study extends our knowledge by establishing the role of embodiment.

The second aim of this study was to investigate the effects of sounds on painting perception (per-
ceived meaningfulness, aesthetic value and immersive experience). We found that congruent
embodied and synthetic sounds increased the perceived meaningfulness, immersive experience
and aesthetic value of both abstract and figurative paintings. This finding confirms that cross-modal
associations between sounds and paintings have perceptual and hedonic effects on paintings.
Interestingly, perceived meaningfulness and immersive experience may indicate potential mechan-
isms which underly the effects of congruent embodied and synthetic sounds on aesthetic appreci-
ation of paintings.

Firstly, increased perceived meaningfulness may increase aesthetic appreciation. Some research-
ers suggest that an artwork is a message from the artist and needs to be understood by the viewers in
order to be appreciated (Konečni, 1984). Others suggest that when interpreting the meaning of the
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artworks, the viewers derive pleasure from it (Berlyne, 1974). Empirical research found that per-
ceived meaningfulness of an artwork is related to its aesthetic value: preference for paintings is
positively related to their perceived meaningfulness (Martindale et al., 1990). Moreover, manipu-
lating perceived meaningfulness of a painting (by presenting information along with the painting)
increased painting’s pleasingness (Russell, 2003). Thus, congruent embodied and synthetic sounds
may increase aesthetic appreciation by increasing perceived meaningfulness of paintings.

Secondly, the feeling of immersion is also related to aesthetic pleasure. Researchers assume that
immersion in visual art and in literature is related to aesthetic pleasure (Douglas & Hargadon,
2001). Congruent embodied and synthetic sounds may increase aesthetic appreciation of paintings
by increasing the feeling of immersion. This effect of embodied and synthetic sounds on paintings
perception and appreciation can be taken into account in design.

It should be mentioned that, contrary to our expectations, the effects of embodied sounds on per-
ceived meaningfulness and aesthetic value were not greater compared to the effects of synthetic
sounds. This indicates that sound congruency rather than sound embodiment has stronger effect
on perceptual and hedonic aspects of painting perception. With one exception: the effects of
sound embodiment on immersive experience of paintings. Embodied sounds increased immersive
experience of figurative paintings more than synthetic sounds. This finding can be interpreted in line
with the embodied simulation theory: embodiment plays an important role in art perception.
Observing figurative paintings, individuals simulate what they depict, and figurative paintings in
present study often depicted human actors. This effect of embodied sounds may be similar to the
one described in Heimann et al. (2014). In this study, the perception of videos zooming in on a
scene (thus imitating movements) increased the feeling that the viewer is involved in the scene
and the feeling that the viewer is more like the actor. These feelings are related to the sensation
of being immersed. It is thus possible that both embodied sounds (vs. synthetic sounds) and
video techniques approaching the object (vs. still camera) have similar effects on immersive experi-
ence. Interestingly, this effect of embodied sounds was not confirmed for abstract paintings.
Synthetic sounds increased immersive experience of abstract paintings more than embodied
sounds. This might indicate that sound embodiment is not the only path to increase immersive
feeling while observing a painting.

There are important limitations to consider. Firstly, since the study was conducted online and not
in the lab, we were unable to control the volume of sounds which were presented to our participants.
Of course, all participants were asked to turn their audio on, but we did not control the volume level.
We informed our participants that the study involves listening to and evaluating sounds, but we did
not account for participants hearing problems. Secondly, the effects of sounds on perceived mean-
ingfulness, aesthetic value, and immersive experience are limited by the fact that our participants’
attention was directed to associations between sounds and paintings. Future studies may investigate
whether the perceptual effects of cross-modal associations are preserved when participants are not
explicitly asked to evaluate how well the sound and the paintings fit each other. Thirdly, earlier
researched showed that valence mediates cross-modal associations between music and colour
(Whiteford et al., 2018). Since we did not measure the valence of stimuli we used, it is possible
that similar valence of sounds and paintings played a role in cross-modal associations we found.
Finally, we investigated associations between sounds and paintings: it is not clear whether our find-
ings can be generalized to non-art stimuli. Although cross-modal associations research often
involves artworks as stimuli (e.g., music, paintings, cinema; Albertazzi et al., 2015; Iosifian,
2020; Palmer et al., 2013), art is not an everyday stimulus. Future research may test whether
embodied sounds will be similarly associated with perception of photographed and blurred
images of objects.

Overall, this study detected cross-modal associations between sounds and paintings: embodied
sounds were associated with figurative paintings, and synthetic sounds with abstract paintings.
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Congruent embodied and synthetic sounds increased the perceived meaningfulness, immersive
experience and aesthetic value of paintings. Embodied sounds also increased immersive experience
of figurative paintings, while synthetic sounds – of abstract paintings. These findings indicate that
embodied representations play a role in cross-modal associations between sounds and paintings.
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Notes
1. When people are asked to choose a name for two round tables, the larger one is often called ‘mal’, while the

smaller one is more often called ‘mil’ (Sapir, 1929).
2. To take into account the trial variance as a repeated measure, we conducted multiple linear analysis (see

Supplemental Materials: Supplementary analysis).
3. Analysis was conducted in IBM SPSS Statistics 26 (IMB Corp 2017).
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	 &/title;&p;Everyday life perception is multisensory: we perceive the world as a unity of sounds, movements, colours, odours, shapes and textures, although we receive information about it via separate senses. Although research gained insights as to how the mind integrates information from different senses into a coherent perception, much remains unknown (Stein et al., 2020). For instance, the role of embodiment in multisensory integration (Tsakiris, 2017). One way of investigating how different modalities interact is understanding cross-modal associations. Cross-modal associations are associations between stimuli from different modalities, for example, colour and sound. Cross-modal associations do not imply the experience of a concurrent stimulus (like synaesthesia) but associating sensations with each other. Contrary to synaesthesia, which is a rare condition present in only 4.4% of the population (Simner et al., 2006), cross-modal associations are much more widespread. Some neuroscientists consider them as essential and natural part of regular cognition as human mind is intrinsically multisensory (Pascual-Leone  Hamilton, 2001). Researchers have found cross-modal associations between odours and music (Levitan et al., 2015), colour and music (Palmer et al., 2013), taste and music (Wang  Spence, 2015), touch and film (Iosifian, 2020; Iosifyan et al., 2017), and music and paintings (Albertazzi et al., 2015). All these associations were found in the general population, among individuals who do not have synaesthesia.&/p;&p;Researchers continue to delineate associations between sensations from different modalities (Giannos et al., 2021; Mok et al., 2019; Motoki et al., 2020; Saluja  Stevenson, 2018). They also attempt to understand the mechanisms which underly these associations. Understanding these mechanisms may contribute to our understanding of multisensory integration, which is one of the key characteristics of perception. There are different mechanisms which underly cross-modal associations. They involve emotional, structural, statistical, and semantic correspondences (Spence, 2011). Emotional correspondences involve two sensations which are associated because they both are associated with a similar emotion. For example, a yellow colour and a major music tone are associated with happiness. Structural cross-modal correspondences are mediated by peculiarities of the neural systems which code sensory information. For example, loudness and brightness are related to increased stimulus intensity, so light and bright stimuli are associated. Statistical cross-modal correspondences involve two sensations which are associated because they are often correlated in the natural environment. For instance, smaller objects often create sounds of higher pitch, while larger objects – of low pitch, thus high-pitched sounds are associated with smaller shapes and low-pitched sounds – with larger shapes. Semantical cross-modal correspondences involve two sensations which are semantically congruent and thus associated with each other. For example, pitch and elevation are associated because our language uses the words ‘low’ and ‘how’ both to describe pitch and elevation. In the present study, we are interested in the role of embodied cross-modal correspondences: correspondences which are based on sensorimotor associations (Pezzulo et al., 2011; Spence  Deroy, 2012).&/p;&p;The role of embodied or sensorimotor associations might contribute to our understanding of cross-modal associations, because embodied representations may explain why certain cross-modal associations develop. For instance, mirror-touch synaesthesia is discussed in the literature: people with this synaesthesia experience tactile sensations when they observe someone else being touched (Blakemore et al., 2005; Holle et al., 2013). Some researchers assume that the underlying mechanism of this synaesthesia is based on mirror-touch neurons: mirror neurons which fire both when humans observe others being touched and when they are being touched themselves (Linkovski et al., 2017; Ward  Banissy, 2015). Although some researchers claim that there is no evidence to link cross-modal associations with the neurological phenomena of synaesthesia (Deroy  Spence, 2013; Parise  Spence, 2013), others assume that the two are related (Marks, 2017; Martino  Marks, 2001; Ludwig et al., 2011). Moreover, some researchers assume that mirror-touch synaesthesia is an extreme endpoint of a normal mirror neuron system, which is also present in people without synaesthesia (Linkovski et al., 2017). In non-synaesthetes, observing others being touched activates certain brain regions which are also activated during actual touch (secondary somatosensory cortex, Ebisch et al., 2008; Keysers et al., 2004; Keysers et al., 2010). It is assumed that the purpose of mirror neurons is to translate sensory information into motor actions (Rizzolatti  Fogassi, 2014). That is, a mirror neuron mechanism can partly explain how embodied representations underly cross-modal associations: two sensations from different modalities can be associated because they are related to similar embodied representations.&/p;&p;Some researchers assume that cross-modal associations between words and shapes can be explained by embodied representations. Certain words are associated with angular shapes because of the audio-motor associations between listening and performing articulatory movements: the word ‘maluma’ is associated with rounded shapes, because the mouth is rounded when we pronounce this word (Galantucci et al., 2006; Sapir, 1929; Spence  Deroy, 2012).&/p;&p;Another study showed that speech sounds affect the way people perceive mouth-like shapes. Participants listened to a speech sound (‘wee’ or a ‘woo’ sound) or an environmental sound (e.g., ice cracking) and after that they very briefly saw an oval which varied in aspect ratio (Sweeny et al., 2012). When participants were asked to choose the oval they briefly saw from a group of 10 different ovals, their choice was affected by the sound they heard. The oval was evaluated as taller after the ‘wee’ sounds and as wider after the ‘woo’ sounds. It was assumed that while listening to the speech sounds, individuals automatically perform articulatory movements similar to these sounds: performing ‘wee’ sound movements involves a narrower mouth shape, hence the oval was evaluated as taller; performing ‘woo’ sounds movements involves a wider mouth shape, hence the oval was evaluated as wider (Sweeny et al., 2012).&/p;&p;The sound symbolism approach assumes that certain cross-modal correspondences (e.g., the mil-mal phenomenon1) can be explained by the movements of the mouth when pronouncing certain sounds, rather than by other factors (such as statistical correspondences in the environment: e.g., larger objects make lower-pitched sounds; Sapir, 1929). Thus, audiomotor (sound and movement) and not only audiovisual (sound and shape) correspondences play an important role in these associations (Galantucci et al., 2006). This does not mean that other mechanisms of cross-modal associations do not play a role in them (e.g., emotion, semantic evaluation, statistical correspondences). However, the role of embodied representations in these associations is not yet well reported in the literature.&/p;&p;To fill this gap, in the present study we investigate the role of embodiment in associations between sounds and complex visual stimuli (paintings). More specifically, we will investigate the role of embodiment in perception of abstract and figurative paintings. Earlier research in neuroaesthetics has found that abstract and figurative paintings are approached differently and elicit different mental processes. Figurative paintings elicit local gaze scan paths and activate category-specific brain areas (e.g., tuned for faces and objects). Abstract paintings elicit global gaze scan paths and activate brain areas which involve perception of shape and colour (features of intermediate complexity; Epstein  Kanwisher, 1998; Kawabata  Zeki, 2004; Yago  Ishai, 2006; Zangemeister et al., 1995). Thus, embodied representations can play a different role in cross-modal associations with abstract and figurative paintings.&/p;&p;Previous research investigated the role of embodiment in the perception of visual art, but not cross-modal associations. Researchers observed mu-rhythm suppression (which indicates mirror neuron activation) in response to abstract paintings, as opposed to graphically modified versions of these paintings (UmiltÀ et al., 2012). They suggested that this activation reflects the imitation of movements made to create the artwork (knowing the object [e.g., a painting] is equivalent to knowing the process by which it has been created). The same effects were found in film perception: researchers compared brain activity while their participants watched the same scene shot by a fixed camera and by a moving, zoomed camera (Heimann et al., 2014). They found that motor regions were more intensely activated when the camera was moving. Artworks can, it would seem, be perceived in an embodied manner. This can be related to embodied representations associated with the process of art-making and representations associated with the content of an artwork.&/p;&p;In the present study, we investigate cross-modal associations between embodied and synthetic sounds and figurative and abstract paintings. Embodied sounds in this study are understood as sounds associated with bodily sensations, bodily movements, and touch. Embodied nature of sound is related to the fact that sounds accompany actions and are processed together (Vainio  Vainio, 2021). Sound characteristics (higher-lower pitch) affect hand movements (upper-lower hand locations; Salgado-Montejo et al., 2016). Earlier research found neurons which are sensitive to both sounds and actions (Keysers et al., 2003; Kohler et al., 2002). Thus, in the present study we use the sounds which accompany footsteps, coughing, touching pebbles, etc. Synthetic sounds are sounds which, to the contrary, are not associated with these sensations. Previous research demonstrated that abstract and figurative art elicit different mental processes (Aviv, 2014). Construal level theory (CLT), earlier applied to understand differences in the processing of figurative and abstract art, suggests that there are differences in abstract and concrete mindsets (Durkin et al., 2020): namely, they vary in the cognitive availability of abstract or concrete representations. Embodied sounds are related to specific actions, objects, or events (e.g., the sound of breathing, the sound of tearing paper), while synthetic sounds cannot be easily attributed to concrete events. We expected that embodied sounds would be more strongly associated with figurative paintings, because they involve object representation, and that synthetic sounds would be more strongly associated with abstract paintings.&/p;&p;Previous research investigated links between visual and auditory stimuli. Interestingly, the idea that certain shapes are associated with particular sounds was developed by artists, for example, Vasiliy Kandinsky (Kandinsky, 1926/1994). Cross-modal associations between complex auditory stimuli (music) and paintings have been empirically investigated. For instance, it was found that hue, lightness, timbre, and musical tempo are among the key characteristics which underly associations between music and paintings (Albertazzi et al., 2015). However, the role of embodied representations in cross-modal associations between sounds and paintings was not investigated.&/p;&p;Sounds can be associated with images, but they can also affect the way we perceive these images. That is, cross-modal associations between embodied/synthetic sounds and paintings might affect the perception of paintings. In the Sweeny et al. (2012) study, described above, speech sounds influenced the perception of ovals. Research on cross-modal correspondences in general revealed several perceptual effects: high/low pitched sounds affect the speed and accuracy of brightness and shape perception (Marks, 1987; Odgaard et al., 2003; Stein et al., 1996), descending and ascending pitch affects the perception of ambiguous visual motion (Maeda et al., 2004), sounds of a male/female voice affect the perception of androgynous faces (Smith et al., 2007), visual cues facilitate identification of auditory tests and vice versa (Schneider et al., 2008; Vallet et al., 2010). Moreover, cross-modal effects are also related to perceived value of stimuli: congruent sounds intensify hedonic evaluations of food (Crisinel et al., 2012), and congruent music intensifies the aesthetic appreciation of paintings (Limbert  Polzella, 1998). For example, jazz music increases liking of abstract paintings, while Classical music – liking of figurative paintings (Actis-Grosso et al., 2016; Koning  van Lier, 2013).&/p;&p;To further investigate hedonic and perceptual effects of sounds on paintings, we will measure how sounds affect aesthetic appreciation, perceived meaningfulness and immersive experience of paintings. Although the broad concept of aesthetic value includes various evaluative responses one may have to art (e.g., emotional reaction, absorption, being moved, in Leder and Nadal's model of aesthetic appreciation and aesthetic judgments; Leder  Nadal, 2014), in the present study we focus on a narrower definition of aesthetic value as aesthetic evaluation of an artwork. In line with the congruency effects described above, it is possible that congruent sounds (both embodied and synthetic) might increase aesthetic appreciation of paintings. These effects of congruency can be related to the fluency theory of aesthetic pleasure (Forster et al., 2013; Reber et al., 2004). That is, congruent sound may increase processing of the painting as more fluent. Fluency, in its turn, may increase positive affect and aesthetic evaluation of the painting. Moreover, the effects of embodiment may partly underly congruency between sounds and paintings. In relation to embodiment effects on the perception of art, it was found that sensory-motor engagement impacts aesthetic appreciation of an artwork (Ardizzi et al., 2020). In one study, in the experimental condition, participants were asked to contract muscles while looking at a figurative painting with a painful expression. In the control condition, participants were asked to refrain from making any facial movements. Participants in the experimental group enjoyed the artworks more than did participants in the control group (Ardizzi et al., 2020). That is, embodiment influences the hedonic effects of figurative paintings. It is thus possible that congruent embodied sounds might increase aesthetic appreciation (perceived aesthetic value) of figurative paintings. Moreover, previous research showed that effects of embodiment are involved in perception of abstract paintings as well: cortical motor system is involved in observation of abstract paintings (UmiltÀ et al., 2012). Thus, we might expect that congruent embodied sounds also increase aesthetic appreciation of abstract paintings. The effect of synthetic sounds on aesthetic value of figurative versus abstract paintings is more unclear, so this aspect of the study remains exploratory.&/p;&p;Based on the previous research, congruent visual/auditory stimuli facilitate identification of auditory/visual tests (Schneider et al., 2008; Vallet et al., 2010). Exposed to a congruent sound (e.g., a sheep sound), people identify a visually depicted object (e.g., a sheep) faster and make less errors (Schneider et al., 2008). It is thus possible that congruent sounds might increase perceived meaningfulness of paintings. Moreover, sound embodiment may play a role in cross-modal effects on perceived meaningfulness of paintings. In line with Freedberg and Gallese embodied simulation theory, when perceiving figurative paintings depicting acting bodies, viewers simulate their actions, emotions, and sensations (Freedberg  Gallese, 2007). Moreover, even perception of abstract paintings involves this corporeal dimension: observing abstract paintings viewers can simulate the artist's creative gestures (e.g., dynamic brush strokes; Freedberg  Gallese, 2007). Thus, we might expect that embodied sounds increase perceived meaningfulness of both figurative and abstract paintings. For figurative paintings, congruent embodied sounds might facilitate the understanding of the depicted scenes in these paintings. For abstract paintings, congruent embodied sounds might facilitate the understanding of the artist's action that produced these paintings.&/p;&p;Finally, together with aesthetic appreciation and perceived meaningfulness, we will investigate immersive experience of paintings. Immersive experiences in art were mainly investigated in fiction studies and are described as a feeling of ‘getting lost in a book’ (Nell, 1988). In visual aesthetics, immersive experience allows the viewer to engage in transportation experience, be fully involved in a story or an image (Burke, 2015; Di Dio et al., 2016). Since perception in real environment is multisensory, being able to hear a sound congruent with a painting may increase the feeling of immersion. Earlier studies showed that perception in one modality (haptic feedback) increases the feeling of immersion in virtual reality (Fan et al., 2013). Sound embodiment may play a role in cross-modal effects on immersive experience of paintings. Camera movements and audio effects imitating experiences in everyday life (e.g., zooming imitates visual experience of walking towards the scene in the real environment) increase sensory immersion in cinema (Gallese  Guerra, 2020). It is possible that embodied sounds (e.g., imitating the sound of walking on a wooden floor) increase immersive experience of paintings.&/p;&p;In this study, we presented figurative and abstract paintings paired with embodied and synthetic sounds. We measured the strength of associations between paintings and sounds, as well as perceived meaningfulness, perceived aesthetic value, and immersive experience of paintings. Based on the literature reviewed above, we tested the following hypotheses:&list list-type=
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