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Musical structure, micromotion, and adaptive gesture in 
saxophone performance: A critical cross-study synthesis   

 
        Nádia Moura1 

 
               ABSTRACT 

 

This article presents an integrative synthesis of seven studies conducted within a research program on 
expert saxophone performance: five performer-centered observational, kinematic, and interview studies, 
complemented by two perceptual experiments. The studies are compared according to musical and task 
conditions, movement descriptors and scales, and evidential perspective. Across the corpus, rhythm and 
pitch were the musical components most consistently associated with movement: faster or rhythmically 
denser passages were linked to increased movement frequency, whereas amplitude varied across 
conditions; body flexion-extension patterns accompanied pitch contour and, in some cases, preceded 
melodic changes. Under movement restriction, spatial and velocity measures of motion decreased, whereas 
frequency-based measures remained comparatively stable or increased relative to free-movement 
conditions. Three non-exclusive interpretations of persistent micromotion are considered: postural 
regulation, sensorimotor entrainment and prediction, and motor learning. On this basis, the paper proposes 
an adaptive, multidimensional model in which musical structure and task constraints selectively reorganize 
movement across dimensions and scales, while expressive, technical, postural, and communicative functions 
remain overlapping and context-dependent. Instead of assigning gestures to fixed categories, the model 
reframes their study as an empirically tractable question of which movement dimensions change under 
which constraints, providing a framework for causal experiments and learning interventions on the functions 
of performative movement.      
 

Keywords: Performative gesture; micromovement; embodied music cognition; music performance; motor 
restriction. 

This is an open access article under Creative Commons Attribution 4.0 License. 

 

1.   Introduction  
To perform music is to think through the body. Embodied cognition holds that thinking is not 

confined to the brain: cognitive processes involve the whole living body and its ongoing engagement 
with the world (Varela et al., 2016). Recent formulations gather this position under the heading of 4E 
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cognition, in which cognition is embodied in the living system, embedded in physical, social, and cultural 
surroundings, extended into the objects and devices an agent uses, and enacted through a two-way 
exchange between organism and environment (Schiavio & van der Schyff, 2018). The musical 
instrument belongs to the third principle: through practice it can come to be experienced as an 
extension of the performer (Nijs et al., 2013). Embodied music cognition extends this view to the 
musical domain, treating the body as the central mediator in the formation of musical meaning, 
through which expressive gestures are encoded into sounds and sounds decoded into expressive 
gestures (Leman, 2008; Leman & Maes, 2014). The form this mediation takes depends on the 
constraints in play, which dynamical accounts of performance describe as organismic, task, and 
environmental, each shaping which movement trajectories remain viable as a performance unfolds (Nijs 
et al., 2023). Bodily movement is therefore one of the means through which musical action is organized 
and experienced. 

Empirical work has approached this embodied processing by asking how performers’ gestures 
relate to musical structure. Phrasing and cadential organization have been associated with postural 
sway (Demos et al., 2017) and increased non-technical movement (Chander et al., 2022); pitch contour 
(Davidson, 2012) and melodic discontinuity (Huberth et al., 2020) with vertical body motion; rhythm and 
tempo with movement periodicity, velocity, and quantity (Coorevits et al., 2019); and accents or 
changes in articulation with impulsive or higher-velocity gestures (Dahl, 2004; Wanderley et al., 2005). 
Technical demands may also constrain ancillary movement (Massie-Laberge et al., 2019; Wanderley et 
al., 2005). These associations do not establish causal function, but they indicate that bodily activity is 
organized in relation to musical processes. They also show that musical components do not affect 
“movement” as a unitary variable: amplitude, range, velocity, direction, frequency, periodicity, and 
temporal alignment may respond differently to the same passage. 

Another empirical tradition asks how deliberately varied performance manners reorganize 
bodily behavior and, in some studies, affect the sonic and perceptual dimensions of performance. 
Davidson’s foundational experiments asked musicians to perform in deadpan, projected 
expressiveness, and exaggerated manners, showing that intended levels of expression could be 
discriminated from performers’ bodily movements (Davidson, 1993, 1994). Later studies adapted this 
logic through combinations of standard, deadpan, projected, exaggerated, and movement-restricted 
conditions in clarinet (Wanderley, 2002; Wanderley et al., 2005), piano (Massie-Laberge et al., 2019; 
Thompson & Luck, 2012), and marimba performance (Broughton & Stevens, 2009). Similarly, multiple 
studies considered here (Moura, Fonseca, et al., 2023; Moura, Vidal, et al., 2023; Moura et al., 2024; 
Moura, Fonseca, Magalhães, et al., 2025) compared free expressive movement with an instruction to 
restrict movement to what performers judged minimally necessary for effective playing. This 
comparison sought to distinguish motor patterns associated with projected expressiveness from 
movement more closely tied to the physical demands of execution, without assuming that the 
separation could be complete. 

The interpretive value of this contrast nevertheless depends on what movement restriction can 
reasonably be assumed to isolate. Research has distinguished effective or sound-producing gestures, 
mechanically involved in sound production, from or ancillary gestures, which support the effective ones 
without contributing directly to sound production, and has further differentiated sound-facilitating, 
sound-accompanying, expressive, and communicative movements (Delalande, 1988; Jensenius et al., 
2010). Such categories provide useful analytical distinctions, but they do not imply that each bodily 
action serves only one role. A recent review of ancillary movement in piano performance supports this. 
The evidence tying movements conventionally labeled ancillary to any one specific cognitive or 
biomechanical function remains thin, and multifunctionality looks more like the norm than an exception 
(Sun & Wang, 2026). Nor does the persistence of a movement under restriction demonstrate that it is 
technically necessary, just as its reduction does not establish that it was exclusively expressive. 
Moreover, “immobility” cannot be literal in instrumental performance: breathing, embouchure, 
fingering, instrument support, balance, and postural regulation continue when visible movement is 
minimized. Standstill research likewise shows that low-amplitude bodily motion remains measurable 
during attempted stillness (González Sánchez et al., 2018; Jensenius et al., 2017). A movement-restricted 
condition is therefore better understood as a relative task constraint than as an absence of body 
motion. 
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What existing accounts do not settle is whether the findings of the manner-manipulation 
tradition extend below the visible. Instructed changes in expressive intention are known to reorganize 
visible movement; their bearing on the low-amplitude activity that persists under restriction has not 
been established. Nor do these accounts specify which movement descriptor responds to which 
musical component, or at which scale, although the components are known to act on descriptors 
differently. The present article addresses both through a single recent research program dedicated 
exclusively to the saxophone, in which a shared methodology across studies allows findings to be 
compared directly: five observational, kinematic, and interview-based studies of expert saxophone 
performance, complemented by two perceptual experiments concerning audience perception of 
gesture. It asks which movement descriptors vary with musical structure, how bodily behavior differs 
between expressive and movement-restricted conditions, and how micromotion and postural activity 
should be interpreted when visible movement is minimized. The comparison supports an adaptive, 
multidimensional model of performative gesture organized around interacting factors, movement 
descriptors, and analytical scales.  

 
2.   Empirical basis and analytical approach of the cross-study synthesis 
2.1   Corpus and evidential basis 

The empirical core of this synthesis comprises five performer-centered studies of gesture 
description, kinematics, and performers’ self-perceptions, complemented by two perceptual 
experiments on the visual communication and context-dependent evaluation of movement. All seven 
studies were conducted within the same research program and address a shared problem: how 
saxophonists’ body motion varies in relation to musical structure, expressive intention, and technical 
demand, and how that motion influences audience perception. Published between 2022 and 2026, they 
have not previously been considered together. Observational analyses identify recurrent gestures and 
their alignment with musical events; kinematic studies quantify movement dimensions and scales; 
interviews document performers’ interpretations of bodily behavior; and perceptual experiments 
examine how movement is interpreted by observers. Table 1 summarizes each study’s design, focus, 
and role. 
Table 1. Empirical studies contributing to the cross-study synthesis. Rows with gray background refer to 
complementary studies. 

Study Evidence and design Analytical focus Role in the synthesis 

Moura et al. 
(2022) 

Qualitative observational 
analysis using score-
related annotation of 
synchronized video and 
motion data 

Recurrent gestures, involved 
body regions, movement 
directions, and alignment with 
pitch, rhythm, phrasing, 
accents, and technical 
passages 

Establishes an initial 
descriptive vocabulary for 
saxophonists’ gestures 
and identifies candidate 
relationships between 
movement and musical 
structure 

Moura, 
Fonseca, 
Graça, et al. 
(2025) 

Interrater observational 
coding and frequency 
analysis of synchronized 
video and motion data 

Distribution and prevalence of 
gesture categories across 
performers and musical 
contexts 

Systematizes the 
descriptive vocabulary and 
validates a 15-category 
gesture system; shows 
how gesture types vary 
across musical materials 

Moura, Vidal, 
et al. (2023) 

Kinematic and audio-
feature analysis of knee 
movement under 
expressive and 
movement-restricted 
conditions 

Knee-angle amplitude and 
frequency in relation to pitch 
or tonal expectation, rhythmic 
density, and performance 
condition 

Shows that different 
dimensions of the same 
localized movement may 
relate differently to 
musical structure and task 
constraint 

Moura, 
Fonseca, 
Magalhães, 

Kinematic and audio-
feature analysis of 
projected center-of-mass 

Anterior–posterior and 
mediolateral range, velocity, 
traveled distance, sway area, 

Extends the analysis to 
full-body postural 
organization 
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et al. (2025) motion and postural 
sway under expressive 
and movement-
restricted conditions 

frequency, and musical 
characteristics (rhythmic 
density, tempo, articulation, 
technical difficulty) 

Moura and 
Serra (2024) 

Qualitative interview 
study with professional 
and pre-professional 
saxophonists 

Performers’ awareness of 
movement, perceived 
technical and expressive roles, 
bodily habits, pedagogy, and 
movement restriction 

Documents performers’ 
interpretations of 
movement and pedagogy, 
clarifying the distinction 
between perceived and 
objectively demonstrated 
function 

Moura, 
Fonseca, et 
al. (2023) 

Perceptual experiment 
using audiovisual 
performances presented 
through different visual-
motion displays 

Observers’ ratings of 
expressiveness, music–
movement correspondence, 
overall evaluation, and effects 
of motion representation 

Examines the 
communicative 
consequences of gesture 
and the extent to which 
evaluation depends on 
how movement is visually 
represented 

Moura et al. 
(2024) 

Perceptual experiment 
comparing motion 
profiles, musical 
excerpts, and sensory 
presentation modes 

Effects of movement quantity 
and quality, musical style, 
sensory mode, and musical 
expertise on performance 
evaluation 

Shows that the perceptual 
value of movement 
depends on the 
repertoire, and musicians 
and non-musicians present 
different sensory 
dominances 

The synthesis is interpretive and concept-driven. Its corpus was defined by programmatic 
coherence – shared musical instrument, performance context, and conceptual framework – rather than 
systematic database search. Nonetheless, the following features make it an adequate basis for a first-
pass model. The studies differ in sample, design, and measures, yet characterized musical structure in 
consistent terms, so that agreement between them reflects agreement about the same musical 
variables. They constitute, to our knowledge, the whole of the published kinematic and observational 
literature on saxophone performance, so no larger body of work exists from which favorable studies 
might have been drawn. Finally, they span the four evidential perspectives described above, so no 
single method carries the comparison. 

 

2.2   Data extraction and comparison procedure 
Data were extracted by the first author into a spreadsheet under four categories. Musical and 

task conditions comprised the musical components characterized in each study and the performance 
conditions under which movement was recorded. Movement descriptors and scale covered the 
kinematic or observational measures reported, together with the analytical scale at which they were 
obtained. Findings recorded the direction and consistency of each reported association. Evidential 
perspective distinguished observational coding, kinematic measurement, performer self-report, and 
audience evaluation. 

Findings were then compared across studies within each category and classified as convergent 
where two or more studies reported associations in the same direction, complementary where studies 
addressed different descriptors or scales of the same musical component, and unresolved where 
interpretations diverged. The three interpretations of persistent micromotion presented in Section 4.2 
were derived from this comparison, each retained only where the supporting pattern appeared under 
more than one evidential perspective. The adaptive model in Section 5 was then specified by identifying 
which descriptors covaried across conditions, which varied independently, and which of the model’s 
four interacting factors – musical structure, task constraints, performer-instrument dynamics, and 
social-perceptual context – accounted for each dissociation. 
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2.3   Scope and interpretive limitations 
Because all studies stem from a single research program, convergence is weighed as cross-

method complementarity instead of independent replication. The corpus may also reproduce 
assumptions shared across the program; external replication is therefore required to test the broader 
applicability of the synthesis. The evidence concerns expert classical alto saxophone performance in 
standing position and should not be transferred automatically to other instruments, seated 
performance, or ensemble interaction. The movement-restricted condition was self-regulated 
according to performers’ judgments, and no device was used to physically constrain movement (as 
used in some research, e.g., Tsai et al., 2020). It therefore provides a constrained comparison, not an 
objectively verified technical baseline. Finally, movement-music associations do not identify 
biomechanical or cognitive function. The Granger analysis in Moura, Vidal, et al. (2023) establishes 
predictive temporal precedence under the time-series model, not physical, psychological, or intentional 
causation. The purpose of the present discussion is accordingly to formulate hypotheses that can be 
tested through controlled experiments and learning interventions. 
 

3.   Musical structure across scales of performative movement 
3.1   Rhythm organization and interactions with articulation and technical difficulty 

Rhythm was one of the musical dimensions most consistently associated with saxophonists’ 
motion across observational, kinematic, and interview-based evidence. This pattern accords with 
research relating performers’ gestures to beat, meter, tempo, and rhythmic grouping across different 
instruments (Buck et al., 2013; Davidson, 2007; MacRitchie et al., 2013; Wanderley, 2002; Wanderley et 
al., 2005). 

Qualitative observation indicated that slower passages were accompanied by slower, more 
continuous movements, whereas faster passages involved shorter, quicker, and more impulsive actions 
(Moura et al., 2022). Repeated rhythmic motifs were also accompanied by recurring gestures: 
performers swayed with the beat, changed direction around metrical events, or repeated wrist actions 
across successive iterations. The gesture categorization study supported this pattern quantitatively, 
showing a higher summed gesture frequency in faster excerpts (Moura, Fonseca, Graça, et al., 2025). At 
the postural level, excerpts combining higher tempo and rhythmic density were generally associated 
with greater sway velocity and higher anterior-posterior (AP) and mediolateral (ML) frequency (Moura, 
Fonseca, Magalhães, et al., 2025). Performers likewise described adapting movement to tempo and its 
subdivisions. They associated slower tempi with greater spatial freedom and faster tempi with shorter 
actions aligned to beats or subdivisions (Moura & Serra, 2024). 

These findings are consistent with evidence that bodily activity coordinates with periodic 
auditory structure in listening and locomotor tasks (Buhmann et al., 2016, 2018; Repp & Su, 2013; Rose 
et al., 2021; Spiech et al., 2023). Perceptible pulses and rhythmic motifs have likewise been related to 
movement acceleration, quantity, and temporal structure or fractality of listeners’ movement (Burger 
et al., 2013; Burger & Toiviainen, 2018, 2020; González Sánchez et al., 2020). In drummers, slower tempi 
have been associated with greater movement fluidity (Burger & Wöllner, 2023). 

Rhythmic density nevertheless reflected a more complex pattern than tempo alone. 
Rhythmically denser passages were associated with more frequent knee flexion-extension cycles but 
smaller angular amplitude (Moura, Vidal, et al., 2023). Therefore, greater rhythmic activity did not 
simply correspond with “more movement”: localized movement became more frequent while 
decreasing in amplitude. Across the studies, velocity and frequency tended to increase with tempo, 
whereas knee amplitude varied inversely with rhythmic density. Frequency, velocity, and amplitude can 
thus change in different directions within the same broad domain of rhythmic demand. 

Rhythm-related patterns were also modified by the technical characteristics of particular 
passages. In one rhythmically dense excerpt, sway velocity decreased rather than increased; unlike the 
other excerpts, this passage required repeated staccato articulation (Moura, Fonseca, Magalhães, et 
al., 2025), implying coordinated tonguing with continuous air support (Hofmann & Goebl, 2014; Pàmies-
Vilà et al., 2017, 2018; Slis et al., 2021). Performers’ reports that movement was restricted during 
technical challenges support the relevance of this interpretation. Conversely, accented tongued notes 
were frequently accompanied by impulsive ancillary actions, including head nods and trunk flexions, 
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consistent with earlier work on accent-related gestures (Dahl, 2004; Dahl et al., 2010; Jensenius et al., 
2010). Rhythm therefore provided a strong organizing reference for movement, but its bodily 
manifestation depended on articulation, technical demand, body region, and the movement descriptor. 

 

3.2   Pitch contour, tonal expectation, and anticipatory movement 
Pitch-related organization emerged consistently across observational, kinematic, and 

performer-reported evidence. Previous research has related movement to melodic grouping, phrase 
structure, and pitch contour, although these studies examine different body regions and analytical 
levels (Davidson, 2012; Demos et al., 2017; Huberth et al., 2020; MacRitchie et al., 2013; Nusseck et al., 
2022; Thompson & Luck, 2012). Qualitative observation showed that performers frequently 
accompanied melodic direction through changes in vertical body configuration (Moura et al., 2022). 
Descending contours were often associated with knee and trunk flexion, whereas ascending contours 
were accompanied by extension, feet elevation, or a more open posture. Depending on the passage, 
contour-related flexion or extension occurred in approximately 70%–100% of the performers analyzed. 
Extension also appeared around large pitch intervals and developing phrasing targets. These 
relationships were passage-dependent: the same action could coincide with pitch direction, interval 
size, dynamics, and phrase culmination. 

The kinematic study addressed a different relationship by comparing knee-angle trajectories 
with pitch-expectation profiles generated from performers’ audio recordings (Moura, Vidal, et al., 
2023). The Granger analysis indicated predictive temporal precedence of knee trajectories relative to 
the modeled profile at a short lag. This establishes time-series ordering, not physical causation, 
conscious anticipation, or a functional contribution to performance. Because performers knew the 
repertoire, prospective organization is a plausible interpretation. Performer accounts provide a 
complementary phenomenological perspective: only 35% described flexing or extending their bodies in 
relation to note height or melodic direction (Moura & Serra, 2024). This contrast between observed 
prevalence and self-report suggests that pitch-related movement may often occur without deliberate 
awareness, although the absence of report does not itself demonstrate that the behavior is 
unconscious — it may be unnoticed, difficult to verbalize, or simply not salient in retrospective 
accounts. Taken together, the evidence supports three distinct claims. Observationally, bodily 
movement accompanied pitch contour; statistically, knee trajectories preceded a modeled pitch-
expectation profile; theoretically, these findings are compatible with prospective or anticipatory 
organization. 
 

4.   Gesture under constraint: What changes, what persists, and what micromotion may mean   
4.1   What changes and what persists under movement restriction 

Restriction did not scale all movement down uniformly, consistent with earlier studies 
(Broughton & Stevens, 2009; Massie-Laberge et al., 2019). Magnitude-based measures fell – AP and ML 
range, mean velocities, traveled distance, and sway area (Moura, Fonseca, Magalhães, et al., 2025), 
together with gross knee-flexion amplitude (Moura, Vidal, et al., 2023) – while lower-amplitude and 
frequency-based activity proved comparatively resistant, as Section 4.2 develops. Performers therefore 
occupied less space, followed shorter trajectories, and moved more slowly when instructed to minimize 
movement. The condition difference was also legible to observers. Projected-expressiveness 
performances were generally rated as more expressive and more congruent in music-movement terms 
than movement-restricted performances, although ratings varied depending on the avatar used to 
present the motion (Moura, Fonseca, et al., 2023). The constraint also coincided with changes in 
realized performance duration. In three of four excerpts, movement-restricted performances were 
significantly longer than expressive performances (Moura, Fonseca, Magalhães, et al., 2025). Several 
explanations are compatible with this difference, including altered tempo regulation under motor 
constraint, changes in breathing organization, or an interaction between movement condition and 
performers’ temporal experience; the available data do not allow this distinction to be made. 

However, reduced magnitude under the movement-restricted conditions did not entail 
equivalent suppression of frequency. After knee trajectories were high-pass filtered (cutoff at 1 Hz), 
performers showed higher weighted phase counts and more phase changes per second in the 
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movement-restricted condition (Moura, Vidal, et al., 2023). These low-amplitude microflexions 
persisted despite the instruction to minimize movement. A comparable dissociation appeared at the 
postural scale: only AP and ML sway-frequency measures did not differ significantly between 
expressive and restricted performances, even though all the other sway measures decreased (Moura, 
Fonseca, Magalhães, et al., 2025). Restriction affected how far and how fast performers moved more 
consistently than it affected frequency-based or low-amplitude activity. The conditions reveal a shift in 
the distribution of activity across large-scale movement, postural sway, and micromotion. The role of 
that activity, however, remains underexplored. 

 

4.2   Interpreting latent micromotion 
4.2.1   Postural control hypothesis 

Micromotion may participate in balance, stabilization, breathing-related adjustment, or 
coordination between proximal posture and distal actions. In quiet stance, knee, ankle, and hip joints 
contribute jointly to center-of-mass regulation, and leg musculature can prepare for destabilizing arm 
movements (Cordo & Nashner, 1982; Günther et al., 2011; Hsu et al., 2007). Saxophone playing adds 
instrument weight, mouthpiece contact, respiration, and rapid upper-limb movement. Observational 
data also showed knee and trunk flexion around breathing and technical passages, while the staccato 
excerpt produced condition-specific ML adaptations (Moura, Vidal, et al., 2023; Moura, Fonseca, 
Magalhães, et al., 2025). These findings are compatible with postural control but do not validate it. 
Center of mass was estimated kinematically rather than measured with force platforms, and muscular 
or respiratory activity was not recorded. Direct tests would require force-platform measures, 
electromyography, respiratory recording, and selective perturbation, evaluated against balance, distal 
kinematics, sound stability, and effort. 

 
4.2.2   Sensorimotor-entrainment and prediction hypothesis 

Micromotion may reflect continued bodily organization around pulse, rhythmic grouping, or 
prospective musical events when larger movement is suppressed. The observational studies 
documented recurrent beat- and motif-related gestures; knee phase changes and sway frequency 
varied with rhythmic density; and knee trajectories temporally predicted modeled pitch-expectation 
profiles (Moura et al., 2022; Moura, Vidal, et al., 2023; Moura, Fonseca, Graça, et al., 2025; Moura, 
Fonseca, Magalhães, et al., 2025). Related research shows micromotion during musical standstill, 
groove-related changes in postural sway, and sensorimotor synchronization even when movement is 
small or not deliberately displayed (González Sánchez et al., 2018; Repp & Su, 2013; Ross et al., 2016). 
Yet the studies analyzed did not measure entrainment strength, neural prediction, conscious 
expectation, or causal benefit to timing. Direct tests could manipulate pulse clarity, rhythmic or tonal 
predictability, and movement permission while measuring phase alignment, expressive microtiming, 
temporal prediction, and subjective temporal experience. 

 
4.2.3   Motor learning hypothesis 

Long-term practice consolidates coordinative patterns in which sound-producing and ancillary 
actions are learned together. The observational studies found a recurrent hierarchy of knee, trunk, 
foot, sway, arm, and instrument gestures across performers, while interviewees described movement 
as frequently spontaneous or automatic in performance, even when deliberately addressed during 
practice (Moura & Serra, 2024; Moura, Fonseca, Graça, et al., 2025). Clarinet studies likewise report 
intra-performer stability of ancillary schemes across repeated performances (Wanderley et al., 2005). 
The corpus contains one expertise contrast bearing on this account: professional players showed 
higher ML sway frequency than university students, and reduced AP sway velocity in passages of high 
rhythmic density (Moura, Fonseca, Magalhães, et al., 2025). Recent work on music skill acquisition also 
points to movement efficiency and refined postural regulation as embodiment markers of consolidated 
expertise (Marin et al., 2026). Under this account, a stillness instruction may preferentially reduce larger 
or more consciously adjustable components without eliminating all elements of a learned whole-body 
pattern. Habit, however, is not equivalent to function. A movement can be stable because it is learned, 
culturally modeled, or idiosyncratic, yet remain unnecessary or even counterproductive. The hypothesis 



 
Moura, JAH (2026), Vol. 15, No. 05: 01-13 

Journal of Arts and Humanities (JAH)  8 

 

 

requires comparisons across expertise, longitudinal observation during learning, and transfer to novel 
repertoire. Training studies could examine whether motor patterns emerge with practice, whether they 
survive changes in posture or instrument, and whether their suppression alters muscular effort, timing, 
sound, or subjective control.   
 

5.   An adaptive and multidimensional model of performative gesture 
This model, presented in Figure 1, treats performative gesture as bodily activity whose 

movement descriptors are reorganized across analytical scales in association with four interacting 
factors: musical structure, task constraints, performer-instrument dynamics, and social-perceptual 
context. “Adaptive” denotes responsiveness to changing conditions; it does not imply that a 
movement is optimal, beneficial, efficient, necessary, or consciously selected. The four factors bear a 
specific relation to the constraints described in dynamical accounts of performance. Those accounts 
distinguish organismic constraints, arising from the performer’s own body and capacities; task 
constraints, arising from what the music asks of the player; and environmental constraints, arising from 
the setting in which performance occurs (Nijs et al., 2023). The present model retains task constraints in 
a narrower sense, covering the technical demand of the task and any instruction under which it is 
played, and separates out musical structure as a factor in its own right. Among the constraints acting 
on a performer, musical structure is the one that varies at the timescale of the movement it shapes: the 
body and the setting hold broadly constant across a performance, while rhythm, pitch organization, 
articulation, and phrasing change from bar to bar. It is also the constraint that carries its own analytical 
apparatus, describable from the score, from audio features, or from both, and its components act on 
movement descriptors in different directions. Folding it into a single task constraint forfeits that 
resolution. 

What dynamical accounts assign to the organismic constraint is here gathered into performer-
instrument dynamics, considering that the instrument becomes incorporated into the performer’s body 
over years of learning (Bremmer & Nijs, 2020, 2024; Marin et al., 2026). The environmental constraint is 
narrowed to the social-perceptual context, since the evidence assembled here concerns observers and 
their judgments. The model extends previous embodied music cognition frameworks (Jensenius et al., 
2010; Leman, 2008) by taking the mediating role of the body as its starting point and supplying 
empirically grounded terms in which mediation becomes measurable: which descriptors, at which 
scales, change under which factor. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
The model also contributes a way of describing movement as multidimensional, by descriptor 

and by scale. The descriptors – amplitude, range, velocity, traveled distance, direction, frequency, 

Figure 1. Adaptive performative gesture as the outcome of interacting factors, motion 
descriptors and analytical scales, and overlapping roles. 
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periodicity, continuity, and temporal alignment – may change partly independently or in different 
directions. The scales follow Jensenius’s distinction among meter-, centimeter-, and millimeter-level or 
smaller activity (Jensenius, 2017). Macroscale activity includes spatially extended, visually salient whole-
body motion; the mesoscale includes postural sway and visible local gestures; the microscale includes 
low-amplitude micromotion. Described this way, the movement reorganizations reported in Sections 3 
and 4 become traceable, since dissociations among descriptors at a single scale, and dissociations 
between scales, are visible where a single measure of movement quantity would register an increase, a 
decrease, or no effect. Findings that appear contradictory when reduced to “more” or “less” 
movement become coherent when the dimensions and scales are separately analyzed, and they 
support conditional reorganization. 

The model allows for potential functional overlap without presuming it. One action may 
participate in musical or temporal organization, postural regulation, technical facilitation, expression, 
and communication. Its roles may differ across moments or observers: a movement may have a 
communicative effect without improving execution, or a postural consequence without conscious 
expressive intent. It may equally be habitual, stylistic, redundant, or unrelated to measurable benefit. 
Multifunctionality is thus a testable proposition. Overlap of this kind has been observed directly in 
clarinetists, who extend the knees in preparation for inhalation at points that also mark melodic 
structure (Nusseck et al., 2024). Functional overlap is likewise acknowledged within existing gesture 
taxonomies (Jensenius et al., 2010), which the present model extends by supplying a means of 
examining it. The question the model puts to a movement concerns which dimensions and scales 
change under which constraint, with multifunctionality treated as the hypothesis under test. A recent 
review by Sun and Wang (2026), which draws partly on evidence from the present program, reaches a 
compatible position, finding that ancillary movements track musical structure and shape audience 
judgment, while claims that they reduce cognitive load or serve a specific technical function await 
controlled manipulation. 

Why such overlap should be common is partly explained by coarticulation (Godøy, 2014), 
whereby sound-producing and ancillary actions are fused into larger action units through practice. The 
motor learning hypothesis in Section 4.2.3 can be read as a coarticulation account of why restriction 
fails to decompose learned whole-body patterns. Which role a movement is read as serving then 
depends on context: the passage, technical demand, expertise, habit, instruction, and stylistic 
convention. In the second perceptual study, the degree of motion judged most appropriate varied with 
musical style and predominant gesture rather than following a simple “more is better” relation (Moura 
et al., 2024). Performer and observer accounts may therefore diverge without either being reducible to 
the other. 

The model’s claims are open to disconfirmation, although the hypotheses of Section 4.2 are 
unlikely to be separable by any single manipulation. A postural account predicts sensitivity to balance 
perturbation, instrument load, or support configuration; an entrainment account predicts sensitivity to 
pulse clarity and rhythmic or tonal predictability; and a learning account predicts effects of expertise, 
retraining, and transfer. These predictions are not mutually exclusive. Evidence that micromotion 
changes selectively under one class of manipulation would strengthen the corresponding account, 
whereas insensitivity across these manipulations would weaken the claim that the activity is 
systematically organized by the factors proposed here. Until such tests are conducted, the model does 
not classify persistent movement as necessary, low-amplitude activity as functional, recurrent 
movement as efficient, or audience-preferred movement as beneficial to the performer. Its principal 
contribution is consequently methodological as well as conceptual. It converts functional 
interpretations into propositions that controlled experiments and retraining interventions can examine, 
by altering a movement dimension or scale and observing the consequences for sound production, 
timing, postural stability, effort, audience perception, or retention. 

 
6.   Methodological and pedagogical implications 

The model has several methodological consequences. “Immobile” should be replaced or 
supplemented by an operational description such as movement-restricted, with the instruction 
reported verbatim. Self-regulated restriction cannot be assumed to isolate an objectively necessary 
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technical baseline. Movement should also be measured across dimensions and scales rather than 
reduced to total quantity, because amplitude, range, velocity, direction, frequency, and timing can 
change in different directions. Research should distinguish large-scale gesture, postural organization, 
localized movement, and micromotion while treating these as analytical levels. 

Musical structure must likewise be modeled directly. Global comparisons among excerpts can 
confound the co-occurrence of tempo, rhythmic density, articulation, pitch contour, phrasing, 
dynamics, and technical difficulty. Future studies should combine motion data with audio and 
expressive-timing analysis, score-based or computational descriptions, physiological or biomechanical 
measures, performer reports, and audience responses. These sources address different levels of the 
phenomenon and should not be treated as interchangeable evidence of function. Causal claims further 
require perturbation or intervention, together with outcomes such as timing, intonation, sound quality, 
stability, fatigue, and learning. 

Pedagogically, the evidence argues against treating all ancillary movement as either superfluous 
or beneficial. Instrumental teaching has tended to address the body chiefly in service of technical skill, 
with interpretation and expression receiving considerably less attention (Bremmer & Nijs, 2020, 2024). 
The present findings bear on that imbalance through three recommendations. First, teachers should 
avoid prescribing movement quantity. Neither the perceptual optimum nor the persistence of a 
movement under restriction supports such a prescription: the first varies with repertoire, and the 
second does not establish necessity. Second, a proposed change in a student’s movement should be 
evaluated against a specified outcome – intonation, sound quality, timing, postural stability, or the 
student’s own comfort – since visual fluency and technical benefit are separable. Interviewees reported 
both facilitative and intrusive movements (e.g., interfering with embouchure, fingering, breathing, or 
stability) (Moura & Serra, 2024). Third, an instruction to stand still cannot be met literally: low-
amplitude activity persists when visible movement is minimized, so work on stillness is better framed as 
redistributing movement across scales than as removing it. Instrument-specific ergonomics, individual 
anatomy, repertoire, and artistic intention remain central throughout. 

 
7.   Conclusion 

This synthesis brought together findings at different evidentiary levels. First, across the 
performer-centered studies, musical components were associated with distinct motion descriptors and 
scales. Second, as expected, movement restriction reduced the magnitude and spatial extent of visible 
motion. However, frequency-based and low-amplitude activity persisted under these conditions. 
Persistent micromotion may be explained by postural regulation, sensorimotor organization, and 
learned motor patterns, although the studies did not test these functions. The audience-centered 
studies add a separate result: the communicative value attributed to motion depends on how, where, 
and by whom it is observed. Based on the integrated findings, the proposed adaptive model of 
performative gesture moves beyond rigid expressive-functional assignment by asking how bodily 
activity is reorganized under specific musical, technical, and communicative constraints. It provides a 
basis for causal experiments and learning interventions testing when motion optimizes performance, 
when it primarily communicates, and when it remains habitual or functionally indeterminate. 
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