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Abstract: The realization of expressive piano tone highly depends on nuanced key touch techniques,
which involve a complex conversion process from human biomechanics to instrument acoustics. This
study aims to systematically investigate the intrinsic relationship between touch technique and tone
expression. The paper first establishes a mechanical parameter system for key touch actions and
explains the physical basis through which these actions are converted into acoustic responses via the
action mechanism, clarifying the direct relationship between touch force, speed, and the generation of
tone spectra. It then provides an in-depth analysis of how core touch parameters-speed, depth and
sustain force, angle and method-specifically regulate the brightness and darkness of the tone spectrum,
temporal continuity, as well as attack quality and harmonic structure. Finally, the study places touch
control within the context of musical expression, exploring its integrated role in achieving tonal
coherence and separation, constructing timbral layers in polyphonic textures, and adapting to the
imagery of different musical styles. This research offers a systematic theoretical framework for
understanding the cause-and-effect relationship between technique and tone in piano performance.
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Introduction

In piano performance, the technique of key touch serves as the crucial link connecting the
performer's inner musical conception with the final sonic realization, exerting a decisive influence on
tone color shaping. However, the underlying physical mechanisms and artistic control logic of how this
composite touch action translates into rich tonal variations through the piano's mechanical system have
not yet received sufficiently comprehensive and systematic theoretical explanation. Existing
discussions often remain at the level of experiential description or isolated technical analysis, lacking
an integrated perspective that bridges human movement mechanics, the acoustic principles of the
instrument, and the aesthetics of musical expression. Therefore, conducting in-depth research on this
subject is significant not only for deepening the scientific understanding of the fundamental nature of
piano sound production but also for providing a theoretical foundation for performance practice and
pedagogy that transcends intuitive experience. It holds key importance for enhancing performers'
conscious control over tone color and the precision of their expressiveness. This study is dedicated to
addressing this theoretical gap by systematically constructing a knowledge pathway for understanding
how key touch techniques influence tone expressiveness.

1. The Mechanical and Acoustic Foundations of Piano Touch Technique
1.1 Analysis of the Mechanical Parameters of Key Touch Action

The key touch action is not a simple application of force, but rather a refined motor process
involving the coordinated interaction of multiple mechanical variables. Its core mechanical parameters
primarily include the vertical velocity of the key descent, the magnitude of the vertical force applied by
the fingertip, the depth of the key descent, as well as the contact area and angle between the fingertip
and the key surface. The key descent velocity is the primary factor determining the initial vibrational
energy of the string, as it is directly related to the final speed of the hammer. Touch force involves the
coordinated control of muscle tension and relaxation by the performer, influencing the manner of force
application at the instant the hammer strikes the string. Touch depth is not only related to the timing of
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the damper's separation from the string but is also associated with the potential subsequent force
transmission to the hammer through the keybed system during sustained key depression. These
parameters interact within a millisecond-level timeframe, constituting a dynamic, non-linear
mechanical input system/!],

A comprehensive analysis of the key touch action necessitates the introduction of dual perspectives
from both kinematics and dynamics. At the kinematic level, the focus lies on the angular changes of the
finger joints, the trajectory of displacement, and the velocity curve. The dynamic level investigates the
process of energy flow, from the generation of muscular force and its transmission to the key, to
ultimately overcoming the inertial resistance of the piano action. The supporting stiffness of the finger
joints determines the efficiency of force transmission, while the coordinated movement of the wrist and
forearm provides a stable mechanical foundation for the fine control of the fingertip. Different touch
techniques, such as "lifted-finger touch" and "key-surface touch," essentially manifest as distinct
combination patterns of these mechanical parameters in terms of their timing and magnitude. These
patterns subsequently provide vastly different mechanical excitation conditions for the ensuing acoustic
response. An in-depth study of the coupling relationships among these parameters-for example, the
relationship between the shape of the key descent acceleration curve and the final peak force-can reveal
the secrets of energy transfer efficiency during the dynamic touch process. This understanding serves as
the mechanical prerequisite for comprehending the origin of timbral differences.

1.2 The Acoustic Response Mechanism of the Piano Action System

The acoustic response of the piano originates from the transformation of mechanical touch input by
the action, a precise mechanical system. The hammer, as the final energy-transmitting body, with its
mass, elasticity, and the hardness characteristics of its felt covering, constitutes the first physical filter
in tone formation. The hammer velocity, determined by the key touch action, is converted into the
initial displacement and vibrational energy of the string at the moment of impact. The contact time
between the hammer and the string is extremely brief. This time window, influenced by the hammer
velocity and the elasticity of the felt, directly affects the excitation level of the string's higher-order
harmonics, thereby shaping the initial spectral profile of the tone at the sound source.

The vibration generated by the stimulated string is a complex process of modal superposition. Its
fundamental frequency determines the pitch, while the frequency and amplitude distribution of a series
of harmonics (overtones) constitute the core physical attributes of the timbre. The function of the action
is not only to excite the vibration; its design features (such as escapement and repetition) also ensure
the timely departure of the hammer, preventing it from damping the free vibration of the string. The
string's vibration is transmitted through the bridge to the soundboard. Acting as a large-area radiator,
the soundboard performs a second round of filtering and amplification on the vibration spectrum,
ultimately converting the mechanical vibration into sound waves in the air. The entire chain-from the
initial conditions at the moment of hammer strike to the final sound radiation-is a continuous process of
physical filtering and energy conversion. Touch technique exerts its influence precisely by setting the
initial conditions for this chain. Therefore, the action can be regarded as a "transfer function" that maps
discrete mechanical input into a continuous acoustic spectrum, and changes in touch parameters
essentially modulate the input variables of this function(?!.

1.3 The Physical Relationship Between Touch Force, Velocity, and Tone Generation

Touch force and velocity are not independent variables; within the piano's mechanical structure,
they are tightly coupled through inertia and jointly determine the hammer's final velocity, which is the
most direct physical quantity affecting both sound intensity and timbre. Typically, increasing the key
descent velocity causes the hammer to strike the string with higher kinetic energy, resulting in a higher
sound pressure level. However, changes in volume are not linearly accompanied by changes in timbre.
The key physical linkage lies in the fact that an increase in striking energy non-linearly alters the
energy proportion of each harmonic component within the string's vibration, that is, the shape of the
spectral envelope.

A higher-speed strike tends to excite richer high-order harmonics, whose energy is concentrated in
the mid-to-high frequency range. These are often perceptually described as "bright," "sharp," or having
a "metallic" quality. Conversely, a lower-speed strike may concentrate the vibrational energy more in
the fundamental frequency and lower-order harmonics, producing a tone perceived as "soft," "dark," or
"mellow." The characteristic of vertical touch force, particularly the state of sustained force maintained



after the key reaches its bed, does not alter the already excited sound. However, it may exert a subtle
modulating effect on the ongoing vibration of the string through minute deformations and tension
changes within the keyboard mechanism. Therefore, tone generation is a direct physical consequence of
touch dynamics. Attributes such as brightness, sharpness, and fullness can all trace their physical
origins to the coordinated action of touch force and velocity. This synergy reveals the fundamental
principle of piano tone control: by regulating a single limb movement, the performer achieves
simultaneous composite control over two dimensions of sound-amplitude (volume) and spectral
structure (tone color).

2. The Regulatory Role of Touch Technique Parameters on Timbre Attributes
2.1 The Influence of Touch Speed Variation on Timbre Brightness Spectrum

Touch speed is a core parameter for regulating the energy distribution within the timbre spectrum.
An increase in hammer strike velocity not only raises the total acoustic energy but, more crucially,
non-linearly alters the excitation efficiency of various harmonic components in the string's vibration. A
higher strike speed causes the hammer felt to compress and release energy within a shorter timeframe.
This transient impact effect more readily excites the higher-order vibrational modes of the string,
leading to a relative increase in the amplitude of high-frequency harmonics. From the perspective of
acoustic spectrum analysis, this manifests as a significant rise in spectral energy within the
high-frequency region (e.g., above 2000 Hz). The auditory result is a sound perceived as bright,
focused, and even possessing a metallic tonal quality’!.

Conversely, a lower touch speed allows the hammer to contact the string in a relatively gentle
manner, with the hammer felt having a longer time for compression and buffering, resulting in a more
gradual energy transfer. This excitation method is more favorable for the string's lower-order
vibrational modes (the fundamental frequency and initial overtones), while the excitation of
higher-order overtones is suppressed. Reflected in a spectrogram, the energy is more concentrated in
the mid-to-low frequency bands, and the amplitude of high-frequency harmonics decays more rapidly.
This spectral structure is perceived auditorily as a soft, mellow, dark, or warm tone. Therefore, by
precisely controlling the key descent speed, the performer essentially directly manipulates the harmonic
structure of the sound source, thereby achieving physical-level control over the continuous spectrum of
timbral brightness and darkness. Furthermore, key touch at different speeds also affects the contact
time between the hammer and the string, which in turn modulates the width and shape of the force
pulse at the moment of impact. This further subtly alters the envelope of the initial vibration spectrum,
causing the variations in timbral brightness and darkness to manifest as non-linear and richly layered.

2.2 The Role of Key Descent Depth and Sustaining Force on Tone Continuity

Key descent depth transcends the singular function of triggering sound; its coordination with
sustaining force modulates the temporal continuity of timbre. A standard, rapid deep touch ensures the
action completes its full mechanical travel, allowing the hammer to achieve sufficient acceleration. It
may also influence the state of the damper's separation from the string at the moment of impact,
creating the initial conditions for the string's full vibration. However, the influence of touch depth on
sound continuity is more prominently reflected in the sustaining force maintained by the fingertip after
the key is fully depressed. This sustaining force is transmitted through the keyboard linkage system and
may impart subtle pre-stress to the bridge and soundboard system, which are in a state of static load™.

This pre-stress, while not directly driving vibration, may subtly alter the structural damping
characteristics of the entire resonating body. One theoretical hypothesis suggests that a stable sustaining
force helps maintain the tightness of the structural coupling along the energy transmission path from
the string to the soundboard. This may potentially reduce energy loss during the conduction process,
resulting in a more gradual decay of the sound and prolonging the perceptible duration of resonance.
On the other hand, insufficient key depth accompanied by an unstable sustaining force may lead to
incomplete action movement or microscopic looseness within the keyboard linkage system. This can
introduce additional energy loss, causing the timbre to become dry and attenuated shortly after the
attack, lacking the expected sense of resonant continuity and lyricism. This control over the temporal
dimension of timbre can be understood as a form of real-time, microscopic "tuning" of the instrument's
soundbox through tactile and auditory feedback, aimed at optimizing the efficiency of acoustic energy
radiation and shaping the characteristics of the sound's decay.



2.3 The Shaping of Attack Quality and Overtone Structure by Touch Angle and Method

The angle formed between the fingertip and the key surface at the moment of touch, along with the
precise manner of contact, directly determines the direction and concentration of the applied force
transmission. This, in turn, shapes the transient characteristics of the attack and the initiation sequence
of overtones. A vertical touch (where the fingertip is nearly perpendicular to the key surface) enables
the most direct and efficient force transmission. The line of force action travels through the keybed
directly to the core of the action. The resulting attack is characterized by clarity, decisiveness, and
concentrated explosiveness, which favors the excitation of a rich broadband spectrum of overtones at
the very onset of the sound. This contributes to the formation of a tone quality possessing strong
penetration and a well-defined attack.

Employing a tilted, lateral touch or a method that primarily uses the finger pad rather than the
fingertip alters the point of force application and its transmission path. This touch approach extends the
time from force initiation to full effect, creating a cushioning effect that results in a smoother
acceleration curve for the hammer's initial movement. The acoustic outcome is a slightly delayed onset
in the sound's attack phase, where the transient, impulsive high-frequency components of the attack are
partially attenuated. The sound is perceived as softer, more diffused, or possessing a "caressing" quality.
Different touch angles and methods essentially modulate the pulse waveform of the striking force at a
microscopic level. This enables precise control over the excitation phase and amplitude of different
frequency components within the string's initial vibration, ultimately shaping a diverse range of attack
textures and overtone colors-from sharp to soft, and from focused to diffuse. For instance, using the
finger pad in a near-"wiping" motion to touch the key can produce a distinctive tone that emphasizes
mid-to-low frequency resonance while reducing the sharpness of the attack. Its spectral characteristics
are fundamentally distinct from those produced by a vertical touch.

3. The Integration Pathway of Touch Control and Artistic Tone Expression
3.1 Tonal Coherence and Separation Control in Legato and Staccato Techniques

The tonal coherence in Legato technique relies not only on the overlapping of note durations but,
more fundamentally, on the precise coordination of touch force and release timing between successive
notes. Achieving true acoustic legato requires that the subsequent note's key descent begins slightly
before the previous note is fully released. This facilitates a smooth transfer of acoustic energy from one
note to the next before the damper intervenes. During this process, strict control over the vertical touch
velocity for each note is crucial. A uniform or subtly varied force curve, aligned with the musical
phrase's direction, must be maintained to form a smooth and unified acoustic envelope. A
finger-pad-based key-surface touch method is often employed. Its purpose is to reduce the vertical
percussive sensation of each touch, resulting in a softer attack transient for each note. This allows the
spectral energy of preceding and succeeding notes to blend more naturally, creating a singing, linear
flow of tonel’!.

Staccato technique aims to create tonal separation and a staccato effect, with its core lying in the
active control of the key release speed. The rapid lifting of the key shortly after sound production,
which causes the damper to quickly terminate string vibration, results in a short and crisp tone.
However, the tonal texture of staccato still exhibits spectral differences. "Finger staccato,"
characterized by instantaneous fingertip force application, a rapid keystrike, and immediate relaxation,
produces bright, focused, and elastic tone points. In contrast, "wrist staccato," which utilizes a wrist or
forearm-driven "rebounding" downward touch, may produce shorter tones with a more rounded attack
and slightly richer resonance due to the cushioning effect. Therefore, the control of tonal separation
involves the coordinated design of dynamic parameters in both the keystrike and release phases to
achieve various pointillistic timbres ranging from sharp to mellow.

3.2 Timbral Layer Construction within Multi-Level Dynamic Structures

In polyphonic musical textures, the construction of timbral layers transcends mere differences in a
single dimension of dynamics. It manifests as the differential configuration of touch methods and their
resulting spectral characteristics among various voices. To achieve prominence and a singing quality,
the melodic voice often employs a deeper touch depth combined with a relatively focused vertical
touch angle, alongside a sustained force, to evoke a rich and enduring timbral spectrum. In contrast, the



harmonic progressions in inner voices may utilize a slightly slower touch speed and a primarily
finger-pad-based touch method. This aims to produce a background timbral layer that possesses ample
resonance without an aggressive attack, characterized by greater blend and a relative reduction in
prominent high-frequency spectral components.

The timbre construction strategy for the bass voice possesses its own uniqueness. To achieve a deep
and sustained foundational bass, while ensuring the necessary key descent speed for a clear attack, a
deliberately deeper and firmer sustaining force can be maintained after the touch. This may contribute
to stimulating more sufficient resonance of the soundboard in the low-frequency range. For
contrapuntal lines that require clear articulation, the differentiation between various voice layers needs
to be realized through the allocation of differentiated touch "weight" and fingertip tactile sensation. By
applying different touch speeds, angles, and force sensations to distinct voices, the performer can shape
multiple planes of sound-each with different timbral textures and clarity-within the same dynamic level
(such as mezzo-forte). This enables the realization of a three-dimensional voice architecture based on
timbral contrast®!,

3.3 Touch Strategies Based on Musical Style and the Realization of Tonal Imagery

Piano works from different historical periods and stylistic paradigms inherently demand
corresponding sets of touch strategies that align with their sonic aesthetics. For Baroque and early
Classical compositions, whose tonal ideals often prioritize clarity, balance, and a sense of structure, the
touch strategy tends to emphasize active finger articulation. This approach features focused touch
points, a decisive yet not excessively heavy key descent speed, and a focus on the cleanness and
separation of each individual tone point. This aligns with the characteristics of the period's instruments
and the requirement for clear contrapuntal voice presentation. The tonal spectrum produced by this
touch method is relatively restrained, with bright but not harsh high-frequency overtones and a
moderate level of overall resonance.

Romantic and Impressionist works place higher demands on rich tonal variation, dramatic contrast,
and hazy coloristic effects. Corresponding touch strategies tend toward diversification and synthesis. To
achieve sustained melodic lines and full-bodied chords, the application of arm-weight transfer
combined with deep touch, along with meticulous control over gradual changes in key descent speed, is
necessary to obtain supple tonal variations. For passages requiring ethereal or shimmering tones,
techniques such as combining extremely fast touch speed with shallow key depth, or employing a light,
brushing fingertip touch, may be used. These aim to excite a special spectral profile emphasizing
high-frequency overtones while softening the fundamental pitch. The sharp, percussive tones sought in
late-Romantic and certain modern works may involve extreme touch speeds and vertical touch angles
to maximize the hammer's impact effect, generating a broad-spectrum energy concentrated in the attack
transient. Therefore, touch strategy constitutes a systematic technical response formed through analysis
of the work's historical style, sonic aesthetics, and specific musical text. Its purpose is to materialize
and present specific tonal imagery and artistic connotation through operable combinations of
mechanical parameters.

Conclusion

This study, through a systematic analysis of the mechanical basis of piano touch techniques, their
acoustic response, and their regulatory mechanisms on timbral attributes, reveals the complete logical
chain from touch action to the artistic expression of tone. The research confirms that parameters such as
touch speed, depth, and angle are not isolated variables; rather, they interact synergistically in a
non-linear manner upon the action system. By modulating the excitation conditions of the hammer,
they alter the spectral structure and temporal characteristics of string vibration, thereby predetermining
the brightness, sharpness, continuity, and attack quality of the timbre at the physical level. At the level
of artistic expression, these controllable physical parameters are further organized into specific
technical strategies. These strategies serve the purposes of achieving tonal coherence and separation,
constructing voice layers, and realizing the sonic imagery of different musical styles. Future research
can build upon this foundation to further explore the mechanical models of more complex advanced
touch techniques (such as different modes of weight application) and employ more precise
measurement technologies (such as synchronized motion capture and spectral analysis) to provide
objective verification and parametric descriptions of the theoretical analyses. This would promote the
development of piano performance art toward a deeper integration of science and aesthetics.
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