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IN VESTIGATIN G THE SHA RE D MEANING OF METAP HORICA L SOUND

AT TRIBU TES: BRIGHT, WARM, ROUND, AND ROUGH

VI C T O R RO S I, OL I V I E R HO U I X, NICOLAS MISDA RIIS,
& PAT R I C K SU S I N I

STMS (IRCAM-CNRS-SU), Paris, France

MUSIC OR SOUND PROFESSIONALS USE SPECIFIC TER-

minology to communicate about timbre. Some key
terms do not come from the sound domain and do not
have a clear definition due to their metaphorical nature.
This work aims to reveal shared meanings of four well-
used timbre attributes: bright, warm, round, and rough.
We conducted two complementary studies with French
sound and music experts (e.g., composers, sound engi-
neers, sound designers, musicians, etc.). First, we led
interviews to gather definitions and instrumental sound
examples for the four attributes (N¼ 32). Second, using
an online survey, we tested the relevance and consensus
on multiple descriptions most frequently evoked during
the interviews (N ¼ 51). The analysis of the rich corpus
of verbalizations from the interviews yielded the main
description strategies used by the experts, namely
acoustic, metaphorical, and source-related. We also
derived definitions for the attributes based on signifi-
cantly relevant and consensual descriptions according
to the survey results. Importantly, the definitions rely
heavily on metaphorical descriptions. In sum, this study
presents an overview of the shared meaning and per-
ception of four metaphorical timbre attributes in the
French language.
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A S HU MAN B EI N GS, WE A RE U SE D TO

verbally characterizing what we perceive
through our five senses, and hearing is no

exception. One can say that an alarm is too loud, or
that a baby’s crying is unpleasant. Sound professionals
such as composers or sound engineers use a rich and
often metaphorical vocabulary to describe sounds and
communicate in working contexts. By ‘‘metaphorical
vocabulary’’ we designate ‘‘concepts from one domain,

the source domain, that are borrowed for the descrip-
tion of things in another domain, the target domain’’
(Löbner, 2013, p. 63). For example, frequently used
attributes for describing sounds, such as ‘‘bright’’ or
‘‘soft,’’ come from vision and touch respectively. To this
day, we do not know to what extent the meaning and
usage of such attributes are shared among sound
experts.

The dimension targeted by this metaphorical vocab-
ulary is called timbre. Grey (1977) investigated the per-
ceptual aspects of timbre through multidimensional
scaling applied to dissimilarity ratings on musical
instrument sound samples. With a similar method,
McAdams et al. (1995) identified three descriptors
related to the perceptual dimensions of musical timbre:
the spectral centroid, the logarithmic attack time, and
the degree of spectral variation.

In a study comparing the vocabulary employed by
musicians and nonmusicians when describing the
sound samples used in the previously cited studies,
Faure (2000) gathered free verbalizations to explain the
semantic description underlying the perceptual dimen-
sions of timbre. The results revealed that the perceptual
dimensions of timbre were sometimes described
through metaphorical adjectives like ‘‘rich,’’ ‘‘round,’’
‘‘’warm,’’ or ‘‘bright.’’ Several studies have focused on
the relations between timbre-related adjectives. von Bis-
marck (1974) used a method based on semantic differ-
entials (Osgood, 1964) like ‘‘bright-dark’’ to rate 35
sounds. The results revealed four semantic dimensions
of timbre: ‘‘full-empty,’’ ‘‘dull-sharp,’’ ‘‘colorful-color-
less,’’ and ‘‘compact-diffused.’’ Later, Kendall and Car-
terette (1993) used unipolar scales, or verbal attribute
magnitude estimation (VAME), e.g., ‘‘bright-non
bright.’’ Either using VAME or bipolar semantic scales
to evaluate sounds, multiple subsequent studies have
investigated the semantic dimensions of timbre (Alluri
& Toiviainen, 2010; Nykänen et al., 2009; Pratt & Doak,
1976; Stepánek, 2006; Traube, 2004; Zacharakis et al.,
2014).

Another line of research on timbre semantics inves-
tigated the strategies of sound description to uncover
the habits of use of timbre attributes. Porcello (2004)
highlighted different kinds of description strategies
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wielded by sound engineers for verbal sound descrip-
tion (e.g., ‘‘pure’’ metaphor, evaluation, association,
etc.). Wallmark (2019a) determined categories
employed in different orchestration treatises to define
the timbre of musical instruments (e.g., acoustic, mime-
sis, matter, crossmodal correspondences, etc.). In both
studies, the authors identified description strategies
grouping metaphorical attributes of sound that do not
always give explicit information about the source or
acoustic features. With a similar purpose, some studies
employing psycholinguistic methods proposed seman-
tic categorizations of the discourse of musicians evalu-
ating their instrument of expertise (Cheminée et al.,
2005; Lavoie, 2014; Paté et al., 2015; Saitis et al.,
2017). By getting as close as possible to the usual verba-
lization context of the participants, these methods aim
to harness ecological conditions of sound descriptions.
For example, Lavoie (2014) formulated definitions of
timbral attributes as understood by guitar players. More
recently, a study has provided a model for musicians’
shared mental representation of Western musical
instruments, based on consensual and relevant verbal
descriptions of sounds as imagined (Reymore & Huron,
2020).

Although the studies on timbre semantics mentioned
above have explored many facets of timbre-related
vocabulary in the Western culture, few studies have
investigated the meanings of metaphorical sound attri-
butes commonly used in professional communication.
Based on the literature on timbre, Carron et al. (2017)
built a lexicon of 35 words used by French speaking
sound experts from different fields (e.g., composers,
sound designers, sound engineers, etc.) collected
through interviews and surveys. The lexicon1 aims at
enhancing and supporting communication in sound
design collaborative sessions with definitions and sound
samples. It is structured in three classes of general
aspects (e.g., high-low, short-long, etc.), temporal
morphology (e.g., crescendo-decrescendo, continuous-
discontinuous, etc.), and timbre attributes (e.g., bright,
nasal, warm, etc.). The last category includes metaphor-
ical descriptions of timbre whose meanings will be
studied throughout this paper.

The present study addresses the issue of revealing the
meaning of metaphorical attributes of sound in the
French language present in Carron’s lexicon. We
focused on four attributes from the lexicon—namely
bright, warm, round, and rough—to evaluate our meth-
odology. The choice of these four attributes is explained
below.

Brightness (brillance) is certainly one of the most
studied perceptual dimensions in the literature since
Helmholtz. It is often correlated to the spectral centroid
(Alluri & Toiviainen, 2010; Disley et al., 2006; Schubert
& Wolfe, 2006; Wallmark, 2019b), and represents one of
the main dimensions of timbre in multiple studies
(Alluri & Toiviainen, 2010; Kendall & Carterette,
1993; Pratt & Doak, 1976; Zacharakis et al., 2014).
Therefore, it makes it an excellent reference for our
study. Furthermore, some works suggest that brightness
might not only be based on high spectral energy but also
on other features like the attack time, and that it might
also interact with the concept of timbral sharpness (Ilk-
owska & Miśkiewicz, 2006; Saitis & Siedenburg, 2020).

Warm (chaud) and round (rond) are two sound attri-
butes that seem to share many similarities in the
description of sound as observed in some works (Ber-
nays & Traube, 2014; Carron, 2016; Zacharakis et al.,
2014). Studies conducted by three of the authors of this
article have observed difficulties in distinguishing the
two terms in professional conversations between sound
designers and industrial partners (Carron et al., 2015;
Misdariis et al., 2019). Although not thoroughly docu-
mented, this issue is persistent in sound design work-
shops based on verbal descriptions of sound
characteristics. Since the use of the two terms is also
recurrent in other sound domains, we want to identify
the similarities and possible differences between these
two attributes.

Roughness (rugosité) is also an attribute that has
largely emerged from the aforementioned research deal-
ing with sound design applications. It is defined psy-
choacoustically as the proximity of frequencies in
critical bands (Pressnitzer & McAdams, 1999; Terhardt,
1974; Helmholtz, 1877/1954) producing the sensation
of sound modulation. Even with an explicit scientific
meaning, it is not clear whether experts like musicians
refer to this definition to identify a rough sound.

Despite numerous insights on the general meaning of
the four attributes, it remains unclear whether the usage
and verbal descriptions of such attributes are consen-
sual or generalizable among sound experts with differ-
ent profiles. Therefore, this work is based on interviews
and an online survey with sound experts from different
fields. During the interviews, we asked participants to
verbally define each attribute and to extend their defini-
tions by selecting exemplary sound samples from a pre-
defined sound library (Study 1). Then, the resulting
descriptions were submitted via an online survey to
an audience of experts to explicitly assess their consen-
sus and relevance in relation to the definition of the
four attributes (Study 2). Thus, Study 2 consists in1 https://speak.ircam.fr/en/lexique/lexique-ircam/
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determining to what extent the descriptions obtained in
Study 1 for each attribute are relevant and shared
among participants. In sum, by combining the two
studies, this work, provides a methodology for assessing
the shared meaning of widely used timbre attributes,
and a consensual definition for each of them.

Study 1: Interviews With Sound Experts

Interviews were designed to address two goals: first, to
obtain rich definitions with corresponding sound sam-
ples for the four attributes, and second, to reveal the
sound description strategies used by experts to define
the selected attributes. During the interviews, we also
asked participants to illustrate their definitions with
sound samples taken from a database of musical
instruments.

METHOD

Participants
Thirty-two French-fluent sound and music experts par-
ticipated in the interviews (male: 23, females: 9, median
age: 38.5, age range: 27–69). We selected a panel of
experts that work in diverse audio fields to best repre-
sent the richness of description of the four attributes.
The panel was mainly constituted of composers (10),
sound engineers (7), classical musicians (7) and sound
designers (6). See Supplementary Material2 for the full
presentation of the professional profiles.

Sound Corpus & Apparatus
To provide experts with sounds samples that could illus-
trate their definitions, the choice of a sound corpus was
crucial. It had to be large, diverse, and easy to access.
Therefore, we chose a corpus of musical instruments,
showing multiple kinds of Western instruments, and
playing techniques. The corpus of sounds was the result
of the merger of the Studio-Online Library (SOL)
(Ballet et al., 1999) and the Vienna Symphonic Library
(VSL3). In addition to the usual instruments of strings,
woodwinds, and brass, we added tonal keyboards
(glockenspiel, vibraphone, xylophone, and marimba),
an accordion, and a piano. For each instrument, we had
a set of playing techniques, ranging from standard tech-
niques (e.g., pizzicato, flatterzunge), to more contempo-
rary ones (e.g., multiphonics, Bartók pizzicato). The
instruments displayed variations in dynamics (from
piano to forte) and pitch (octaves of C). Similarly to
McAdams et al. (2017), and to avoid any potential bias

created by intervals, we only presented octaves of C
(except for multiphonics). Besides, some studies have
observed an influence of pitch on the appreciation of
timbre (Allen & Oxenham, 2014; Alluri & Toiviainen,
2010; Marozeau et al., 2003; McAdams et al., 2017;
Siedenburg et al., 2021). For comfort reasons and to
exclude the loudness as a main factor, we normalized
the loudness of each sound sample (-23 LUFS) follow-
ing the EBU norm on loudness (R-128). The loudness
normalization was not noticed by the participants,
except for one who felt the normalization denaturalized
the sounds.

Interviews were led by the first author and lasted
about two hours. They took place either in the IRCAM
studios or at the participant’s home or workplace. The
setup was composed of a Max/MSP interface providing
easy access to the sound corpus. Participants listened to
sounds via open headphones Sennheiser HD 650. Each
interview was recorded with a SHURE MV5
microphone.

Interview Procedure
During the interview, the four attributes were studied
sequentially. The order of presentation followed a Klein
four-group permutation (Klein, 1884) to avoid any
order effect bias.

Generally speaking, the design of an interview
depends on the information to be extracted. Therefore,
we designed a semi-directed interview in which some
questions expect a certain type of response (e.g., select-
ing sound samples), while others leave more room for
free verbalization (e.g., giving definitions), which is
recommended for semantic study, as it has been done
in formerly cited studies (Cheminée et al., 2005; Lavoie,
2014; Porcello, 2004; Reymore & Huron, 2020; Saitis
et al., 2017).

The setup of an interview with experts often creates
a hierarchy or asymmetrical interaction between both
parties that could bring some sort of bias. This may
come from the expert’s assumption of lack of knowledge
on the part of the interviewer, resulting in a lack of
richness in the data collected. The status of the inter-
viewer is thus defined as co-expert (Bogner et al., 2009;
Van Audenhove, 2007). As a co-expert, the interviewer
has similar knowledge of the technical terminology used
by the expert, which allows for more depth in the con-
versation. To ensure clarity and relevance of answers,
the interviewer must use a common vocabulary with all
participants.

Before beginning the interview, both the corpus of
sounds and the questions of the interview were intro-
duced to the experts.

2 https://doi.org/10.5281/zenodo.6378886
3 http://www.vsl.co.at
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1. What is the context and frequency of use of the
studied attribute?

2. How do you define the studied attribute?
3. Can you find at least three corresponding sound

samples?
4. Can you find at least three sound samples in oppo-

sition to the studied attribute?
5. How do you define the opposite of the studied

attribute?
6. Is there any affect related to the attribute under

study and its opposite?

The first question was designed to obtain an overview
of the context of use of each term as well as an indica-
tion of the frequency of use. In the end, it mainly tended
to give a more ecological context to experts for formu-
lating a definition.

For the second question, participants were asked to
define the attribute. The interviewer helped the partici-
pants develop their responses by directing them to
acoustic aspects of sound while trying to avoid defini-
tions related to affect. The issue of affect was dealt with
at the end of the questionnaire.

In the third question, participants were tasked to select
three sound examples that corresponded to their defini-
tion of the attribute being studied. If necessary, the inter-
viewer could help the expert find sounds, based on the
sound descriptions given in the previous question (e.g.,
‘‘low-pitched,’’ ‘‘strings,’’ ‘‘not too loud,’’, etc.). The
request for sound samples was not too restrictive as it
was sometimes simpler for participants to select a playing
technique or an instrument rather than a specific sound.

In a second part of the interview, we discussed the
opposite concept to the studied attribute. The objective
was to refine the answers given to the second and third
questions. The fourth question had the same purpose as
the third question but with sound samples in opposition
with the definition of the studied attribute. Then, in the
fifth question, participants tried to define the type of
sounds opposite of the term studied.

Finally, the sixth question was the opportunity to
question the presence of affect in the meaning of the
studied attribute. It was also a way to remove any char-
acterizations strongly related to affect from the second
and fifth questions because of their lack of acoustic
information. The answers to this question were used
as complementary information for interpretation in the
rest of this paper.

ANALYSIS

After manually transcribing the interviews, we analyzed
the descriptions given in the second and fifth questions.

The verbalizations were filtered according to three basic
steps of Natural Language Processing (NLP): (1) Toke-
nization of the text data with the nltk toolbox.4 (2)
Removal of stop words. (3) Lemmatization of the toke-
nized text, based on an adapted version of Sagot’s lex-
icon (Sagot, 2010). In the end, we obtained the lemma/
interviewee frequency (i.e., the number of participants
who cited a lemma for the definition of each attribute).

In an investigation of timbral attribute queries for
sound effect libraries, Pearce et al. (2017) kept only
relevant units of verbal description by following a few
steps of manual filtering of their text data. We proposed
a similar process that was run and reviewed by the four
authors. Each ambiguous verbal unit was inspected
according to its context in the sentence it is extracted
from. One lemma was removed if its meaning was
inconsistently identified more than 50% of the time. For
instance, there was confusion about whether the term
‘‘aspect’’ was to be used to describe the metaphorical
aspect of the sound or the fact that the sound had mul-
tiple aspects. Finally, if lemmas shared the same concept
and root, they were grouped under the most frequent
lemma out of the two. For instance, ‘‘bright’’ and
‘‘brightness’’ were grouped under the lemma ‘‘bright’’
rather than ‘‘brightness.’’ Moreover, we did not consider
the hapaxes for analysis.

Inspired by the literature that focused on the vocab-
ulary employed by sound professionals (Carron, 2016;
Faure, 2000; Porcello, 2004; Wallmark, 2019a), we
encoded the verbal data into categories of description
strategies. The purpose was to better visualize the verbal
data and to report the strategies most used to define
each of the attributes.

As explained by Saitis et al. (2017) in a study on the
evaluation of violin quality by professional violinists,
there are two opposed perspectives regarding the qual-
itative analysis. Some believe that the researcher should
analyze all data without any assumptions, while others
think the researcher should enter the field with their
hypotheses in mind (Strauss & Corbin, 1994). Here,
we followed a hypothetico-deductive method and con-
sidered both prior knowledge from semantic timbre
literature and information emerging from our corpus
to create some of the categories of description strategies.
Some of these categories emerged naturally from the
transcriptions, such as the description of the source
with musical instruments, and the playing technique,
or spectral and temporal descriptions (all categories are
reported in Table 1).

4 https://www.nltk.org/
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RESULTS

We mainly observe descriptions that are either acoustic,
source-related, or metaphoric. It is worth noting that in
the French language, there can be confusion when clas-
sifying/lemmatizing descriptions of spectrum or pitch.
For instance, aigu, and haut, will both describe high
pitch or high frequencies. The same goes for grave, bas
that designate either low frequencies or low pitch. Basse
is more ambiguous as it can describe the bass clarinet,
the bass guitar, or low frequencies. Considering source-
related descriptions, the fact that experts mentioned
instruments like the clarinet or the percussion is vastly
influenced by the sound corpus. Finally, we counted
numerous metaphorical descriptions such as pure (pur),
full (plein), pleasant (agréable), and aggressive (agressif)
that do not explicitly designate a physical aspect of the
sound. Lists of the most occurring lemmas are reported
for all attributes in the Supplementary Materials.2

Description Strategies
The categories of description strategies, organized in
three classes of acoustic, metaphoric, and source-related
descriptions, are summarized in Table 1 along with
examples. In total, we proposed 10 description strategies
distributed over the three classes, to structure the ver-
balizations. For both acoustic and metaphorical cate-
gories, we have relied on a synthesis of the most
recurrent semantic categories in different works on

timbre (Carron, 2016; Faure, 2000; Porcello, 2004; Wall-
mark, 2019a). Source-related description were also
inspired by research on environmental sound identifi-
cation (Houix et al., 2012).

The first class gathers all the acoustic descriptions of
sounds. There are temporal and spectral descriptions,
but also dynamic and intensity aspects of sound, along
with all of the lexical fields that are explicitly related to
sound.

The second class collects the references to the source.
It also corresponds to the causal listening evoked by
Carron et al. (2017). There was information on the
source mainly represented by naming the instruments
present in the sound corpus. There were also character-
izations of the excitation mode or the playing
technique.

The third class groups all of the metaphoric aspects
of sound. The crossmodal correspondence (CMC) cat-
egory that was extracted from previous studies contains
descriptions related to other senses, such as sight, touch,
and taste. A second metaphorical sub-category groups
lemmas describing sound like matter, as specifically
introduced by Wallmark (2019a). It shows descriptions
of sound’s shape, density, or material. The third meta-
phorical category groups all the descriptions of sound
having an effect on the listener and its surroundings.
The last category contains affect, emotional value, and
judgment related to sounds. This category is present in
all the studies cited above. The sixth question on the
questionnaire was intended to prevent affect-related
characteristics for the second question, but participants
used this type of description anyway.

In order to test the validity of the description strate-
gies, we performed an interrater agreement measure, as
achieved by Wallmark (2019a). The four authors sorted
the 50 top lemmas of both the second and the fifth
question into the 10 categories. We noted incidental
disagreement caused by the polysemy of some meta-
phorical items in the list, but we always considered the
context of the word and the definition from Trésor de la
langue française database5 to conclude on each classifi-
cation. The measure of interrater agreement, Fleiss’ k,
got a score of k ¼ .069, which reflects a substantial
agreement (Landis & Koch, 1977). We then refined the
categories and their definitions by collectively sorting
the top 50 words one more time. Ultimately, we manu-
ally classified the lemmas cited by at least two experts in
the categories.

Figure 1 presents the percentage of participants using
the different description strategies. We noted that the

TABLE 1. Description Strategies (Left Column) Along with Samples
From Most Occurring Lemmas (Right Column)

Acoustic

Spectral high (aigu), harmonic (harmonique), low
(grave)

Temporal attack (attaque), sustained (entretenu),
steady (stable)

Dynamic forte, piano, crescendo
Sound specific nasal (nasal), resonant (résonnant), noisy

(bruité)

Source related

Excitation mode rub (frotter), vibrato, breathing (souffler)
Source string (corde), voice (voice), clarinet

(clarinette)

Metaphoric

CMC warm (chaud), harsh (dur), clear (clair)
Matter round (rond), full (plein), organic

(organique)
Effect enveloping (enveloppant), itchy (qui gratte)
Affect pleasant (agréable), aggressive (agressif)

Note: CMC ¼ Crossmodal correspondences. 5 http://atilf.atilf.fr/
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acoustic aspects of bright were almost exclusively
described through spectral features. To a lesser extent,
the same is true for round and warm; but for round,
there are also many descriptions of temporal character-
istics of sounds. For both warm and round, there are
many metaphorical descriptions. Finally, there are fewer
descriptions for rough, which is associated more fre-
quently with the mode of excitation than the source,
unlike the other three attributes.

Verbal Descriptions and Sound Samples
Table 2 reports the descriptions most cited by the
experts during the interviews when answering the sec-
ond and fifth questions, along with the most frequently
selected sound samples (third and fourth question). The
descriptions are organized in the three classes of acous-
tic, source-related, and metaphoric descriptions
(respectively in the first three columns). For each
description, we indicated the corresponding category
from Table 1. The number of participants that cited
a description either in the second or the fifth question
are displayed in parenthesis in the table. We only pre-
sented descriptions evoked by at least 20% of the parti-
cipants for the term (þ), and the opposite (-). Some
descriptions were grouped, e.g., homogeneous

(homogène)/balanced (équilibré), if they were judged
semantically closed according to the online dictionary
of synonyms created by the Crosslanguage Research
Centre on Meaning in Context (CRISCO6). We grouped
descriptions that were expressed negatively in one ques-
tion with corresponding descriptions expressed posi-
tively in the other question. For instance, the
description ‘‘lots of high-frequency spectral content’’ for
brightness was grouped with ‘‘few high-frequency com-
ponents’’ for the opposite of brightness. The most fre-
quently selected sound samples appearing in Table 2
were chosen according to the nature of the instrument
and the playing technique. See Supplementary Material2

to listen to the sound samples presented in Table 2.

DISCUSSION

The descriptions and sound samples cited by the experts
allowed us to make multiple connections with results
obtained in the literature on timbre semantics. Interest-
ingly, although our study is in French, many of our
results coincide with the literature on timbre semantics
in English.

FIGURE 1. Percentage of participants using the different description strategies to define the four attributes in the second question.

6 http://crisco.unicaen.fr/
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Coherently with research on timbral brightness, the
great majority of experts evaluated brightness as being
linked to a strong high-frequency spectral energy. As
observed in previous studies (Alluri & Toiviainen,
2010; Marozeau et al., 2003; Schubert & Wolfe,
2006), the experts evoked the influence of high pitch
on brightness. Several participants mentioned that
a sound with a sharp attack is perceived as brighter,
as was presumed but not proven in Saitis and

Siedenburg (2020) in a study based on a pairwise com-
parison experiment. This may actually be due to
a strong high-frequency spectral energy in the attack
of the sound. Unlike the ‘‘bright-dark’’ semantic scales
often used in the literature (Alluri & Toiviainen, 2010;
Solomon, 1958; von Bismarck, 1974), the opposition to
brightness here is more consistently expressed by
terms like muffled, muted or dull, like in Pratt and
Doak (1976).

TABLE 2. Descriptions Cited by (N) Experts for Each of the Four Terms Organized in the Three Classes of Description Strategies Along with
the Most Frequently Selected Sound Samples

(+)

(-)

(+)

(-)

(+)

(-)

(+)

(-)

Acoustic Source Metaphoric Sound samples

BRIGHT

Spectral
Lexical field of light

(18)
CMC

Glockenspiel - hard stick (29)

Trumpet - ordinario (18)

Temporal

Mainly low-frequency

components (7)

Low pitch (10)
Spectral

Muffled (11) Excitation Matt (11) Matter Tuba - ordinario (15)

Dull (terne) (7) Affect Marimba - soft stick (12)

Dull (sourd) (9) Sound

WARM
Mainly low/mid-low-

frequency components (28)

Low pitch (10)

Harmonic richness (9)

Spectral

Voice (13)

Strings (8)
Source

Round (21)

Pleasant (19)

Matter Bass clarinet - ordinario (22)

Affect Cello – ordinario (18)

Vibrato (10)

Breathed (9) Excitation
French horn – ordinario (11)

Soft/little/not sharp/not

harsh attack (12) Temporal
Soft (13)

Enveloping (9)

CMC
Effect

Mainly high-frequency

components (19)
Spectral

Cold (11)

Aggressive (11)

CMC Glockenspiel (16)

Affect Piccolo – ordinario (12)

Accordion – ordinario (12)

ROUND
Soft/slow/little/not harsh/

not sharp attack (23)

Resonant (14)
Temporal

Warm (20)
Soft (13)
Balanced /
Homogeneous (10)

CMC

Double bass - pizzicato (19)

Marimba - soft stick (18)

Bass tuba - ordinario (17)

Mainly low/mid-low-

frequency components (17)
Spectral

Full (10)

Pleasant (8)

Matter
Affect

Mainly high-frequency

components (11)
Spectral Brassy (8) Excitation Rough (13)

Harsh (7)

Aggressive (12)

CMC Brass - brassy (19)

Strings - Bartok pizzicato (13)

Affect
ROUGH

Noisy (14)

Unstable/irregular/ with

variations (16)

Sound Rubbing/

friction (13) Excitation
Texture/asperities/

graininess (10)
CMC

Winds - flatterzunge (19)

Temporal
Bassoon - multiphonic (18)

Strings - Sul ponticello (17)

Smooth (25) CMC Accordion - ordinario (18)

Pure (11)

Round (10)
Matter Vibraphone (18)

Mainly high-frequency

components (25)

Medium/high pitch (10)

Sharp/strong/not soft attack

(12)

Note: Sub description strategies are indicated in italic next to the descriptions.
Excitation ¼ Excitation mode. Sound ¼ Sound specific descriptions.
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Most selected sound samples were high-pitched
instruments played on their high register and rather
loudly, in accordance with the spectral description of
brightness. The choice of glockenspiel sounds played
with hard sticks corroborates the potential relation
between brightness and a fast attack time.

Warmth and roundness seem to be comparable attri-
butes as they share many descriptions, but with some
subtle differences. Participants evoked substantial low-
frequency components for the definition of warmth and
roundness coherently with studies involving the two
attributes (Disley & Howard, 2004; Zacharakis et al.,
2014). However, the number of overtones in a round
sound was a point of disagreement among the partici-
pants, while some associate roundness with spectral
richness, others imagine a sound poor in overtones.
Concerning temporal aspects, the descriptions of the
attack also appeared in both the definitions of warmth
and roundness (no attack, little attack, soft attack, not
a hard attack). However, roundness was more often
described by the quality of the attack than warmth.
Bernays and Traube (2014) also noted a relationship
between the nature of the attack and roundness in an
experiment where pianists rated music recording
rounder if the speed of the attack on the keys was slower.

Consistently with the acoustical descriptions from
both the second and the fifth question, the round sound
samples were quiet, low pitched, temporally stable, and
with a soft attack. In addition, impact sounds such as
the double bass playing pizzicato or the marimba
enclosed a long resonance. Moreover, the opposition
of the double bass pizzicato and the Bartók pizzicato
in the selected sound samples confirms the importance
of the attack for the roundness. As suggested by the
source-related description of warmth, the selected cello
sound displayed a strong vibrato. Importantly, in the
evaluation of the ‘‘warm-cold’’ semantic scale with
sounds, Eitan and Rothschild (2011) also correlated
vibrato with the sensation of a warm sound. Finally, the
breathy sound mentioned in the source-related category
echoes the selected sound of bass clarinet which, when
played piano, lets us hear the air coming out of the
mouthpiece.

Many of the descriptions for warmth and roundness
were metaphorical. Several participants evaluated that
a warm sound was also a soft sound, similarly to Eitan
and Rothschild (2011) that measured a positive corre-
lation between the semantic scales ‘‘warm-cold’’ and
‘‘soft-hard.’’ In addition, we observed similar results to
those of Zacharakis et al. (2014), as some participants
contrasted round and rough, and others noted similar-
ities between warm, round and soft.

Despite the design of our questionnaire, warm and
round were often described through affect concepts in
the second question. Hence, the experts characterized
warm sounds, and to a lesser extent, round sounds, as
pleasant and not aggressive. This result echoes findings
in research treating valence and timbre. Valence has
been depicted as being dependent on characteristics
similar to observed descriptions of warm and round
in this work, namely relatively long sounds with little
energy and long transients (Eerola et al., 2012), and
energy in the low spectrum (Wallmark et al., 2019c).
However, contrary to our results, McAdams et al.
(2017) observed a correlation of the perceived valence
on musical instrument sounds with a strong high-fre-
quency spectral content. This opposition highlights the
possible variability in affect judgments on sounds, as it
has been observed in a preference-based sound quality
assessment (Susini et al., 2004).

From the verbal results, roughness is related to noise,
temporal patterns, or instability. Furthermore, the met-
aphorical descriptions represented by the lexical field of
touch were a large part of the data. While it is unclear to
what extent the auditory definition of roughness relates
to the sul ponticello sound, multiphonics match the
dissonance evoked by Helmholtz, and that both flatter-
zunge and multiphonics produce the typical envelope
fluctuation of psychoacoustical roughness (Pressnitzer
& McAdams, 1999).

In sum, the interviews offered a great diversity of
verbalizations with representative sound samples for the
four attributes. We observed quite different description
strategies for the four attributes that allowed to establish
consistent links with the literature on timbre semantics.
While bright, warm and round seem to be spectrally and
temporally related, this is not the case for rough whose
spectral definition is almost nonexistent. Warm and
round retain many similarities both in their description
strategies and in their acoustic definitions. Finally, the
nature of the selected sounds highlighted certain aspects
of sound over others (e.g., loud instruments denote
high-frequency spectrum for bright, f latterzunge
denotes temporal variation for rough).

Despite valuable insights on the descriptions strate-
gies and meaning of the four terms, the results pre-
sented in Table 2 did not quite take advantage of the
diversity of verbalizations as we had to summarize or
group some concepts. Moreover, numerous metaphori-
cal descriptions were difficult to interpret, and some
participants had sometimes opposite points of view on
them (e.g., richness for round). Therefore, in a similar
fashion as some timbre semantics studies (Faure, 2000;
Reymore & Huron, 2020), we sought to estimate which
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characteristics are the most important and relevant. To
do so, in a second part that consists of an online survey,
we focused on the level of consensus and relevance of
descriptions given by the interview participants for the
four attributes.

Study 2: Online Survey

The goal of this survey is to find a way to select and rank
the most relevant information contained in the verbali-
zations obtained during the interviews. For each of the
four attributes, we built a corpus gathering the descrip-
tions made up of the lemmas most frequently used for
the second and fifth questions (see Interview Procedure).
To investigate this question, we asked sound profes-
sionals to evaluate how one item of the corpus relates
to the corresponding attribute, as part of an online sur-
vey. We also wish to evaluate presumably similar
descriptions (e.g., ‘‘a sound with a soft attack,’’ ‘‘a sound
with a slow attack,’’ ‘‘a sound without an attack’’) in
order to derive the most relevant and consensual
version.

METHOD

Participants & Apparatus
Fifty-two sound experts participated in the survey. Sim-
ilar to the interviews, all participants had one or multi-
ple professional activities related to sound or music.
Among the population of participants, 17 also partici-
pated in the interviews. They were mainly sound engi-
neers (20), classical musicians (12), and sound designers
(8). See Supplementary Material2 for the full presenta-
tion of the professional profiles.

We designed the survey with an online Javascript tool
for psychology experiments called Lab.js (Henninger
et al., 2019). The survey was deployed on JATOS (Lange
et al., 2015) and available on all kinds of web browsers.

The Phrases Corpus
As we wanted to study the verbalizations obtained in the
interviews, we extracted the descriptions from the
responses to the second and fifth questions (cf. Study
1)—when participants were asked to define a sound
attribute and its opposite. We selected phrases that
included the most occurring lemmas for each of the two
questions (i.e., a lemma was selected if it was evoked by
at least three persons). We discarded all the descriptions
including names of instruments as participants of the
survey could not listen to any sounds. We filtered the
original corpus of descriptions to make the online
survey feasible in a reasonable amount of time following
three rules:

• Discard metaphoric concepts evoked by only one
person.

• Homogenize the description of the spectrum with
quantifiers, e.g., the sentences ‘‘a sound loaded
with high harmonics’’ and ‘‘a sound with a lot of
high-frequency components’’ become ‘‘a sound
with a lot of high harmonics/components.’’

• Eliminate a description from one of the questions
that is opposed to another one from the other
question, e.g., ‘‘a sound that is expressive’’ (second
question) and ‘‘a sound that is not expressive’’
(fifth question).

By the end of the procedure, there were 45 phrases for
bright, 67 for warm, 68 for round, and 34 for rough. Note
that the corpus of descriptions is different for each attri-
bute as it is based on the verbalizations proper to each
attribute. However, some descriptions are common to
more than one attribute (e.g., ‘‘rich,’’ ‘‘smooth,’’ ‘‘low,’’, etc.).

Questionnaire
The questionnaire invited participants to evaluate the
adequacy and relevance of sound descriptions with the
four attributes presented in a randomized order. When
starting the experiment, they had to explain in which
context they would use each of the four attributes. The
idea behind this question is to get closer to the real con-
text of use to enhance the reflection of the participant.

The form was composed of two questions:

1. According to you, the description ‘‘X’’ is:
Accurate/Vague/Incomprehensible

2. According to you, a [sound attribute] sound is X?

2A) Not relevant (Yes/No)
2B) Strongly disagree-Strongly agree (Likert

scale)
An example of both question for bright is:

1. According to you, the description ‘‘a sound with
a soft attack’’ is: . . .

2. According to you, a bright sound is a sound with
a soft attack?

The descriptions were not originally formulated by
the participants of the online survey, so it could be
difficult for them to relate it to a specific attribute. To
address that issue, we first asked participants to express
their degree of comprehension of the description (ques-
tion 1). Then, participants proceeded to the second
question only if they answered ‘‘accurate’’ or ‘‘vague’’
to the first question. The question 2 is two-fold. First,
participants indicated if the description was not relevant
to the attribute (question 2A). Second, if they felt the
description was relevant, they indicated how well it
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matched or did not match the attributes on a 5-point
Likert scale ranging from strongly disagree to strongly
agree (question 2B). the additional information on rel-
evance was motivated by Faure et al. (1996), that eval-
uated the relevance of a group of descriptions with
a collection of sounds. An example of the interface in
French is reported in the Supplementary Materials.2

ANALYSIS

In order to select descriptions that were familiar, rele-
vant, and with a clear trend with respect to each attri-
bute, we applied statistical tests to the answers of the
three questions (i.e., 1, 2A, and 2B) sequentially. First,
for question 1, to test whether a description’s meaning is
significantly familiar (i.e., ‘‘accurate’’/‘‘vague’’) or not
(i.e., ‘‘incomprehensible’’) we used a chi-square test of
homogeneity (1, N ¼ 51, p ¼ .05). Second, for question
2A, we used a similar chi-square test (1, N¼ 51, p¼ .05)
to select the significantly relevant descriptions. Lastly,
we applied a Wilcoxon signed-rank test to the Likert
scale results of question 2B, to evaluate the central ten-
dencies of a description whether it was matching the
attribute, mismatching, or neutral. Only descriptions
with significant tendencies from the Likert scale mid-
point were retained. In other words, a description was
not selected if it was not judged significantly familiar,
and the Wilcoxon test was considered only if the
description was judged significantly relevant.

Because tests were applied sequentially, the probabil-
ity of type 1 errors is multiplicative and is generally low
(p < .053). Thus, corrections for multiple comparisons
by the number of tested descriptions (e.g., the Bonfer-
roni correction) would not affect the results and were
considered unnecessary here. See Supplementary Mate-
rial2 for more information on the statistical analysis of
Study 2.

RESULTS

Figure 2 reports the most significant descriptions from
the survey, hence giving a general meaning of the four
attributes. Translations were formulated by the authors
on the basis of the literature on sound semantics, and
are therefore not perfectly accurate but rather an aid to
understanding. See Supplementary Material2 for the
original versions of the descriptions in French.

Importantly, all the descriptions in agreement with
the attribute under study are from the second question
of the interviews and those in opposition from the fifth
question. The statistical analysis revealed large consen-
sus on the meaning of many attributes across partici-
pants. Table 3 reports the number of relevant phrases
with a consensual meaning and their distribution into

the three classes of description strategies, namely, acous-
tic, metaphoric, and source related. In sum, we observe
strong shared meanings for the four attributes with still
many metaphorical descriptions.

DISCUSSION

The most important information emerging from the
interviews is found in the expression of a strong con-
sensus in the survey results, specifically on metaphorical
descriptions. The shared meanings expressed through
metaphorical descriptions may be due to their lexical
relationship with the studied attribute instead of an
acoustic description. For instance, descriptions such as
‘‘comfortable,’’ ‘‘pleasant,’’ or ‘‘enveloping’’ might simply
be the depiction of a pleasant warm feeling uncorrelated
with acoustic features.

Interestingly, the absence of audio material in the
online survey might have changed the results of the
relevance of some of the descriptions. The most glaring
example of this phenomenon is the temporal descrip-
tion strategy, widely used in the interviews, that almost
disappeared in the final results of the survey. To a lesser
extent, the same observation could be made considering
the source-related descriptions. These observations lead
us to reflect upon the optimal conditions for collecting
sound descriptions. While some studies have relied on
listening support (e.g., Disley et al., 2006; Faure, 2000),
others have done without it (e.g., Carron et al., 2017;
Reymore & Huron, 2020). Findings in both cases reveal
a consistent use of the descriptions employed. Our
approach, which includes both types of verbalization
context (with or without listening), allows us to gain
insight into which strategies are dependent on the con-
text of verbalization (e.g., temporal, source-related) and
which are less dependent (e.g., spectral, affect).

In the end, the results for brightness are very similar
to the ones obtained in the interviews with regard to its
association with a high-frequency spectral content.
Moreover, we observed a certain opposition of bright-
ness with round and warm, based on their spectral
descriptions. Overall, we noted a substantial consensus
on the descriptions, with clear tendencies toward the
meaning of brightness.

We noted many shared metaphorical descriptions for
warmth and roundness. For instance, both were
strongly associated with concepts like ‘‘full,’’ ‘‘pleasant,’’
or ‘‘soft’’ that were already emerging in the interviews
results. While roundness is opposed to roughness,
warmth has no significant trend with roughness. This
absence of link between warm and rough is expressed by
the fact that warm is opposed to the term ‘‘smooth’’
which is itself opposed to rough. Another distinction
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that may exist between the definitions of roundness and
warmth is the relevance of the description ’rich’ that is
more important and consensual for the description of
warmth than for the description of roundness. Interest-
ingly, the discrepancy between the relevance and ten-
dency of ‘‘rich’’ and ‘‘with a lot of harmonics’’ in the
results of warmth and roundness may suggest that

richness does not depend essentially on spectral features
as it was mentioned by some participants of the inter-
view. These results are consistent with a study on the
richness of violin timbre that have also evaluated a cor-
respondence of timbral richness with nonspectral
aspects such as warmth, vibrato, or the ability of a vio-
linist to play a wide variety of different sounds (Saitis

FIGURE 2. Relevant descriptions and distribution of answers on the Likert scales obtained through the online survey for (a) bright, (b) warm, (c) round,

(d) rough. The grey area gathers the descriptions in mismatch with the attribute. Some ambiguous descriptions in English are followed with a French

translation in parenthesis.

TABLE 3. Number of Relevant and Consensual Phrases Compared to the Total Number of Phrases, Along with the Distribution of These
Phrases Into the Three Classes of Description Strategies Established in the First Study

Attribute Total Relevant & Consensual Acoustic Metaphoric Source related

Bright 45 24 11 11 2
Warm 67 33 17 15 1
Round 68 31 15 15 1
Rough 34 14 2 9 3

478 Victor Rosi, Olivier Houix, Nicolas Misdariis, & Patrick Susini

D
ow

nloaded from
 http://online.ucpress.edu/m

p/article-pdf/39/5/468/706647/m
p.2022.39.5.468.pdf by Institute for R

esearch and C
oordination Acoustic/M

usic user on 01 June 2022



et al., 2019). Incidentally, the absence of a trend of ‘‘with
a lot of harmonics’’ and roundness echoes the little
consensus we noted on the relation between ‘‘spectral
richness’’ and roundness during the interviews. While
the description of the attack for roundness was very
prominent in the interviews, it appeared diminished
in the survey results (e.g., ‘‘a sound with a soft attack,’’
‘‘a sound with little attack’’). However, it remains more
relevant than for warmth. Surprisingly, recurring
source-related descriptions for warmth from the inter-
views such as ‘‘breathy’’ or ‘‘vibrating’’ did not appear in
the results.

Overall, the results regarding roughness were consis-
tent with the interview findings. The dominant descrip-
tions were related to the source and the lexical field of
touch. Acoustic descriptions were limited to the associ-
ation of roughness with ’noisy’ and the presence of
’parasites’ in the sound.

General Discussion

With this study, we wanted to reveal the shared meaning
and to clarify the definition of four well-used timbre
attributes, bright, warm, round, and rough. To do this,
we employed a methodology consisting of two comple-
mentary studies, interviews, and an online survey with
a population of experts. The first is qualitative and
allowed us to extract a rich vocabulary with various
semantic characteristics, while the second statistically
evaluated the consensus and relevance in a corpus of
descriptions previously obtained. Consequently, we got
three different outputs to understand the meaning of
each attribute: free verbalizations structured in cate-
gories of description strategies (Figure 1, Table 2), sound
samples (Table 2) and semantic portraits (Figure 2). We
observed consistent descriptions across studies for
warm, round, and bright that are in line with findings
in the literature on timbre semantics. Furthermore, the
overall results allowed us to highlight interactions
between the four attributes, such as an opposition
between bright on one side and warm and round on
the other. Importantly, rough has no connection with
bright but is opposed to round.

Due to the lack of richness in sound-exclusive termi-
nology, sound or music experts borrow their vocabulary
from other sensory domains or metaphors for sound
description. The attributes of brightness and roundness
are derived from the sense of sight, while the attributes
of warmth and roughness are derived from the sense of
touch. Switching from one sensory modality to another
with the same term necessarily implies multiple mean-
ings for a term that seem to overlap in our results. The

example of roundness is very illustrative to that matter.
One can argue that the shape of a round object has
a kind of perfection, homogeneity, and purity. These
three words were found in the definitions of a round
sound during the interviews. It is difficult to understand
whether the person is referring to acoustic features, or
visual characteristics, hence inferring a crossmodal rep-
resentation of the attribute. This raises a question, ‘‘Is
the perception of timbre linked to the visual perception
of shapes?’’ Such phenomena of audiovisual crossmodal
correspondences have been observed between pitch and
shape (Marks, 1987), and between word morphologies
and shapes (i.e., the ‘‘bouba-kiki’’ effect). Moreover,
a study revealed that judgments of roundedness and
pointedness on pseudowords recordings are based on
analogous sound and visual properties: smoother and
more continuous, for roundedness, and disrupted, dis-
continuous, and strident, for pointedness (McCormick
et al., 2015). Further research is needed to establish
whether such sound-to-shape mappings are based on
more general cognitive correspondences.

In the end, the results account for the meaning given to
timbral attributes in two different situations, thus speci-
fying the shared meaning of each attribute within an
expert population. The novelty of our approach lies in
the quantification of the consensus on the descriptions of
the four attributes obtained in a conversational context.
The results show that the conditions of evaluation influ-
ence the meaning of a timbral attribute. In particular, the
context of the interviews favored temporal descriptions
that were not retained in the online survey.

Nonetheless, despite these different evaluation condi-
tions, the outcomes of the interviews and the online
survey show many similarities. Among the three main
types of description strategies, acoustic and metaphor-
ical descriptions seemed to be the most suitable for
defining the attributes. Interestingly, the largest consen-
sus involves descriptions semantically untied to sound
(e.g., ‘‘full,’’ ‘‘rich,’’ ‘‘pleasant’’). Thus, according to the
survey results, a big part of the consensual descriptions
for roughness are metaphorical, and the affect-related
descriptions highly express a shared understanding of
the terms round and warm.

Crucially, these results raise the question of our ability
to formulate definitions for such perceptual attributes.
In a study investigating the formalism of definitions for
sensory descriptors, Giboreau et al. (2007) recommend
avoiding ambiguous definition items. However, meeting
this constraint would have been tedious given the poly-
semy and complexity of some of the most relevant and
consensual descriptions according to the survey (e.g.,
‘‘pleasant,’’ ‘‘full,’’ ‘‘rich,’’, etc.). With the summaries,

Investigating the Meaning of Sound Attributes 479

D
ow

nloaded from
 http://online.ucpress.edu/m

p/article-pdf/39/5/468/706647/m
p.2022.39.5.468.pdf by Institute for R

esearch and C
oordination Acoustic/M

usic user on 01 June 2022



we have added terms that are either complementary or
opposite to the attribute being studied. Nevertheless,
inspired by the three types of results obtained, free ver-
balizations, sound examples (Table 2), and the results of
the online survey (Figure 2), we derived definitions
expressing the shared meaning of each attribute:

A bright sound has most of the spectral energy in the
high frequencies. It is often a high-pitched sound, with
clarity, definition, and similarities with a metallic sound.
(Non-bright: Muffled, Dull, Velvety, Matte, Dark.)

A warm sound encloses substantial spectral energy in
the low-mid frequencies. It is a rather low pitch sound.
Temporally, it has a rather soft attack. A warm sound is
pleasant, enveloping, and rich. (Non-warm: Cold,
Harsh, Poor, Metallic, Aggressive.)

A round sound has a soft attack. It has a spectral
balance localized in the low-mid range and is rather
low-pitched. It is full, pleasant, and homogeneous.
(Non-round: Screaming, Rough, Aggressive, Metallic,
Harsh.)

A rough sound relates to a sound of friction. Listening
to a rough sound feels raspy and itchy to the ear. It is
a sound with grain, which has temporal disturbances
and can be noisy. (Non-rough: Smooth, Soft, Pure,
Round.)

In sum, the meaning of timbral brightness is in line
with previous research. The importance of the attack
was briefly addressed during the interview but then was
evaluated as not relevant in the survey. It is therefore
difficult to conclude on the importance of the attack
time.

Round and warm remain at the end of the study quite
similar. They enclose common spectral and temporal
definitions and are both positively weighted with affect
or axiological adjectives, i.e., adjectives that enclose
emotional reactions or value judgments (Kerbrat-Orec-
chioni, 2009).

In contrast to warmth, participants seemed to empha-
size the temporal definition for roundness. Besides, the
opposition of warmth and roughness with ‘‘pure’’ and
the opposition of roundness with roughness may asso-
ciate a stable and monotonic temporal envelope to
round sounds while it is not a necessary condition for
warmth. Thus, the definition of roundness could be
considered as a more restrictive form of warmth from
a temporal point of view.

For roughness, the survey results mainly display high
consensus in metaphorical descriptions. It is relatively
paradoxical with regard to the scientific definition of the
term which seems clear and simple, and the choice of
sound examples which seem to confirm it.

Additionally, we note that brightness and roughness
seem to present two different dimensions from a seman-
tic point of view. Brightness interacts a lot with round-
ness and warmth, notably from a spectral point of view,
but it does not interact with roughness on an acoustic
level. This echoes the results obtained by Zacharakis
et al. (2014), who identified luminance and texture as
two semantic axes of timbre in a interlanguage study
involving English and Greek sound descriptions. To
take the results further, we could imagine a cross-lan-
guage study in the future (e.g., French - English), ques-
tioning the similarities and differences in the definition
of these attributes.

Conclusion

The starting point of our research was to question the
consensus on the definition of timbre attributes well
known in sound and music expert circles. Hence, this
research aimed to understand the meaning of four tim-
bre attributes and the way experts describe them. We
approached the question with interviews with experts
and an online survey. Our results included rich descrip-
tions and representative sound samples, an assessment
of the consensus and relevance of these descriptions to
the meaning of the four attributes, and definitions for
each of them.

The characterization of each attribute is divided into
three main categories of acoustic, metaphorical, and
source-related descriptions. In the end, between the
interviews and the online survey, the representation of
each of the terms is robust and relies mainly on meta-
phorical and acoustic descriptions. Through our results,
we were able to summarize the consensus regarding the
meaning of the four attributes. But we note that the
ambiguity of metaphorical descriptions makes the task
of formulating definitions tedious.

A limitation to our approach is the difficulty to study
the influence of the professional profile of the experts
who participated in both parts of the study as initially
intended. In a subsequent work, we will use a subjective
judgment method to evaluate a sound corpus to extract
the most relevant acoustic features that correlate with
the definition of the studied attributes. This study will
allow us to investigate potential variations in the per-
ception of the four attributes between participants with
different professional profiles. Ultimately, we will con-
solidate the representation that one can make of these
attributes, on perceptual, acoustical, and linguistic
levels.
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Acoustique et Techniques, 81, 20–26.

CARRON, M., ROTUREAU, T., DUBOIS, F., MISDARIIS, N., &
SUSINI, P. (2017). Speaking about sounds: A tool for commu-
nication on sound features. Journal of Design Research, 15(2),
85–109.
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