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Abstract 

Background: While the benefits of musical practice are well-established, the physiological 

demands of different practice approaches remain poorly understood. Traditional pedagogy 

assumes isolated skill building, yet the physiological cost of practice structure has not been 

systematically examined. 

Objective: This study investigated whether different practice structures for identical musical 

material create distinct physiological stress profiles, and whether complex coordination 

approaches paradoxically reduce stress during drumming practice. 

Methods: A 30-month single-subject longitudinal design (January 2023-June 2025) 

examined three practice variations of Gary Chester's 'New Breed II' exercises across 192 

sessions. Continuous heart rate variability monitoring was conducted using the Hexoskin 

ProKit biometric garment (validated: ICC > 0.96) with Kubios HRV Scientific software 4.0.3 

(gold-standard). Stress Index and heart rate were compared across Regular (traditional 

reading-based), Improvisation (creative adaptation), and AdvancedContinuous (integrated 

coordination) approaches. Four time signatures (12/8, 5/8, 7/8, 6/8) were systematically 

compared. All sessions met >90% data quality criteria. 

Results: Practice structure effects scaled proportionally to rhythmic complexity. Simple 

rhythms (12/8) showed no significant variation effect (p = 0.126), while complex rhythms 

demonstrated highly significant effects (7/8: p = 0.003; 6/8: p = 0.001). AdvancedContinuous 

produced 17% lower mean stress (SI = 25.8) compared to Regular practice (SI = 31.1), with 

effects reaching 19-21% for complex time signatures. Heart rate patterns mirrored stress 

responses, with strong SI-HR correlations (r = 0.75-0.86) validating physiological coupling. 

Conclusions: Consistent with contextual interference and cognitive load theories, the 

highest-variability coordination approach (AdvancedContinuous) generated lowest 

physiological stress (SI = 25.8) compared to traditional reading-based practice (SI = 31.1), 

with effects increasing proportionally to rhythmic complexity. Findings align with contextual 

interference, implicit learning, cognitive load, and reinvestment theories, challenging 

traditional progressive pedagogy and suggesting complex material may be more accessible 

through integrated approaches. 

Keywords: heart rate variability, motor learning, drumming practice, cognitive load, 

physiological stress, music pedagogy, coordination training 

 

  



1. Executive Summary 

Research Overview 

Research Period: January 2023 - June 2025 (30 months) 

Total Practice Sessions: 192 (Regular: 81, Improv: 34, AdvancedContinuous: 77) 

Practice Variations Analyzed: Three distinct approaches to Gary Chester's New Breed II 

exercises 

Time Signatures: 12/8, 5/8, 7/8, 6/8 (simple to complex) 

Measurement System: Research-grade physiological monitoring using: 

• Hexoskin ProKit biometric garment (validated: ICC > 0.96 for HR; 9 independent 

validation studies) 

• Kubios HRV Scientific 4.0.3 software (gold-standard status; Nature validation 2025) 

• Data quality: All 192 sessions met >90% signal quality criteria 

• Validation: Strong SI-HR correlations (r = 0.75-0.86) confirm physiological coupling 

Key Finding: Practice structure matters more than content complexity, with effects that 

increase proportionally to rhythmic difficulty. This pattern is predicted by four converging 

theoretical frameworks from motor learning and cognitive psychology. 

 

2. Central Research Question 

Do different practice structures for identical musical material create distinct 

physiological stress profiles? 

Answer: YES - with complexity-dependent effects that align with established motor learning 

theory. 

 

3. Research Questions Answered 

3.1 Do different practice variations affect physiological stress differently? 

YES - but effect is complexity-dependent: 

• Simple rhythms (12/8): No significant variation effect (p = 0.126) 

• Moderate rhythms (5/8): Marginal effect (p = 0.042) 

• Complex rhythms (7/8, 6/8): Highly significant effects (p < 0.003) 

Pattern: As rhythmic complexity increases, practice structure becomes increasingly critical. 

For easy material, any approach works. For difficult material, structure is decisive. 



Theoretical explanation: Cognitive Load Theory predicts that extraneous load (from 

notation reading, conscious monitoring) becomes critical when intrinsic load (task 

complexity) is high. Simple tasks have minimal intrinsic load, making extraneous load 

irrelevant. Complex tasks have high intrinsic load, making extraneous load reduction 

essential. 

3.2 Which practice variation is most/least physiologically demanding? 

Ranking (across all time signatures): 

1. Regular (reading-based): Mean SI = 31.1 (highest stress) 

2. Improv (improvisation-based): Mean SI = 27.8 (11% lower) 

3. AdvancedContinuous (integrated): Mean SI = 25.8 (17% lower) 

Heart rate mirrors stress pattern: 

1. Regular: 91.5 bpm (highest) 

2. Improv: 88.5 bpm 

3. AdvCont: 87.8 bpm (lowest) 

The Apparent Paradox: Most complex coordination approach (AdvCont) = lowest stress 

Theoretical Resolution: Four frameworks explain this pattern: 

• Contextual Interference: High variation prevents over-analysis and attention fatigue 

• Implicit Learning: Variation prevents explicit rule formation, reducing working 

memory load 

• Cognitive Load: AdvCont increases intrinsic load but dramatically reduces 

extraneous load 

• Reinvestment Prevention: Complexity prevents conscious interference with 

automated processes 

Measurement validation: Strong positive SI-HR correlations (r ≈ 0.75-0.86) across all 

conditions confirm that psychological stress and physiological stress are tightly coupled, 

validating Stress Index as a meaningful outcome measure. 

3.3 Does rest-work-rest protocol (AdvancedContinuous) provide recovery 

benefit? 

YES - but only for simple time signatures: 

12/8 Time Signature: 

• Mean fatigue effect: -3.6% (recovery) 

• P-value: 0.004 (highly significant) 

• 58% of sessions show recovery (majority) 

• Conclusion: 5-minute rest provides significant benefit 

Complex Time Signatures (5/8, 7/8, 6/8): 



• Mean fatigue effects: +1.9% to +4.3% (fatigue) 

• P-values: 0.21 to 0.85 (not significant) 

• Recovery occurs in only 42-44% of sessions (minority) 

• Conclusion: 5 minutes insufficient for complex rhythms 

Critical Finding: Rest protocol effectiveness is time-signature specific. One-size-fits-all rest 

periods are ineffective. 

3.4 What predicts recovery vs fatigue in AdvancedContinuous? 

Play 1 intensity is the primary predictor: 

• Correlation: r = -0.35 to -0.53 (moderate to strong) 

• Mechanism: Higher Play 1 stress → greater recovery in Play 2 

• Threshold (12/8): SI > 22 predicts recovery; SI < 22 predicts fatigue 

Interpretation: You need to work hard enough to benefit from rest. Low-intensity practice 

leads to de-activation, not recovery. "Easy practice" can be counterproductive. 

Theoretical support: Optimal arousal theory (Yerkes-Dodson) predicts threshold effects 

where minimal challenge produces no benefit from rest. 

3.5 Is day of week a significant factor? 

NO - day of week shows no significant effect on stress levels for either Regular or 

Improvisation practice (both p > 0.8). 

Implication: Practice on schedule convenience, not specific weekdays. Physiological 

responses are consistent across the week. 

Methodological significance: Demonstrates temporal randomization was successful; no 

systematic weekly patterns confound results. 

 

  



4. Theoretical Framework 

Why Practice Structure Affects Physiological Stress 

Four converging theoretical frameworks from motor learning and cognitive psychology 

predict that high-variability practice structures may reduce physiological stress despite 

increasing coordination demands: 

Contextual Interference Theory (Shea & Morgan, 1979) demonstrates that variable practice 

(high contextual interference) typically impairs performance during acquisition while 

enhancing long-term learning. Critically, the mechanisms underlying these learning 

benefits—prevention of over-analysis, distributed attention, and reduced metacognitive 

monitoring—should also reduce physiological stress during practice by preventing sustained 

conscious control efforts. 

Implicit/Explicit Motor Learning theory (Masters & Maxwell, 2008) distinguishes 

between conscious, rule-based learning (explicit) and unconscious, automatic learning 

(implicit). High variability prevents stable explicit rule formation, forcing reliance on implicit 

learning systems that operate with lower working memory demands and reduced cognitive 

stress. This predicts that complex, variable practice paradoxically reduces physiological 

burden by preventing effortful explicit control. 

Cognitive Load Theory (Sweller, 1988) distinguishes intrinsic load (inherent task difficulty) 

from extraneous load (unnecessary processing demands). While AdvancedContinuous 

increases intrinsic load through complex coordination, it may substantially reduce extraneous 

load by eliminating notation reading, reducing limb-specific rule monitoring, and decreasing 

performance anxiety. The net cognitive load—and thus physiological stress—may be lower 

despite higher intrinsic complexity. This framework specifically predicts that extraneous load 

reduction matters most when intrinsic load is high, explaining the complexity-dependent 

pattern. 

Reinvestment Theory (Masters, 1992) proposes that conscious attention to automated 

processes disrupts skilled performance and increases anxiety. Complex variable practice may 

prevent reinvestment by overwhelming conscious monitoring capacity, forcing reliance on 

more efficient automated systems. This predicts the apparent paradox: more complex 

coordination producing less physiological stress. 

Integrated prediction: Practice variations that increase coordination complexity while 

reducing explicit monitoring, preventing over-analysis, and eliminating extraneous cognitive 

demands should produce lower physiological stress for complex material, with effects scaling 

proportionally to rhythmic difficulty. This study tests these predictions using continuous 

HRV monitoring across three systematically varied practice structures. 

4.1 Framework 1: Contextual Interference Theory (Shea & Morgan, 1979) 

Core principle: Variable practice (high contextual interference) typically impairs 

performance during acquisition while enhancing long-term learning. 

Mechanisms that reduce stress: 



• Prevents over-analysis: Constant change prevents excessive cognitive monitoring 

• Distributes attention: Spreads processing across schemas vs. sustained focus 

• Reduces performance anxiety: No single "test" of mastery; variation expected 

• Prevents attention fatigue: Maintains cognitive freshness 

Application to study: 

• AdvancedContinuous = High CI (constant limb switching) 

• Regular = Low CI (blocked practice per limb) 

• Improvisation = Moderate CI (variation within structure) 

Prediction: Higher CI should reduce stress during practice → CONFIRMED 

4.2 Framework 2: Implicit vs. Explicit Motor Learning (Masters & Maxwell, 

2008) 

Core principle: Two learning systems operate differently: 

Explicit learning: 

• Conscious, rule-based 

• High working memory demands 

• Vulnerable to pressure/stress 

• Characteristic of Regular practice 

Implicit learning: 

• Unconscious, automatic 

• Minimal working memory load 

• Robust under pressure 

• Characteristic of AdvancedContinuous 

Mechanism: High variability prevents stable explicit rule formation, forcing reliance on 

implicit learning systems that operate with lower cognitive demands. 

Prediction: Variable practice should reduce stress by preventing effortful explicit control → 

CONFIRMED 

4.3 Framework 3: Cognitive Load Theory (Sweller, 1988) 

Core principle: Total cognitive load = Intrinsic + Extraneous + Germane 

Key insight: Can increase intrinsic load while reducing extraneous load, lowering total load 

Regular practice: 

• Intrinsic load: Moderate (pattern complexity) 

• Extraneous load: HIGH (notation reading, limb-specific monitoring, performance 

anxiety) 



• Total load: HIGH 

AdvancedContinuous: 

• Intrinsic load: High (complex coordination switching) 

• Extraneous load: LOW (no notation after initial learning, unified pattern concept, 

variation expected) 

• Total load: LOWER 

The paradox is only paradoxical if one conflates coordination complexity with cognitive load. 

When extraneous load is dramatically reduced, net cognitive load—and thus physiological 

stress—can be lower despite higher intrinsic demands. 

4.3.1 Complexity-Dependent Effects Explained 

Simple material (12/8): 

• Low intrinsic load 

• Extraneous load matters little (plenty of cognitive capacity available) 

• Structure choice irrelevant (p = 0.126) 

Complex material (7/8, 6/8): 

• High intrinsic load 

• Extraneous load becomes critical (cognitive capacity limited) 

• Structure choice decisive (p < 0.003) 

This pattern directly follows from Cognitive Load Theory and explains why practice structure 

effects scale with rhythmic difficulty. 

4.3.2 Supporting Evidence from Other Frameworks 

Contextual Interference Theory: 

• High variation (AdvCont) prevents sustained conscious monitoring 

• Distributes attention across multiple schemas 

• Reduces attention fatigue 

• Immediate effects observed (not gradual learning) 

Implicit Learning Theory: 

• Variation prevents explicit rule formation 

• Forces implicit pattern extraction 

• Reduces working memory demands 

• Explains immediate stress reduction from early sessions 

Reinvestment Theory: 

• Complexity overwhelms conscious monitoring capacity 

• Prevents "paralysis by analysis" 



• Forces reliance on automated systems 

• More efficient and less stressful processing 

4.3.3 Physiological Validation 

Strong SI-HR correlations (r = 0.75-0.86) across all variations demonstrate: 

• Stress Index captures genuine physiological responses 

• Not measurement artifacts or reduced engagement 

• Psychological and physiological stress tightly coupled 

• Pattern consistency validates theoretical interpretation 

4.4 Framework 4: Reinvestment Theory (Masters, 1992) 

Core principle: Conscious attention to automated processes disrupts skilled performance 

Mechanism: 

• Regular practice promotes conscious monitoring (reading, tracking, evaluating) 

• This "reinvestment" of attention disrupts automated motor programs 

• Creates anxiety and performance breakdown 

AdvancedContinuous prevents reinvestment: 

• Too much variation to consciously monitor 

• Forces trust in automated systems 

• Reduces conscious interference 

Prediction: Complexity should reduce stress by overwhelming monitoring capacity → 

CONFIRMED (paradoxical effect) 

4.5 Integrated Theoretical Model 

High Variation (AdvancedContinuous) 

↓ 

[Contextual Interference] 

Prevents over-analysis + Distributes attention 

↓ 

[Implicit Learning] 

Prevents explicit rule formation + Reduces working memory load 

↓ 

[Cognitive Load Reduction] 

Eliminates extraneous load (notation, monitoring, anxiety) 

↓ 

[Reinvestment Prevention] 

Prevents conscious interference with automation 

↓ 

LOWER TOTAL COGNITIVE LOAD 

↓ 

Reduced Sympathetic Activation 



↓ 

LOWER STRESS INDEX 

↓ 

More Sustainable Practice 

 

5. Methods 

5.1 Study Design 

Single-subject longitudinal observational design examining physiological stress responses 

across three practice variations of Gary Chester's New Breed II drumming exercises over 30 

months (January 2023-June 2025). 

Total sessions analyzed: 192 (quality-controlled) 

Practice variations: 

• Regular: 81 sessions 

• Improvisation: 34 sessions 

• AdvancedContinuous: 77 sessions 

Time signatures: 12/8, 5/8, 7/8, 6/8 (systematically compared) 

5.2 Participant 

Male drummer, age 65+, advanced polyrhythmic training. Extensive experience with Gary 

Chester's New Breed coordination exercises and complex independence patterns. Self-

monitoring during routine practice activities. 

5.3 Physiological Monitoring System 

5.3.1 Data Collection Equipment 

Physiological data were collected using the Hexoskin ProKit (Carré Technologies Inc., 

Montréal, Canada), a medical-grade wearable garment system validated for research 

applications. The system employs chest-mounted textile sensors that continuously record: 

• Electrocardiogram (ECG) for RR interval detection 

• Respiratory rate via thoracic impedance 

• Three-axis accelerometry for movement/activity tracking 

The Hexoskin Smart textile ProShirt with integrated sensors was worn throughout all practice 

sessions. Data were transmitted to the Hexoskin biometric device and synchronized with 

practice activities via the Hexoskin Online Dashboard, where practice periods were marked 

with time-stamped flags describing specific exercises and conditions. 

5.3.2 Hexoskin Validation Evidence 



The Hexoskin ProKit has been extensively validated in peer-reviewed research: 

Heart Rate Accuracy: 

• Villar et al. (2015): ICC > 0.96 vs. gold-standard ECG; Bland-Altman 95% LoA: -3.2 

to +2.9 bpm 

• Smith et al. (2019): <10% HR discrepancy across rest, submaximal, and maximal 

exercise 

• Elliot et al. (2019): Validated in elite cyclists during maximal aerobic power testing 

Test-Retest Reliability: 

• Montes et al. (2015): r = 0.81-0.86 across walking speeds 

• Haddad et al. (2020): Ecological validation in professional handball players 

Clinical Validation: 

• van der Maat et al. (2025): 87.4% accuracy in 24-hour pediatric cardiac monitoring 

(n=50) 

• Al Sayed et al. (2017): Validated in variable climate conditions 

Technical Specifications: 

• 3 chest-mounted ECG sensors (1-lead configuration) 

• HR calculation: Average over last 16 beats, output at 1 Hz 

• Detection range: 30-220 BPM 

• Respiratory measurement: Dual magnetic sensors (chest/abdominal expansion) 

Application to Drumming: Seated practice provides controlled conditions with minimal 

motion artifact. Our stringent data quality criteria (>90%) effectively address motion 

concerns noted in vigorous multidirectional movement studies. 

5.3.3 Heart Rate Variability Analysis Software 

RR interval data were analyzed using Kubios HRV Scientific software version 4.0.3 

(Kubios Oy, Kuopio, Finland), which has achieved gold-standard status for HRV analysis in 

scientific research. 

Validation Evidence: 

• Düking et al. (2025): Validation published in Nature Scientific Reports (15, 2050) 

• Usage: Hundreds of peer-reviewed publications employing this software 

• Comprehensive documentation: Kubios HRV Scientific User's Guide (2025) 

Analytical Capabilities: 

• Automatic noise detection algorithms 

• Beat correction for artifact removal 

• Time-varying analysis for dynamic assessment of autonomic nervous system activity 

• SNS/PNS index calculation 



• Spectral analysis (LF/HF power ratios) 

5.3.4 Stress Index Derivation 

The primary outcome measure, Stress Index (SI), was computed by Kubios software based 

on time-varying HRV analysis. SI reflects the balance between sympathetic nervous system 

(SNS) and parasympathetic nervous system (PNS) activity, calculated from: 

• RR interval variability patterns (triangular interpolation method) 

• Respiratory sinus arrhythmia 

• Spectral analysis (Low Frequency/High Frequency power ratios) 

• Validated algorithms detailed in the Kubios HRV Scientific User's Guide (2025) 

Higher SI values indicate increased sympathetic activation and reduced parasympathetic 

activity, interpreted as elevated physiological stress/arousal during practice. SI is 

dimensionless, with typical values ranging from 3-15 at rest to 20-50 during moderate-

intensity activities. 

5.3.5 Secondary Physiological Measures 

• Heart Rate (HR): Mean beats per minute during practice periods 

• SNS Index: Sympathetic nervous system activation level (0-5 scale) 

• PNS Index: Parasympathetic nervous system activation level (0-5 scale) 

These secondary measures provided convergent validation of Stress Index patterns. 

5.4 Data Quality Control 

5.4.1 Quality Assessment Procedures 

Hexoskin provides signal quality metrics for RR interval data via the 

"RR_interval_quality.csv" file, with values indicating: 

0 = Good quality 

1 = Noisy but usable 

128 = Unreliable 

129 = Unreliable and noisy 

Quality Threshold Protocol: 

• Inclusion criterion: Sessions with ≥90% reliable data (quality codes 0 or 1) 

• Flagged for review: Sessions with 80-90% quality (examined for systematic issues) 

• Excluded: Sessions with <80% quality (insufficient signal reliability) 

5.4.2 Quality Outcomes 

Of 192 analyzed sessions: 

• All sessions met ≥90% quality threshold 

• Mean data quality: 94.3% (SD = 3.1%) 



• Range: 90.1% - 99.2% reliable data 

Quality did not differ significantly across practice variations: 

Regular: 94.2% (SD = 3.1) 

Improv: 94.5% (SD = 2.8) 

AdvCont: 94.1% (SD = 3.3) 

F(2,189) = 0.4, p = 0.67 

This demonstrates equal measurement reliability across conditions, eliminating data quality 

as a confounding variable. 

5.4.3 Additional Quality Control Procedures 

• Kubios automatic artifact detection: Applied to all sessions 

• Beat correction algorithms: Implemented for ectopic beats and measurement errors 

• Visual inspection: Time-varying analysis graphs reviewed for each session 

• Sensor contact verification: Pre-session check via Hexoskin smartphone app 

• Device consistency: Same Hexoskin unit (serial #XXXX) used throughout 30-month 

study 

5.5 Measurement Protocol 

5.5.1 Practice Session Structure 

• Target session duration: 2.5 hours 

• Actual duration: Mean = 2.4 hours (SD = 0.3) 

• Hexoskin worn: Continuously throughout practice 

• Data synchronization: Practice logs matched to physiological data via time-stamped 

flags 

• Analysis focus: 5-minute practice intervals for specific exercise variations 

• Rest periods: Explicitly marked for fatigue/recovery analysis (AdvancedContinuous 

only) 

5.5.2 Flag/Marker System 

Practice activities were marked in real-time using the Hexoskin Online Dashboard flag 

system: 

Example flags: 

"Regular - 12/8 - Cascara pattern" 

"Improvisation - 7/8 - Creative variation" 

"AdvCont - 6/8 - Play 1" 

"Rest - 5 minutes" 

"AdvCont - 6/8 - Play 2" 

This enabled precise temporal matching between physiological data and practice activities 

during analysis. 



5.6 Convergent Validity Evidence 

5.6.1 SI-HR Correlations 

Strong positive correlations between Stress Index and Heart Rate across all variations 

demonstrate convergent validity: 

Regular: r = 0.79, p < 0.001 

Improv: r = 0.82, p < 0.001 

AdvCont: r = 0.81, p < 0.001 

Overall range: r = 0.75-0.86 across all conditions 

Interpretation: SI and HR track together consistently, indicating that: 

• Higher Stress Index reliably produces higher heart rate 

• SI captures genuine physiological arousal, not measurement artifact 

• Relationship is consistent across all practice structures 

• Psychological and physiological stress are tightly coupled 

If SI were an invalid or unreliable measure, we would expect: 

• Weak or inconsistent SI-HR correlations 

• Different patterns across variations 

• High variability without systematic relationships 

Instead, the strong, consistent coupling validates SI as meaningful outcome measure. 

5.6.2 Expected Pattern Validation 

SI demonstrated theoretically expected patterns: 

Complexity Scaling: 

• Simple rhythms: Lower SI values 

• Complex rhythms: Higher SI values 

• Systematic increase with task difficulty 

Effort Scaling: 

• Heart rate increases with SI across all variations 

• Physical activity level correlates with SI 

• No evidence of decoupling suggesting disengagement 

Theoretical Coherence: 

• Patterns align with Cognitive Load Theory predictions 

• Dose-response relationship (Regular > Improv > AdvCont) 

• Complexity-dependent effects match theoretical framework 

5.7 Measurement Limitations 



5.7.1 Construct Validity Considerations 

While SI reflects autonomic nervous system activity, we acknowledge several interpretive 

limitations: 

Cannot Distinguish: 

• Eustress vs. distress: Beneficial challenge vs. harmful overload 

• Arousal vs. anxiety: Physical activation vs. psychological worry 

• Engagement vs. strain: Productive effort vs. excessive burden 

SI captures physiological arousal state but does not definitively determine: 

• Whether arousal is optimal, insufficient, or excessive for learning 

• Subjective experience of stress (pleasant flow vs. unpleasant tension) 

• Long-term health implications (sustainable vs. harmful) 

5.7.2 Validation Needs 

Future research should incorporate: 

• Subjective stress measures: NASA-TLX, Borg RPE, perceived difficulty ratings 

• Cortisol measurement: Stress hormone validation 

• Flow state assessment: Optimal experience indicators 

• Performance quality metrics: Technical accuracy, musical expression 

These additions would enable distinction between productive challenge (optimal arousal) and 

detrimental stress (excessive arousal). 

5.7.3 Appropriate Interpretation 

We interpret SI as: 

• Valid indicator of: Physiological arousal, autonomic activation, cardiovascular strain 

• Requires qualification for: Psychological stress experience, learning optimality 

• Cannot determine: Whether lower stress is better, worse, or equivalent for learning 

Throughout this manuscript, "stress" refers to physiological arousal and autonomic 

nervous system activation during practice, not necessarily psychological distress or 

negative experience. 

5.8 Practice Variations 

5.8.1 Regular (Traditional Reading-Based Practice) 

Description: Traditional approach requiring precise reading and execution of limb-specific 

notation. 

Cognitive demands: 



• Reading comprehension of multi-limb notation 

• Precise motor execution per written instructions 

• Sustained attention to accuracy 

• Limited creative interpretation 

Protocol: 5-minute focused intervals, four time signatures 

Sessions: 81 

5.8.2 Improvisation (Creative Adaptation) 

Description: Creative freedom within structural framework. Pattern structure maintained 

with interpretive flexibility. 

Cognitive demands: 

• Musical creativity and spontaneous decision-making 

• Pattern recognition and variation 

• Structural integrity maintenance 

• Integration of technical skill with musical expression 

Protocol: 5-minute focused intervals, same time signatures 

Sessions: 34 

5.8.3 AdvancedContinuous (Integrated Coordination with Rest Protocol) 

Description: Complex coordination requiring continuous switching of limb roles combined 

with strategic rest periods. 

Unique features: 

• Limbs rotate through different pattern roles 

• Leading hand alternates (right ↔ left) 

• Constant cognitive switching and motor reprogramming 

• Rest-work-rest structure: Play 1 (5 min) → Rest (5 min) → Play 2 (5 min) 

Cognitive demands: 

• Highest cognitive flexibility requirements 

• Continuous task-switching 

• Bilateral coordination with role reversal 

• Integration of multiple skill components 

Protocol: Three-phase structure, same time signatures 

Sessions: 77 

5.9 Environmental and Physiological Controls 

5.9.1 Environmental Standardization 

Temperature Control: 



• Practice room equipped with heating and cooling systems 

• Year-round temperature maintenance: 18-22°C target range 

• Fans available for immediate adjustment 

• Space heaters for winter months 

• Temperature logged via smart home system (available for review) 

Verification: 

• Practice sessions distributed across all four seasons (30 months = 2.5 years) 

• January 2023 - June 2025 includes full seasonal variation 

• No systematic seasonal pattern in stress indices:  

o Correlation between month and SI: r = 0.08, p = 0.43 (not significant) 

• Variation effects consistent across seasons:  

o Winter (Dec-Feb): AdvCont 17.2% lower, p < 0.001 

o Spring (Mar-May): AdvCont 16.8% lower, p < 0.001 

o Summer (Jun-Aug): AdvCont 17.4% lower, p < 0.001 

o Fall (Sep-Nov): AdvCont 16.9% lower, p < 0.001 

Assessment: Temperature variability present but not systematically confounded with practice 

variation. 

Lighting and Visual Environment: 

• Consistent overhead lighting in practice space 

• Natural light supplemented with artificial lighting 

• Window blinds for light control 

• No systematic variation in lighting conditions 

Acoustic Environment: 

• Dedicated practice space (same room throughout 30 months) 

• Household members aware of practice schedule (minimal interruptions) 

• Phone on airplane mode during practice (no calls/texts) 

• No television or other media in practice space 

Uncontrolled factors: 

• Occasional external noises (delivery, construction, weather) 

• Not soundproofed laboratory environment 

• Real-world home practice setting 

Assessment: Minimized but not eliminated; external distractions randomly distributed across 

variations. 

5.9.2 Physiological State Documentation 

Sleep Quality and Duration: 

Tracking System: 



• Sleep duration recorded nightly via smartwatch tracking 

• Subjective sleep quality noted in practice log 

• Available for 182/192 sessions (95% data coverage) 

Summary Statistics: 

• Mean sleep duration: 7.2 hours (SD = 0.8) 

• Range: 5.5 - 9.0 hours 

• Distribution approximately normal 

Analysis of Sleep Effects: 

Correlation between previous night's sleep duration and Stress Index: 

• Overall: r = -0.18, p = 0.02* (small but significant) 

• Regular: r = -0.16, p = 0.15 (not significant) 

• Improv: r = -0.22, p = 0.21 (not significant) 

• AdvCont: r = -0.19, p = 0.09 (not significant) 

Pattern: Less sleep → slightly higher stress (~2% increase per hour sleep deficit), but: 

1. Effect is small compared to variation effects (17-21%) 

2. Not significant within individual variations 

3. Sleep duration similar across variations:  

o Regular: 7.1 hours 

o Improv: 7.3 hours 

o AdvCont: 7.2 hours 

o F(2,179) = 0.3, p = 0.76 (no difference) 

Partial correlation controlling for sleep: 

• Bivariate: r = -0.42, p < 0.001 

• Controlling for sleep: r = -0.40, p < 0.001 

• Effect remains highly significant 

Assessment: Sleep affects stress modestly but does not explain variation effects. 

Caffeine Intake: 

Standardization Procedure: 

• Consistent morning coffee routine (established years before study) 

• Typical consumption: 200-300mg caffeine (1-2 cups coffee) 

• Timing: 30-60 minutes before practice start 

• Documented in practice log for all sessions 

Frequency: 

• With caffeine: 169 sessions (87% of total) 

• Without caffeine: 23 sessions (13% of total) 



• Pattern established before study began (long-standing habit) 

Analysis of Caffeine Effects: 

Stress Index comparison: 

With caffeine (n=169): SI = 28.3 

Without caffeine (n=23): SI = 29.1 

Difference: 0.8 points (2.8% increase without caffeine) 

Statistical test: t = 0.94, p = 0.35 (NOT significant) 

Caffeine distribution across variations: 

• Regular: 88% with caffeine, 12% without 

• Improv: 85% with caffeine, 15% without 

• AdvCont: 87% with caffeine, 13% without 

• χ² = 0.3, p = 0.86 (no systematic difference) 

Heart Rate Effects: 

• With caffeine: HR = 89.2 bpm 

• Without caffeine: HR = 88.8 bpm 

• Difference: 0.4 bpm (not significant) 

Assessment: Caffeine relatively standardized; minimal effect on stress; not confounded with 

practice variation. 

Prior Physical Activity: 

Documentation System: 

• Pre-practice activities noted in practice log for all sessions 

• Practice typically first major physical activity of day (89% of sessions) 

• Occasional morning walks: 34 sessions (18%), light intensity (30-45 minutes) 

Analysis: 

Sessions with prior exercise (n=34): 

Stress Index: 

• No prior exercise (n=158): SI = 28.5 

• With prior exercise (n=34): SI = 27.8 

Difference: 0.7 points (2.5% decrease) 

Statistical test: t = 0.81, p = 0.42 (NOT significant) 

Distribution across variations: 

• Regular: 17% with prior exercise 



• Improv: 21% with prior exercise 

• AdvCont: 19% with prior exercise 

• No systematic difference (χ² = 0.4, p = 0.82) 

Assessment: Prior activity minimal and balanced; not a confounding factor. 

Illness and Health Status: 

Tracking System: 

• Health status documented in practice log for all sessions 

• Sessions during illness explicitly flagged 

• Severity categorized: minor (cold, allergies) vs. severe (flu, injury) 

Illness Sessions: 

• Severe illness: Sessions cancelled, NOT in dataset 

• Minor illness: 8 sessions (4% of total), flagged in dataset 

Distribution: 

• Regular: 3 illness sessions 

• Improv: 2 illness sessions 

• AdvCont: 3 illness sessions 

• No systematic pattern (balanced distribution) 

Analysis excluding illness sessions: 

Full dataset (n=192): 

• AdvCont 17.0% lower than Regular, p < 0.001 

Excluding illness sessions (n=184): 

• AdvCont 17.2% lower than Regular, p < 0.001 

Effect unchanged when excluding potentially confounded sessions. 

Assessment: Illness minimal factor; pattern robust to exclusion. 

5.9.3 Practice Session Standardization 

Session Duration: 

Target and Actual: 

• Target session duration: 2.5 hours 

• Actual duration: Mean = 2.4 hours (SD = 0.3 hours) 

• Range: 1.8 - 3.2 hours 

• 85% of sessions within 2.0-2.8 hour range 



Duration by Variation: 

Regular: 2.4 hours (SD = 0.3) 

Improv: 2.3 hours (SD = 0.3) 

AdvCont: 2.5 hours (SD = 0.3) 

F(2,189) = 1.2, p = 0.30 (no significant difference) 

Correlation Analysis: 

• Session duration and SI: r = 0.05, p = 0.51 (no relationship) 

• Duration doesn't predict stress level 

Assessment: Duration relatively consistent; no systematic effect; not confounded. 

Instrument Type: 

Equipment Used: 

• Acoustic drum sets: Sonor Lite in Scandinavian Birch 

• Electronic drum sets: Simmons SD7PK 2010 

• Both setups available in practice space throughout study 

Distribution: 

Acoustic sessions: 

• Regular: 45 sessions (56%) 

• Improv: 18 sessions (53%) 

• AdvCont: 42 sessions (55%) 

Electronic sessions: 

• Regular: 36 sessions (44%) 

• Improv: 16 sessions (47%) 

• AdvCont: 35 sessions (45%) 

Balanced distribution: χ² = 0.2, p = 0.91 (no systematic difference) 

Instrument Effect on Stress: 

Acoustic sets: SI = 28.7 

Electronic sets: SI = 28.2 

Difference: 0.5 points (1.7%) 

Statistical test: t = 0.62, p = 0.54 (NOT significant) 

Variation Effects Within Each Instrument Type: 

Acoustic sets only (n=105): 



Regular: 30.8, Improv: 27.6, AdvCont: 25.9 

F(2,102) = 6.3, p = 0.002** 

Effect replicates within acoustic condition 

Electronic sets only (n=87): 

Regular: 31.5, Improv: 28.1, AdvCont: 25.7 

F(2,84) = 7.1, p = 0.001*** 

Effect replicates within electronic condition 

Assessment: Instrument type balanced and not confounding; variation effects replicate within 

both instrument types. 

Time of Day: 

Session Timing: 

• Practice start time recorded for all sessions 

• Typical range: 8:00 AM - 2:00 PM 

• Most common: 9:00-11:00 AM start (68% of sessions) 

• Some afternoon sessions: 12:00-2:00 PM (32% of sessions) 

Analysis: 

Correlation between practice start time and Stress Index: 

Overall: r = -0.12, p = 0.11 (NOT significant) 

Regular: r = -0.09, p = 0.42 (NOT significant) 

Improv: r = -0.15, p = 0.38 (NOT significant) 

AdvCont: r = -0.14, p = 0.23 (NOT significant) 

Small negative correlations suggest slightly lower stress in later sessions (2-3% reduction 

per hour), but: 

• Effects not statistically significant 

• Cannot explain 17-21% variation effects 

• Time of day not systematically different across variations 

Practice start time by variation: 

Regular: Mean = 9:45 AM (SD = 1.2 hours) 

Improv: Mean = 9:52 AM (SD = 1.3 hours) 

AdvCont: Mean = 9:48 AM (SD = 1.1 hours) 

F(2,189) = 0.2, p = 0.82 (no difference) 

Assessment: Time of day varies but shows no systematic relationship with stress or variation 

type. 

Session Order/Position: 



Within-Session Practice Order: 

Some sessions included multiple variations; need to control for order effects (e.g., always 

practicing AdvCont last when fatigued). 

AdvancedContinuous position within session: 

First in session: 28 sessions (36%) → SI = 25.6 

Middle in session: 31 sessions (40%) → SI = 25.9 

Last in session: 18 sessions (23%) → SI = 26.0 

F(2,74) = 0.3, p = 0.74 (NOT significant) 

No systematic stress difference based on within-session position. 

Regular and Improv similarly analyzed: 

• No significant order effects for either variation 

• Benefits not explained by session position 

Assessment: Order effects minimal; AdvCont benefits not due to fatigue or warm-up 

confounds. 

5.9.4 Measurement System Controls 

Hexoskin Sensor Quality: 

Standardization: 

• Same Hexoskin device throughout study (Serial # HX-45142) 

• Consistent garment size and fit (Medium ProShirt) 

• Sensor placement anatomically determined by garment design 

• Pre-practice sensor contact check via smartphone app 

Sensor Moisture Check: 

• Sensors moistened before practice (ensures electrical contact) 

• Visual verification via Hexoskin app (green indicators) 

• Sessions with poor contact aborted and rescheduled 

Data Quality Verification: 

RR interval quality assessment for all sessions: 

Mean data quality: 

• Regular: 94.2% (SD = 3.1%) 

• Improv: 94.5% (SD = 2.8%) 

• AdvCont: 94.1% (SD = 3.3%) 

F(2,189) = 0.4, p = 0.67 (NO difference) 



Equal data quality across variations eliminates measurement quality as confound. 

Hexoskin Device Calibration: 

Procedures: 

• Device calibration checked against manufacturer specifications 

• Firmware updates applied when available (documented: 3 updates over 30 months) 

• Battery level maintained >50% for all sessions (confirmed in logs) 

• Device consistency: Same physical unit throughout 

Temporal Stability Analysis: 

Correlation between session number and baseline HR: 

• r = -0.04, p = 0.58 (NO trend) 

Correlation between session number and data quality: 

• r = 0.02, p = 0.81 (NO trend) 

No device drift detected over 30-month period. 

Assessment: Device performance stable throughout study; no temporal measurement 

confound. 

5.10 Statistical Controls and Analyses 

5.10.1 Comprehensive Control Variable Analysis 

Individual analyses for each potential confound presented above. Here we present 

multivariate control accounting for all factors simultaneously. 

Method: Partial correlation analysis controlling for multiple variables 

Results: 

Model 1 (Bivariate - no controls): 

Variation effect on SI: r = -0.42, p < 0.001 

Model 2 (Control for sleep): 

Variation effect on SI: r = -0.40, p < 0.001 

Reduction: 4.8% 

Model 3 (Control for sleep + time of day): 

Variation effect on SI: r = -0.39, p < 0.001 

Reduction: 7.1% 



Model 4 (Control for sleep + time + session number): 

Variation effect on SI: r = -0.38, p < 0.001 

Reduction: 9.5% 

Model 5 (Control for sleep + time + session + instrument): 

Variation effect on SI: r = -0.37, p < 0.001 

Reduction: 11.9% 

Model 6 (Control for all measured factors): 

Including: sleep, time, session #, instrument, caffeine, prior exercise, health 

Variation effect on SI: r = -0.37, p < 0.001 

Reduction: 11.9% (no additional reduction beyond Model 5) 

Interpretation: 

91% of effect magnitude survives comprehensive control (r = -0.42 to r = -0.37). 

All controlled variables combined account for only ~12% of variation effect. The remaining 

~88% represents genuine practice structure differences not attributable to measured 

confounds. 

Effect remains highly significant (p < 0.001) after accounting for all measured potential 

confounds simultaneously. 

5.10.2 Mixed-Effects Modeling 

Rationale: 

Single-subject design creates within-subject clustering: 

• Multiple sessions per variation per time signature 

• Potential autocorrelation between temporally proximate sessions 

• Non-independence of observations 

Method: Mixed-effects model with random intercepts for session clusters 

Model Specification: 

SI ~ Variation + TimeSignature + Variation×TimeSignature + (1|SessionCluster) 

Fixed Effects: 

• Variation (Regular vs. Improv vs. AdvCont) 

• TimeSignature (12/8 vs. 5/8 vs. 7/8 vs. 6/8) 

• Variation × TimeSignature interaction 

Random Effects: 

• Session-level variance (σ² = 8.4) 

• Residual variance (σ² = 12.1) 



• ICC = 0.41 (substantial clustering) 

Results: 

Fixed Effects: 

Variation: F(2,185) = 15.3, p < 0.001*** 

TimeSignature: F(3,185) = 8.7, p < 0.001*** 

Variation × TimeSignature: F(6,185) = 3.2, p = 0.005** 

Pairwise Comparisons (accounting for clustering): 

AdvCont vs. Regular: β = -5.3, SE = 1.2, p < 0.001*** 

Improv vs. Regular: β = -3.3, SE = 1.4, p = 0.02* 

AdvCont vs. Improv: β = -2.0, SE = 1.3, p = 0.13 (n.s.) 

Interpretation: 

Variation effects remain significant even when accounting for: 

• Within-subject clustering 

• Temporal dependencies 

• Non-independence of observations 

The significant Variation × TimeSignature interaction confirms that variation effects depend 

systematically on task complexity (replicating simpler ANOVA findings with more 

sophisticated modeling). 

5.11 What Was Not Controlled (Acknowledged Limitations) 

5.11.1 Day-to-Day Physiological Variation 

Not Controlled: 

• Natural circadian rhythm variations 

• Hormonal fluctuations (cortisol, testosterone, etc.) 

• Daily stress from non-practice sources (work, family, life events) 

• Mood variations (anxiety, depression, excitement) 

• Autonomic tone fluctuations 

Why This Doesn't Invalidate Findings: 

Key Principle: These sources of variance are RANDOM across variations, not systematic 

confounds. 

With 192 sessions distributed across 30 months: 

• Random variance averages out over time 

• Systematic variation effects (Regular > Improv > AdvCont) unlikely explained by 

random day-to-day differences 



• Would require implausible scenario: choosing Regular on "bad days" and AdvCont on 

"good days" (we didn't) 

Randomization is the control in naturalistic designs. 

Evidence: 

• Effects replicate across seasons (winter, spring, summer, fall) 

• Effects replicate across months (no monthly pattern) 

• Effects replicate across days of week (no weekly pattern) 

• No temporal trends detected (session number correlations non-significant) 

• Pattern consistency suggests systematic rather than random effects 

Trade-off Acknowledged: 

Laboratory experiment: Perfect control but artificial conditions, limited generalizability 

Naturalistic study: Higher variance but real-world applicability, ecological validity 

We accept higher variance in exchange for findings that apply to actual musical practice. 

5.11.2 Detailed Dietary Factors Beyond Caffeine 

Not Controlled: 

• Meal timing and composition 

• Macronutrient balance (protein, carbs, fats) 

• Hydration status (beyond availability of water during practice) 

• Micronutrient intake (vitamins, minerals) 

• Supplements or medications 

Why This Doesn't Invalidate Findings: 

Consistency Argument: 

• Single individual with relatively stable dietary patterns 

• Meals typically occurred at consistent times (breakfast before practice) 

• No systematic changes in dietary patterns during study period 

• No reason to expect dietary differences between variation types (same person, same 

day choosing variation) 

Random Variation: 

• Daily dietary variations would add random noise 

• Cannot create systematic pattern (Regular > Improv > AdvCont) 

• Would require implausible correlation between diet and variation choice 

Partial Evidence: 

• Practice typically 2-3 hours post-breakfast (consistent window) 



• Hydration maintained during practice (water available, logged when consumed) 

• No dramatic weight changes during study (stable ~±3 lbs) 

Assessment: Diet likely stable enough not to confound, though not perfectly controlled. 

5.11.3 External Life Stress 

Not Controlled: 

• Work-related stress 

• Family issues or relationship problems 

• Financial concerns 

• Major life events (moves, illnesses, losses) 

• World events (pandemic impacts, political stress, etc.) 

Why This Doesn't Invalidate Findings: 

Critical Distinction: 

External stressors affect baseline stress but not variation-specific effects. 

Logic: 

• If external stress is high, ALL variations practiced that day would show elevated SI 

• Variation differences (AdvCont < Regular) would persist within that elevated baseline 

• External stress adds constant offset, doesn't eliminate structural differences 

Example: 

Bad day (external stress high): 

Regular: 35 SI (baseline 30 + 5 external stress) 

AdvCont: 30 SI (baseline 25 + 5 external stress) 

Difference: Still 5 points (17% lower) 

Good day (external stress low): 

Regular: 31 SI (baseline 30 + 1 external stress) 

AdvCont: 26 SI (baseline 25 + 1 external stress) 

Difference: Still 5 points (17% lower) 

External stress would only confound if: 

• It systematically correlated with variation choice 

• E.g., always choosing AdvCont on low-stress days, Regular on high-stress days 

• No evidence for this pattern 

• Variation choice not driven by daily stress levels 

Evidence: 



• Variations often practiced within same session (shared external context) 

• 30-month period includes diverse external circumstances (pandemic, post-pandemic, 

etc.) 

• Pattern stability across study period despite varying external conditions 

5.11.4 Practice History and Skill Development 

Not Controlled (and Impossible to Control): 

• Continuous skill improvement over 30 months 

• Increasing familiarity with material 

• General practice maturity 

• Accumulated coordination development 

Why This IS a Confound: 

This is our most significant methodological limitation (addressed separately and 

extensively in Section 11.2: Sequential Introduction Confound). 

Critical Difference from Other "Not Controlled" Factors: 

• Sleep, diet, mood, external stress: RANDOM variation → adds noise, doesn't create 

systematic effects 

• Practice maturity: SYSTEMATIC progression → could create spurious effects if not 

addressed 

Addressed Through: 

• Extensive evidence against pure maturity confounding (see Section 11.2) 

• Statistical controls (partial correlation with session number) 

• Internal control (12/8 shows no effect despite same maturity) 

• Complexity-dependence analysis (effect correlates with complexity, not time) 

• Honest acknowledgment of uncertainty 

• Call for counterbalanced replication 

Separation from Environmental Controls: 

Environmental controls = factors we attempted to standardize or document 

Practice maturity = factor we acknowledge as confound requiring replication study 

5.12 Randomization as Primary Control 

5.12.1 Single-Subject Randomization Logic 

In Group Designs: 

• Random assignment of participants to conditions 

• Controls for individual differences between people 

In Single-Subject Designs: 



• Random distribution of conditions across time 

• Controls for temporal factors within person 

Implemented Randomization: 

Temporal Distribution: 

• Variations practiced across entire 30-month period 

• No systematic temporal clustering 

• Environmental conditions naturally randomized across sessions 

• External factors distributed randomly across variations 

Within-Session Variation: 

• Order of variations within multi-variation sessions not strictly predetermined 

• Some quasi-randomization implemented 

• Reduces pure order effects 

5.12.2 Statistical Verification of Randomization 

Method: Chi-square tests for uniform distribution 

Variations Across Seasons: 

Expected: Equal distribution across 4 seasons 

Observed: No systematic clustering 

χ²(6) = 3.2, p = 0.78 

Conclusion: Uniform distribution ✓ 

Variations Across Days of Week: 

Expected: Equal distribution across 7 days 

Observed: No systematic clustering 

χ²(12) = 8.4, p = 0.75 

Conclusion: Uniform distribution ✓ 

Variations Across Time Signatures: 

Expected: Equal distribution across 4 time signatures 

Observed: Balanced representation 

χ²(6) = 2.1, p = 0.91 

Conclusion: Uniform distribution ✓ 

Implication: 

Environmental and temporal factors naturally randomized across practice variations. This 

randomization controls for unmeasured confounds through statistical distribution rather than 

experimental elimination. 



5.13 Internal Consistency as Validation 

5.13.1 Pattern Consistency Analysis 

If Uncontrolled Confounds Explained Results, We Would Expect: 

• High variability within conditions (noise dominates signal) 

• Inconsistent patterns across subgroups 

• Lack of theoretical coherence 

• Weak effect sizes 

• Random scatter in correlations 

What We Actually Observe: 

1. Low Within-Variation Variability: 

AdvCont range across time signatures: 1.4 points (25.5-26.9) 

• Highly consistent despite different complexities 

• Pattern replicates across different subsets of data 

• Suggests systematic effect, not random noise 

2. Systematic Subgroup Consistency: 

Effects present for: 

• Both acoustic and electronic instruments ✓ 

• All four seasons ✓ 

• Morning and afternoon sessions ✓ 

• First, middle, and last session positions ✓ 

• High and low sleep conditions ✓ 

Replication across subgroups inconsistent with confound explanation (would expect 

variable patterns if confounds driving results). 

3. Dose-Response Relationship: 

Regular (Highest cognitive demands) → Highest stress (31.1) 

Improv (Moderate demands) → Moderate stress (27.8) 

AdvCont (Integrated approach) → Lowest stress (25.8) 

Ordinal pattern consistent with theoretical predictions, inconsistent with random 

confounding. 

4. Strong Effect Sizes: 

17-21% stress reduction for complex material 

• Large, reliable effects 



• Cohen's d ≈ 0.9-1.2 (large effect sizes) 

• Unlikely to be noise or confounds 

5. Physiological Validation: 

Strong SI-HR correlations: r = 0.75-0.86 

• Pattern replicates in cardiovascular system 

• Multiple physiological indicators converge 

• Systematic coupling across all variations 

5.13.2 Theoretical Coherence 

If Confounds Explained Results: 

• Findings would be theoretically incoherent 

• Wouldn't align with established frameworks 

• Post-hoc rationalizations required 

What We Observe: 

Four independent frameworks (established decades ago) all predict our findings: 

• Contextual Interference Theory 

• Cognitive Load Theory 

• Implicit/Explicit Learning Theory 

• Reinvestment Theory 

Theoretical convergence strengthens interpretation that effects are genuine, not artifacts of 

uncontrolled confounds. 

5.14 Summary: Control Strategy 

Three-Pronged Approach: 

1. Active Controls (Implemented): 

• Temperature, lighting, space standardization 

• Sleep, caffeine, health documentation 

• Measurement quality enforcement 

• Session duration standardization 

2. Statistical Controls (Analytical): 

• Partial correlations controlling for measured variables 

• Mixed-effects modeling for clustering 

• Subgroup analyses verifying replication 

• Temporal randomization verification 

3. Pattern Validation (Convergent Evidence): 



• Internal consistency across subgroups 

• Dose-response relationships 

• Theoretical coherence 

• Physiological validation 

• Effect size robustness 

Assessment: 

While not perfect experimental control, the combination of: 

• Implemented controls 

• Documented confounds 

• Statistical analyses 

• Pattern consistency 

...provides strong evidence that variation effects are genuine rather than artifacts of 

uncontrolled factors. 

5.15 Control Analyses for Potential Confounds 

5.15.1 Sleep Effects 

Correlation with Stress Index: 

• Overall: r = -0.18, p = 0.02* (small but significant) 

• Regular: r = -0.16, p = 0.15 (not significant) 

• Improv: r = -0.22, p = 0.21 (not significant) 

• AdvCont: r = -0.19, p = 0.09 (not significant) 

Sleep distribution across variations: 

• Regular: 7.1h, Improv: 7.3h, AdvCont: 7.2h 

• F(2,179) = 0.3, p = 0.76 (no difference) 

Partial correlation controlling for sleep: 

• Bivariate: r = -0.42, p < 0.001 

• Controlling for sleep: r = -0.40, p < 0.001 

• Effect remains highly significant 

5.15.2 Time of Day Effects 

Correlation with Stress Index: 

• Overall: r = -0.12, p = 0.11 (not significant) 

• No systematic relationship detected 

No confounding with variation: 

• Practice start times similar across variations 



• Pattern replicates across morning and midday sessions 

5.15.3 Caffeine Effects 

Comparison: With vs. Without Caffeine: 

• With caffeine (n=169): SI = 28.3 

• Without caffeine (n=23): SI = 29.1 

• Difference: 0.8 points (2.8%) 

• t = 0.94, p = 0.35 (not significant) 

Distribution across variations: 

• Regular: 88%, Improv: 85%, AdvCont: 87% with caffeine 

• No systematic difference 

5.15.4 Prior Physical Activity Effects 

Comparison: With vs. Without Prior Exercise: 

• No prior exercise (n=158): SI = 28.5 

• With prior exercise (n=34): SI = 27.8 

• Difference: 0.7 points (2.5%) 

• t = 0.81, p = 0.42 (not significant) 

Distribution across variations: 

• Regular: 17%, Improv: 21%, AdvCont: 19% with prior exercise 

• No systematic difference 

5.15.5 Instrument Type Effects 

Comparison: Acoustic vs. Electronic: 

• Acoustic: SI = 28.7 

• Electronic: SI = 28.2 

• Difference: 0.5 points (1.7%) 

• t = 0.62, p = 0.54 (not significant) 

Distribution across variations: 

• Acoustic: Regular 56%, Improv 53%, AdvCont 55% 

• Electronic: Regular 44%, Improv 47%, AdvCont 45% 

• Balanced 

Variation effects replicate within instrument type: 

• Acoustic only: F(2,102) = 6.3, p = 0.002** 

• Electronic only: F(2,84) = 7.1, p = 0.001*** 



5.15.6 Session Order Effects 

AdvancedContinuous position within session: 

• First: SI = 25.6 (n=28) 

• Middle: SI = 25.9 (n=31) 

• Last: SI = 26.0 (n=18) 

• F(2,74) = 0.3, p = 0.74 (not significant) 

Implication: AdvCont benefits not explained by session position. 

5.15.7 Illness Effects 

Sessions during minor illness: 

• Total: 8 sessions (4% of dataset) 

• Distribution: Regular 3, Improv 2, AdvCont 3 

Analysis excluding illness sessions: 

• Full dataset (n=192): AdvCont 17% lower, p < 0.001 

• Excluding illness (n=184): AdvCont 17.2% lower, p < 0.001 

• Pattern unchanged 

5.15.8 Multi-Variable Control Analysis 

Partial correlations controlling for multiple factors: 

Variation effect on Stress Index: 

Bivariate: r = -0.42, p < 0.001 

Controlling for: 

• Sleep: r = -0.40, p < 0.001 

• Sleep + Time: r = -0.39, p < 0.001 

• Sleep + Time + Session #: r = -0.38, p < 0.001 

• All factors simultaneously: r = -0.37, p < 0.001 

Interpretation: Variation effect remains highly significant after controlling for all measured 

potential confounds. Effect size reduces minimally (12% reduction from r = -0.42 to r = -

0.37). 

5.16 Statistical Analysis 

5.16.1 Descriptive Statistics 

Summary measures (mean, standard deviation, range) were calculated for Stress Index, heart 

rate, and control variables across all practice variations and time signatures. 



5.16.2 Primary Analyses 

Variation Effects: Separate one-way ANOVAs were conducted for each time signature 

(12/8, 5/8, 7/8, 6/8) with practice variation (Regular, Improvisation, AdvancedContinuous) as 

the independent variable and Stress Index as the dependent variable. These four tests 

constitute a hypothesis family testing whether practice structure affects physiological stress. 

Recovery Effects: Paired-samples t-tests compared Play 1 and Play 2 Stress Index values 

within AdvancedContinuous for each time signature. These four tests constitute a hypothesis 

family testing whether rest-work-rest protocols provide recovery benefits. 

5.16.3 Multiple Comparison Correction 

To control family-wise error rate, we applied Bonferroni correction within conceptually 

related hypothesis families: 

Family 1 (Variation Effects): α = 0.05/4 = 0.0125 per test 

Family 2 (Recovery Effects): α = 0.05/4 = 0.0125 per test 

Family 3 (Day-of-Week): α = 0.05/2 = 0.025 per test 

This approach balances Type I error control with statistical power by correcting within 

families rather than across all tests globally (which would be overly conservative for 

conceptually distinct questions). 

5.16.4 Effect Size Reporting 

All significant findings are reported with effect sizes (η² for ANOVAs, Cohen's d for t-tests) 

and 95% confidence intervals alongside p-values. Effect size conventions: small (η² = 0.01, d 

= 0.2), medium (η² = 0.06, d = 0.5), large (η² = 0.14, d = 0.8). 

5.16.5 Correlation Analyses 

Pearson correlations assessed relationships between Stress Index and heart rate (convergent 

validity), between Play 1 intensity and fatigue effects (recovery predictors), and between 

control variables and stress levels. These exploratory analyses are reported with uncorrected 

p-values and appropriate caution regarding Type I error inflation. 

5.16.6 Control Analyses 

Partial correlations controlled for potential confounds (sleep duration, time of day, session 

number, instrument type) to assess whether variation effects persist after accounting for 

measured confounds. These secondary analyses employed standard α = 0.05 given their 

exploratory nature. 

5.16.7 Mixed-Effects Modeling 

To account for within-subject clustering, we employed mixed-effects models with random 

intercepts for session clusters. Fixed effects included Variation, Time Signature, and their 

interaction; random effects captured session-level variance. 



5.16.8 Power Analysis 

Post-hoc power analysis using G*Power 3.1 indicated achieved power > 0.80 for detecting 

large effects (f = 0.40, corresponding to observed η² ≈ 0.18) at corrected α = 0.0125 with 

observed sample sizes (n = 48-58 per time signature). 

5.16.9 Software 

Statistical analyses were conducted using Microsoft Excel with Data Analysis ToolPak for 

primary analyses, with verification in R (version 4.3.0) for mixed-effects models and power 

analyses. 

5.16.10 Transparent Reporting 

All statistical tests conducted are reported in the manuscript or supplementary materials, 

including non-significant findings. We do not selectively report results and acknowledge the 

exploratory nature of secondary analyses. 

 

  



6. Results 

6.1 Study Overview and Data Quality 

Total sessions analyzed: 192 across four time signatures over 30 months 

Sample sizes by variation: 

• Regular: 81 sessions 

• Improvisation: 34 sessions 

• AdvancedContinuous: 77 sessions 

Data quality: All sessions met >90% reliable HRV data criterion after automatic artifact 

detection and correction. 

6.2 Three-Variation Comparison 

6.2.1 Stress Index by Variation and Time Signature 

Table 1: Variation Effects Across Time Signatures (with corrections) 

Time 

Sig 

Regular 

SI 

Improv 

SI 

AdvCont 

SI 
F-statistic P-value 

Corrected 

α 
Significant 

12/8 28.9 (4.1) 27.5 (3.8) 25.5 (3.6) F(2,48)=2.09 0.126 0.0125 No 

5/8 31.3 (5.2) 27.5 (4.3) 26.9 (4.0) F(2,52)=3.21 0.042† 0.0125 No† 

7/8 32.1 (5.1) 28.7 (4.5) 26.1 (4.2) F(2,56)=5.99 0.003** 0.0125 Yes 

6/8 31.6 (4.9) 27.0 (4.2) 25.5 (4.0) F(2,58)=6.79 0.001*** 0.0125 Yes 

Note: † = Marginal before correction, not significant after correction. ** = p < 0.01, *** = p 

< 0.001. Values are M (SD). 

6.2.2 Heart Rate Patterns 

Mean heart rate by variation: 

• Regular: 91.5 bpm (highest) 

• Improv: 88.5 bpm 

• AdvCont: 87.8 bpm (lowest) 

Heart rate scaling with complexity (all variations): 

• Simple (12/8): 86-89 bpm 

• Complex (7/8, 6/8): 88-93 bpm 

Pattern shows maintained effort across variations; lower stress in AdvCont not due to 

reduced engagement. 

6.2.3 Stress Index-Heart Rate Correlations (Convergent Validity) 



All variations show strong positive correlations: 

• Regular: r = 0.79, p < 0.001 

• Improv: r = 0.82, p < 0.001 

• AdvCont: r = 0.81, p < 0.001 

Overall range: r = 0.75-0.86 across all conditions 

Interpretation: Strong SI-HR coupling validates that Stress Index captures genuine 

physiological responses, not measurement artifacts. Higher stress consistently produces 

higher heart rate. 

6.2.4 Variation-Specific Characteristics 

Regular (Traditional Reading): 

• Highest stress across all time signatures 

• Highest variability (range: 28.9-32.1, 3.2 points) 

• Best for: Technical precision development, performance preparation 

Improvisation (Creative Adaptation): 

• Moderate stress levels 

• Most consistent across time signatures (range: 27.0-28.7, only 1.7 points) 

• Best for: Musical development, flow state, creative expression 

AdvancedContinuous (Integrated Coordination): 

• Lowest stress across all time signatures 

• Most consistent (range: 25.5-26.9, only 1.4 points) 

• Best for: Coordination mastery, accessing difficult material, reducing overwhelm 

6.3 AdvancedContinuous Recovery/Fatigue Analysis 

6.3.1 Time Signature-Specific Patterns 

12/8 (Only Significant Recovery): 

• Mean fatigue effect: -3.6% (recovery) 

• P-value: 0.004** (highly significant) 

• Recovery occurs in 58% of sessions (majority) 

• When recovery occurs: -14.6% improvement 

• When fatigue occurs: +15.7% deterioration 

• Binary pattern: ±15% magnitude regardless of direction 

5/8, 7/8, 6/8 (No Significant Recovery): 

• Mean: +1.9% to +4.3% (slight fatigue) 

• P-values: 0.21 to 0.85 (not significant) 

• Recovery in only 42-44% of sessions (minority) 



• Fatigue magnitude up to +24% for 6/8 

Interpretation: 5-minute rest adequate for simple rhythms only. Complex rhythms need 

longer rest periods or different approach. 

6.3.2 Intensity Threshold Predicting Recovery 

Correlation between Play 1 SI and Fatigue Effect: 

• 12/8: r = -0.48 (moderate to strong) 

• Complex time signatures: r = -0.35 to -0.53 

Threshold (12/8): 

• Play 1 SI > 22 → predicts recovery 

• Play 1 SI < 22 → predicts fatigue 

Mechanism: Must work hard enough in Play 1 to benefit from rest. Low-intensity practice 

leads to de-activation, not recovery. 

6.4 Statistical Significance Summary 

6.4.1 ANOVA Results 

Analysis F-statistic P-value Conclusion 

Variation Effects:    

12/8 variations 2.09 0.126 Not significant 

5/8 variations 3.21 0.042 Marginally significant* 

7/8 variations 5.99 0.003 Highly significant** 

6/8 variations 6.79 0.001 Very highly significant*** 

Recovery Effects:    

12/8 Play1 vs Play2 - 0.004 Significant recovery** 

5/8 Play1 vs Play2 - 0.210 Not significant 

7/8 Play1 vs Play2 - 0.854 Not significant 

6/8 Play1 vs Play2 - 0.712 Not significant 

Day of Week:    

Regular (all conditions) 0.17 0.985 Not significant 

Improv (all conditions) 0.40 0.843 Not significant 

*p < 0.05, **p < 0.01, ***p < 0.001 

6.4.2 Mixed-Effects Model Accounting for Clustering 

Fixed effects: 

• Variation: F(2,185) = 15.3, p < 0.001*** 

• Time signature: F(3,185) = 8.7, p < 0.001*** 



• Variation × Time signature: F(6,185) = 3.2, p = 0.005** 

Random effects: 

• Session-level variance: σ² = 8.4 

• Residual variance: σ² = 12.1 

• ICC = 0.41 (substantial clustering) 

Variation effect accounting for clustering: 

• AdvCont vs. Regular: β = -5.3, SE = 1.2, p < 0.001*** 

Interpretation: Effects remain significant when accounting for within-subject dependencies 

and temporal clustering. 

 

  



7. Discussion 

7.1 Principal Findings 

This 30-month longitudinal study using validated research-grade physiological monitoring 

demonstrates that practice structure profoundly affects physiological stress, with effects 

that scale proportionally to rhythmic complexity. These findings align with four 

converging theoretical frameworks from motor learning and cognitive psychology. 

Three key findings emerge: 

Finding 1: Practice Structure Matters More Than Expected 

• Traditional reading-based practice (Regular) consistently creates highest stress (SI = 

31.1) 

• Integrated coordination approach (AdvancedContinuous) paradoxically reduces stress 

by 17% overall (SI = 25.8) 

• Effect is most pronounced for complex rhythms (19-21% reduction for 6/8 and 7/8) 

• Pattern predicted by Cognitive Load Theory: extraneous load reduction matters most 

when intrinsic load is high 

Finding 2: Rest-Work-Rest Protocols Are Task-Specific 

• 5-minute rest effective only for simple rhythms (12/8: p = 0.004) 

• Complex rhythms require longer rest or different approach 

• Recovery depends on Play 1 intensity (threshold effect at SI > 22) 

• One-size-fits-all approaches ineffective 

Finding 3: Complexity Creates Critical Windows 

• Simple rhythms: Practice structure has minimal impact (p = 0.126) 

• Complex rhythms: Structure becomes critical determinant (p < 0.003) 

• Effect size correlates with complexity (r = 0.94) 

• Educators should match structure to material complexity, not skill level 

7.2 Theoretical Interpretation 

7.2.1 Mechanisms of Practice Structure Effects 

Our findings align with four converging theoretical frameworks from motor learning and 

cognitive psychology. The complexity-dependent pattern—where practice structure effects 

scale with rhythmic difficulty—directly follows from cognitive load theory's distinction 

between intrinsic and extraneous load. Simple material (12/8) imposes minimal intrinsic load, 

making extraneous load from notation reading and monitoring relatively insignificant (total 

cognitive load remains below capacity limits). Complex material (7/8, 6/8) creates high 

intrinsic load, making extraneous load reduction critical for managing total cognitive 

demands (total load approaches or exceeds capacity without optimization). 



These findings align with established motor learning frameworks. Contextual interference 

theory (Shea & Morgan, 1979) predicts that high-variability practice, while potentially 

impairing performance during acquisition, operates through mechanisms (prevention of over-

analysis, distributed attention, reduced monitoring load) that should also reduce immediate 

physiological stress. Our contribution is demonstrating that these mechanisms affect 

immediate stress during practice, not just long-term learning outcomes (the traditional 

focus of CI research). High variability prevents the sustained conscious monitoring that 

characterizes Regular practice, instead forcing reliance on implicit, automated systems that 

operate more efficiently with lower cognitive and physiological costs. The immediate stress 

reduction (observable from early AdvCont sessions) suggests this is not a gradual learning 

effect but rather a direct consequence of prevented explicit control. 

The intermediate effects observed for Improvisation fit this framework: creative freedom 

within structural constraints provides moderate contextual interference and partial prevention 

of over-analysis, producing intermediate stress reduction. This dose-response relationship 

(Regular > Improvisation > AdvancedContinuous) strengthens the theoretical interpretation. 

The threshold effect for recovery (SI > 22) further supports cognitive load theory: low-

intensity practice fails to sufficiently challenge the system to benefit from rest (insufficient 

activation of target systems), while high-intensity practice creates genuine need for cognitive 

restoration. This suggests optimal practice requires balancing sufficient challenge 

(sympathetic activation) with structural approaches that minimize unnecessary cognitive 

burden (extraneous load reduction). 

Importantly, all four theoretical frameworks were established decades before this study 

(Shea & Morgan, 1979; Sweller, 1988; Masters, 1992; Masters & Maxwell, 2008). We did 

not develop post-hoc explanations but rather tested predictions from existing theories. The 

convergence of four independent frameworks, developed for different purposes by different 

researchers, all predicting the same pattern we observed, substantially strengthens the causal 

interpretation. 

7.2.2 Alignment with Motor Learning Theory 

Our findings align with four established theoretical frameworks from motor learning and 

cognitive psychology, extending their predictions to immediate physiological stress responses 

during musical practice. 

Contextual Interference Theory (Shea & Morgan, 1979): 

The classic contextual interference effect demonstrates that variable practice (high CI) 

typically impairs performance during acquisition while enhancing retention and transfer. Our 

novel contribution is showing that the mechanisms underlying CI—prevention of over-

analysis, distributed attention, reduced sustained monitoring—also reduce immediate 

physiological stress during acquisition itself, not just improve delayed retention. 

Traditional CI Finding: 

High CI → Worse acquisition performance, Better retention/transfer (measured days/weeks 

after practice) 



Our Extension: 

High CI → Lower immediate physiological stress, maintained engagement (measured during 

practice itself) 

This demonstrates that CI mechanisms operate at multiple timescales: 

• Immediate effects: Reduced stress, lower cognitive monitoring load 

• Delayed effects: Better retention, superior transfer (not measured in current study but 

predicted) 

Why This Extension Matters: 

Understanding immediate stress effects has practical implications independent of learning 

outcomes: 

• Injury prevention and career sustainability 

• Practice volume optimization 

• Accessibility of difficult material 

• Motivation and adherence 

Even if learning rates were identical across variations (unknown without performance data), 

lower immediate stress has inherent value for long-term musical development and health. 

Implicit/Explicit Learning Theory (Masters & Maxwell, 2008): 

The established finding that implicit learning operates with lower working memory demands 

and greater pressure-resistance is extended here to show that practice structures forcing 

implicit learning (through high variability preventing explicit rule formation) reduce 

immediate physiological stress, not just improve performance under pressure (the traditional 

focus). 

Cognitive Load Theory (Sweller, 1988): 

Our findings provide clear empirical support for CLT's prediction that reducing extraneous 

load can lower total cognitive load even when intrinsic load increases. The novelty is 

demonstrating this principle in complex musical coordination where: 

• Intrinsic load is high (polyrhythmic coordination) 

• Extraneous load varies by practice structure (notation, monitoring, anxiety) 

• Net load measurable via physiological stress 

The complexity-dependent pattern (effect size ∝ complexity, r = 0.94) directly follows from 

CLT predictions that extraneous load reduction matters most when intrinsic load is high. 

This systematic relationship provides strong support for CLT application to musical practice. 

Reinvestment Theory (Masters, 1992): 

The finding that complexity prevents harmful conscious monitoring (reinvestment) is 

extended from performance contexts (choking under pressure) to practice contexts 



(immediate stress during skill acquisition). Shows reinvestment prevention operates during 

learning, not just performance. 

Summary: What's Paradoxical vs. What's Predicted 

Paradoxical to: 

• Traditional music pedagogy (progressive complexity assumption) 

• Intuitive assumptions (more complexity = more difficulty) 

• Practitioners unfamiliar with motor learning research 

Predicted by: 

• Contextual Interference Theory (high CI benefits) 

• Implicit Learning Theory (variation prevents explicit control) 

• Cognitive Load Theory (extraneous load reduction) 

• Reinvestment Theory (complexity prevents monitoring) 

Our contribution: 

• Demonstrating immediate physiological effects (not just delayed learning effects) 

• Showing systematic complexity-dependence 

• Providing first evidence in naturalistic musical practice 

• Establishing physiological methodology for future research 

7.3 Methodological Contributions 

7.3.1 Validated Measurement System 

This study demonstrates feasibility of research-grade physiological monitoring during 

naturalistic musical practice: 

Hexoskin + Kubios system: 

• 9 independent validation studies support Hexoskin accuracy 

• Kubios gold-standard status confirmed (Nature 2025) 

• All 192 sessions met strict quality criteria (>90%) 

• Provides objective measurement of subjective practice experiences 

Replicable methodology: 

• Video synchronization enables precise temporal matching 

• Quality control procedures clearly documented 

• Applicable to diverse instruments and musical styles 

• Scalable to multi-participant designs 

7.3.2 Single-Subject Intensive Design 

Advantages demonstrated: 



• 192 sessions provide substantial within-subject replication 

• Eliminates between-subject variance 

• Enables detailed temporal analysis 

• Statistical power through temporal sampling 

Trade-offs acknowledged: 

• Generalizability requires replication across participants 

• Sequential introduction creates maturity confound 

• Individual characteristics may not represent population 

7.3.3 Naturalistic Validity 

Real-world practice conditions: 

• Ecological validity through home practice setting 

• Findings applicable to actual musicians 

• Environmental standardization balanced with naturalism 

• Temporal randomization controls for confounds 

 

  



8. Practice Recommendations 

8.1 Evidence-Based Principle 

Practice structure selection should be based primarily on material complexity (as subjectively 

experienced), with skill level and practice goals as secondary considerations. Our data 

demonstrate that practice structure effects scale with rhythmic complexity, not practitioner 

skill level. 

8.2 Material Complexity-Based Selection (Primary Guideline) 

8.2.1 For Simple Material 

Any practice variation is appropriate for simple material. Our data show no significant 

difference in physiological stress across practice structures for simple rhythms (12/8 time 

signature: F(2,48) = 2.09, p = 0.126). Structure selection should be based on personal 

preference, musical goals, or current energy level rather than physiological optimization. 

Applies to: 

• Fundamental coordination patterns 

• Basic warm-up routines 

• Simple groove patterns 

• Material well within current capability 

• Practice focused on feel, pocket, or basic technique 

Recommendation: Choose ANY variation based on preference 

8.2.2 For Moderately Complex Material 

Improvisation or AdvancedContinuous variations are preferred for moderately complex 

material, though Regular practice remains acceptable. Data show marginal stress reduction 

(5/8 time signature: 14% reduction, p = 0.042, does not survive multiple comparison 

correction). Consider switching to lower-stress variations if frustration or tension becomes 

counterproductive to practice goals. 

Applies to: 

• Intermediate coordination exercises 

• Moderately challenging independence patterns 

• Introduction to polyrhythmic concepts 

• Material at edge of current comfort zone 

• Patterns requiring sustained concentration 

Recommendation: IMPROVISATION or ADVANCEDCONTINUOUS preferred; 

REGULAR acceptable 

8.2.3 For Complex Material 



AdvancedContinuous or Improvisation is strongly recommended for complex material. Data 

show large, highly significant stress reduction for complex rhythms (7/8: 19% reduction, p = 

0.003; 6/8: 21% reduction, p = 0.001; both survive multiple comparison correction). This 

substantial difference suggests practice structure becomes critical for accessing difficult 

material efficiently and sustainably. 

Applies to: 

• Advanced polyrhythmic patterns (7/8, 6/8, 5/4, mixed meters) 

• Complex independence challenges requiring multiple limb coordination 

• Material significantly beyond current mastery level 

• Patterns inducing high cognitive load or frustration 

• Performance-level complexity requiring extended practice 

Recommendation: ADVANCEDCONTINUOUS or IMPROVISATION strongly 

recommended; START with AdvCont when approaching new complex material 

8.2.4 Critical Insight: Subjectivity of Complexity 

The same piece of music may be "simple" for an advanced player but "complex" for an 

intermediate player. Structure recommendations should match the subjective difficulty 

experienced by the individual practitioner, not absolute musical complexity. 

Example: 

• 7/8 time signature for advanced drummer: May feel simple → Any variation 

appropriate 

• 7/8 time signature for beginner: Feels very complex → AdvancedContinuous 

recommended 

Guideline: If material feels overwhelming or induces high stress/frustration, treat it as 

"complex" regardless of objective difficulty level. 

8.3 Skill Level Considerations (Secondary Guideline) 

Skill level determines WHAT material feels complex to the individual, not WHICH practice 

structure should be used. The primary guideline (match structure to material complexity) 

applies equally to all skill levels; skill level simply shifts what material falls into each 

complexity category. 

8.3.1 Beginners 

Because most new material feels complex to beginners, AdvancedContinuous and 

Improvisation variations may be used frequently. However, as specific material becomes 

comfortable and familiar, any variation becomes appropriate. Focus should remain on 

matching structure to subjectively-experienced difficulty of the specific material being 

practiced. 

Typical beginner practice distribution: 



• 60% of material feels complex → Use AdvCont/Improv frequently 

• 30% of material feels moderate → Mixed approach 

• 10% of material feels simple → Any variation 

8.3.2 Intermediate Players 

Intermediate players benefit from mixed approaches within practice sessions, matching 

structure to changing complexity across different session phases: 

Session Structure Example: 

• Simple warm-ups (10-15 min): Any variation 

• Working material at moderate complexity (30-40 min): Improvisation preferred 

• Challenge pieces at high complexity (10-20 min): AdvancedContinuous strongly 

recommended 

• Performance preparation when needed: Regular (simulates performance pressure) 

Typical intermediate practice distribution: 

• 25% of material feels complex → AdvancedContinuous 

• 50% of material feels moderate → Improvisation 

• 25% of material feels simple → Any variation 

8.3.3 Advanced Players 

Most material no longer creates high stress for advanced players regardless of practice 

structure. Structure choice becomes flexible for the majority of practice, with 

AdvancedContinuous reserved for truly difficult material at the edge of current capability. 

Recommendations: 

• Reserve AdvancedContinuous for genuinely difficult material (material that still feels 

complex despite advanced skill) 

• Use Regular practice for precision development and performance preparation without 

excessive stress burden 

• Use Improvisation for musical development and creative exploration 

• Recognize that structure matters only at edges of capability 

Typical advanced practice distribution: 

• 10% of material feels complex → AdvancedContinuous 

• 20% of material feels moderate → Any variation 

• 70% of material feels simple → Any variation 

8.4 Goal-Based Modifications (Tertiary Guideline) 

After considering material complexity (primary) and skill level (secondary), practice goals 

may influence structure selection: 

8.4.1 For Technical Precision and Reading Accuracy 



Recommendation: Regular practice 

Rationale: 

• Highest cognitive demands for precision 

• Best simulates performance reading conditions 

• Develops sight-reading under realistic pressure 

• Prepares for strict technical requirements (auditions, examinations, classical 

repertoire) 

When to use: 

• Preparing for performances requiring precise notation following 

• Developing sight-reading skills 

• Working toward certification or technical assessments 

• Performance preparation (simulating performance pressure) 

Important caveat: Use Regular practice for material within current capability, not for 

cutting-edge difficulty where structure becomes critical for access. 

8.4.2 For Musical Development and Creative Expression 

Recommendation: Improvisation 

Rationale: 

• Most consistent stress levels across difficulties 

• Encourages musical interpretation and personal expression 

• Develops creative voice and improvisational skills 

• Maintains flow state and intrinsic motivation 

• Balances technical demands with musical rewards 

When to use: 

• Jazz and improvisational contexts 

• Developing personal style and interpretation 

• Working on musicality vs. pure technique 

• Maintaining motivation and enjoyment during challenging practice 

• Creative exploration of material 

Benefit: Works well across all skill levels when musical goals outweigh technical precision 

requirements. 

8.4.3 For Coordination Mastery and Integration 

Recommendation: AdvancedContinuous 

Rationale: 

• Lowest stress for complex coordination demands 



• Develops flexibility and adaptability in limb roles 

• Prevents pattern rigidity and fixed limb assignments 

• Builds comprehensive bilateral coordination 

• Develops transferable coordination skills across contexts 

• Most effective when difficulty is highest 

When to use: 

• Learning new complex coordination patterns 

• Breaking through coordination plateaus 

• Developing ambidextrous facility 

• Building flexible, adaptable motor schemas 

• Accessing material that feels overwhelming with other approaches 

Critical application: Most valuable when coordination difficulty is highest and traditional 

approaches induce excessive stress. 

8.4.4 For Long-Term Sustainability and Injury Prevention 

Recommendation: Improvisation or AdvancedContinuous 

Rationale: 

• Lower physiological demands (17-21% stress reduction for complex material) 

• Reduced chronic stress accumulation over extended careers 

• Better suited for extended practice sessions 

• Lower risk of repetitive strain injuries 

• Sustainable approach for career longevity 

When to use: 

• Recovering from practice-related injuries 

• High-volume practice periods (competitions, recording sessions) 

• Older practitioners (age-related recovery considerations) 

• Managing chronic pain or tension issues 

• Prioritizing career sustainability over immediate performance demands 

Evidence: Even if all variations produced identical learning rates, 17-21% lower 

physiological stress has meaningful implications for injury prevention and career longevity, 

especially given high injury rates among musicians (Wijsman & Ackermann, 2018). 

8.5 Dynamic Adjustment Based on Real-Time Experience 

Practice structure should be adjusted based on ongoing assessment of stress, frustration, and 

effectiveness rather than rigid adherence to predetermined plans. 

If experiencing during practice: 

Excessive frustration or tension: 



• Switch to: AdvancedContinuous 

• Rationale: Reduces cognitive load and allows access to difficult material 

• Assessment window: If frustration persists for >5-10 minutes, make the switch 

Mental fatigue or loss of focus: 

• Switch to: Improvisation 

• Rationale: Creative freedom maintains engagement; most consistent stress across 

difficulties 

• Assessment window: Notice declining concentration or increasing errors 

Lack of challenge or boredom: 

• Switch to: Regular 

• Rationale: Higher precision demands increase engagement 

• Assessment window: If practice feels too easy or unfocused 

Physical tension or discomfort: 

• Switch to: AdvancedContinuous 

• Rationale: Lowest physiological demands reduce strain 

• Assessment window: Notice shoulder tension, wrist discomfort, or postural strain 

Creativity block or mechanical execution: 

• Switch to: Improvisation 

• Rationale: Encourages musical expression and breaks rigid patterns 

• Assessment window: If practice feels robotic or uninspired 

Data-driven principle: Real-time adjustment based on subjective experience is more 

effective than rigid prescriptions. Let your stress response guide structure choice. 

8.6 Session Planning Example 

Typical 2.5-Hour Practice Session with Material-Based Structure Selection: 

Phase 1: Warm-Up (15 minutes) 

• Material: Simple fundamental patterns, basic coordination 

• Structure: ANY VARIATION (choose by preference) 

• Rationale: Simple material doesn't benefit from structure optimization (p = 0.126) 

• Example: Basic rock beats, rudiments, simple grooves 

Phase 2: Main Practice (90 minutes) 

• Material: Moderate complexity working material 

• Structure: IMPROVISATION PREFERRED 

• Rationale: Balances challenge with manageability; maintains flow state 

• Example: Intermediate New Breed exercises, moderate independence patterns 



Phase 3: Challenge Material (30 minutes) 

• Material: High complexity at edge of capability 

• Structure: ADVANCEDCONTINUOUS STRONGLY RECOMMENDED 

• Rationale: Critical 19-21% stress reduction enables access to difficult material 

• Example: Advanced 7/8 and 6/8 polyrhythms, complex independence 

• Note: May require longer rest periods (10-15 min vs. 5 min) for complex material 

Phase 4: Performance Preparation (15 minutes, if applicable) 

• Material: Performance repertoire (any complexity) 

• Structure: REGULAR PRACTICE 

• Rationale: Simulates performance pressure and reading conditions 

• Note: Only include if performing soon; otherwise use this time for additional work 

Total session: 2.5 hours with structure matched to material complexity at each phase 

8.7 Rest Protocol Considerations 

Our data show that rest protocol effectiveness is task-specific, not one-size-fits-all: 

For Simple Material (12/8): 

• 5-minute rest is effective (p = 0.004, survives correction) 

• Mean recovery: -3.6% stress reduction after rest 

• 58% of sessions show recovery benefit 

• Standard AdvancedContinuous protocol appropriate 

For Complex Material (7/8, 6/8): 

• 5-minute rest is insufficient (p > 0.20, not significant) 

• Mean fatigue: +1.9% to +4.3% stress increase after rest 

• Only 42-44% of sessions show recovery 

• Recommendation: Extend rest to 10-15 minutes or use continuous practice without 

rest breaks 

Recovery Threshold: 

• Recovery requires Play 1 intensity SI > 22 

• Low-intensity practice produces fatigue, not recovery 

• Must work hard enough to benefit from rest period 

Practical Guideline: 

• Simple material: 5-min rest adequate 

• Moderate material: 7-10 min rest recommended 

• Complex material: 10-15 min rest or omit rest breaks entirely 

8.8 Caveats and Individual Differences 



Individual Variability: 

While our data show clear patterns at the group level, individual responses vary. Some 

practitioners may find: 

• Regular practice less stressful than average 

• AdvancedContinuous more challenging than average 

• Improvisation more or less appealing 

Recommendation: Use data-driven guidelines as starting point, but adjust based on personal 

experience and physiological responses. 

Material-Specific Exceptions: 

Some specific exercises or musical contexts may benefit from structures not predicted by 

general complexity level: 

• Reading-intensive classical percussion may require Regular despite complexity 

• Jazz contexts may benefit from Improvisation regardless of complexity 

• Specific coordination goals may favor AdvancedContinuous even for simple material 

Recommendation: Consider specific context alongside general complexity guidelines. 

Recovery and Fatigue: 

Practitioners with: 

• Chronic injuries or pain: May need lower-stress structures even for simple material 

• High energy and motivation: May tolerate Regular practice for longer periods 

• Low energy or illness: May need Improvisation/AdvContinuous across all difficulties 

Recommendation: Adjust for current physical and mental state, not just material difficulty. 

8.9 Key Takeaways: Practical Decision-Making 

Primary Decision Rule: 

Simple Material → Any structure (your choice) 

Moderate Material → Improv/AdvCont preferred 

Complex Material → AdvancedContinuous strongly recommended 

Secondary Considerations: 

• Skill level: Determines what feels "complex" to you 

• Practice goals: Precision vs. creativity vs. sustainability 

• Current state: Energy, health, motivation levels 

• Real-time feedback: Frustration, tension, engagement 

Dynamic Adjustment: 



• Start with guideline-based structure 

• Monitor stress, frustration, tension 

• Switch structures if experience becomes counterproductive 

• Let subjective experience guide choices 

Critical Principle: 

Match structure to YOUR subjective experience of material difficulty, not to: 

• Absolute musical complexity 

• Your skill level 

• Other people's experiences 

• Rigid progressive sequences 

The data show structure matters when material is challenging FOR YOU, regardless of 

whether that's basic coordination for a beginner or advanced polyrhythms for an 

expert. 

 

  



9. Implications for Educators and Researchers 

9.1 Pedagogical Implications 

1. Reconsider Traditional Progressive Pedagogy: 

• Starting with isolated limb reading may be suboptimal for complex material 

• Integrated approaches may be more accessible initially 

• Complexity of coordination ≠ difficulty of learning 

2. Match Structure to Material, Not Student: 

• Simple material: Any approach works (choose by goals) 

• Complex material: Integrated approaches recommended 

• Avoid one-size-fits-all progression (beginner→intermediate→advanced) 

3. Use Improvisation as Bridge: 

• Most consistent stress across difficulties 

• Creative freedom compensates for complexity 

• Valuable middle-ground approach 

4. Monitor Student Stress: 

• Individual variability substantial despite clear patterns 

• Personalized progression pathways needed 

• Physiological monitoring could inform pedagogical decisions 

5. Educate About Rest Protocol Design: 

• One-size-fits-all rest periods ineffective 

• Match rest duration to task complexity 

• 5 minutes adequate for simple tasks only 

• Complex tasks require 10-15 minute rest or different approach 

9.2 Research Implications 

1. Motor Learning Theory: 

• Contextual interference reduces stress during practice, not just after 

• Implicit learning systems more efficient than explicit for complex tasks 

• Cognitive load theory applies to musical practice when properly understood 

• Coordination complexity and cognitive difficulty are distinct constructs 

2. Measurement Methodology: 

• Validated wearable monitoring feasible for music research 

• Video synchronization enables technique-specific stress identification 

• Single-subject intensive designs provide alternative to large-N studies 



• Naturalistic settings provide ecological validity 

3. Drumming Pedagogy: 

• First physiological evidence for practice structure effects 

• Complexity-dependent pattern informs curriculum design 

• Challenges assumptions about "proper" progression 

• Individual differences require flexible approaches 

9.3 Future Research Directions 

Essential replications: 

• Multi-participant designs across skill levels 

• Counterbalanced variation introduction 

• Diverse age groups and populations 

• Cross-cultural validation 

• Multiple instruments (piano, guitar, percussion) 

Mechanistic studies: 

• EEG: Prefrontal activation should be lower in AdvCont 

• fMRI: Cerebellar/basal ganglia dominance vs. prefrontal 

• Cortisol: Validate stress hormone responses 

• EMG: Muscle activation patterns across variations 

Performance outcome studies: 

• Technical accuracy measurement 

• Learning rate comparisons 

• Long-term retention testing 

• Transfer to performance contexts 

• Quality assessment (audio analysis, expert rating) 

Optimal practice protocols: 

• Systematic rest duration variation (5, 10, 15, 20 min) 

• Active vs. passive rest comparison 

• Session sequencing strategies 

• Volume and intensity optimization 

Expanded applications: 

• Performance under pressure (stress induction) 

• Injury rehabilitation protocols 

• Age-related differences 

• Clinical populations 

 



10. Study Limitations 

10.1 Single-Subject Design 

Limitation: Findings based on one advanced male drummer (age 65+). 

Implications: 

• Generalizability requires replication across diverse participants 

• Individual characteristics may not represent population 

• Age, sex, skill level, and musical background could moderate effects 

Mitigations: 

• 192 sessions provide substantial within-subject replication 

• Pattern consistency suggests robust effects 

• Clear theoretical framework guides interpretation 

Future need: Multi-participant studies with varied demographics. 

10.2 Sequential Introduction of Variations 

Sequential Introduction of Variations: This study's most significant methodological 

limitation is the sequential rather than simultaneous introduction of practice variations. 

Regular practice was established first, Improvisation introduced mid-study, and 

AdvancedContinuous implemented most recently. This temporal sequence creates potential 

confounding between practice maturity and variation effects, as AdvancedContinuous 

benefits from greater overall skill development. 

However, several lines of evidence suggest that practice structure contributes independently 

beyond pure maturity effects: 

1. Complexity-dependent pattern: Simple rhythms (12/8) show no variation effect (p 

= 0.126) despite identical maturity levels, while complex rhythms show large effects 

(p < 0.003). This pattern is inconsistent with pure maturity confounding, which would 

predict uniform reductions across all time signatures. 

2. Systematic correlation: Effect size correlates strongly with rhythmic complexity (r = 

0.94), suggesting task characteristics drive the variation effect rather than introduction 

order. 

3. Intermediate effects: Improvisation (introduced mid-study) shows intermediate 

stress levels between Regular and AdvancedContinuous, corresponding to cognitive 

demands rather than temporal sequence. 

4. Partial correlation analysis: Controlling for session number (maturity proxy) 

reduces the variation effect modestly (r = -0.42 to r = -0.38), suggesting 

approximately 90% of the observed effect relates to practice structure rather than 

temporal sequence. 

5. Significant interaction: The Variation × Complexity interaction (F(6,189) = 3.8, p = 

0.001) confirms that variation effects depend systematically on task complexity, 

inconsistent with pure maturity confounding. 



Nevertheless, we cannot definitively isolate variation effects from maturity effects without 

counterbalanced replication. The magnitude of variation benefits observed (17-21% stress 

reduction) may represent upper bounds, with true effects potentially smaller. Future 

research should employ counterbalanced designs where variation order is randomized 

across participants or time signatures to eliminate this confound. Additionally, cross-

sectional comparison of practitioners starting with different variations would clarify whether 

sequence effects influence outcomes. 

Despite this limitation, the systematic patterns observed—particularly the complexity-

dependent effects and strong physiological validation—suggest that practice structure 

contributes meaningfully to physiological stress responses independent of pure skill 

development. 

10.3 Absence of Performance Outcome Measures 

Limitation: This study's most significant limitation is the lack of quantitative performance 

measures. We assessed physiological stress responses (Stress Index, heart rate) but did not 

systematically measure technical accuracy, timing precision, musical expression, or learning 

rates across practice variations. 

This limitation prevents us from definitively determining whether lower physiological stress 

in AdvancedContinuous and Improvisation variations correlates with better, equivalent, or 

worse performance outcomes. Several theoretical frameworks offer competing predictions: 

Optimal arousal theory (Yerkes-Dodson, 1908) suggests AdvancedContinuous's moderate 

stress (SI = 25.8) may represent optimal arousal for learning, while Regular's higher stress (SI 

= 31.1) may be detrimental. If correct, lower stress would correlate with better performance. 

Flow state theory (Csikszentmihalyi, 1990) suggests AdvancedContinuous characteristics 

(constant variation, reduced cognitive monitoring, intrinsic motivation) may facilitate flow 

states that enhance both enjoyment and performance. 

Alternatively, lower stress could indicate insufficient challenge or avoidance of difficult 

aspects, potentially impairing learning and skill development. 

Indirect evidence suggests maintained performance quality: 

1. Video documentation (192 sessions) shows similar technical execution across 

variations with no visible degradation in AdvancedContinuous sessions (qualitative 

assessment only) 

2. Heart rate elevation scales with complexity in all variations (86-93 bpm range), 

indicating maintained effort and cardiovascular engagement 

3. Strong SI-HR correlations (r = 0.75-0.86) across all variations suggest genuine 

physiological responses with intact coupling, not reduced engagement or 

disengagement 

4. Threshold effects in recovery analysis (benefit requires SI > 22) contradict "easy 

practice" interpretation, as low-intensity practice produces fatigue rather than 

recovery 



5. Practice logs document progression through equally difficult material across all 

variations, with balanced distribution of complex time signatures (7/8, 6/8) and no 

systematic avoidance patterns 

However, these indirect indicators cannot substitute for direct performance measurement. We 

therefore refrain from claiming that any variation is "optimal" for learning and instead 

present findings regarding physiological demands with implications for practice sustainability 

and injury prevention. 

The physiological findings have inherent value independent of performance outcomes. Even 

if all three variations produced identical learning rates, understanding which approaches 

impose less physiological burden is critical given high injury rates among musicians 

(Wijsman & Ackermann, 2018). Practice methods that enable equivalent learning with 17-

21% less physiological stress have important implications for: 

• Long-term sustainability: Lower chronic stress accumulation over careers spanning 

decades 

• Injury prevention: Reduced risk of repetitive strain injuries and stress-related 

disorders 

• Practice volume: Ability to practice longer or more frequently without health 

consequences 

• Career longevity: Musicians who can practice sustainably throughout their careers 

Future research should incorporate: 

Essential performance measures: 

• Technical accuracy assessment (error rates, note precision) 

• Timing precision measurement (deviation from metronome, IOI variability) 

• Expert performance ratings (blind video assessment) 

• Learning rate comparisons (pre/post testing with retention intervals) 

• Transfer testing (performance on novel but related material) 

Additional validation measures: 

• Subjective experience assessment (perceived difficulty, flow state, frustration) 

• Audio analysis of timing and dynamics 

• MIDI capture from electronic drums (velocity, timing, duration data) 

• Longitudinal retention testing (6-month, 1-year follow-up) 

Retrospective analysis plans: 

We are implementing retrospective analysis of existing video recordings using: 

1. Expert blind rating of performance quality (30 representative clips) 

2. Audio extraction and timing precision analysis where feasible 

3. Systematic error pattern coding from video review 

  



Prospective additions: 

For ongoing practice, we are implementing: 

1. MIDI capture during electronic drum sessions (immediate implementation) 

2. Weekly standardized assessment pieces with recording 

3. Pre/post testing on novel material to assess learning rates 

4. Subjective ratings (RPE, perceived quality, flow state) 

These additions will enable future publications addressing the critical question of whether 

lower physiological stress correlates with learning outcomes, complementing the current 

physiological findings. 

10.4 Environmental Control Limitations 

Limitation: Naturalistic home practice setting rather than controlled laboratory environment. 

Uncontrolled factors: 

• Day-to-day physiological variation (circadian rhythms, hormonal fluctuations) 

• Detailed dietary factors beyond caffeine 

• External life stress and mood 

• Precise ambient conditions 

Why this doesn't invalidate findings: 

1. Random variance, not systematic confounds: Uncontrolled factors constitute 

random variation, not systematic bias correlated with practice variations 

2. Temporal randomization: Variations distributed across full 30-month period with 

no systematic clustering (χ² tests: all p > 0.75) 

3. Statistical controls: Effects remain significant controlling for measured variables (r = 

-0.42 to r = -0.37, p < 0.001) 

4. Pattern consistency: Effects replicate across seasons, instruments, times of day, 

within-session positions 

5. Large effect sizes: 17-21% reductions unlikely to be noise 

6. Theoretical coherence: Findings predicted by established frameworks 

Trade-off acknowledged: Perfect control vs. ecological validity. Naturalistic design 

sacrifices some internal validity for real-world applicability. 

Assessment: Combination of implemented controls, documented confounds, statistical 

analyses, and pattern consistency provides strong evidence that variation effects are genuine. 

10.5 Measurement Interpretation 

Limitation: Stress Index reflects physiological arousal but cannot definitively distinguish: 

• Beneficial stress (eustress) vs. detrimental stress (distress) 

• Productive challenge vs. harmful overload 

• Engagement arousal vs. anxiety arousal 



Strengths of current measurement: 

• Validated equipment (Hexoskin: 9 studies, Kubios: gold-standard) 

• Strict quality control (>90% threshold) 

• Strong convergent validity (SI-HR correlations) 

• Consistent physiological patterns 

What we can conclude: Practice variations create measurably different physiological states. 

What we cannot conclude: Whether lower stress represents optimal state for learning 

without performance data. 

Recommended additions: 

• Subjective stress ratings (NASA-TLX, Borg RPE) 

• Cortisol measurement (stress hormone validation) 

• Flow state assessment (optimal experience) 

• Performance quality metrics 

10.6 Statistical Considerations 

Multiple comparisons: Numerous statistical tests conducted without comprehensive 

correction procedures. Some marginal findings (e.g., 5/8: p = 0.042) might not survive 

Bonferroni correction. 

Power considerations: Sample sizes vary by condition (Regular: 81, Improv: 34, AdvCont: 

77). Some analyses may be underpowered to detect small effects. 

Recommendations: 

• Effect sizes should accompany p-values 

• Confidence intervals strengthen interpretation 

• Family-wise error rate correction for primary analyses 

• Power analysis for future studies 

Mitigation: Strongest findings (7/8, 6/8: p < 0.003) would survive correction. Pattern 

consistency across multiple analyses strengthens interpretation. 

10.7 External Validity 

Limitation: Laboratory-like practice sessions may differ from: 

• Real teaching contexts 

• Performance situations 

• Group rehearsals 

• Diverse practice environments 

Generalizability questions: 

• Do findings extend to other drummers? 



• Do findings apply to other instruments? 

• Do findings transfer to performance contexts? 

• Do effects persist across cultures and musical traditions? 

Mitigation: Naturalistic home practice provides reasonable ecological validity. Findings 

inform but don't definitively determine real-world applications. 

10.8 Scope and Specificity 

Limitation: Study examined three specific variations of one pedagogical system (Gary 

Chester's New Breed II) in one individual. 

Boundaries of findings: 

• Specific to polyrhythmic coordination exercises 

• May not generalize to other musical skills (melody, harmony, improvisation) 

• May not generalize to other practice approaches 

• Limited to mature advanced practitioner 

Appropriate generalization: Principles about matching structure to complexity likely 

transfer; specific percentages may not. 

 

  



11. Conclusions 

11.1 Summary of Key Findings 

This 30-month longitudinal study using validated research-grade physiological monitoring 

(Hexoskin + Kubios) demonstrates that practice structure profoundly affects physiological 

stress, with effects that scale proportionally to rhythmic complexity. These findings align 

with four converging theoretical frameworks from motor learning and cognitive psychology. 

Primary findings robust to multiple comparison correction: 

After applying family-wise error rate correction (Bonferroni within hypothesis families, 

corrected α = 0.0125), the following results remain statistically significant: 

1. Complexity-dependent variation effects: Practice structure significantly affects 

physiological stress for complex time signatures (7/8: p = 0.003; 6/8: p = 0.001), with 

AdvancedContinuous producing 19-21% lower stress than Regular practice. 

2. Recovery effects for simple material: Rest-work-rest protocol produces significant 

recovery benefit for 12/8 time signature (p = 0.004), but not for complex time 

signatures (all p > 0.20). 

3. No day-of-week effects: Day of week shows no significant relationship with stress 

levels (both p > 0.80). 

The marginal finding for 5/8 time signature (p = 0.042 uncorrected, p > 0.0125 corrected) 

requires replication and is interpreted cautiously as preliminary evidence of intermediate 

effects. 

Pattern consistency across multiple analyses strengthens confidence in primary 

findings: systematic complexity gradient (r = 0.94), replication across subgroups, dose-

response relationship, and strong theoretical coherence all converge on the same conclusion, 

reducing likelihood that results represent Type I errors. 

Three principal conclusions: 

1. Practice Structure Matters More Than Expected 

• Traditional reading-based practice creates 17% higher stress overall 

• Integrated coordination approach paradoxically reduces stress despite higher 

complexity 

• Effect reaches 19-21% for most complex material 

• Pattern predicted by Cognitive Load Theory: extraneous load reduction critical when 

intrinsic load high 

2. Effects Are Complexity-Dependent 

• Simple material (12/8): No structure effect (p = 0.126) 

• Complex material (7/8, 6/8): Large structure effects (p < 0.003) 

• Implies matching structure to material complexity, not skill level 

• Challenges traditional progressive pedagogy 



3. Rest Protocol Effectiveness Is Task-Specific 

• 5-minute rest effective only for simple rhythms (p = 0.004) 

• Complex rhythms require longer rest or different approach 

• Recovery depends on intensity threshold (SI > 22) 

• One-size-fits-all approaches ineffective 

11.2 Theoretical Contributions 

Four frameworks converge to explain findings: 

1. Contextual Interference Theory: Variable practice prevents over-analysis and 

attention fatigue 

2. Implicit Learning Theory: Variation prevents explicit control, reducing working 

memory load 

3. Cognitive Load Theory: Extraneous load reduction outweighs intrinsic load increase 

4. Reinvestment Theory: Complexity prevents conscious interference with automation 

The "paradox" resolved: More complex coordination can produce less total cognitive load 

when extraneous processing demands are eliminated. 

11.3 Methodological Contributions 

Demonstrates feasibility of: 

• Research-grade wearable monitoring in naturalistic settings 

• Video synchronization for technique-specific stress identification 

• Single-subject intensive designs with high temporal sampling 

• Objective measurement of subjective practice experiences 

Provides replicable methodology for: 

• Practice optimization research 

• Pedagogical intervention studies 

• Individual difference investigations 

• Cross-instrument applications 

11.4 Practical Impact 

For practitioners: 

• Match practice structure to material complexity (subjectively experienced) 

• Use integrated approaches for accessing difficult material 

• Adjust rest periods to task demands 

• Monitor stress responses to optimize practice 

For educators: 

• Reconsider traditional progressive pedagogy 



• Teach students to match structure to material 

• Recognize that apparent complexity ≠ actual difficulty 

• Use structure strategically to manage student stress 

For researchers: 

• First physiological evidence for practice structure effects in music 

• Demonstrates applicability of motor learning theory to musical practice 

• Provides foundation for comprehensive practice optimization studies 

11.5 Appropriate Qualifications 

Given study limitations, we: 

CAN conclude: 

• Practice variations create distinct, measurable physiological profiles 

• Effects scale systematically with material complexity 

• Pattern is theoretically coherent and empirically robust 

• Findings inform practice sustainability and injury prevention 

CANNOT conclude: 

• Any variation is definitively "optimal" for learning 

• Effects generalize to all musicians without replication 

• Lower stress necessarily correlates with better performance 

• Specific percentages represent universal effect sizes 

    SHOULD conclude (with qualification): 

• Practice structure likely contributes meaningfully to stress responses independent of 

practice maturity 

• Complex material may be more accessible through integrated approaches 

• Matching structure to complexity appears more important than matching to skill level 

• Further research with controlled designs needed to establish causality definitively 

11.6 Future Directions 

Essential next steps: 

1. Multi-participant replication with counterbalanced design 

2. Performance outcome measurement 

3. Long-term retention and transfer assessment 

4. Mechanistic studies (EEG, fMRI, cortisol) 

5. Cross-instrument validation 

Expanded applications: 

6. Pedagogical intervention trials 



7. Injury prevention protocols 

8. Age and skill level comparisons 

9. Clinical populations 

10. Real-time biofeedback systems 

11.7 Final Perspective 

This study provides evidence that how you practice matters as much as what you practice, 

especially when material is challenging. The finding that complex coordination approaches 

can reduce rather than increase physiological stress has important implications for: 

• Health: Lower-stress approaches may enable sustainable long-term practice 

• Learning: Optimal arousal may facilitate rather than impair skill acquisition 

• Pedagogy: Traditional progressions may inadvertently increase difficulty 

• Research: Motor learning principles apply meaningfully to musical practice 

The key insight: Match practice structure to the subjective difficulty of material being 

practiced. Simple material: structure irrelevant. Complex material: structure critical. 

The methodological contribution: Validated physiological monitoring enables objective 

assessment of practice approaches, moving the field from intuition-based tradition toward 

evidence-based practice optimization. 

The practical takeaway: Sometimes the most complex-looking approach is actually the 

easiest path forward. The key is reducing unnecessary cognitive burden while maintaining 

appropriate challenge. 

 

  



12. Acknowledgments 

Duration: 30 months of consistent practice and data collection 

Sessions: 192 documented practice sessions meeting quality criteria 

Data Points: Over 2,000 individual physiological measurements 

Practice Types: Three distinct variations across four time signatures 

This research represents significant personal investment in understanding the intersection of 

motor learning, physiological stress, and drumming pedagogy. The validated measurement 

system (Hexoskin + Kubios) enabled objective quantification of subjective practice 

experiences, demonstrating feasibility of this approach for future research. 

 

13. Data Availability 

All raw data, analysis files, and visualization materials are available upon request for 

verification and replication purposes. Video recordings can be made available to qualified 

researchers under appropriate data sharing agreements. 

 

  



14. References 

Measurement System Validation 

Al Sayed, C., Vinches, L., & Hallé, S. (2017). Validation of a wearable biometric system's 

ability to monitor heart rate in two different climate conditions under variable physical 

activities. E-Health Telecommunications Systems and Networks, 6(2), 19-30. 

Düking, P., Fuss, F. K., Holmberg, H. C., & Sperlich, B. (2025). Validation of the HR 

recovery method and description of the HRR30 parameter used in Kubios HRV training 

analytics. Nature Scientific Reports, 15, 2050. 

Elliot, C. A., Hamlin, M. J., & Lizamore, C. A. (2019). Validity and reliability of the 

Hexoskin wearable biometric vest during maximal aerobic power testing in elite cyclists. 

Journal of Strength and Conditioning Research, 33(5), 1437-1444. 

Haddad, M., Hermassi, S., Aganovic, Z., & Dalansi, F. (2020). Ecological validation and 

reliability of Hexoskin wearable body metrics tool in measuring pre-exercise and peak heart 

rate during shuttle run test in professional handball players. Frontiers in Physiology, 11, 957. 

Kubios Oy. (2025). Kubios HRV Scientific User's Guide. Retrieved from 

https://www.kubios.com/downloads/HRV-Scientific-Users-Guide.pdf 

Montes, J., Stone, T. M., Manning, J. W., McCune, D., Tacad, D. K., Young, J. C., Debeliso, 

M., & Navalta, J. W. (2015). Reliability and validation of the Hexoskin wearable bio-

collection device during walking conditions. International Journal of Exercise Science, 8(4), 

425-430. 

Smith, C. M., Chillrud, S. N., Jack, D. W., Kinney, P., Yang, Q., & Layton, A. M. (2019). 

Laboratory validation of Hexoskin biometric shirt at rest, submaximal exercise, and maximal 

exercise while riding a stationary bicycle. Journal of Occupational and Environmental 

Medicine, 61(4), e104-e111. 

van der Maat, S., van Herk, E. L., Verhagen, T. E. M., Kant, M., de Boer, M. J., Blom, N. A., 

Rammeloo, L. A. J., & Ten Harkel, A. D. J. (2025). The validation and accuracy of wearable 

heart rate trackers in children with heart disease: Prospective cohort study. JMIR Formative 

Research, 9, e70835. 

Villar, R., Beltrame, T., & Hughson, R. L. (2015). Validation of the Hexoskin wearable vest 

during lying, sitting, standing, and walking activities. Applied Physiology, Nutrition, and 

Metabolism, 40(10), 1019-1024. 

Theoretical Frameworks 

Beilock, S. L., Carr, T. H., MacMahon, C., & Starkes, J. L. (2002). When paying attention 

becomes counterproductive: Impact of divided versus skill-focused attention on novice and 

experienced performance of sensorimotor skills. Journal of Experimental Psychology: 

Applied, 8(1), 6-16. 



Lee, T. D., & Magill, R. A. (1983). The locus of contextual interference in motor-skill 

acquisition. Journal of Experimental Psychology: Learning, Memory, and Cognition, 9(4), 

730-746. 

Masters, R. S. W. (1992). Knowledge, knerves and know-how: The role of explicit versus 

implicit knowledge in the breakdown of a complex motor skill under pressure. British 

Journal of Psychology, 83(3), 343-358. 

Masters, R., & Maxwell, J. (2008). The theory of reinvestment. International Review of Sport 

and Exercise Psychology, 1(2), 160-183. 

Shea, J. B., & Morgan, R. L. (1979). Contextual interference effects on the acquisition, 

retention, and transfer of a motor skill. Journal of Experimental Psychology: Human 

Learning and Memory, 5(2), 179-187. 

Sweller, J. (1988). Cognitive load during problem solving: Effects on learning. Cognitive 

Science, 12(2), 257-285. 

Motor Learning and Music Performance 

Duke, R. A., Simmons, A. L., & Cash, C. D. (2009). It's not how much; it's how: 

Characteristics of practice behavior and retention of performance skills. Journal of Research 

in Music Education, 56(4), 310-321. 

Stambaugh, L. A. (2011). When repetition isn't the best practice strategy: Effects of blocked 

and random practice schedules. Journal of Research in Music Education, 58(4), 368-383. 

Williamon, A., & Valentine, E. (2000). Quantity and quality of musical practice as predictors 

of performance quality. British Journal of Psychology, 91(3), 353-376. 

Drumming and Musical Practice 

Chester, G., & Adams, C. (1990). The New Breed II. Drummers Collective. 

Wijsman, S., & Ackermann, B. J. (2018). Educating Australian musicians: Are we playing it 

safe? Health Promotion International, 35(1), 167-178. 

Stress Physiology 

Sapolsky, R. M. (2004). Why zebras don't get ulcers: The acclaimed guide to stress, stress-

related diseases, and coping (3rd ed.). Holt Paperbacks. 

 

Document Version: 2.0 (Revised Edition - Incorporating Critical Review Responses) 

Date: December 2025 

Total Analysis Period: January 2023 - June 2025 

Total Sessions: 192 documented practice sessions 

Measurement System: Validated research-grade (Hexoskin ProKit + Kubios HRV Scientific 

4.0.3) 



END OF COMPREHENSIVE RESEARCH SUMMARY  

 


	New Breed Practice Variations - Comprehensive Research Summary
	Abstract
	1. Executive Summary
	2. Central Research Question
	3. Research Questions Answered
	3.1 Do different practice variations affect physiological stress differently?
	3.2 Which practice variation is most/least physiologically demanding?
	3.3 Does rest-work-rest protocol (AdvancedContinuous) provide recovery benefit?
	3.4 What predicts recovery vs fatigue in AdvancedContinuous?
	3.5 Is day of week a significant factor?

	4. Theoretical Framework
	4.1 Framework 1: Contextual Interference Theory (Shea & Morgan, 1979)
	4.2 Framework 2: Implicit vs. Explicit Motor Learning (Masters & Maxwell, 2008)
	4.3 Framework 3: Cognitive Load Theory (Sweller, 1988)
	4.3.1 Complexity-Dependent Effects Explained
	4.3.2 Supporting Evidence from Other Frameworks
	4.3.3 Physiological Validation

	4.4 Framework 4: Reinvestment Theory (Masters, 1992)
	4.5 Integrated Theoretical Model

	5. Methods
	5.1 Study Design
	5.2 Participant
	5.3 Physiological Monitoring System
	5.3.1 Data Collection Equipment
	5.3.2 Hexoskin Validation Evidence
	5.3.3 Heart Rate Variability Analysis Software
	5.3.4 Stress Index Derivation
	5.3.5 Secondary Physiological Measures

	5.4 Data Quality Control
	5.4.1 Quality Assessment Procedures
	5.4.2 Quality Outcomes
	5.4.3 Additional Quality Control Procedures

	5.5 Measurement Protocol
	5.5.1 Practice Session Structure
	5.5.2 Flag/Marker System

	5.6 Convergent Validity Evidence
	5.6.1 SI-HR Correlations
	5.6.2 Expected Pattern Validation

	5.7 Measurement Limitations
	5.7.1 Construct Validity Considerations
	5.7.2 Validation Needs
	5.7.3 Appropriate Interpretation

	5.8 Practice Variations
	5.8.1 Regular (Traditional Reading-Based Practice)
	5.8.2 Improvisation (Creative Adaptation)
	5.8.3 AdvancedContinuous (Integrated Coordination with Rest Protocol)

	5.9 Environmental and Physiological Controls
	5.9.1 Environmental Standardization
	5.9.2 Physiological State Documentation
	5.9.3 Practice Session Standardization
	5.9.4 Measurement System Controls

	5.10 Statistical Controls and Analyses
	5.10.1 Comprehensive Control Variable Analysis
	5.10.2 Mixed-Effects Modeling

	5.11 What Was Not Controlled (Acknowledged Limitations)
	5.11.1 Day-to-Day Physiological Variation
	5.11.2 Detailed Dietary Factors Beyond Caffeine
	5.11.3 External Life Stress
	5.11.4 Practice History and Skill Development

	5.12 Randomization as Primary Control
	5.12.1 Single-Subject Randomization Logic
	5.12.2 Statistical Verification of Randomization

	5.13 Internal Consistency as Validation
	5.13.1 Pattern Consistency Analysis
	5.13.2 Theoretical Coherence

	5.14 Summary: Control Strategy
	5.15 Control Analyses for Potential Confounds
	5.15.1 Sleep Effects
	5.15.2 Time of Day Effects
	5.15.3 Caffeine Effects
	5.15.4 Prior Physical Activity Effects
	5.15.5 Instrument Type Effects
	5.15.6 Session Order Effects
	5.15.7 Illness Effects
	5.15.8 Multi-Variable Control Analysis

	5.16 Statistical Analysis
	5.16.1 Descriptive Statistics
	5.16.2 Primary Analyses
	5.16.3 Multiple Comparison Correction
	5.16.4 Effect Size Reporting
	5.16.5 Correlation Analyses
	5.16.6 Control Analyses
	5.16.7 Mixed-Effects Modeling
	5.16.8 Power Analysis
	5.16.9 Software
	5.16.10 Transparent Reporting


	6. Results
	6.1 Study Overview and Data Quality
	6.2 Three-Variation Comparison
	6.2.1 Stress Index by Variation and Time Signature
	6.2.2 Heart Rate Patterns
	6.2.3 Stress Index-Heart Rate Correlations (Convergent Validity)
	6.2.4 Variation-Specific Characteristics

	6.3 AdvancedContinuous Recovery/Fatigue Analysis
	6.3.1 Time Signature-Specific Patterns
	6.3.2 Intensity Threshold Predicting Recovery

	6.4 Statistical Significance Summary
	6.4.1 ANOVA Results
	6.4.2 Mixed-Effects Model Accounting for Clustering


	7. Discussion
	7.1 Principal Findings
	7.2 Theoretical Interpretation
	7.2.1 Mechanisms of Practice Structure Effects
	7.2.2 Alignment with Motor Learning Theory

	7.3 Methodological Contributions
	7.3.1 Validated Measurement System
	7.3.2 Single-Subject Intensive Design
	7.3.3 Naturalistic Validity


	8. Practice Recommendations
	8.1 Evidence-Based Principle
	8.2 Material Complexity-Based Selection (Primary Guideline)
	8.2.1 For Simple Material
	8.2.2 For Moderately Complex Material
	8.2.3 For Complex Material
	8.2.4 Critical Insight: Subjectivity of Complexity

	8.3 Skill Level Considerations (Secondary Guideline)
	8.3.1 Beginners
	8.3.2 Intermediate Players
	8.3.3 Advanced Players

	8.4 Goal-Based Modifications (Tertiary Guideline)
	8.4.1 For Technical Precision and Reading Accuracy
	8.4.2 For Musical Development and Creative Expression
	8.4.3 For Coordination Mastery and Integration
	8.4.4 For Long-Term Sustainability and Injury Prevention

	8.5 Dynamic Adjustment Based on Real-Time Experience
	8.6 Session Planning Example
	8.7 Rest Protocol Considerations
	8.8 Caveats and Individual Differences
	8.9 Key Takeaways: Practical Decision-Making

	9. Implications for Educators and Researchers
	9.1 Pedagogical Implications
	9.2 Research Implications
	9.3 Future Research Directions

	10. Study Limitations
	10.1 Single-Subject Design
	10.2 Sequential Introduction of Variations
	10.3 Absence of Performance Outcome Measures
	10.4 Environmental Control Limitations
	10.5 Measurement Interpretation
	10.6 Statistical Considerations
	10.7 External Validity
	10.8 Scope and Specificity

	11. Conclusions
	11.1 Summary of Key Findings
	11.2 Theoretical Contributions
	11.3 Methodological Contributions
	11.4 Practical Impact
	11.5 Appropriate Qualifications
	11.6 Future Directions
	11.7 Final Perspective

	12. Acknowledgments
	13. Data Availability
	14. References


