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Abstract: Aiming at the lack of systematic teaching materials for left-hand finger 

independence training in violin playing, this study developed a laddered training program 

and carried out empirical verification. Integrating principles of physiology, psychology and 

pedagogy, the teaching material is designed with three progressive stages and modular 

exercises. Adopting a mixed-method approach, the research conducted a 16-week 

controlled experiment on 60 learners, integrating multi-source data including technical 

tests, motion capture and interviews. The results show that the experimental group using 

the teaching material achieved significantly greater progress than the control group in 

finger separation control, movement efficiency and performance quality of musical 

fragments. The laddered structure effectively reduces the learning load and promotes the 

stable internalization of techniques, verifying the scientificity and practicability of the 

teaching material in improving finger independence. 

1. Introduction 

Cultivation of left-hand finger independence is a core link in the violin performance technique 

system. Current training methods often lack systematicness and progressiveness, leading to low 

learning efficiency or technical bottlenecks for learners. This study aims to develop a set of 

laddered teaching materials to enhance finger separation control, strength balance and agility in 

stages through scientifically designed training modules, and verify its practical teaching effect. The 

research will comprehensively apply theories of music pedagogy, exercise physiology and skill 

acquisition to construct a progressive path from basic form to advanced complex movements, so as 

to fill the gaps of existing teaching materials in pertinence and serialization, and provide a 

professional and verifiable practical training scheme for basic violin teaching. 

2. Theoretical Basis of Left-Hand Finger Independence in Violin Playing 

2.1 Physiological and Biomechanical Mechanisms of Finger Movements 

Training for left-hand finger independence in violin playing is first rooted in a profound 

understanding of the complex mechanism of finger movements. From a physiological perspective, 
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the movement of each finger is not an isolated event, but driven by the precise collaboration of 

multiple intrinsic and extrinsic muscles in the forearm and palm through tendon sheaths. Among 

them, the flexor digitorum profundus and flexor digitorum superficialis control the flexion of 

fingers, while the interosseous and lumbrical muscles are crucial for finger abduction, adduction 

and subtle lateral movements [1]. A core physiological limitation lies in the shared muscle bellies or 

connecting tendons of some flexor tendons. For example, the middle finger, ring finger and little 

finger are connected in the deep flexors, resulting in natural coupling in their movements. 

Especially when rapid or strong pressing is required, the ring finger often shows obvious 

dependence and inertia [2]. The biomechanical mechanism further reveals the efficiency of force 

transmission when the fingertip presses the string. Ideal string-pressing requires force to be 

transmitted through the phalanges to the fingertip pad, forming a stable and relaxed contact point 

with the string. Insufficient finger independence will lead to unnecessary muscle compensation, 

such as tension in the forearm or shoulder, and unbalanced string-pressing force, thus affecting the 

stability of intonation and the smooth execution of advanced techniques such as vibrato and shifting. 

Therefore, one of the core objectives of training design is to enhance the neural control of 

independent muscle groups of fingers through specific exercises, optimize the force exertion mode, 

and develop the independent movement potential of each finger as much as possible on the premise 

of respecting physiological connections. 

2.2 Technical Connotation of Finger Independence in Violin Playing 

In the context of violin playing, finger independence is far more than the simple ability of finger 

separation. It is a comprehensive technical concept integrating precision, speed, strength and 

endurance, ultimately serving musical expression. Its technical connotation is first reflected in 

accurate intonation control. In rapid scales, arpeggios and double-stop passages, each finger must 

fall on the designated position quickly and accurately without interference from the lifting or 

pressing of adjacent fingers, which requires fingers to have a high sense of spatial positioning and 

agile lifting and falling movements. The second is the free distribution and switching of strength. In 

performance, different musical phrases, bowing techniques and dynamic changes require the 

left-hand fingers to adjust the string-pressing force instantly, from strong pressing to light touching, 

and the strength change of one finger should not affect the string-touching state of other fingers [3]. 

For example, in the technique of retaining fingers, while one finger keeps pressing the string, other 

fingers need to complete clear string striking and lifting, which is a typical test of independent 

strength control of fingers. Finally, finger independence is also related to the economy and 

coordination of movements. Fingers lacking independence are often accompanied by redundant 

movements and tension, which not only consume physical function and limit speed, but also hinder 

the uniformity of vibrato and the smoothness of shifting. Therefore, systematic independence 

training aims to elevate fingers from the original physiological coupling state to flexible tools that 

can be finely controlled by consciousness and serve complex musical expression [4]. 

2.3 Psychological and Pedagogical Basis of the Laddered Training Model 

The construction of the laddered training model is not subjective, but supported by solid 

psychological and pedagogical theories. From the psychological process of skill acquisition, the 

three-stage model proposed by Fitts and Posner reveals the universal law of motor skills from the 

cognitive stage, the associative stage to the final automatic stage. For complex fine motor skills 

such as violin finger techniques, it must undergo a progressive process from slow to fast, from 

decomposition to integration, and from conscious control to unconscious execution. The laddered 

design corresponds to this law. It decomposes the grand goal of "finger independence" into a series 
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of interconnected micro-skill units with increasing difficulty, enabling learners to fully consolidate 

at each step, form correct movement stereotypes, and avoid frustration or wrong dynamic 

stereotypes caused by overly high goals or skipped steps [5]. Cognitive load theory in pedagogy 

provides further support. The theory holds that learners have limited working memory capacity, and 

instructional design should optimize the information presentation structure to reduce extraneous 

cognitive load and promote schema construction. Through structured and serialized content 

arrangement, the laddered teaching material focuses the training on the core difficulties of each 

stage and gradually increases complexity, thus effectively managing learners' cognitive resources 

and improving training efficiency. In addition, Vygotsky's "zone of proximal development" theory 

emphasizes that teaching should act on the area between the learner's current level and potential 

development level. Through scientific evaluation and progressive task setting, laddered training 

continuously transforms the learner's "zone of proximal development" into the current development 

level, thus promoting the continuous progress of their technical ability to a higher level. This model 

not only conforms to the internalization law of motor skills, but also reflects the learner-centered 

education concept respecting individual differences [6]. 

3. Systematic Development and Content Design of the Laddered Teaching Material 

3.1 Goal Stratification and Stage Division of Finger Independence Training 

The laddered structure of this teaching material is first based on the scientific stratification and 

precise stage division of the training goals of finger independence. According to the technical 

complexity and physiological acquisition law, the overall goal of "left-hand finger independence" is 

divided into three progressive training stages. The primary stage focuses on the establishment of 

basic finger form and separation awareness. The core goal is to overcome the physiological 

coupling between fingers, especially the natural inertia of the ring finger and little finger. The 

training content emphasizes the completion of single-finger lifting, falling and simple combined 

movements in a static or extremely slow state to ensure clear movements without associated tension. 

The goal of the intermediate stage shifts to dynamic control and preliminary coordination [7]. On 

the basis of consolidating separation ability, rhythm changes, simple tone sequences and 

double-finger alternating movements are introduced, focusing on improving the speed uniformity, 

strength consistency of finger lifting and falling, and preliminary adaptability between different 

strings and positions. The advanced stage aims to realize the comprehensive application and 

musical expression of finger independence. The training goals are deeply integrated into the actual 

performance context, covering precise positioning in rapid scales and arpeggios, clear pressing of 

complex double stops and chords, and maintaining independent control of fingers in continuous 

shifting and vibrato techniques. Each stage has clear technical ability indicators, and the 

achievements of the previous stage are a necessary prerequisite for entering the next stage, thus 

forming a progressive ability development path with clear goals and interlocking links. 

To make the stage objectives more actionable, quantifiable assessment criteria have been 

established for each phase. 

Primary Stage: Learners must perform single-finger lift-and-press exercises on one string in first 

position at a tempo of 60 beats per minute (one note per beat). A passing grade requires no 

involuntary shaking of adjacent fingers and consistent finger lift height maintained within 1–2 cm. 

Intermediate Stage: Learners must execute two-finger alternating cross-string exercises across all 

four strings at 80–100 beats per minute. Progression to the advanced stage is allowed if volume 

variation between notes is within 10% and rhythmic error is within 5%. 

Advanced Stage: Learners must play three-octave scales at 120 beats per minute, with clear, 

unblurred string contact for each note, stable retained-finger technique during position shifts, and no 
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extraneous movement—meeting the musical expression demands of real performance. 

This tiered goal system aligns with the physiological adaptation of beginners from zero to 

mastery. It also allows learners of varying foundations to identify their proper starting point 

according to individual ability, avoiding the unclear objectives and disorganized progress common 

in traditional training. 

3.2 Progressive Arrangement of Teaching Material Structure and Training Modules 

To achieve the above stage goals, the structural design of the teaching material adopts the 

principles of modularization and progressive arrangement. The whole teaching material is vertically 

divided into main units corresponding to the three training stages, and each main unit horizontally 

contains several core training modules. Each module targets a specific sub-skill, such as 

"single-finger strength control", "double-finger alternating agility", "cross-string finger preparation", 

etc. The exercises in each module are arranged in strict accordance with the logic of increasing 

difficulty: usually starting with the most simplified "open string exercise" or "single-note repetition" 

to isolate technical difficulties and allow learners to focus on finger movements themselves; then 

gradually adding variables, such as introducing simple pitch changes, rhythm patterns or combining 

other basic left-hand techniques; finally, the sub-skill is comprehensively applied in short etudes or 

tone combinations close to real performance fragments. Modules are not isolated, but ensure the 

natural transfer and superposition of skills through the design of common exercise variations or 

connecting transitional exercises. The progressiveness of the teaching material is not only reflected 

in the linear increase of exercise difficulty, but also in the consideration of learners' cognitive load 

and physiological adaptation cycle. Through the cyclic design of repetition, variation, consolidation 

and expansion, each difficulty step is supported solidly to avoid technical faults or adaptive 

obstacles. 

Each main unit ends with a stage integration exercise section, which consolidates all sub-skills 

trained in the unit into 1–2 short, level-appropriate musical excerpts. This allows learners to 

reinforce mastered skills in a near-complete performance context, while enabling self-assessment of 

stage progress and clarifying directions for further improvement. 

Difficulty levels are clearly marked across horizontal modules. Learners may either progress 

sequentially along the preset pathway, or flexibly enter training at modules matching their existing 

skill level. This design supports unified pacing for group instruction and autonomy for 

individualized learning alike. 

3.3 Integrated Design of Etudes and Special Training Methods 

In terms of specific content presentation, the teaching material does not create brand-new 

exercises out of thin air, but systematically integrates and redesigns existing classic training 

materials and targeted special methods. The selection and adaptation of etudes serve the module 

goals of each stage. For example, in the primary stage, parts of traditional finger exercises such as 

Ševčík and Schradieck with slow rhythm and simple tone patterns are selected or adapted, stripping 

off the requirements of speed and complexity to highlight their training value for finger separation 

form. In the intermediate stage, passages from Keller, Hille and other exercises containing regular 

alternation and tone sequence progression are mostly used as materials for training dynamic 

coordination. The advanced stage directly integrates the simplified or decomposed versions of Carl 

Flesch scale system, double-stop exercises and technical fragments from classical sonatas and 

concertos. At the same time, the teaching material has developed a series of special training 

methods, which often go beyond the scope of traditional etudes and are more targeted anatomically 

and biomechanically. For example, "silent exercises" (only finger lifting and falling movements 
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without actual sound production) are designed to strengthen neural control; "unbalanced rhythm 

exercises" (such as finger combinations under dotted rhythm) to break the inherent movement 

inertia; "restrictive exercises" (such as fixing one finger to specially train other fingers) to break 

through physiological coupling. Traditional etudes provide context and rudiments of musicality, 

while special methods provide precise physiological correction and ability enhancement. The 

organic combination of the two forms a comprehensive training system rooted in performance 

tradition and facing the technical core. 

To prevent learners from falling into the gap of “mastering isolated drills but failing to apply 

them in musical pieces,” each training module follows a progressive chain: Specialized Training → 

Excerpt Transition → Full Musical Application. Immediately following each set of specialized 

exercises, a short musical excerpt of corresponding difficulty is provided. This guides learners to 

directly transfer the finger independence gained from drills into real musical performance and 

expression. 

Furthermore, to accommodate differences in physical conditions among learners, the textbook 

offers flexible, adjustable options in every training section. Learners may select appropriate practice 

volumes and difficulty levels based on their finger physiology and current ability. This design 

preserves the scientific progression of the laddered structure while addressing the individualized 

needs of each learner. 

4. Experimental Validation and Effect Evaluation of the Teaching Material 

4.1 Experimental Design and Selection of Research Subjects 

To scientifically verify the practical effectiveness of the laddered teaching material, the study 

adopted a mixed-method design combining quasi-experimental research and qualitative analysis. 

The research subjects were 60 violin learners from the affiliated middle schools of two music 

colleges and social music education institutions, divided into experimental group and control group 

with 30 people each. The inclusion criteria were clear: aged between 12 and 18 years old, with at 

least three years of continuous violin learning experience, and assessed through preliminary 

technical screening to have obvious deficiencies in left-hand finger independence (such as slow 

lifting and falling of the ring finger, unclear double-stop pressing, uneven rapid scales, etc.), but 

with basic initial establishment of violin holding posture and intonation concept. The grouping 

process was carried out on the premise that there was no statistically significant difference between 

the two groups in age, learning years and initial independence assessment scores to control 

irrelevant variables to the greatest extent. The experimental group received systematic training 

completely in accordance with the newly compiled laddered teaching material, while the control 

group continued to use the original non-systematic conventional practice materials and methods. All 

participants and their teachers were aware of the nature of the research, but to avoid the Hawthorne 

effect, they were not informed in detail of the specific theoretical framework and stage goals of the 

teaching material content, only that it was a teaching research on left-hand techniques. 

4.2 Teaching Implementation Process and Data Collection Methods 

The teaching implementation cycle was 16 consecutive weeks, with two teacher-guided lessons 

per week trained uniformly by the researchers, and students were ensured to complete no less than 

30 minutes of designated practice daily. The teaching of the experimental group was carried out 

strictly in accordance with the three stages and module sequence designed in the teaching material, 

and teachers were required to record the key points, student feedback and common difficulties of 

each lesson. The teaching of the control group was conducted by the original teachers according to 
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personal experience, and they were only required to record the main left-hand technical practice 

content per week. Data collection ran through the experiment, adopting a multi-source convergence 

method. For quantitative data, three standardized technical tests were conducted and videotaped 

before the experiment, at the 8th week (mid-term) and the 16th week (end). The test contents 

included: accuracy and uniformity of scale and arpeggio performance at standard speed, clarity of 

specific double-stop sequences, and performance quality of a standardized music fragment 

containing rapid passages, which were blindly evaluated and scored by two violin experts unaware 

of the grouping according to a unified gauge. In addition, motion capture equipment (early and late 

stages of the experiment) was used to record the movement trajectory, speed and acceleration data 

of the left-hand fingers of representative students when completing specific exercises. Qualitative 

data were obtained through semi-structured interviews (with experimental group students and 

teachers after the experiment), practice log analysis and classroom observation records, aiming to 

deeply understand the experience, strategy application and perceived changes during the training 

process. 

4.3 Multi-dimensional Analysis and Result Discussion of Training Effects 

Multi-dimensional analysis of the collected data shows that the experimental group showed 

significant and continuous progress in all indicators of finger independence, and the effect was 

significantly better than that of the control group. Quantitative analysis results show that in the 

post-test of standardized technical tests, the improvement scores of the experimental group in three 

core items: scale uniformity, double-stop clarity and rapid fragment completion were significantly 

higher than those of the control group, and the statistical test reached a significant level. Motion 

capture data further provided physiological evidence: in the later test, the experimental group 

students showed better consistency in finger lifting height, reduced unnecessary synergistic 

movements (such as the following movement of the ring finger when the index finger lifted), and 

improved movement efficiency (measured by the time and force output to complete the same task). 

Thematic analysis of qualitative data revealed the progress path of the experimental group students: 

in the initial stage, they generally reflected that the practice was "boring but clear in goal"; in the 

middle stage, they began to feel the control sense that fingers were "more obedient"; in the later 

stage, they could allocate more saved attention to musical expression. The discussion holds that the 

laddered design of the teaching material effectively reduces the cognitive load and frustration of 

skill acquisition by decomposing goals and progressing step by step. Its structured modules ensure 

the systematicness and coverage of training, and the combination of traditional exercises and special 

methods takes into account the breadth of technical transfer and the pertinence of training. Although 

the non-systematic practice of the control group also made progress, the improvement was mostly 

localized in the exposed problems and unstable. The results of this study support the effectiveness 

of the laddered training model in improving left-hand finger independence in violin playing. At the 

same time, some common difficulties found in the study (such as the bottleneck of speed 

improvement in the transition from the intermediate stage to the advanced stage) also point out the 

direction for the subsequent revision of the teaching material. 

5. Conclusion 

Through systematic construction and empirical verification, this study successfully developed a 

set of laddered training teaching material for left-hand finger independence in violin playing. The 

experimental results show that the teaching material can effectively improve learners' 

comprehensive abilities in finger separation control, strength distribution and speed coordination, 

and the progressive principle helps to reduce the learning load and enhance technical stability. The 
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study confirms the scientificity and practicability of the laddered training model in basic violin 

teaching, providing a basis for the subsequent optimization and promotion of the teaching material. 

In the future, the applicability of the teaching material can be further expanded combined with the 

characteristics of different learning groups, and the path of in-depth integration with the cultivation 

of musical expressiveness can be explored. 
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