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Analysis of playability, accuracy of musical performance, and the improvement process of novel

electronic musical instruments

Hidenori KOIDE

Owing to their sound mechanism, the interfaces of acoustic musical instruments without electric
sound generation have restrictions on their shape and size. Therefore, it is difficult to improve
the playing interfaces of acoustic musical instruments, and considerable practice is required to
improve their musical performance. Electronic musical instruments that resemble acoustic ones have
similar problems. This study defined these musical instruments as “conventional musical
instruments.” The electronic music al instruments have high interface flexibility and no
restrictions on their sound mechanism. Therefore, they are expected to overcome the drawbacks
associated with conventional musical instruments. Additionally, in this study, an electronic musical
instrument that is playable with a novel playing interface is defined as a “novel electronic
musical instrument.” This study enables beginner players to play simple melodies with the novel
electronic musical instrument almost correctly. In previous studies, various novel electronic
musical instruments that use sensors, switches, or various tools in daily use have been developed
to control sound mechanisms. However, the accuracy in musical performances remains unevaluated
Moreover, electronic and conventional musical instruments have not been compared in terms of
playability and accuracy of musical performance. Therefore, the interface characteristics of easy
playability and quick improvement in musical performance have not yet been clarified. Furthermore,
suitable evaluation items for subjective playability have not yet been identified

This study aims to identify a novel electronic musical instrument that can easily be played and
improve musical performance by solving the problems above. The accuracy of the musical performance
of novel electronic musical instruments and playing interface characteristics that can be easily
played were investigated. In addition, suitable evaluation criteria for subjective playability were
established, and it was used to evaluate novel electronic musical instruments. This paper consists
of the following seven chapters:

Chapter 1 presents the research background and musical instruments and clarifies the definitions
of “musical instrument,”  “conventional musical instruments and “novel electronic musical
instruments.” Next, this chapter presents the problems of conventional musical instruments and the
usefulness of novel electronic musical instruments in solving these problems, from which the purpose
of the study is drawn.

Chapter 2 examines previous studies on novel electronic musical instruments and describes the
problems in evaluating such instruments in the literature. Moreover, the agenda of this study and

experimental design in chapters 4 and 6 are proposed



Chapter 3 describes previous surveys on the attitude toward music and the performance of musical
instruments. A survey was conducted on university students’ attitudes toward musical instrument
performance, electronic musical instruments, and computer—aided learning support system s for musical
performance. Such surveys have not previously been conducted. The survey showed that approximately
half of the students supported electronic musical instruments that could easily be played but had
poor sound expression. Thus, from these results, it can be concluded that novel electronic musical
instruments are acceptable to a certain extent.

Chapter 4 presents experiments conducted by the author while studying for a master’ s. The first
experiment evaluated three types of novel electronic musical instruments in the market, or, as
proposed in a previous study. The second experiment evaluated three new types of novel electronic
musical instruments produced by analyzing three previous musical instruments. The objective accuracy
of musical performance was analyzed by introducing the novel feature values proposed in the current
study. The quantitative analysis and comparison of the objective accuracy of performance on several
electronic musical instruments are novel. Consequently, the playing interface characteristics of
easy playability were considered. These experiments show that playing novel electronic musical
instruments for the first time is difficult and requires a lot of practice.

New exploratory factor analysis identified three factors : proficiency, controlling sound
production, and pitch control, using all subjects’ subjective evaluation of playability . As a
result, the burden of evaluating novel electronic musical instruments is expected to be reduced
using evaluation items representing the three playability factors.

In Chapter 5, novel electronic musical instruments that aim for easy playability were created
using the results obtained in Chapter 4. First, a tablet—type electronic musical instrument played
with short movements using one finger was created. Second, a joystick—type electronic musical
instrument incorporating a joystick controller, similar to those for gaming, was created. Further,
an already developed conventional keyboard—type musical instrument was also prepared for comparison
purposes

In Chapter 6, using the three electronic musical instruments shown in Chapter 5, a three-week
practice experiment was conducted for beginner players and analyzed the performance sounds before,
during, and after the practice. Comparing the practice processes of novel and conventional musical
instruments represent a novelty introduced by this study. The results revealed that both tablet—
type musical instruments and conventional keyboard—type ones showed the same accuracy and
improvement in musical performance. The musical performance of joystick—type electronic musical
instruments improved after three weeks; however, they showed poorer accuracy and less improved
performance compared to the conventional keyboard type musical instruments. The details of the
improvement process for beginner players are helpful for future evaluation of the newly proposed
novel electronic musical instruments in terms of the accuracy of musical performance and the
extent of its improvement.

In the above experiments, subjective evaluations of playability, similar to those in Chapter 4,
were conducted four times at weekly intervals. Factor analysis using playability results from the

three electronic musical instruments in Chapter 5 identified factors different from those identified



in Chapter 4. These results suggest that the interfaces of a small number of musical instruments
strongly affect the structure of playability factors. Exploratory factor analysis using the
playability evaluation of all nine musical instruments, including the six in Chapter 4, identified
the same three factors mentioned in Chapter 4. The results imply that three playability factors—
proficiency, controlling sound production, and pitch control—are useful for evaluating the
playability of various types of novel electronic musical instruments

Chapter 7 summarizes the results of the previous chapters and proposes an outlook and further

tasks for the future development of novel electronic musical instruments and their evaluation.



