CHAPTER 12

Hearing Brightness

Multidisciplinary Perspectives on a Ubiquitous
Attribute of Timbre and Orchestration

CHARALAMPOS SAITIS, KAI SIEDENBURG, AND MOE TOUIZRAR

STANLEY Kubrick’s 1968 sci-fi masterpiece, 2001: A Space Odyssey, opens with a sequence that
has since become iconic: a majestic cosmic sunrise set to the opening fanfare of Richard Strauss’s
Also sprach Zarathustra.! The character of the fanfare, titled “Sonnenaufgang” (Sunrise), is un-
deniably expansive and bright. But the precise source of our sensation of sonic brightness is dif-
ficult to pinpoint (see Figure 12.1): is it the timbre of the trumpets, the repetition and specific
articulation of a rising C-G-C motive, the dramatic terracing and swelling of dynamics, or per-
haps the progressive re-voicing and re-orchestration of the punctuated chordal complex? Put
generally and more concisely, how do timbre and orchestration contribute to the phenomenon
of sonic brightness, and where is brightness to be located within experience? In this chapter, we
attempt to articulate and distinguish between two modes: timbral brightness (the psychophys-
ical perception of brightness in a given instance of sound) and orchestral brightness (the expe-
rience of brightness in the configuration and unfolding of orchestral music). We approach the
central questions from a multidisciplinary vantage, attempting to hold any tensions between the
two modes without resolution.

The sensation of brightness is generally familiar to listeners, and the properties of sound
that we might categorize as timbral are often characterized in terms of brightness. Timbre,
as EmilyI. Dolan (2013) demonstrates, first entered musical discourse only recently—around
the turn of the eighteenth century. In the first edition of the Dictionnaire de 'Académie
frangoise (1694), “timbre” is defined in the context of a bell’s sound. By the third edition of the
Dictionnaire (1740), the notion of timbre had evolved to describe the quality of sound, its def-
inition expanded to tell us that often a bell’s timbre could be “too bright,”? signaling an im-
portant early recognition of brightness as a distinguishable attribute of timbre—but not the
earliest. In De Audibilibus, Naomi Weiss (2018) informs us, Pseudo-Aristotle® describes how
“the brightest [lamprotatos] sounds are those that are best able to move the sense of hearing

I All three authors contributed equally.

2 “Il se dit quelquefois, pour Le son que rend le timbre. Ce timbre est trop éclatant.” “Timbre,” in
Dictionnaire de ’Académie frangoise, 3rd ed., 2 vols. (Paris: Jean-Baptiste Coignard, 1740), vol. 2, 770.

3 The authorship of De Audibilibus is uncertain; it was formerly attributed to Aristotle, but modern
scholars have variously ascribed it to Theophrastus, Heraclides Ponticus, and Strato of Lampsacus
(Gottschalk 1968; Barker 1990, 98-109).

»
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FIGURE 12.1 Reduction of “Sonnenaufgang” from Richard Strauss’s Also sprach Zarathustra, mm.
1-19 with corresponding stills from Stanley Kubrick’s 2001: A Space Odyssey.
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HEARING BRIGHTNESS 317

when they impinge on it.”* Here, the adjective lamprotatos appears to denote the specific
quality of a sound, not so much its pitch or volume, but rather the radiant light of the sound
itself—its timbre. That is to say, there was a brightness before timbre,> a way of negotiating
tone quality before timbre became a more defined concept, first through bells and soon after
by Rousseau in Diderot’s Encylcopedie (1765a, 1765b), as a property of sound discrete from
pitch and loudness. Crucially, Rousseau defined timbre as “the quality [of sound] which is al-
ways subject to the comparison between dullness and brightness, or between harshness and
softness,” thereby also defining a specifically timbral perception of brightness.

The perception of timbral brightness is rooted in the psychophysical properties of sound
waves and how they are processed by the auditory system. Brightness in this sense can be
correlated with the spectral content of a sound, particularly the presence and emphasis of
higher frequencies. We understand orchestral brightness as referring to the ways in which
different instruments, melodies, harmonies, and rhythms interact over time to create a uni-
fied perception of musical brightness. In certain cases, brightness can lead to a phenome-
nological experience of sonic luminosity—as if sound becomes light. Beyond the technical
realms of frequency and waveform, orchestral brightness becomes a bridge between the
composer’s intent and the listener’s perception. This duality of understanding—perceiving
brightness in isolated sounds versus experiencing the rich tapestry of brightness in orches-
tral music—invites an outward-looking and multidisciplinary exploration of what it means
to engage with musical brightness. The ideal starting place for locating brightness as it relates
to the perception of instrumental timbre is in the experimental psychology literature. The
ideal starting place for locating conceptions and formulations of orchestral brightness is
within orchestral repertoires, where the curious depiction of light by composers is not only
commonplace but relatively understudied. The authors’ aim is not to answer any questions
definitively, nor to synthesize or reconcile positions, but rather to draw on our respective
disciplinary knowledge and skill sets—including music theory, composition, acoustics,
and psychology—to provide multiple, often contrasting perspectives and spark conversa-
tion across different fields of study, anticipating productive “science frictions” along the way
(Edwards et al. 2011).

Perceptual Foundations: A Tale of
Two Methods

Timbre is widely agreed to be a multi-faceted percept—it is thought of as any property other
than pitch, duration, and loudness that allows two sounds to be distinguished—and so
two prevailing approaches to the study of timbre perception have sought to decompose the
timbre gestalt into its constituent elements.

1 “7ov avTOV TpOTOY TOV PWVOV TavTag YoAnmTéoy elvat apmpotdtag, oat pdhiota Svvavrat

TPOOTITTOVTAL KIVelv TNV akony, Ps. Arist. De Audib. 801b25-27, as cited and translated by Weiss
(2018, 240).

> Here, we reference the title of Deirdre Loughridge’s chapter in The Oxford Handbook on Timbre
(Loughridge 2018, 269), “Timbre Before Timbre,” itself refering to what Emily I. Dolan has called “a
time before timbre” (Dolan 2013, 14).

¢ “la qualité du timbre qui est encore susceptible de comparaison du sourd & I’éclatant, ou de l’aigu
au doux” (Rousseau 1765a, 345-347).
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Perceptual Dimension and Semantic Attribute of Timbre

Concerning perceptual dimensions of timbre, one set of studies has started from
constructing “timbre spaces.” These are geometrical configurations resulting from multi-
dimensional scaling (MDS) (Shepard 1962) of dissimilarity ratings for pairs of sounds (for
more detail and a recent review see McAdams 2019). MDS generates a spatial configura-
tion of points whose pairwise distances approximate the original perceptual dissimilarity
data. In order to rule out potential confounds from other attributes, sound stimuli are usu-
ally equalized in pitch, loudness, and duration (and presented over headphones or a speaker,
thereby removing any differences in spatial position) before entering a dissimilarity rating
design. The central assumption of MDS studies is that shared psychophysical dimensions
exist according to which the tested sounds can be ordered. Concerning semantic attributes
of timbre (a second major approach to timbre), research begins by applying dimensionality
reduction techniques such as exploratory factor analysis (EFA) and principal components
analysis (PCA) to construct semantically labeled timbre spaces from ratings of sound stimuli
along verbally anchored scales (for more detail and a comprehensive review see Saitis and
Weinzierl 2019). Semantic scales are typically constructed either by two opposing descrip-
tive adjectives such as “bright” and “dull” (known as the semantic differential method; see
Osgood 1952) or by an adjective and its negation as in “bright” and “not bright” (known as
the verbal attribute magnitude estimation method; see Kendall and Carterette 1993). Each
semantic scale is thought of as capturing an experiential continuum, or geometrically as a
straight line that passes through the origin of a Euclidean spatial configuration of the tested
timbres. By assuming that many different continua are psychologically close and may hence
be represented by a single latent dimension, EFA and PCA can both recover the minimum
number of such dimensions, which are generally orthogonal to each other. Similar to MDS
studies, sound stimuli are usually equalized in pitch, loudness, and duration before entering
asemantic rating design.

Today, a number of MDS studies using real recordings or synthetic emulations of orches-
tral instrument notes have confirmed that the attack time and the spectral centroid of mu-
sical tones constitute major acoustical correlates of timbre spaces (Grey 1977; McAdams et
al. 1995). Attack time is defined as the logarithm of the duration between the onset of a sound
and its more stable part. The spectral centroid (SC) is defined as the amplitude-weighted
mean frequency and can be interpreted as the center of gravity of the spectral envelope or
the frequency that divides the spectrum into two regions with equal energy (Caetano, Saitis,
and Siedenburg 2019). The timbre space dimension most strongly correlated with the spec-
tral centroid is then considered as reflecting timbral brightness. Convergent evidence from
many “timbre semantics” studies (as they came to be known) using recorded or synthesized
orchestral sounds have further confirmed that the SC dimension of timbre is captured by
adjectives such as bright or brilliant (high SC values) and dull or dark (low SC values). Yet
spectral envelopes of sounds can vary in manifold ways, certainly more than can be exhaus-
tively described by the one dimension of the SC (Saitis and Siedenburg 2020). For instance,
using synthetic tones with formant-like characteristics, Siedenburg (2018) demonstrated
consistent shifts of perceived brightness between tones with highly similar SC values. In the
semantic space of Zacharakis, Pastiadis, and Reiss (2015), the brightness dimension was re-
lated to both energy distribution of the partials and spectral detail. This echoes earlier work
by Boring and Stevens (1936), who found an inverse relationship between brightness and den-
sity in complex but also pure (i.e., single-frequency) tones. Spectral bandwidth has also been
found to be of relevance to brightness judgments (Rosi et al. 2023). Could timbral brightness
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HEARING BRIGHTNESS 319

be a lump sum of multiple psychoacoustical cues that are collectively associated but might
separate if considered in greater detail?

The Role of Temporal Cues and Sound Source Categories

To answer this question, Saitis and Siedenburg (2020) studied timbral brightness using the
same empirical framework as general timbre perception, namely, instructing listeners to rate
how dissimilar two instrumental sounds are with respect to brightness. Using MDS anal-
ysis, the authors found that brightness dissimilarity ratings could be adequately described
on the basis of a single dimension correlated with the SC of the tested stimuli. This dimen-
sion further correlated strongly with the SC dimension of a general dissimilarity space de-
rived from the same stimuli and with their ordering obtained from direct brightness ratings.
Such triangulation of evidence confirmed that, however incomplete the SC may be, it may
still act as an effective summary descriptor for quantifying timbral brightness perception.
Interestingly, when a two-dimensional MDS space was examined to model the brightness
dissimilarity ratings, a dimension related to attack time emerged alongside the SC dimen-
sion. This is in line with reports that when asking listeners to explain impressions of bright-
ness in musical sounds, references to the attack of the sound will typically come up (Drouzas
and Saitis 2020; Rosi et al. 2022). Saitis et al. (2019) investigated the role of attack transients
in timbral brightness perception using synthesized harmonic sounds carefully controlled
along three disassociated temporal and spectral envelope parameters: SC, attack time, and
variation of SC over the first 100 milliseconds of the sound. The latter models the progres-
sive expansion of the spectrum toward the higher harmonics, also known as harmonic rise
asynchrony (Caclin et al. 2005). Results showed an influence of asynchrony in the rise of
harmonics: when two sounds with identical spectral centroids and attack times varied in
the “arrival” of higher-harmonic energy, faster appearing upper harmonics tended to lead
to higher brightness ratings. Attack time did not seem to single-handedly affect brightness
ratings, echoing findings by Brent (2010) and Bell (2015), who both reported brighter percus-
sive timbres to be associated with higher SC values during attack while faster attack times
were associated with sharper or harder percussion sounds.

Timbre perception naturally associates continuously varying “low-level” properties of
an acoustic waveform, transformed into a sensory representation available to the listener, to
more “cognitive” categories of sound source-cause inferred from the sensory representation
and stored in long-term memory. There is evidence that general timbre dissimilarity ratings,
typically assumed to rely primarily on low-level acoustical cues, are in fact susceptible to the
formation of source-cause categories (Siedenburg, Jones-Mollerup, and McAdams 2016). For
example, a marimba tone and a vibraphone tone (played at the same pitch and loudness and
for the same duration) tend to be rated as more similar in terms of general timbre than would
be predicted given their acoustic differences, likely a result of listeners “recognizing” that
both are percussion instruments and excited in identical ways. Given the many configura-
tional and dimensional similarities shared between perceptual and semantic timbre spaces
(Faure, McAdams, and Nosulenko 1996; Zacharakis, Pastiadis, and Reiss 2015), it is reason-
able to ask whether comparing two instrumental sounds on a semantic attribute such as
brightness could be open to source-cause biases too. Saitis and Siedenburg (2020) found that
adding binary descriptors that coded an instrument’s family, source, and excitation mech-
anism did not improve correlations between observed brightness dissimilarity ratings and
their predictions from using only scalar descriptors of the acoustic signal. This “robustness”
against source-cause categories suggests that timbral brightness perception is anchored pri-
marily in low-level acoustical cues.
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Effects of Adaptation

We all know what it is like to enter a particularly dark or bright room, often requiring
one to wait a while until vision adapts to the new normal. And the same light source can
be perceived as either dim or bright, depending on the context. In the auditory domain,
it would seem reasonable if perception was similarly adaptive. Following this rationale,
Siedenburg, Jacobsen, and Reuter (2021) studied whether brightness judgements adapt over
time to a given context. Continuous speech or natural music signals were filtered such that
sounds varied on a continuum from dark to bright. The experiment had listeners decide on
a trial-by-trial basis whether a presented sound was rather bright or dull. Context effects
were experimentally studied on two different time scales using a local context that deter-
mined whether the previous trial was dark or bright, and a global context that determined
whether a full experimental block was rather dark or bright. For both types of contexts,
listeners showed significant adaptation effects: a neutral sound was perceived as brighter if
the trial was preceded by a dark context and vice versa. In this sense, the observed effect
resembled previous findings on auditory contrast enhancement (Holt 2005; Stilp et al.
2010). Computational modeling further suggested that brightness adaptation levels off after
around fifteen seconds. This implies that brightness adaptation is not solely based on periph-
eral adaptation (Dau, Piischel, and Kohlrausch 1996), which is known to act on a sub-second
level, but most likely involves both peripheral and central processes. Taking the paradigm
one step further toward real-world applications, that study also showed that such adaptation
effects persist when stimuli are processed with the acoustic transfer functions of industry-
made “hearables” (i.e., headphones that amplify sound of the environment). That is, the con-
stancy of sound that is technologically mediated is to some extent guaranteed by processes of
brightness adaptation, which allows listeners to “forget” to some extent about the medium
and focus on the content.

Is It Timbre? A Tale of Two Qualia

Whether orchestral, electronic, or popular music, brightness differences often happen with
simultaneous variation in pitch. Because the pitch dimension is also such a crucial param-
eter in music, composers and orchestrators will rarely think about brightness in an entirely
pitch-independent way. Any account of musical brightness perception thus needs to address
the way in which the perception of pitch and brightness interact with and influence each
other. There are reasons to expect interactions between the two attributes. The perceptual
representation of pitch involves both a linear dimension of “height” related to fundamental
frequency (Fo) and a circular dimension of “chroma” related to Fo position within the octave
(Shepard 1964; Ueda and Ohgushi 1987). Pitch height depends more on the spectral envelope
(Patterson, Millroy, and Allerhand 1993), which also determines brightness. Thus it could be
that the two attributes are not entirely distinct. A considerable body of literature accordingly
demonstrates consistent interactions between brightness and pitch perception from across
diverse methodological viewpoints.

Interaction Effects between Brightness and Pitch

Most studies of timbre dissimilarity and semantics have used musical instrument tones
played at the same pitch (as in Fo) and loudness in order to focus listeners on timbral re-
lations. However, some dissimilarity studies have included sounds varying in pitch and
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found that instruments keep their relative positions within timbre space at pitches differing
by as much as a major seventh (Marozeau et al. 2003), but that interactions between pitch
and timbre appear when tones differ by more than an octave (Miller and Carterette 1975;
Marozeau and de Cheveigné 2007; Zacharakis, Pastiadis, and Reiss 2015). These interactions
affect the resulting timbre space in two ways. First, a dimension correlated with Fo and or-
thogonal to the other dimensions appears. Second, pitch differences systematically influence
the dimension that is related to the spectral centroid, that is, brightness. Semantic studies
with musical tones played at several pitches further show a positive correlation of Fo with
ratings of brightness (though see Hayes, Saitis, and Fazekas 2022). However, the degree of
correlation considerably varies across groups of listeners with different degrees of music
and audio expertise (e.g., engineers can be “immune” to it but not conductors, see Rosi et al.
2023) or drawn from different linguistic populations (e.g., it seems stronger for native Greek
versus English speaking listeners; see Zacharakis, Pastiadis, and Reiss 2014). For non-expert
listeners particularly, Fo can play a dominant role in explaining brightness ratings (Reymore
etal. 2023; Rosi et al. 2023).

Drawing from early work on multidimensional perceptual processing (Garner and
Felfoldy 1970), Melara and Marks (1990) studied the interaction of timbral brightness with
pitch. The authors had participants conduct speeded classification of sounds as twangy
versus hollow with concurrent variation in Fo during experimental blocks. They found that
concurrent variation in pitch led to increasing reaction times. Interactive dimensions were
conceptualized to exhibit links at some level of perceptual processing such that information
in one perceptual channel (e.g., pitch, associated with a primary physical dimension such
as frequency) were thought to be weighted by information in another channel. Interaction
effects thus suggest failures of selective attention, that is, participants’ inability to sufficiently
separate information in different perceptual channels, so-called Garner interference. Pitt
(1994) extended this work by offering four response categories (instead of two), such that
participants reported whether they heard changes in pitch, changes in brightness, changes in
both pitch and brightness, or no changes at all. Musician participants were highly accurate in
their responses. However, accuracy of non-musicians declined markedly for conditions with
only brightness change, as well as those where both brightness and pitch changed, which
were frequently confused with the other response category involving only brightness change.

An important and more recent approach relied on discrimination tasks to study the in-
teraction between pitch and brightness (Allen and Oxenham 2014). The authors first meas-
ured difference limens (DL; also known as just-noticeable differences) for individual Fo
and SC dimensions for musician and non-musician participants, before going oon to study
interactions with stimulus dimensions equalized according to the individual DLs measured
before. Using digitally generated harmonic tone complexes that varied in terms of Fo and SC
position, musicians’ and non-musicians’ DLs were similar for SC changes, but musicians had
lower DLs for Fo changes. A second experiment measured DLs with concurrent variation in
SC. With pitch as target dimension, musicians showed clearly the least interference effects.
However, there were no differences between listener groups when the relation of the interfer-
ence was considered, that is, the ratio between DLs for conditions with variation and the DLs
for conditions without variation. A third experiment indeed showed that non-musicians had
considerably more difficulties to process incongruent changes of Fo and SC, and particularly
incongruent pitch changes were discriminated poorly at larger Fo/SC intervals between the
baseline and target stimuli. In a more recent study using a similar experimental paradigm
on an online sample of largely non-musician listeners, Saitis and Wallmark (2024) reported
similar pitch-brightness interactions. Notably, they found that the effect of congruency on
response accuracy was much larger than on reaction time (38% error when classifying pitch,
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20% when classifying brightness). Additionally, participants’ accuracy did not decrease as
a function of speed (i.e., there was not a significant speed-accuracy tradeoff). This indicates
that perceptual acuity in pitch judgment was not affected by additional deliberation time,
contrary to much of the literature on crossmodal interactions (e.g., Arieh and Marks 2008),
suggesting that participants genuinely confused SC for pitch.

Note that with respect to the spatial representation of pitch height, results have been found
that illustrate the interconnected effects in pitch and brightness perception. In Western cul-
ture, it is quite natural to associate “high” pitches with high spatial elevation. This association
turns out to be strong in Western musicians and parallels the way Western musical notation
represents pitch (Pratt 1930; Rusconi et al. 2006). Both phenomena might be grounded in the
statistics of natural auditory scenes (Parise, Knorre, and Ernst 2014). Yet, more recent work
turther suggests that non-musicians only exhibit such spatial association effects for frequency
changes consisting of coupled pitch and brightness shifts, but not for one-dimensional shifts
alone (Pitteri etal. 2017). This was nicely expressed in the title of the latter study, “Naturally to-
gether: pitch-height and brightness as coupled factors.” Taken together, these findings suggest
that there certainly exists interference between pitch and brightness for musicians and non-
musicians but that this interference is stronger for non-musicians, suggesting that it requires
specific training to perceptually tease apart pitch and brightness.

Effects of Context: Contour Processing and
Shepard-Illusion

The perception of sound sequences is another topic that has been scrutinized empirically
and that bears important implications for orchestration studies. In his reasoning about
Klangfarbenmelodie (tone-color-melody or timbral melody)—the organization of timbral
progressions or “melodies,” Schoenberg explicitly alluded to musical principles (or “logic”)
governing the sequential ordering of sounds that differ in timbre. A central question here
concerns whether the musico-perceptual principles of Klangfarbenmelodie would need to
be different for sequences of sounds differing in pitch. Modern empirical studies of sequence
processing have indeed noted striking similarities in the perception of sequences of sounds
differing in pitch and brightness. McDermott, Lehr, and Oxenham (2008) found that the
processing of contours (i.e., the patterns of ups and downs) is comparable when contours are
generated by changes in pitch, brightness, or loudness. Notably, familiar musical tunes could
even be recognized according to brightness or loudness contours. Asking participants to dis-
criminate sequences of varying length, Cousineau et al. (2014) observed that participants’
accuracy for pitch and brightness sequences, but not loudness sequences, decreased very
similarly when sequences became longer, also suggesting similar perceptual processes.
Siedenburg and McAdams (2018) studied the recognition of timbre sequences with consecu-
tive changes in pitch. In this study, sounds did not only vary according to brightness but were
emulations of acoustic instrument sounds. It was observed that non-musicians performed
better for sequences with constant pitch compared to sequences with variable pitch, and this
effect was not as pronounced for musician participants. In this sense, these results were con-
sistent with the higher interference of pitch and timbre already mentioned above.

A final line of evidence on the relation between pitch and brightness perception has used
modified Shepard tones. Shepard tones are sounds with octave-spaced partial tones that are
weighted in amplitude by one common amplitude envelope, going back to the innovative
work of Roger Shepard and the perception of pitch circularity (Shepard 1964). Extending this
idea toward sonic brightness, Siedenburg (2018) used cyclic spectral envelope components
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and a fixed fundamental frequency, showing that frequency shifts of the envelopes are
perceived as systematic shifts of brightness. Effects of context were observed that were com-
pletely analogous to prior work using classic Shepard tones (Chambers et al. 2017), adding
to the wide-reaching commonalities between pitch and brightness perception. Siedenburg,
Graves, and Pressnitzer (2023) went one step further and studied consecutive pitch and
brightness shifts of stimuli varying in spectral envelope and Fo using a unified auditory
modeling framework. The authors suggested that listeners use a compound perceptual di-
mension that encompasses what is classically called pitch and brightness to achieve the ec-
ological task of tracking frequency change across sounds. Differences in the weighting of
acoustic cues across groups of musicians and non-musicians (Schneider et al. 2005) might
then be at the perceptual basis of the interference of pitch and brightness noted above.

Acoustical Roots of Auditory Brightness

Whereas the previous section reviewed evidence for interactive processing of pitch and
timbral brightness, the reasons underlying such interactions remain unclear. In fact, there
could be multiple reasons for this type of interactive processing: Interaction could happen
on a sensory level, on an acoustical level from which it is learned through exposure, or both.
Relatively little research has considered the potential acoustical origins of pitch-brightness
associations. Siedenburg and colleagues (2021) mapped out the relationship of spectral cen-
troid (SC) and fundamental frequency (Fo) in a large set of acoustical instrument sounds,
spanning twelve instrument classes with sounds from fifty different orchestral instruments.
Different patterns of Fo-SC covariance arose, depending on the instrument class. For in-
stance, whereas the vocals, saxophones, bassoons, and tubas show relatively little depend-
ence of Fo at the fflevel, there was a close correlation for the strings, flutes, recorders, and
some brass instruments (although not necessarily across all of their Fo registers). Almost
all instrument classes showed consistent effects of Fo in two or more registers. There were
only a few exceptions to this rule, namely the vocals, saxophones, and bassoons, which did
not show Fo effects in the majority of registers. Highly consistent effects on SC were yielded
by the factor of dynamic level (pp, mf, ff), where increased playing effort is consistently as-
sociated with higher SC (with the exception of the flutes). The instrument size factor, for
which size approximations were taken from the literature, heavily depended on the instru-
ment. Strangely, for the saxophone class, shorter tube lengths (i.e., instruments) did not
yield brighter tones with higher SCs in all registers. For instance, the soprano saxophone
yielded among the least bright sounds of the family across different dynamic levels (likely
because the low register of the soprano sax requires less effort and strain compared to the
same pitch played in the higher register of the baritone sax, and thus fewer high partials are
present). Other classes such as the strings showed a size-dependency as expected with larger
instruments yielding darker tones with smaller SCs.

Given the close covariance of Fo and SC in naturalistic sounds from acoustical
instruments, would it be appropriate to consider auditory brightness simply as an attribute
accompanying pitch perception or does it have an acoustical basis independent of funda-
mental frequency? This question was approached by Jacobsen and Siedenburg (2024) in an
analysis/synthesis approach that aimed to characterize the very basic acoustical ingredients
of brightness perception. A set of around 1,900 orchestral sounds were analyzed in terms
of its main underlying acoustical dimensions, obtained using PCA of a representation of
the sound spectral envelope (SE). The first dimension of the resulting space showed a clear
low-pass/high-pass characteristic, sharing around 50 percent of the variance of the data.
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The second dimension was interpreted as encoding the vowel-likeness of sounds. A percep-
tual experiment then presented sounds resynthesized along the first and second dimension
of the space, using a fixed Fo (alongside with other conditions). Participants were asked to
rate the brightness of sounds. The experiment confirmed that the first dimension of the SE
space correlated with brightness ratings, whereas the second dimension did not. The fact
that the first and most important dimension of a space of SEs of musical instrument sounds
maps onto auditory brightness shows that brightness is not merely an invention of auditory
scientists playing around with synthetic sounds, but that it has direct acoustical correlates in
the statistics of natural sounds. By means of cross-cultural comparisons, research on music
perception has witnessed several suggestive examples of evidence for learning of spectral
sound statistics and its direct effects on auditory perception in recent years. This includes
examples of consonance perception (McDermott et al. 2016) and octave equivalence (Jacoby
etal. 2019). A plausible hypothesis on the origins of perceptual pitch-brightness interactions
would be that listeners internalize the association of these dimensions of sound and consec-
utively apply the corresponding heuristic to any auditory input. Such a perspective would
fit with developmental data that has shown three- and seven-month-old infants to be “im-
mune” to the interaction of Fo and SC (Lau, Oxenham, and Werner 2021).

"Timbral” and “Orchestral”: Two Distinct
Modes of Brightness?

We might be tempted to conclude that brightness can be singularly explained by means of
quantitative physical properties and therefore rendered intelligible via perceptual-semantic
mechanisms alone. While scientific accounts of timbral brightness (often derived from
isolated acoustic or synthetic stimuli) address necessary facets of auditory perception and
raise crucial questions regarding its multidimensionality, they lack sufficiency in the con-
text of orchestral music, at least to date. Since perceptual experiments rely primarily on ar-
tificial stimuli and rarely employ orchestral music with all of its complexity, the following
section seeks to identify how experiences of brightness might arise in orchestral contexts.
If the act of listening to multi-timbral orchestral music can involve experiences of bright-
ness, such experiences likely result from an aggregated, multifaceted, and temporally ex-
tended encounter with orchestral sonority. We should therefore assume a wide universe of
potentialities for orchestrating brightness. Likewise, we should assume a cooperative role for
perceptual-semantic accounts in any explanation of ecologically valid experiences of orches-
tral brightness. Determining how psychoacoustical accounts of timbral brightness might
come to bear on both listening and the act of orchestration requires that we first consider the
phenomenon of orchestral brightness.

Varieties of Orchestral Brightness

The mystery posed by brightness only compounds when we move from the controlled
conditions of timbre perception studies to the composed and performed in situ experience
of orchestral music—seated in a concert hall, at the cinema, at the theatre, or listening at-
tentively by other mediated means. Composers and performers manipulate brightness in
the co-realization of an orchestral score (to be sure, recording engineers and even acoustic
environments also participate). That brightness serves as a prevalent but indeterminate
term of art for orchestrators is evidenced by the extant orchestration treatises and manuals
(Wallmark 2019), where instances of instrumental brightness are itemized and exemplified,
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if only in a generic manner. At a fundamental level of sonic organization, one might well
argue that the regular back-and-forth fluctuations of sonic brightness in any given orches-
tral work or performance operate as an innate structure in that music’s unfolding. Here the
symphonies of Anton Bruckner and the operas of Richard Wagner stand out as emblematic
of the constant and often heightened interplay between sensations of darkness and bright-
ness as a dialectic of opposing forces (Scott 2004, Tarasti 2001) where vacillation, accidental
or otherwise, takes on a contrastive role in orchestral ebb and flow.

Encultured listeners might make the bold but reasonable suggestion that even whole
movements or entire works can exhibit a macro-level quality of brightness, where the overall
ascription of “bright” or “dark” applies to a particular bounded duration relative to others. This
form of ascription occurs when we think that the work or movement (as a whole) displays a ge-
neral yet durable character of brightness or darkness relative to most of the works or movements
with which a listener is familiar. Such large-scale characterizations sometimes reflect the spe-
cific instrumental configuration privileged at the outset of an orchestration, for example in
Alfred Schnittke’s Concerto for Viola and Orchestra, where the tragicomical and wholesale
omission of violins alters our habitual inter-opus experience of the orchestra, skewing overall
impressions toward a darkness that is attributable in part to absence. Brightness too extends
as an aura that persists across entire works or movements. Take, for example, Tchaikovsky’s
Serenade in C Major for String Orchestra, where the composer maintains a generalizable
sonority—understood here in its simplest sense as the interplay between registral spacing and
instrumental timbre—whose quality persists across change, thereby suffusing a joyful fullness
and brightness despite the small size of the ensemble and its relative timbral homogeneity. The
compound sense of brightness that pervades the first movement of Beethoven’s Piano Concerto
No. 4 could even be said to result at once from (I) the privileged sonic positioning of the piano,
(IT) the various sweeping registral emphases and attendant sonorous configurations that pass
by in the ebb and flow of the music, as well as (III) the opening movement’s relation to the sub-
sequent and much darker second movement.

Yet, beyond functioning as a descriptor for this or that instrument orchestrated or played
in such and such a way (I), or as a momentary ascription to characterize a fleeting passage
of multi-timbral orchestral sound vis-a-vis an immediate predecessor (II), or even as an
abiding inter- or intra-opus quality (III), composers have for centuries organized orchestral
brightness into directional formal units when they undertake the seemingly impossible task
of depicting luminosity itself in music (IV). Table 12.1 proposes a preliminary typology of
orchestral brightness based on these four varieties. Whether or not depictions of light func-
tion merely as metaphors remains outside the scope of the present chapter. However, irre-
spective of their yet-to-be-determined status as somehow veridical or otherwise figurative,
depictions of light arrive in listening experience as both highly affective and intricately cog-
nitive, and their sonic constituents are certainly crafted with, at minimum, depictive intent.
Importantly, they operate temporally as organized goal-directed contours. Since depictions
of light in music are largely undocumented and undertheorized, the following section
focuses on progressive-directional brightness (IV) and its manifestation as orchestrated
formal contours.

Brightness and Contour: The Sunlight Topic and the
Orchestral Crescendo

In music theory and music psychology, the term “contour” typically refers to sequential
relationships between a series of adjacent changes in pitch and is therefore commonly
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TABLE 12.1 A preliminary typology of orchestral brightness.

Type Object of Brightness Characteristics
I Instrumental timbre (includes An immediate attribution where the
Timbral- identifying a single instrumental sense of brightnessis directly source-
indexical timbre within an otherwise bonded with instrumental identity.
complex multi-timbral texture).
II Gestures relative to other Sensations and ascriptions of
Dialectical gestures previously heardinthe brightnessin agiven momentare
work. understood relative to previous
moments in the ebb and flow of the
music.
II1 Whole movements or works. Inter- and intra-work relations of
Dialogical brightness. A generalized and static

ascription of brightness characteristic
of a bounded duration relative to
other works with which the listener is

familiar.
v Aformal unit or process that An ongoing process is attended
Progressive- engenders ageneralized sense  to whose immediate presentis
directional of progressive directional associated with the bright/dark
changein brightening or trajectory of its past. In retrospect,
darkening. the processis understood as

directional and contoured.

conceived of as melodic in nature. However, other less considered parameters of musical
structuring and facets of listening are amenable to a contour-based conception, including
larger-scale and non-adjacent patterns and shapings. Polansky and Bassein (1992) assert
that contour “may be applied to any parameter of music at any hierarchical level” (259) and
moreover that in experimental psychology “the use of a linear definition of contour substan-
tially limits the possible complexity of stimuli” (260). Addressing the music of composers
such as Varese, Xenakis, and Ligeti, Morris (1993) proposes that in post-tonal music “contour
has been generalized beyond melody and may play an important structural role in a specific
composition or repertoire” (205). Echoing the Gestalt psychologists, Friedmann (1985)
claims that in twentieth-century music, contour takes on an increasingly significant role for
listeners, that the “perception of contour is more general than perception of pitch,” and fur-
thermore that in comparison to a pitch-specific understanding, “the contour of a musical
unit may be ... most easily grasped and related to other musical features” (224, italics added).
Godoy (2019) suggests not only that contour can indeed designate melodic, harmonic,
rhythmic, textural, dynamic, and expressive parameters of musical experience, but that a
shaped cognition of music differs in quality at several timescales, what he terms the micro,
meso, and macro levels, where the macro timescale “could be important for musical shape
cognition ... on a narrative or dramaturgical level” (245).

Elaine Sisman (2013) first proposed the orchestral sunrise as a common subject of musical
depiction in operatic and symphonic music of the eighteenth century, arguing that “passages
that might be termed ‘sunrise music, whether or not they appear in an explicit solar con-
text, usually feature rising-and-growing gestures that are easily perceived as ‘representing’
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or ‘characterizing’ the rising motion of the sun, or the emergence of light more generally” (9).
The orchestral sunrise likely migrated from the intermedial opera stage, where orchestral
crescendi featured prominently in overtures. Together with other commentators (Spitzer
and Zaslaw 2004; Goodchild 2016), Sisman locates the dual character of the orchestral cre-
scendo in music that features a slowly rising register while being concurrently intensified by
the progressive addition of instruments to the overall texture. The sunrise topic can therefore
be thought of as a narrative or dramaturgical form of the orchestral crescendo that involves
the coordinated parametric intensification of pitch height, registral energy, ambitus, loud-
ness, and instrumental participation—what Goodchild, Wild, and McAdams (2019) term
“gradual addition” in orchestration.

Pointing to the continuation of the topic in nineteenth- and twentieth-century tonal
music, Sisman (2014) suggests Wagner’s Prelude to Das Rheingold and Ravel’s Daphnis et
Chloé as later developments of both the orchestral crescendo and the sunrise topic. Although
never explicitly conceived of as a large-scale contour (e.g., Goodchild, Wild, and McAdams
2019, where contour refers only to pitch-specific ambitus as the movement of outer voices
within a texture), the relative prominence of the orchestrated crescendo is clearly framed
and exemplified as a continuous and explicitly unidirectional linear phenomenon. However,
as Touizrar (2019) points out, while expanding the topical universe to include the darkening
orchestral decrescendo and its correlate depiction of sunset, luminous contours can also
operate as seemingly non-linear compound forms in tonal music. These forms periodically
interrupt their own teleological progression, turning back upon themselves by dissipating
sonic energy (pitch height, register, ambitus, loudness, instrumental participation, etc.) after
climaxes only to resume their upward and outward (or in the case of the sunset topic, down-
ward and recessionary) trajectories once again, prior to achieving their terminal maximal or
minimal degree of orchestrated brightness.

This progressive expansion-contraction pattern of orchestral brightness engenders an
aggregated formal contour that, despite its changing directionality and intensity, can be
understood in retrospect as a directional unity and generalized in terms of brightening or
darkening contours (Touizrar, Mendoza Garay, and Thompson 2023; Touizrar 2021).

The Curious Case of Schoenberg'’s Farben:
Ein Sommermorgen am See, op. 16, No. 3

Depictions of luminosity in orchestral music continue beyond the common-practice era
and persist to the present day. The third movement of Schoenberg’s Five Pieces for Orchestra
(composed 1909/revised 1949), whose scenic title translates as Colors: A Summer Morning by
the Lake, can be seen as pivotal in this regard and typifies the evolving and sometimes radical
structural and orchestrational innovations later employed by post-tonal composers. The first
section of Farben (Figure 12.2) offers a cogent example to briefly illustrate how Schoenberg’s
novel approach to composition and orchestration throughout the movement can be seen to
reorient the first two varieties of orchestral brightness outlined above, timbral-indexical and
dialectical”

7 Schoenberg’s approach to composition and orchestration in Farben can also be understood to
reorient the other two categories, dialogical and generalized-directional. However, unpacking these
developments requires an extended discussion that will need to take place in another forum.
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FIGURE 12.2 Arnold Schoenberg, Farben (op. 16, No. 3), mm. 1-11. Dashed boxes indicate downbeat
chords, and solid boxes indicate third-beat chords.

We can understand timbral-indexical brightness as an ascription whereby the sensation
and identification of brightness are fused with and therefore inseparable from the particular
timbral characteristics and identity of the source of the sound—the specific instrument from
which it emanates. That is, when the source is familiar and distinct, any sense of brightness is
ascribed to the source itself. When multiple concurrent timbres blend such that their sources
disappear from perceptual prominence, ascriptions of brightness do not anymore bond to
physical sources, but to the resulting sonorities themselves.® Schoenberg weakens the index-
ical source-bondedness of individual instruments by both depressing general dynamics
and partly masking important onset information that helps to engender instrumental iden-
tity. By methodically attenuating simultaneous onsets and in turn privileging the relative
smoothness of post-onset acoustic envelopes, Schoenberg helps to facilitate timbral blending
as a structural feature of the orchestration where it might otherwise be difficult and imper-
fect.” Schoenberg achieves partial masking by overlapping the end of one sonority with the
onset of the subsequent one, providing limited acoustic cover to onsets and engendering a

8 The use of sonority here is related to but distinct from “emergent blend” as defined by McAdams,
Goodchild, and Soden (2022). Sonority is a multifaceted term. Here it encapsulates not only the
blending of constituent timbres into a larger complex, but also the specific registral spacing of
harmonic content. Additional adjacent perspectives on the notion of orchestral sonority can be found
in Whittall (this volume), Rosner (this volume), and Touizrar (this volume). See also the Editor’s
Introduction in this volume. For important foundational work, see also Hasegawa (2018).

° For important foundational work on timbral blending in orchestration, see Sandell (1995). For
a comprehensive examination of blend as a condition for various grouping effects in the orchestral
literature, see also McAdams, Goodchild, and Soden (2022) .
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fluid continuity from one sonority to the next. The resulting masking of instrumental attacks
and textural lack of prominence for any one instrumental timbre systematically impairs in-
dexical brightness, shifting the source of brightness away from individual instruments, and
therefore away from listeners’ familiar source-cause categories, at least for the harmonic-
textural layers throughout the movement that feature blended sonorities.! Indeed, lacking
the normative melodic primacy common to most tonal music, brightness here is no longer
bound together with pitch progression or harmonic syntax. This general inversion runs con-
trary to the traditional act whereby an orchestrator “gives a line” to this or that instrument.
For if brightness exceeds a specific instrument’s or instrumental family’s particular and dis-
tinct sound quality, then it must be understood to shift away from association with instru-
mental identity, toward the multi-timbral and multi-sourced complex of sonority, for which
the formation of source-cause categories is likely extremely difficult. From a discernable and
familiar singularity to a provisionally unified, vague, and somewhat unfamiliar multiplicity.
At the same time, the masking and strong blending that results from attenuating onsets also
help to downplay pitch identification. This raises the question of pitch-brightness interaction
effects demonstrated in the experimental literature and points toward potentially fruitful
future work to determine if interaction effects can be measured using complex, ecologically
valid stimuli like Farben.

The experience of brightness in Farben emerges in large part from sonorities and their
relations relative to one another as they unfold within listening experience, as a dialectic.
Of course, individual timbres contribute to the overall sense of brightness within a given
sonority, yet their identities are at best minimally perceptible and therefore not important as
such."! Whereas the loss of onset information facilitates the large-scale blend, and therefore
the aggregation of timbre into sonority, harmonic and orchestrational stability in the form
of repetition, together with the rhythmic regularity of the onset pattern, facilitate immediate
comparison between sonorities from moment to moment in an echo-like fashion. In
one way of hearing, the consistency of sonorous vacillation in the opening phrase allows for a
binary dialectic of brightness to be established. Under such a hearing, the first constituent of
the dialectic (mm. 1-9; downbeat chords orchestrated with flutes 1 and 2, clarinet 2, bassoon
2) sounds both louder and darker than its echo in the second (mm. 1-9; third-beat chords
orchestrated with English horn, trumpet 2 muted, bassoon 1, horn 2 muted), which while
sounding slightly softer also presents as brighter. One possible explanation for the increased
sense of brightness in the second chord relative to the first lies in the spectral profiles of the
two groups of instruments, which progress from less complex (first chord) to more complex
(second chord). The English horn plays in a relatively high register and replaces flute 1
playing in its darker low (and softer) register. Similarly, the use of muted trumpet, bassoon,
and muted horn in the second chord to replace flute, clarinet, and bassoon, respectively, adds
a small amount of higher-frequency energy to the second chord (see Figure 12.3). It is impor-
tant to note that while indexicality qua instrumental identity is largely skewed, an intimate
familiarity with the specific quality of instrumental timbre is required to craft such a refined

10" Schoenberg does foreground timbral-indexical brightness to various degrees in a series of brief
and pointillistic spurts throughout the movement, for example with the celesta, harp, and piccolo in
measures 20-21, and in the bass clarinet at measure 7, which serves to emphasize a lack of brightness.
Importantly, these sonic flurries mostly exceed the general tessitura of the rest of the music,
withholding the upper and lower bounds of the orchestra’s range for brief punctuation.

I For an innovative approach to measuring the individual contributions to brightness within a
sonority or textural configuration, see Spencer (2022).
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FIGURE 12.3 Spectrogram plot of Farben mm. 1-6 with overlaid spectral centroid contour.

and unique orchestrational dialectic—the orchestrator must possess profound indexical in-
sight and contextual intuition concerning individual instruments in order to imagine, ex-
ploit, and blend timbre to such a nuanced degree. That is, timbral-indexical knowledge and
know-how facilitate both the higher-order construction of sonority and the dialectical con-
trol of brightness.

Hearing Brightness at the Crossroads

We return, then, to the beginning of Strauss’s Also sprach Zarathustra (Sunrise) and the main
questions that were raised at the start of this chapter: (i) how timbre and orchestration each
contributes to the phenomenon of sonic brightness, and (ii) where to locate brightness at the
crossroads of perceptual studies and orchestration theory.!? Is brightness to be located in
the spectra of momentary sounds, specifically in their spectral centroid, as the experimental
timbre research reviewed here consistently suggests? This notion of localizable brightness
is important and operates in both isolated instances of timbre as well as in the large-scale
aggregation of timbre into orchestral sonority. Figure 12.4 shows a spectrogram of Strauss’s
Sunrise."” The spectra for the melodic motion and chordal complexes are clearly delineated,
with yellow-green regions defining strong signals from the fundamental and overtones of

12 Here, we reference a paper titled “Hearing Timbre at the Crossroads” by Landon Morrison
(2022). The duality of understanding brightness as a perceptual-scientific fact and as orchestral-
creative practice reflects the entanglement of timbre with “a vast range of epistemic instruments,
cultural practices, and listening techniques” (328; cf. Saitis et al. 2024, 2025).

B Computed with Matlab’s standard “spectrogram.m” function using a 186ms window length
(Hamming window) with 23ms hop size. Based on the 2012 (released 2013) Deutsche Grammophon
live recording performed by the Berliner Philharmoniker and conducted by Gustavo Dudamel
(Catalogue Number: 4791041).
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FIGURE 12.4 Spectrogram plot of “Sonnenaufgang” mm.1-18 with overlaid spectral centroid contour.

each note. The temporal evolution of the spectral centroid is overlaid in black.!* There is an
evident layering effect as Strauss orchestrates a build-up of higher-frequency energy from
the lower frequencies to the full spectrum of the orchestra through continually reinforcing
and expanding overtones emanating from the notes of the C-G-C motif (played in the first
iteration by two trumpets, and in subsequent iterations by four trumpets). For example, we
can follow the initially weak G6 at 1568 Hz as it gradually gets more pronounced, first by be-
coming 4th partial to the subsequent G4 and 3rd partial to the following Cs, then by itself
becoming the fundamental of new notes played by new instruments in the chordal complexes
(ditto for the G7 at 3136 Hz).

Yet hearing brightness in Strauss’s Sunrise is also a distributed process—a sense of
brightening—that both resists and transcends any definitive localization, being built up
over time and repetition within experience. As the music evolves through the terraced dy-
namics of the C-G-C motif (p-mf-f) and the re-voicing of the punctuated chordal complex at
each iteration (see Figure 12.1), the listener’s experience of orchestral brightness recalibrates
(see Figure 12.4) in response to the changing orchestral sonority and energy. Brightening,
as a formal process in music composition, orchestration, and listening, is therefore a time-
bound interpretation—the experiential aggregation of many local instances of brightness
into a generalized contour. Composers and orchestrators craft moments of brightness and
organize them into an intelligible progression that allows the listener to “trace” the evolu-
tion of brightness not as a uniform line that simply increases steadily in brightness, but as
a dynamic, evolving, sometimes retreating contour capable of discrete states of brightness
where the re-articulation of progressive increase engenders the unified sense of brightening.

4 Computed according to standard formula directly from the magnitude spectrogram with linear
amplitude and frequency units, but only considering contributions when these are above -60 dB
full scale.
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Importantly, Figure 12.4 shows that the spectral centroid diverges from tracking this lived
experience of brightness, since it obliterates the perceived brightness of individual auditory
streams under important orchestral gestures and changes to texture, such as registral expan-
sion and contrary motion at distant registers (from 0:80 on). While spectral centroid might
work well as a measure of brightness for single sounds, it works less well for compound or-
chestral textures such as the one Strauss creates where the very powerful low register sounds
pull down the centroid despite the presence of a very prominent and bright high chord.

More broadly, there is a divergence of our scientific understanding of brightness as a func-
tion of sound wave properties and auditory perception on the one hand, and brightness as a
facet of orchestral listening experiences on the other. And yet, as this chapter demonstrates,
there is no doubt that timbral and orchestral forms of brightness are related and interact. The
perception of changes in the frequency content of sounds over time, its adaptive nature, and
the co-evolution of timbral brightness with pitch and dynamics all play roles in shaping the
listener’s experience of orchestral brightness. It is precisely this experience—where bright-
ness as localizable percept shifts from being source-bonded with a particular instrument
to becoming a quality of a larger-order compound sonority—that is so difficult to capture,
isolate, and account for in perceptual experiments, hence the need for further multidisci-
plinary research between theorists and perceptual scientists. Rather than looking for bright-
ness in one or the other form, then, future research should aim to reconcile the different
approaches, instigating productive dialogue that could lead to cross-fertilization in terms of
methodologies and epistemologies. Moreover, novel cooperative methodologies for future
studies into ecologically valid paradigms that incorporate psychophysical principles and
findings into theories and analyses of composition and orchestration need to be developed
to better understand how the perception of timbral brightness comes to bear on orchestral
music, and vice versa.
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