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Abstract

Musical key is associated with distinctive sensory qualities, yet
it remains unclear whether such impressions reflect pitch height
alone or notation-related key representations beyond the major—
minor distinction. This study tested whether sharp and flat keys
evoke different sensory impressions and whether these differ-
ences are reflected in performance. In Experiment 1, musicians
rated brightness, warmth, and shape while listening to Mozart
excerpts transposed across all keys and into enharmonic key
pairs. Sharp-labeled keys were rated as brighter, colder, and
more pointed than flat-labeled keys, even when pitch content
was identical. In Experiment 2, violinists performed excerpts
in the same key conditions, and acoustic features were ana-
lyzed. No reliable sharp—flat differences were observed in the
acoustic measures examined here. These findings suggest that
sharp—flat distinctions can shape explicit perceptual judgments
beyond pitch height without necessarily producing correspond-
ing differences in measured performance acoustics.

Keywords: Musical keys; Sensory perception; Tonal cognition;
Music performance; Cross-modal correspondence

Introduction

In everyday life, music gives rise to a wide range of sensory
experiences, from impressions of brightness and warmth to
more abstract qualities such as shape (Kwak & Kim, 2018;
Marks, 1974; Wang & Spence, 2017). These sensory dimen-
sions contribute fundamentally to musical meaning, shaping
how listeners perceive emotional qualities, atmosphere, and
expressive character in music (Spence, 2020). For musicians,
such sensory impressions extend beyond passive listening and
are closely intertwined with active performance, motor plan-
ning, and emotional engagement (Giraldo et al., 2019; Mai-
mon et al., 2020; Shibuya & Hasegawa, 2016). The origins
of these experiences are complex, emerging from interactions
among multiple musical elements, including melody, rhythm,
harmony, tonality, timbre, and tempo (Bonetti & Costa, 2019;
Collier & Hubbard, 2004; Fotidzis et al., 2018; Giannos et
al., 2021; Timmers, 2022; Wallmark, 2019). More broadly,
such experiences raise a fundamental cognitive question: to
what extent are sensory impressions determined by continu-
ous physical stimulus dimensions, and to what extent are they
shaped by abstract, category-level representations.

Among these elements, musical key has long been regarded
as a central factor shaping the sensory and expressive charac-
ter of music. Composers such as Johann Sebastian Bach and
Frédéric Chopin explored the expressive potential of all 24

major and minor keys through systematic collections encom-
passing all tonalities, and many composers and theorists have
attributed distinct expressive or sensory qualities to individual
keys. For example, C minor has frequently been described as
tragic or dramatic, and Beethoven himself reportedly char-
acterized keys using concrete expressive terms (Schindler &
MacArdle, 1996; Vernon, 1942). Empirical research on key-
related perception, however, has primarily focused on the dis-
tinction between major and minor modes, with major keys
typically associated with positive emotions and minor keys
with more negative affective qualities (Parncutt, 2014; Virtala
& Tervaniemi, 2017). While this binary distinction captures
robust affective differences, it does not fully account for the
diversity of sensory experiences attributed to musical keys,
suggesting that additional tonal factors beyond mode may play
arole in shaping key-related sensory experience.

One such factor concerns the distribution of accidentals
within the circle of fifths. Sharp keys are generated by as-
cending perfect fifths, whereas flat keys arise from descend-
ing perfect fifths (Figure 1A), a contrast that has been linked
to differences in perceived tension and relaxation (Dowling,
2010). Accordingly, sharp and flat keys may evoke systemati-
cally different sensory impressions, suggesting that tonal cat-
egories defined by symbolic structure and key signature may
shape sensory experience beyond their acoustic realization.
From this perspective, Ruland (Ruland, 2014) proposed a per-
ceptual continuum in which sharp keys become progressively
brighter and flat keys progressively darker along the circle of
fifths, and Steblin (Steblin, 1981) documented historical at-
tempts to group keys by shared expressive qualities. However,
empirical support for such key-specific associations remains
mixed. For example, Powell and Dibben (Powell & Dibben,
2005) reported no reliable emotional differences across trans-
positions of identical musical excerpts, though their study was
limited in key coverage and participant characteristics.

To address the limitations of previous work, the present
study adopted an experimental framework designed to disen-
tangle key-related sensory representations from pitch-based
effects. While transposing identical musical material across
keys allows all tonal conditions to be evaluated, it also intro-
duces a fundamental confound: pitch height varies systemat-
ically with key, and pitch height is strongly associated with
sensory impressions such as brightness, warmth, and shape.
These crossmodal correspondences between acoustic and sen-
sory dimensions are well established, with higher pitches typ-
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ically perceived as brighter, colder, and more pointed, and
lower pitches as darker, warmer, and rounder (Eitan & Roth-
schild, 2011; Kussner, 2014; Kwak & Kim, 2018; Kwak et al.,
2020; Marks, 1974; Wang & Spence, 2017).

Because pitch—sensation mappings are approximately linear
within the audible range, isolating key-specific effects requires
explicit control of pitch. The present study therefore used the
stimulus design shown in Figure 1A to contrast pitch-varying
and pitch-controlled conditions across two experiments. In
the pitch-varying condition, identical excerpts were trans-
posed across all keys, allowing pitch height to covary with
key. In the pitch-controlled condition, stimuli were restricted
to enharmonic keys. In modern equal temperament, enhar-
monic keys such as Cff major and Db major have identical
pitch content but different key signatures, making them useful
for separating pitch-based effects from notation-related key
associations.

Experiment 1 examined perceptual judgments of musical
keys using this two-session structure (Figure 1B). In Ses-
sion 1, identical excerpts were transposed into all keys, pro-
viding a baseline for pitch-driven sensory trends. In Session 2,
stimuli were restricted to enharmonic key pairs, enabling di-
rect comparisons between sharp- and flat-labeled keys while
strictly controlling pitch content. Together, these sessions
tested whether sharp—flat distinctions in sensory perception
persist beyond continuous pitch-based mappings.

Building on the perceptual findings of Experiment 1, Exper-
iment 2 extended the same conceptual framework to musical
performance (Figure 1B). Professional violinists performed
stimuli based on the same pitch-varying and pitch-controlled
structure, and their performances were recorded for acous-
tic analysis. Together, the two experiments test whether
sharp—flat differences reflect pitch-based sensory mappings
alone, or whether notation-related key representations shape
perceptual judgments without producing corresponding dif-
ferences in the acoustic measures examined here.

Experiment 1
Method

Participants A total of 30 music-major students partici-
pated in the experiment. The mean age of the participants
was 22.2 years (SD = 2.2), and the mean duration of formal
musical training was 8.8 years (SD = 4.3). Among the par-
ticipants, 14 majored in piano, 11 in composition or music
theory, and 5 in string instruments (violin, viola, or cello).
Prior to participation, all procedures were explained in de-
tail, and written informed consent was obtained from each
participant. The study was reviewed and approved by the In-
stitutional Review Board of Seoul National University (IRB
No. 2007/002-022).

Stimuli Experiment 1 consisted of two sessions conducted
with the same group of participants, following the stimuli de-
sign summarized in Figure 1A. All stimuli were excerpts from
piano sonatas by Wolfgang Amadeus Mozart that clearly es-
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Figure 1: Overview of the stimuli design and experimen-
tal procedure. (A) Musical excerpts were transposed into all
major and minor keys in Session 1 and into enharmonic key
pairs in Session 2. (B) Experiment 1 assessed perceptual
ratings while participants listened to the corresponding au-
dio, whereas Experiment 2 recorded violin performances for
acoustic analysis.

tablished a tonality within the first eight measures. Mozart’s
works were selected because they provide a clear sense of
tonality while maintaining an appropriate length and musical
complexity for the present task. To minimize potential ef-
fects of familiarity with specific key signatures, only sonatas
originally composed in C major and A minor—keys without
accidentals—were used. All stimuli were digitally transposed,
and musical scores and corresponding audio were presented
simultaneously.

The two sessions differed only in the selection of musical
excerpts and their transposition strategy. In Session 1, the
first movements of Mozart’s Piano Sonata K. 545 (C major)
and K. 310 (A minor) were transposed into all 24 keys (12
major and 12 minor). Including enharmonic equivalents (e.g.,
B/Cb, C#/Db, F4/Gb for major; gfi/ab, afi/bb, dfi/eb for minor),
this yielded a total of 30 stimuli (15 major and 15 minor).
Keys were ordered by ascending tonic pitch to maintain a
comparable pitch range across stimuli.

In Session 2, six additional Mozart sonata movements were
used: the first and third movements of three C-major piano
sonatas (K. 270, K. 309, and K. 330). These excerpts were
transposed exclusively into six enharmonic key pairs (B/Cb,
CH/Db, F#/Gb), yielding 36 stimuli. Across both sessions,
stimulus presentation was randomized, with the constraint
that enharmonic pairs sharing identical pitch content were
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not presented consecutively. This design enabled sharp—flat
comparisons under strict pitch control, isolating notational
effects from continuous pitch variation.

Procedure Before starting the main experiment, partici-
pants completed a demographic and background question-
naire reporting their gender, age, hearing and vision status
(normal or corrected-to-normal), duration of formal musical
training, and primary instrument. In both Session 1 and Ses-
sion 2, participants listened to each musical excerpt while
viewing the corresponding score and were asked to evalu-
ate the sensory impressions evoked by the key of the mu-
sic. For every trial, participants rated three sensory dimen-
sions—Brightness, Warmth, and Shape—using a 7-point Lik-
ert scale (1 = dark, cold, or pointed; 7 = bright, warm, or
round). The same rating procedure was applied consistently
across both sessions.

Participants were allowed a short break of approximately
30-60 seconds between Session 1 and Session 2. The total
duration of the entire experiment was approximately 40 min-
utes. After completing both sessions, participants took part
in a brief post-experiment interview. They were invited to
provide open-ended responses to questions such as: “Do you
associate particular feelings or qualities with specific keys?”,
“Did you notice any differences in how sharp or flat keys felt
during the experiment?”, and “What sensory images come to
mind when you think of sharps or flats?”” All responses were
recorded and summarized for qualitative reference.

Data analysis For Session 1, mean ratings for each sensory
dimension were computed for every key separately for major
and minor modes. To examine the relationship between tonic
pitch height and sensory perception, linear regressions were
fitted across all keys for each dimension (Brightness, Warmth,
and Shape), and coefficients of determination (r?) were used
to quantify the strength of pitch—sensation correspondences.
Regression trends were examined to assess whether sharp and

A. Brightness B.

Warmth

flat keys exhibited systematic deviations beyond pitch height.

For Session 2, ratings were averaged across trials for each
participant and notation type (sharp vs. flat). Paired z-tests
were conducted to directly compare sensory ratings between
sharp and flat notations for each dimension. To control for
multiple comparisons, Bonferroni correction was applied, and
statistical significance was evaluated at an adjusted alpha level.
For both sessions, warmth and shape scales were reversed
for visualization and interpretability in terms of cross-modal
congruence such that higher values indicate colder and more
pointed sensations.

Results

Session1 Session 1 examined whether sensory impressions
of musical keys varied systematically with tonic pitch height
and whether sharp- and flat-labeled keys exhibited distinct
perceptual trends beyond pitch height. For each sensory di-
mension—brightness, warmth, and shape—a linear regres-
sion was fitted across all keys, and coefficients of determi-
nation (%) were used to quantify the strength of the pitch—
sensation relationship. Figure 2 summarizes the results for all
three dimensions.

Across dimensions, sensory ratings showed strong linear
associations with tonic pitch height. Higher-pitched keys were
generally rated as brighter, colder, and more pointed. A broad
mode-related difference was also observed: major keys tended
to be perceived as brighter, warmer, and rounder, whereas
minor keys were rated as darker, colder, and more pointed.
This major—minor contrast was expected based on previous
findings and was not the primary focus of the present analysis.

Crucially, within both major and minor modes, sharp- and
flat-labeled keys showed consistent separations across the
pitch continuum. Brightness ratings (Figure 2A) exhibited
robust linearity for both major (#> = .847) and minor keys
(r* = .890), with sharp keys generally rated as brighter than
flat keys, including across enharmonic pairs with identical
pitch content. Warmth ratings (Figure 2B) also demonstrated
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Figure 2: Mean sensory ratings across all keys for (A) Brightness, (B) Warmth, and (C) Shape, shown for major and minor keys.
Brightness uses the original 7-point scale (1 = dark, 7 = bright). For visualization, Warmth and Shape scales were reversed such
that higher values indicate colder and more pointed sensations (original scales: 1 = cold / pointed, 7 = warm / round).
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substantial linearity with pitch height (+> = .711 for major;
r? = 796 for minor), with sharp keys tending to be rated as
colder than flat keys. Shape ratings (Figure 2C), indexed such
that higher values indicate greater pointedness, showed the
strongest linear trends among the three dimensions (7> = .938
for major; r> = .846 for minor), with sharp keys generally
rated as more pointed than flat keys.

Taken together, Session 1 indicates that sensory impres-
sions of musical keys were strongly structured by continuous
pitch-based mappings, while also showing sharp—flat separa-
tions that could not be reduced entirely to pitch height. These
patterns motivated the pitch-controlled comparison using en-
harmonic key pairs in Session 2.

Session 2 The paired 7-tests revealed significant differences
between sharp- and flat-key ratings for all three sensory di-
mensions (Table 1). Despite identical pitch content, partici-
pants rated sharp-labeled keys as brighter, colder, and more
pointed than flat-labeled keys. These results indicate that
sharp—flat notation systematically modulated sensory impres-
sions of identical musical material.

Table 1: Comparison of mean sensory ratings between sharp
and flat keys (paired ¢-test, N = 30). Higher values indicate
brighter, colder, and more pointed responses.

Sharp M Flat M t Sig.

Brightness 4.68 444 374 kxx
Warmth (reversed) 3.75 3.43 296  **
Shape (reversed) 4.16 3.62 545  kxk

p < .01, " p < .001. Bonferroni correction applied.

Post-experiment Interviews In post-experiment inter-
views, many participants reported sensory associations con-
sistent with the rating results. Sharp keys were most often
described using terms such as “bright,” “piercing,” or “cut-
ting,” whereas flat keys were more frequently associated with
descriptors such as “warm,” “heavy,” or “pastoral.” Some par-
ticipants also noted that these impressions became more pro-
nounced as the number of sharps or flats increased. String-
instrument majors sometimes attributed these impressions to
differences in timbre across keys or to variations in tactile
feedback during performance. These observations were used
as qualitative context rather than as independent evidence.

Experiment 2

Experiment 2 tested whether the perceptual sharp—flat dif-
ferences observed in Experiment 1 were reflected in violin
performance. Violinists performed stimuli based on the same
pitch-varying and pitch-controlled design, and the resulting
recordings were analyzed acoustically.

Method

Participants A new group of participants, independent
from those in Experiment 1, took part in Experiment 2. All

participants were trained musicians with a primary special-
ization in violin performance. Initially, 19 violinists were
recruited and assigned to one of two sessions (10 in Session 1,
9 in Session 2) to reduce the time and physical demands of
performance recording. However, data from two participants
from Session 1 were excluded due to audio recording issues,
resulting in a final sample of 17 participants. The mean age
of the participants was 23.88 years (SD = 6.00), and the mean
duration of formal musical training was 10.94 years (SD =
4.777). Prior to participation, all procedures were explained in
detail, and written informed consent was obtained from each
participant. The study was reviewed and approved by the In-
stitutional Review Board of Seoul National University (IRB
No. 2304/001-01).

Stimuli The overall stimulus structure and key-transposition
strategy were identical to those used in Experiment 1, with the
primary difference being the use of violin repertoire instead
of piano music. All stimuli consisted of excerpts from violin
sonatas by Wolfgang Amadeus Mozart that clearly established
a tonality within the first eight measures and were suitable for
short performance-based trials.

Experiment 2 consisted of two sessions. In Session 1, one
major-key excerpt (Mozart Violin Sonata K. 373 in C major)
and one minor-key excerpt (Mozart Violin Sonata K. 402 in A
minor) were each transposed into 15 keys, yielding a total of
30 stimuli (15 major, 15 minor). Key ordering and pitch-range
constraints followed the same principles as in Experiment 1,
ensuring comparable and playable pitch ranges across trans-
positions.

In Session 2, six excerpts originally composed in C ma-
jor were drawn from three violin sonatas (K. 296, K. 303,
and K. 403; movements 1 and 3) and transposed into six
enharmonic key pairs, yielding 36 stimuli. Final notes were
minimally edited when necessary to produce perceptually con-
vincing cadences. In both sessions, stimulus order was fully
randomized, enabling direct comparison of sharp and flat no-
tations under strictly matched pitch content.

Procedure The experimental procedure closely followed
that of Experiment 1, with modifications appropriate for ac-
tive musical performance. Before starting the main experi-
ment, participants completed the same demographic and back-
ground questionnaire used in Experiment 1. Participants then
tuned their instruments to a reference pitch of A = 440 Hz.

In both Session 1 and Session 2, musical scores were pre-
sented visually on a screen, and participants were instructed
to perform each excerpt in synchrony with a metronome pre-
roll to 80 beats per minute. Each excerpt required approxi-
mately 20 seconds to perform at the prescribed tempo. All
performances were recorded using a condenser microphone
(Neumann, U87) and an audio interface (Focusrite, Scarlett
8i6), with recordings captured in Logic Pro X. Individual trials
were subsequently segmented and edited for acoustic analysis.
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Data analysis To examine whether key-related perceptual
differences were reflected in musical performance, acous-
tic features were extracted from the recorded violin perfor-
mances. Prior to feature extraction, silent segments were
removed from each audio file to ensure that analyses reflected
only active sound production. Four acoustic features were
then computed over time for each trial: fundamental fre-
quency (F0), spectral centroid, spectral slope, and spectral
flux.

These features were selected as acoustic descriptors related
to perceptual dimensions such as brightness, warmth, and
shape that were examined in Experiment 1, without assuming
a one-to-one mapping between acoustic measures and subjec-
tive experience. Median FO was used as a robust index of pitch
height, providing a general acoustic reference aligned with the
pitch-based structure observed in Session 1 of Experiment 1.
Spectral centroid and spectral slope were included to char-
acterize overall spectral energy distribution associated with
timbral brightness and warmth, while spectral flux captured
time-varying spectral changes related to articulatory dynamics
in performance.

For each trial, a single representative value was computed
for each feature across time. Median values were used for FO
to reduce sensitivity to outliers, whereas mean values were
computed for spectral centroid, spectral slope, and spectral
flux. These trial-level summary measures were then used
for statistical analysis and visualization. Feature values were
plotted as a function of key, following the same visualization
conventions used in Experiment 1, to allow direct comparison
between perceptual ratings and performance-based acoustic
patterns.

Results

Session1 Session 1 examined whether the perceptual sharp—
flat patterns observed in Experiment 1 were reflected in the
acoustic properties of violin performance when pitch height
varied systematically across keys (Figure 3). Because the ma-
jor and minor excerpts differed in their original pitch ranges,
comparisons between modes were not interpreted as key ef-

A. Median FO (Hz) B. Spectral Centroid (Hz)

fects. Instead, analyses focused on whether sharp- and flat-
labeled keys exhibited systematic deviations beyond pitch
height.

As shown in Figure 3A, median FO closely tracked tonic
pitch height across all keys, exhibiting near-perfect linearity
(r> = .988-.994). This pattern was consistent across sharp-
and flat-labeled keys in both modes, with no meaningful sep-
aration between them. These results confirm that pitch height
was realized with high precision across keys, providing a base-
line against which potential notation-related deviations could
be evaluated.

Spectral centroid likewise increased monotonically with
key pitch height (Figure 3B), showing strong linear associ-
ations across all key groups (r> = .934-.980). Spectral slope
demonstrated similarly robust linear trends with pitch height
(Figure 3C; r? = .971-.989). In both features, sharp- and
flat-labeled keys followed overlapping trajectories, indicating
that spectral characteristics related to brightness and warmth
were primarily governed by pitch-based structure rather than
by sharp—flat notation.

In contrast, spectral flux exhibited weaker and more variable
relationships with key pitch height (Figure 3D; r? = .684—
.829). No consistent differences were observed between
sharp- and flat-labeled keys, suggesting that dynamic articu-
latory features were less tightly constrained by tonal structure
and more strongly influenced by performance variability.

Taken together, Session 1 indicates that violin performance
acoustics were largely governed by pitch height and closely
tracked the pitch-based structure of the key. Unlike the robust
sharp—flat distinctions observed in perceptual ratings in Ex-
periment 1, no corresponding differentiation emerged in the
acoustic features examined here when pitch height covaried
with key. This pattern motivated the pitch-controlled compar-
ison using enharmonic key pairs in Session 2.

Session 2 Session 2 tested whether sharp- and flat-labeled
keys yielded distinct acoustic realizations in violin perfor-
mance when pitch content was strictly controlled using en-
harmonic key pairs. For each acoustic feature, paired com-
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Figure 3: Mean acoustic feature values across all keys in Experiment 2 Session 1, shown separately for major and minor
excerpts. Panels show (A) median fundamental frequency (F0), (B) mean spectral centroid, (C) mean spectral slope, and (D)

mean spectral flux.
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parisons were conducted using Wilcoxon signed-rank tests
(Table 2).

Table 2: Paired comparisons of acoustic features between
sharp and flat keys in Experiment 2 Session 2 (Wilcoxon
signed-rank tests).

Feature Sharp M Flat M w p

FO 348.22 350.24 734 .089
Centroid ~ 2430.14 2536.63 1608 .077
Slope —2.15x107%  —2.11x10™* 1670 .129
Flux 8.70 8.29 1640 .101

No acoustic feature showed a statistically significant differ-
ence between sharp- and flat-labeled keys. Median FO did not
differ reliably between notations, indicating that pitch height
was closely matched across enharmonic pairs. Spectral cen-
troid likewise showed no significant sharp—flat difference, sug-
gesting that performance-based correlates of brightness were
not systematically modulated by notation. Similarly, neither
spectral slope nor spectral flux exhibited significant differ-
ences between sharp- and flat-labeled keys, indicating that
spectral distribution and dynamic articulatory characteristics
were comparable across notations. Together with Session 1,
these findings indicate that the acoustic features examined
here did not systematically differ between sharp and flat keys
when pitch content was controlled.

General Discussion

The present study examined whether sensory qualities at-
tributed to musical keys arise solely from continuous pitch-
based mappings, or whether notation-related key representa-
tions contribute to perceptual judgments beyond pitch height.
Across two experiments, we observed different patterns in per-
ception and performance: sharp—flat differences were reliable
in explicit sensory ratings, but they were not reflected in the
acoustic features of violin performance examined here.

In Experiment 1, sharp- and flat-labeled keys evoked sys-
tematically different sensory impressions. Sharp keys were
rated as brighter, colder, and more pointed, whereas flat keys
were rated as darker, warmer, and rounder. These differences
appeared both as trends across pitch height and, more crit-
ically, in enharmonic key pairs with identical pitch content.
This pattern suggests that sensory impressions of musical key
are not fully determined by acoustic pitch height. Instead,
they may also reflect notation-related associations linked to
learned tonal categories, key signatures, and symbolic musi-
cal structure. At the same time, the strong linear relationships
between pitch height and sensory ratings confirm that contin-
uous pitch-based mappings remain a major factor in shaping
key-related sensory experience.

Experiment 2 tested whether these perceptual sharp—flat
differences were mirrored in acoustic features of violin per-
formance. Unlike the perceptual ratings, median FO, spectral
centroid, spectral slope, and spectral flux showed no reliable
sharp—flat differences, even when pitch content was controlled

using enharmonic key pairs. These results suggest that the
notation-related associations observed in explicit perceptual
judgments did not produce corresponding differences in the
summary acoustic measures analyzed here. Rather than in-
dicating that such associations are absent from performance
altogether, this finding suggests that they may be reduced,
constrained, or expressed in ways not captured by the present
acoustic features.

Several alternative interpretations should be considered.
First, because participants in Experiment 1 listened while
viewing the score, the perceptual effects may partly reflect
score-based listening rather than auditory processing alone.
The visual forms of the sharp sign (#) and flat sign (b) may
also have contributed to the results: the angular sharp sign
and the curved flat sign could support sound—shape asso-
ciations that influence explicit ratings. Second, musicians,
especially those trained on non-fretted instruments, may rely
on intonation schemas that do not always correspond strictly
to equal temperament. Thus, the observed perceptual effects
may reflect learned notation-related and performance-related
associations rather than purely abstract key categories.

The present study also has limits on generality. The per-
ceptual and performance tasks were completed by different
groups of expert musicians, so the design does not test whether
individuals who report stronger sharp—flat sensory associa-
tions also produce different acoustic realizations. In addition,
the findings cannot determine whether similar effects would
be observed in non-musicians or listeners with less notation
training. Finally, Experiment 2 focused on a limited set of
summary acoustic features. Other aspects of performance,
such as local intonation, articulation, dynamics, timing, or
vibrato, may reveal more subtle notation-related differences
and should be examined in future work.

Taken together, the findings suggest that sharp—flat distinc-
tions can shape explicit sensory judgments of musical key
beyond pitch height, but that these differences are not nec-
essarily expressed in the acoustic features measured during
violin performance. Musical key therefore provides a useful
domain for examining how learned symbolic systems can in-
fluence perceptual experience while remaining only partially
reflected, or not reflected, in measurable performance output.

Conclusion

This study examined whether sensory qualities attributed to
musical keys are driven solely by pitch height or also shaped
by notation-related key representations. Perceptual judgments
revealed systematic sharp—flat differences even under strict
pitch control, whereas the acoustic features examined in vio-
lin performance showed no corresponding differences. These
findings suggest that sharp—flat distinctions can influence ex-
plicit sensory judgments of musical key beyond pitch-based
mappings, but are not necessarily reflected in the acoustic
measures analyzed here. More broadly, musical key provides
a useful case for examining how learned symbolic systems
shape perceptual experience in expert music cognition.
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