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Introduction 

Crossmodal correspondences, or widely-shared expectations for mapping experiences 

across sense domains, manifest in both poetic and everyday language: for example, sounds may 

be bright (sight), sweet (taste), or sharp (touch). The literature in psychology on crossmodal 

correspondences is consistent with the theory that these metaphors play out in perception as well 

as language (Marks, 2013). Common correspondences may be the product of similar qualia, or 

phenomenological experiences—for example, one might use the word “sharp” to describe the 

sound of the piccolo, suggesting the possibility that there is something about the experience of 

hearing a piccolo that is shared with the experience of touching something sharp. In a previous 

study (Reymore & Huron, 2018), musicians were interviewed individually and asked to describe 

the sounds of different musical instruments. Terms that were used to describe a piccolo sound 

included: “sharp,” “piercing,” “cutting,” “penetrating,” and “edge to the sound.” Some musicians 

made this connection explicit, with comments including “sharp, like it could cut something,” “a 

sharp knife,” and “arrow-like.”  

This paper reviews past discussion of color-timbre correspondences, discusses research 

applications in art and science, and reports the results of an experiment testing the relationship 

between visually-based timbre description and the lightness dimension of matching colors. 

                                                
1 The research study described in this paper was designed and conducted in collaboration with Delwin Lindsey, also 
of The Ohio State University. 
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Background 

 The origins of cross-modal correspondences are unknown, but several possibilities have 

been suggested. Parise and Spence (2013) summarize such theories in three categories. One type 

of theory posits that crossmodal pairing preferences might be a result of structural or functional 

overlaps in the brain. Secondly, common associations might be the results of statistical learning—

perhaps we tend to make or prefer pairings that happen most frequently in the environment. A third 

explanation that has been offered is linguistic, which suggests that overlaps in terminology drive 

crossmodal matching; however, causality is difficult to infer, as it is of course possible that 

structural or functional similarities, statistical learning, or any combination thereof may have 

shaped the language we use to describe qualia across modalities. 

In previous research, correspondences between colors and sound have been primarily 

investigated in cases of strong synesthesia, which often involve pitch-to-color mappings. The 

specific sound-color mappings in strong synesthesia are highly variable among synesthetes (Parise 

& Spence, 2013), although certain trends have become apparent (e.g. Ward et al., 2006). From 

causal experience, it is apparent that non-synesthete musicians often have strong color-pitch 

associations; these may vary highly among individuals.  

The research discussed in this paper considers not pitch, but rather perceived timbre, or 

subjective characteristic sound quality, as a color-evocative dimension of sound. Timbre refers to 

the qualities that make musical instrument sounds unique; this feature of sound is also colloquially 

referred to as “tone color.” In this series of studies, rather than focus on the acoustic factors of 

timbres, we consider auditory dimensions of timbre—perceived timbre, or what has been called 
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“musical instrument qualia” by Reymore and Huron (2018). We propose that there are common, 

latent timbre-color correspondences that are consistent among the general population of non-

synesthetes. 

Historically, authors in various disciplines have remarked on correspondences between 

timbres and colors. In one well-known example, John Locke wrote in 1690 of a blind man 

struggling to understand the color scarlet, but then having the epiphany  

“that he now understood what scarlet signified. Upon which his friend demanding, What 

scarlet was? the blind man answered, it was like the sound of the trumpet” (Locke, 1860).   

However, tendencies for authors outside of science to claim connections between colors and 

timbres has produced somewhat inconsistent results according to a review by Reuter et al. (2018). 

In a perceptual test in which participants chose colors based on sounds, Reuter et al. found evidence 

of a few general trends for particular instruments, such as the trumpet being associated with red 

and yellow, but did not find consistent hue-timbre relationships for most instruments. Their 

primary finding was that higher pitched instruments tend to be associated with lighter colors.  

Although hue-timbre relationships do not seem to be particularly consistent, both colors 

and timbres are complex constructs with a variety of dimensions that are often described with 

crossmodal language. For example, 20th and 21st-century research has suggested common 

associations of color with loudness, weight, temperature, and pitch (see Marks, 2013 for a review). 

And, in addition to the tradition of timbre-hue matching as exemplified earlier by Locke and 

Kandinsky, there is a tradition of non-empirical descriptions of correspondences based in 

crossmodal language from certain 19th and 20th century music theoretical and music scientific 

writings. For example, Carl Stumpf, an early music psychologist, wrote in 1883 that  
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“…the affective character of low tones is gloomy and dark while that of high tones, as 

though the ear were pierced by a needle. Low tones give the impression of voluminousness 

and massiveness as contrasted with the thinness and smallness of high tones…” (as cited 

in Pratt, 1930).  

Commenting on this tradition, Pratt (1930) observed that: 

“…since there are no verbal expressions, aside from letters of the alphabet, for tonal 

qualities, language has borrowed from various sense departments words which apply to 

impressions accompanied by feelings similar to those to which tones give rise.” 

Music theorist Hugo Riemann wrote in 1895 that “lower tones that are broad, blunt, massive, and 

dark to higher tones that are thin, sharp, acute, lively, and bright.” Fin-de-siècle painter Wassily 

Kandinsky described musical instrument timbres through colors while pointing to the pitch-

lightness relationship also referenced by Stumpf and Riemann, opining that “…the sound of colors 

is so definite that it would be hard to find anyone who would try to express bright yellow in the 

bass notes, or dark lake in the treble” (Kandinsky, 1977).  

Taken together, this evidence suggests that although color-timbre matching is not easily 

apparent, more complex crossmodal associations may underpin the relationship between color and 

timbre, influence choices about crossmodal matching, and affect aesthetic preferences. 

 

Applications in Art and Science 

In the past century with the growth of film and computer technology, a new genre has 

emerged, called “music visualization.”  Artists or teams of artists working in music visualization 
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create multi-sensory experiences involving music and visual art, often in the form of moving 

images or lights that sync with the music being played.  

 

 

Figure 1. Screenshots from Fantasia and Fantasia 2000, which are examples of music visualization. 

 

Inevitably, visualization involves color, and artists working in this genre must choose 

colors when designing their visuals. In some cases, the goal may be to choose colors that “match” 

or go along with the music, but alternative tactics might include creating contrast between audio 

and visual elements, perhaps weaving a complex audio-visual counterpoint. Though colors can of 

course be chosen in relation to a variety of parameters, including melody, harmony, or rhythm the 

current project investigates specifically how musical timbre, colloquially known as “tone color” 

might be related to visual color choices. How might artists be making connections or choosing 

colors? Are there widespread expectations about how sound should be matched to color? Could 

research about the expectations people have about matching sound to color inspire new ways of 

pairing—matching or mismatching—color and sound? 
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In addition to the potential artistic applications of this research, crossmodal studies are of 

interest scientifically—how widespread are different kinds of associations and what are their 

origins? What can we learn about how the brain works from understanding how these associations 

are made? Or about the way that the brain evolved? As found in a previous study (Reymore and 

Huron, 2018), the majority of words that are commonly used to describe timbre are often 

crossmodal: that is, they are words borrowed from sensory experiences other than hearing. On one 

hand, these metaphors could simply be exhibiting two concepts with entirely separate definitions 

that happen to share the same label. However, it seems likely that there is a deeper reason for the 

shared language, one that could be related to perception and cognition. 

I theorize that our use of crossmodal timbre language may be related to underlying 

similarities in qualia, which are both rooted in cross-modality and potentially somehow 

transcendent of modalities. While study of language may not uncloak the ineffable qualia as such, 

it can point to qualia; that is, it can reveal patterns in phenomenal experience. On this view, 

musicians use words like “bright” to describe sound because brightness has a quale—there is 

something-that-it-like-to-experience-brightness—and that quale is realized in various experiences 

but is not limited by a single modality. When people recruit the word “bright” to describe a timbre, 

part of what they are telling us is that they hear in this sound something-that-it-is-like-to-

experience-brightness—that the experience of hearing this particular sound is somehow, probably 

indescribably, related to the experience of emerging into the sunlight from a dark movie theatre or 

looking at a particularly bright color. 
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Hypotheses 

During the open-ended timbre description task in Reymore and Huron (2018), musicians 

often volunteered color-related words to describe musical timbres. For example, interviewees 

described the bass clarinet as “a very deep, dark, navy-blue colored sound,” the saxophone as 

“orange,” the oboe as “yellow, with green undertones,” the flute as a “sky blue color,” and the 

piccolo as “fuchsia pink.” The study reported here investigates whether there are common, latent 

timbre-color correspondences that are consistent among the general population—people who are 

not music-color synesthetes and are not necessarily musicians. 

The experiment tests the idea that associations between timbre and color can be predicted 

from established associations between color and other modalities; this experiment was designed 

and executed in collaboration with Dr. Delwin Lindsey, at The Ohio State University. Specifically, 

we hypothesize that the overlap in sound and color related language goes beyond merely a shared 

terminology and instead reflects deeply embedded cross-modal correspondences.  

 Based on the results of Reymore and Huron (2018) and previously published research on 

crossmodal correspondences, a list of adjectives were compiled as potential predictors of 

crossmodal matching. Our hypothesis was that lighter colors are associated with timbres that are 

rated as higher, smaller, brighter, and happier, while darker colors are associated with timbres rated 

as lower, bigger, darker, and sadder. 

 

Method 

Participants (n = 106; 45.5% male, 51.8% female, 2.7% not reporting) used an iPad and 

headphones to listen to stimuli and respond via a custom-made, calibrated application. Participants 
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were visitors to The Center for Science and Industry (COSI) in Columbus, OH, where the study 

took place. 

 Participants answered basic demographic questions including age, gender, and 

race/ethnicity. Additionally, participants were asked to indicate whether they had normal hearing, 

whether they had normal color vision, and whether they experienced synaesthesia, with the options 

of answering ‘yes,’ ‘no,’ and ‘not sure.’ Participants self-reported their level of musical 

sophistication using a single-question measure taken from the Ollen Musical Sophistication Index 

(2006): 

 

Which title best describes you: professional musician, semi-professional musician, serious 

amateur musician, amateur musician, music-loving non-musician, non-musician. 

 

Ollen (2006) found that the answer to this question is the most predictive of the degree of musical 

sophistication of an individual as judged by an independent music leader who is familiar with the 

individual. 

Participant age ranged from 18 to 80 (x̄ = 37; SD = 15.5). Of those reporting (N = 85), 

69.7% self-classified as non-musicians, 24.7% as amateur musicians, and 5.6% as semi-

professional or professional musicians. Three participants reported some hearing loss but 

confirmed they could hear the stimuli; their data were included in the analysis. Two other 

participants reported color-grapheme and color-number synesthesia; these data were also included. 

No participants reported color-sound synesthesia. 
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Figure 2. Color selection palette. 

 
In Part I of the study, participants were asked to listen to the excerpt and then to choose the 

color or colors that they felt best represented the sound quality and character of the musical 

instrument that they just heard. Stimuli were recorded by professional and pre-professional 

musicians and consisted of a single major scale controlled for rhythm and tempo.  Pitch chroma 

was semi-controlled, as recording musicians chose the most comfortable of three major scales to 

record. After listening to the scale, participants in the study were provided with an array of colors 

and could select a single color, multiple colors, or a region of colors, as shown below in Figure 2.  

In Part II, participants listened to the same musical excerpts, in a different random order, 

and were asked to rate the appropriateness of various adjectives for describing each sound, 

including high, low, big, small, warm, cool, bright, dark, happy, and sad on a continuous sliding 

scale. 
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Results 

We can consider visualizations of color choices by musical instrument. Figure 3 below 

presents the panels of color selections for each instrument at the 50% threshold: each colored 

square in the panels represents a color selection that was in the top 50% most agree-upon colors. 

The white dots mark the focal colors for each hue; that is, the color people tend to choose as the 

most representative of each hue. 

 

 

Figure 3. Color results. Each rectangular figure maps onto the color selection palette pictured in Figure 2. 

 

Notice that with the trumpet in particular, the range of colors is relatively narrow compared 

to some of the other instruments, such as the cello, in which color choices seem more spread out 

in hue. Thresholded color choices for the trumpet include small clusters that include focal red, 

focal orange, and focal yellow, consistent with the results of Reuter et al. (2018).  

Recall that our first hypothesis is that lighter colors are associated with timbres that are 

rated as higher, smaller, brighter, and happier, while darker colors are associated with timbres rated 

as lower, bigger, darker, and sadder. This was tested using two methods of linear regression.  
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The strong correlations among many of the predictors present the issue of multicollinearity. 

Consequently, we decided to begin by using a principal components regression, in which the 

regressors selected from a principal component analysis serve as predictors in a linear regression. 

That is, rather than using the original variables in a predictive model, principal components 

regression uses a set of linear combinations of the original variables. This method eliminates the 

issue of multicollinearity by providing predictors that are uncorrelated. The optimal principal 

component model contained two principal components; when used as predictors of lightness in 

linear regression, the first two components explained 36.94% of the variance in choice of lightness. 

Figure 4 provides a visualization of the principal component analysis. 

 

Figure 4. Principal Components Regression, predicting lightness of color choice. 

The results from the principal components regression are consistent with the hypothesis 

that instruments that are rated as higher, smaller, brighter, and happier are matched with lighter 

colors while instruments rated as lower, bigger, darker, and sadder are matched with darker colors. 

However, because the regression is based on linear combinations of the variables, it is not possible 

to tease apart precisely how each variable is contributing to chosen lightness levels. From the 

visualization above in Figure 4, it appears that high, low, bright, and dark vary mostly on the first 
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principal component and relatively less on the second. Big, small, sad, and happy seem to vary 

comparably on both principal components. 

Having confirmation from the principal components regression that these variables are as 

a group, indeed predicting lightness, it is appropriate to look for which of the eight adjectives might 

explain unique variance. Stepwise linear regression suggested an optimal model for explaining 

unique variance that included six of the eight original variables: high, low, bright, dark, big, and 

small. This optimal model did not include happy and sad, suggesting that these variables were not 

contributing unique variance explained when included with the other six variables. This six-

variable model, produced by stepwise linear regression, explains 36.96% of the variance in 

lightness, which is comparable to the PCA model at 36.94%. 

 

Conclusions 

 The results confirm the hypothesis, providing evidence consistent with the idea that 

crossmodal language description predicts crossmodal matching of musical instrument timbres to 

colors. Specifically, participant ratings of sounds as high, low, bright, dark, big, and small are 

predictors of the lightness level of the color chosen. Research is currently being expanded with a 

series of follow-up experiments testing choice in relation to not only lightness, but also saturation 

and hue. The combined results of these studies will provide insight into crossmodal associations 

between timbres and colors, with implications for audiovisual perception and cognition. The 

findings also have the potential to inform artists working in music visualization by providing 

information about expectations for color-sound matching and contrast. 
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