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ABSTRACT 
Hand-held string pedagogy is fundamentally different from that of other families of 
instruments due to a high level of complexity with regard to specific instrumental 
technique, bodily posture, bi-lateral and unilateral asynchronous arm movement in 
segments, involvement of the upper body in both instrumental technique and holding the 
instrument, continuously-variable axis of hand movement in tri-dimensional space as well 
as highly refined motor coordination of fingers needed for mastering skills such as 
vibrato, microtonal pitch adjustment, shifting, interval adjustment, tuning, tone control 
and special effects, on short string-lengths. Specific training benefits from critical and 
strategic thinking and, in turn, further enhances such thinking processes when 
corroborated with pedagogies centered on teaching for transfer and the development of 
metacognitive skills, especially in early stages of training.  
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INTRODUCTION 
Musical praxis is an important area of study for cognitive psychology, neuropsychology 
with its basis on neurophysiology and neuroanatomy, as well as developmental 
psychology, especially with the advent of neuroimaging techniques such as fMRI 
(Functional Magnetic Resonance Imaging) and MEG (Magnetoenecephalography) (Peretz 
& Zatorre 2003, vi). This includes but is not limited to music listening, composing and 
performing as general activities with a direct effect on brain development. 

Instruments such as violin or viola are a particular class within the larger family of 
string instruments. Their relatively small size implies even smaller string lengths which 
demands high resolution of hand and finger control and requires the use of a separate 
bow and accessories such as shoulder rest and chin rest. The standing position for proper 
posture and instrument handling requires holding the arms in unnatural positions for 
extended periods of time as well as unconventional usage. 

Such variables affect the representation and innervation of the sensory and 
motor cortical mapping as “[b]rain regions corresponding to specific subtasks of music 
performance are larger in musicians with early training” (Altenmüller & Gruhn 2002, 63). 
Instrumental mastery requires long-term development of highly refined cognitive and 
motor adjustments in order to execute performance-specific tasks with great accuracy 
and precision, developing a list of learning abilities with great capacity for transfer such as 
patience, persistence, strategic and critical thinking, detail analysis, ability to “see the 



great picture,” ability to work with delayed gratification, short- and long-term planning, 
emotional control, and so on.  

Music, composition and instrumental mastery-related tasks are believed to be 
highly influential on the development of specific neuro-anatomic mechanisms which 
represent the underlying basis of overall learning as “[m]usic listening, performance, and 
composition engage nearly every area of the brain that we have so far identified, and 
involve nearly every neural subsystem” (Levitin 2006, 9). The old paradigm according to 
which music is an asymmetric, primarily right-hemisphere brain activation type of activity 
is revisited as research shows that “both language and music represent their sound 
categories bilaterally in auditory cortex” (Patel 2008, 73). As a result, music has an overall 
effect on brain activation and development as “[n]eurological foundations of music 
perception, performance, and learning rely on individually variable, widely distributed 
neuronal networks in both hemispheres. . . . It involves all motor, somatosensory, and 
auditory areas of the brain. Practicing a musical instrument results . . . in a stable increase 
in the amount of nerve tissue devoted to the various component tasks” (Altenmüller & 
Gruhn 2002, 63).  

Music students are prone to develop a precise sense of timing, periodicity, 
oscillation, rhythm, tempo and generally cyclic processes (Buzsaki 2006, 5) which are the 
very essence of life and human activity of any kind. Such skills are essential for helping 
transform students with entity theories, who are more performance oriented and prone 
to fail since they “believe that intelligence is a fixed property of individuals” (Bransford 
2006, 102) into students with incremental theories, who have learning goals and are 
more learning oriented (Dweck 1989; Dweck and Legget 1988) since they believe that 
intelligence is malleable and can be improved by effort and will. 

This interdependent relationship benefits from learning experiences that lead to 
transfer, in other words they develop the ability to acquire knowledge in a given context 
and consequently use that knowledge strategically in new contexts (Byrnes 1996, 74), 
spontaneously, without the need for subsequent priming. 

As a consequence, instrumental training has a documented positive impact on 
overall education and it may be used as a strategy in enhancing the overall teaching-
learning process (Seinfeld et al. 2013; Miendlarzewska & Trost 2013; Forgeard et al. 
2008). Successful transfer may be used for assessing the quality of various learning 
experiences. However, while many appear to be equivalent from the perspective of 
increasing memory recall, a number of them may prove in fact to be more efficient when 
tested for transfer potential. Assumptions about learning assessed with transfer tests 
(Thorndike & Woodworth 1901) suggest that learning experiences which facilitate 
effective memory and positive transfer are preferable to those leading to poor or no 
transfer. 

Mastery of a hand-held bowed string instrument such as violin or viola requires a 
considerable amount of time spent in posture training due to complex parameters being 
involved in specific training. This is particularly true during the early stages when 
compared to other bowed string instruments held in a comfortable position such as 
violoncello, viola da gamba, contrabass or other families of instruments such as winds or 
percussion. There are particularly difficult tasks to master regarding the attainment of the 



specific instrumental tone and technique due to the need of controlling a significant 
number of extra bio-mechanical and cognitive variables, all at once. 
 One of the most challenging tasks for a beginner violin or viola student is to 
establish the proper posture for performance. This includes the most efficient usage of 
different bodily segments, handling the instrument within specific kinetic parameters as 
well as the correct setting for both the left and the right arms, including specific patterns 
of shoulder, elbow, wrist, hand and finger movement. In addition, the setting of the 
instrument itself is just as important, the many variables regarding tuning, the type of 
strings, bow, bridge, chin rest, shoulder rest and their specific setting playing a major role 
in obtaining the ideal tone of the instrument and the attainment of the best instrumental 
technique and performance practice. 

The best way to habituate the correct posture is to practice the correct setting 
from the onset of training. Personalized and private training is most beneficial for 
obtaining the fastest results, especially when paralleled with training in groups of various 
sizes. Secondary instrument and vocal training adds to early instrumental mastery, 
especially if such training takes into account the development of both temperate and 
non-temperate aural skills. 

In many cases, in European countries, early musical training is either highly 
specialized (K 1-12 music schools) or highly generalized (music classes in general schools 
or music training in popular schools). Private training greatly exceeds in quantity and 
scope any form of specialized group training in early years. This approach, while creating 
potentially excellent results with a small number of students interested in pursuing a 
professional career in music, drastically restricts the access of general population of 
young students to instrumental and vocal training. 

In the USA, many string players begin their training in a public school orchestra 
program (K 5-12), in many cases with little to no private instruction and without a 
separate music theory and oral skills class which is supposedly incorporated within the 
orchestra instruction time. Optional private instruction is generally available upon request 
and obtained outside of the school system by highly motivated students who have the 
financial and parental support.  

Orchestra programs that successfully address the need for private instruction as 
well as theoretical and aural skills training have excellent results. In contrast, orchestra 
programs which lack in time allotted to individual instruction, theory and oral skills 
usually result in poor instrumental posture and a measurable delay if not a significant 
decrease in student’s ability to develop the required skills and musicianship for successful 
training and performance. This approach, while facilitating musical training to a wide 
population of young students, provides little support for their private, theoretical and 
aural skills instruction in order to attain early mastery.  

Early music education training programs such as the Suzuki method may 
sometimes be available and could facilitate early development of wonderful instrumental 
tone and posture but with profoundly impaired ability to sight-read or read music 
notation, if at all, and may “ultimately limit choices and inhibit self-expression” (Levitin 
2002, 774).  Probably the most actualized approach to musical training, both general and 
specialized, would be found somewhere in-between the general European and American 



solutions to music education. Such approach would assure access to theoretical and 
practical music training to any and all students in both private and group setting. 
 In a / the majority of learning pedagogies, repetition is the core of the learning 
process. The neurological basis for this approach stems from empirical evidence that 
neuronal pathways related to learning are strengthened through repeated usage since 
neurons that fire together repeatedly (due to involvement in repetitive tasks) strengthen 
their chemical bonds and wire together (Hebb 1949) for as long as such bonding is 
practical. The more something is done, the better the subject’s level of mastery of that 
particular task becomes. 

However, this bonding mechanism is indiscriminate in terms of educational 
content and learning strengthens neuronal pathways regardless of the task being 
repeated. As such, mindless repetition results in no useful improvement; in fact repetition 
of poorly understood and performed tasks does not set the stage for instrumental 
mastery or transfer and may become the cause for later posture and poor technique-
associated injury. It is therefore advisable that the educator finds and uses strategies that 
are tailored to each individual student in order to maximize their ability to involve their 
highest learning potential in an effective manner into the teaching-learning process. 
 
THINK-SET-PLAY 
Teaching for transfer has significant educational value due to its large-scale applicability. 
This experiment was designed to test the real-time effect of such a strategy on improving 
a beginner viola student’s mastery of a set of given tasks. The study aimed at developing 
transfer skills such as critical and strategic thinking, in particular the action sequence 
Think-Set-Play (TSP).  

In most cases, a student learns to repeat a task as many times as needed, until 
the expected outcome is produced. A better scenario would be that in order to prevent 
the acquisition of bad habits, failure leads to immediate interruption of the wrongly 
executed task and to an attempt to a correct repetition, based on either teacher’s feed-
back or student self-assessment. The worst case scenario is that in which the student 
keeps repeating the same task wrongly due to lack of proper feedback.  

However, the immediate reactive response with emphasis solely on hands-on 
training circumvents critical assessment of the task to be accomplished. As this style of 
practice is acquired early in the instrumental training, it may remain the main strategy for 
mastery until later on, leading in many cases to frustration, lack of desire to take charge 
of one’s own educational process and/or loss of interest. In this experiment, failure to 
accomplish a task required the student to stop playing all-together, assess what 
happened and what needs to happen, then adopt the correct strategies in order to attain 
a successful rendition of the task to be accomplished. 

At the beginning, the student was required to think and verbally explain the 
entire task and its context. Later-on, after this strategy becomes habit, as the student can 
easily recall the task at a semantic level, actual speaking remains optional but still useful 
in order to reactualize and refine the thinking processes behind the task to be 
accomplished.  

It is important for all learning in general that the student becomes familiar with 
verbally describing the task to be accomplished, this ability generally contributing to 



overall linguistic literacy and reduction in performance anxiety. It also helps to rehearse 
and develop the highest levels of Bloom’s Taxonomy, in particular synthesis, critical and 
strategic thinking, which are also skills with general learning applicability and therefore 
with significant potential for transfer. As the thinking segment of the sequence is 
unfolding, an intellectual space is formed between the failure at the task to be 
accomplished and its re-iteration, preventing compulsive wrongful repetition which can 
prevent or at least significantly delay mastery. 

The second segment of the sequence required the student to set correctly all 
parameters of performance in order to maximize the chance for successful outcome. Each 
bodily segment contributing to the correct posture and bow pressure control, motion 
vector and so on, are prepared in the greatest detail and set accordingly, so as to 
maximize the chances of repeated successful performance and therefore mastery. 

The third segment represents the performance itself, which ideally occurs as a 
result of real-time strategic assessment of all the variables that require control while in 
motion. Further insight can be obtained through an empirical analysis of the efficiency 
and time-distribution of different experimental parameters either using statistical data 
analysis software such as Scribe (Popean 2017) or especially designed programs in Cycling 
’74 Max or Pure Data. 
 
DEMOGRAPHICAL DATA 
The subject for this research was a 6th grade student at Coneaut Elementary School in 
Bowling Green, Ohio. Prior to participating in this study, the student received four 
semesters of viola training as a member of the Coneaut Elementary string orchestra and 
received 45-60 minutes private viola classes once a week for the past five months prior to 
the experiment. At the first lesson, the student displayed no knowledge about the 
mechanics of the instrument, tuning, correct posture or vibrato, nor the ability for, or the 
reasoning behind, successful production of a beautiful and resonant specific instrumental 
tone. Both hands were set incorrectly on the instrument and the student had difficulties 
controlling bow movement, fingers, wrists, elbows and intonation. His bowing was shaky, 
uneven, and angled towards the bridge at the base, slippery in the middle, producing 
either a scratchy or a “glassy” sound while angled away from the bridge at 1/4 from the 
tip of the bow, using a bow that was too long for his arm. Both wrists were inflexible, left 
wrist bent up under the neck of the instrument and the student was holding the right 
hand little finger curved inside the palm, resulting in angled bow usage, poor control and 
uncharacteristic tone. Overall, the student did not enjoy playing or practicing his 
instrument despite having a genuine desire to learn it better. 
 
MATERIALS AND METHOD 
As a preliminary condition to this research, parental permission was secured. The 
environment used for the experiment was a familiar one, so as to reduce the stress 
factors which could trigger an anxiety response from the student and thus interfere with 
the experiment. The student used his personal instrument which was a beginner grade 
full-size viola, a regular Kun chin rest placed on the left side of the instrument’s tail, an 
instrument-strapped foam as shoulder rest and a regular beginner-grade plastic-hair bow 
with full hair adjusted for medium bow tension. A white band was place on the bow at 



the proper length from the tip, thus providing a visual cue with regard to the maximum 
downward motion he could use.  
 
Instructional Goals 
The experiment was designed to test teaching for transfer through developing critical and 
strategic thinking, in this particular case through the Think-Set-Play sequence. The 
instructional goals were focused on developing student’s ability to think about how to 
manipulate the bow in order to obtain a good, resonant sound on the instrument as well 
as the ability to judge his performance and make predictions about it based on awareness 
of the control he has on different performance variables. Pertaining to this overarching 
goal, objectives were set such as: 
 
1. Correct finger setting on the bow: 

 test a gadget to correct little finger positioning and curvature 

 correct positioning of the index finger (at the second joint) 

 thumb (in the frog) and fingers 2,3 (relaxed, over the bow) 

 pinky flexible and rounded with the tip on the metal end of the bow 
 

2. Wrist motion: 

 curve up the wrist on the upward motion 

 bend in  the wrist (negative curve) during the downward motion 
 

3. Elbow planes of action and limits in space for optimal result: 

 up for the C string 

 negotiate middle position for the D and G strings 

 negotiate real-time position for string crossings 

 low for the A string 

 relaxed shoulder and controlled motion on the vertical plane 
 

4. Length of bow used: 

 all if possible (if correct bow length, or at the mark) 

 if not possible use a tape marking on the bow 

 adjust for arm length 
 

5. Bow positioning: 

 at the bridge, 5-8 mm away 

 placing of bow on string with full hair 

 maintaining parallel motion with the bridge 

 adjust pressure accordingly 
 

6. Making real-time decisions about: 

 proper bow speed 

 proper bow pressure 

 manipulating bow weight 



 dynamics 

 string crossing 

 tone 

 color 
 

7. String crossings: 

 bow motion 

 wrist motion 

 elbow motion 
 
Method 
As the skill of manipulating the bow is actually a group of various other skills, adjustment 
of performance must consider the student’s distributive attention as well as the student’s 
ability to manage frustration. In order to maintain a fluent instructional process, another 
goal was to give a balanced but varied amount of instructional, corrective and supportive 
feedback. 

A variety of teaching strategies employed instruction, demonstration, questions, 
hands-on corrective help (i.e. placing the instructor’s palm at set distance at the back of 
the elbow so the student cannot draw the elbow backwards and change inadvertently the 
bowing direction so the student has to flex correctly the right wrist in order to maintain 
proper bow direction), intoning pitches, demonstration by the teacher, metacognitive 
inquiry and triggering of higher-level critical thinking through suggestion and questions. 
The goal was that the student learns a particular set of action sequence, Think-Set-Play, 
designed to enhance all aspects of performance: 

- Think: assessing/high-order critical thinking (recalling different aspects and 
preparing). 

- Set: awareness of the physical posture and instrumental real-time 
manipulation, making adjustments. 

- Play: performance with real-time automated control and feedback. 
 

The level of student’s improvement was assessed through a video recording 
documenting the cognitive and behavioral changes that occurred as a result of 
implementing the TSP sequence.  

One of the first changes was student’s reaction to task failure. Instead of 
repeating over and over again with each failed attempt, thus reinforcing the 
strengthening of bad performance habits, the student stopped, took time to think first of 
the parameters of a successful performance, set the correct posture then performed, 
resulting in a significantly better posture, tone, and handling of instrument’s mechanics.  

A second significant change was that when asked to assess his own performance, 
the student was able to give accurate critical feedback.  

A third significant change was that the student was able to talk about the process, 
explaining in detail the premises of a successful performance. Furthermore, the student 
was able to adjust his own practice in order to become more efficient in terms of time 
spent on solving a particular task. Moreover, the student was able to plan step by step 
the process by which he would master a particular task.  



Finally, he was able to improve significantly his posture, performance skills, 
instrument tone and string crossing technique, being able to plan a task step by step, 
predict the outcome of his actions, evaluate his own performance then take decisions to 
improve and follow through. 
 
POST-EXPERIMENT OBSERVATIONS 
The student improved his performing abilities during the experiment and the obvious 
increase in mastery inspired him to adopt the TSP strategy and maintain it further during 
practice sessions without supervision. One week post-experiment, the parent noticed 
that the student was displaying a significant amount of frustration when practicing alone, 
even though he was otherwise improving further.  

An interview was conducted with both the parent and the student to determine 
what was causing the stress response. The development of the student’s critical 
assessment and thinking skills resulted in heightened self-evaluating awareness and gave 
rise to expectations which could not be met by his level of refined-motor skill mastery. As 
a result, special time was allotted to find together with the student strategies that could 
help balance expectation with the lack of skill.  

A first strategy was to revisit the critical and strategic thinking already established 
through the TSP sequence and apply it in this new context, this time at a conceptual level. 
A second strategy implemented was a very slow, 15-20 seconds up and down coordinated 
hand movement exercise that helped the student gain awareness and control of his 
muscles that are responsible for slow movement in different segments of student’s arms. 
A third strategy was to set together with the student a sequence of easily achievable 
goals which nevertheless result in a gradual increase of performance quality and 
technique mastery, based on applications of the TSP sequence.  
 
CONCLUSIONS 
The recorded video demonstrates that the student achieved the main goal and partially 
the objectives during the experiment. He displayed significant improvement in 
demonstrating the correct posture, bowing and intonation as soon as he started to 
implement the TSP sequence. The student acquired a set of skills which allowed him to 
evaluate his own performance, make predictions about the outcome of a future 
performance, identify what needed improvement; he was able to choose the correct 
method and use it in order to improve his level of mastery.  

Such skills may be transferred to other learning tasks where mastery requires 
critical and strategic thinking. Moreover, the student demonstrated being comfortable 
with this approach, meaning that there are significant chances that the student will 
continue to use TSP for positive reinforcement and because it provides him with 
frustration management and coping skills. 
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