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Abstract: Playing the piano requires various skills which it takes long-term basic practice to 
acquire, such as playing indicated notes correctly. If the effort of this process can be reduced, the 
player will be able to enjoy and persevere with practice. Existing methods to lower the difficulty 
threshold in the initial stage of practice such as indicating the next key to be pressed. Accordingly, 
even a learner using the methods will become frustrated and ultimately lose motivation if the 
assigned piece is too difficult, as he or she will experience continuous keying mistakes and be 
unable to proceed to the next notation on the score. Therefore, our research aims to construct a 
piano learning support system considering maintenance of motivation. The proposed system 
provides several levels of learning mode, which are focused on the cognition process of music 
reading, and which have varying degrees of leniency towards keying mistakes. 

 
 
 
Introduction 
 

Playing the piano requires various skills which it takes long-term basic practice to acquire, such as music 
reading, playing indicated notes correctly, correct fingering, sense of rhythm, appropriate application of pressure in 
keying, and tempo. For beginners in particular, the process of looking at notes on a score, visualizing their position 
on the keyboard and then pressing the appropriate keys presents a significant hurdle at first. If the effort and mental 
burden of this process can be reduced, the player will be able to enjoy and persevere with practice. Proposed 
methods to lower the difficulty threshold in the initial stage of practice (the stage in which the learner practices to 
learn the keying positions of a score they are seeing for the first time), include Lighted Keyboard1, which uses 
illumination to provide support information, such as indicating the next key to be pressed, and Piano Master2, which 
presents images of a keyboard or a pianist’s hands on a display, to graphically demonstrate keying position and 
fingering. However, as the number of keys to be pressed simultaneously, the number of keys needed to play an 
assigned piece, or the difficulty of the piece, increases, a vast gap is revealed between the keying skill required (the 
skill needed to accurately press the keys as the assigned piece demands) and the learner’s keying skill.  

According to Takizawa (Takizawa 2010), it is understood that if the difficulty of an assigned task is too 
high, the learner will lose motivation to apply themselves to practice. Accordingly, even a learner using the support 
of Lighted Keyboard or Piano Master will become frustrated and ultimately lose motivation (the will to continue 
practice until proficiency is achieved) if the assigned piece is too difficult, as he or she will experience continuous 
keying mistakes and be unable to proceed to the next notation on the score. 

Learners favor various different learning styles; while some aim to find an effective way to master the 
keying of a piece in as short a time as possible, others simply wish to maintain motivation throughout the learning 
process. There are certain systems, such as Keyboardmania3, which do not interrupt practice when the user makes a 
keying error. When it comes to playing difficult pieces the learner is, naturally, unable to play correctly immediately 
after starting practice, yet the system outputs correct pitch regardless, and as a result the degree of accomplishment 
of performance is low, and motivation decreases.  

Therefore, our research aims to construct a piano learning support system considering maintenance of 
motivation. 

                                                
1 Lighted Keyboard: http://www.casio.com/products/Digital_Pianos_%26_Keyboards/Lighted_Keys/ 
2

 Piano Master: http://www.kawai.co.jp/cmusic/products/pm/index.htm 
3 Keyboardmania: http://en.wikipedia.org/wiki/Keyboardmania 



 

 

In order to reduce the gap between the learner’s keying skill and required keying skill, the proposed system 
provides several levels of learning mode which have varying degrees of leniency towards keying mistakes. In the 
most lenient mode, the correct pitch is output regardless of what key is pressed, enabling even beginners to start 
playing the piece they want to learn immediately, while at the same time experiencing the joy of performance and a 
feeling of accomplishment. In addition, the timing of the output of correct notes is controlled by the learner’s keying, 
giving a real sense of performance. Furthermore, the learner advances by selecting learning modes according to 
personal degree of proficiency and gradually reducing the leniency level. In this way, the learner’s sense of 
self-efficacy increases (self-efficacy being the feeling that if one practices one will become able to play the assigned 
piece). 
 
 
Related Research 

 
Several studies related to piano learning support have been carried out thus far. These (Mukai et al. 2007, 

Kitamura et al. 2006, Akinaga et al. 2006, Akinaga et al. 2007) include ‘Weak Point’, a system that stores and uses 
performance data to calculate learners’ weak points in a piece and focus practice on those areas, and ‘Advice Lines’, 
a system that automatically evaluates performance and displays advice or indicates mistakes on a piano score. These 
systems evaluate mistakes or application of pressure in keying, based mainly on keying data. Piano Tutor 
(Dannenberg et al. 1990) uses performance-following recognition technology to automatically turn to the next page 
of music, presents example performance information in the form of video or audio, and analyzes performance data 
to identify points for improvement, which are displayed as text or other media. There are also a system (Takegawa et 
al. 2011) that presents what key should be pressed, fingering information. 

As further attempts at lowering the difficulty threshold of performance, there are conducting systems, such 
as Radio Baton (Boulanger et al. 1997), in which the speed or strength of a piece of music can be controlled by 
waving a baton, as though conducting. Oshima’s Coloring-in Piano (Oshima et al. 2001) always output correct notes, 
whatever key is pressed. These systems have already introduced the concept of degrees of leniency proposed in this 
research, and can make it appear that the learner is genuinely playing. However, unlike our research, the 
aforementioned systems have no concept of learning to play by gradually altering the degree of leniency. ism 
(Kitahara et al. 2005) is a learning system that supports improvised performance, by changing any inappropriate 
parts of performance to more appropriate sounds, in real time. It also uses oscillations to indicate when the 
performer has tried to play an inappropriate sound, to make the performer aware of the mistake. Similarly to our 
research, Ism has a function to gradually alter the leniency degree for keying mistakes, but being 
improvisation-based it differs from our staff-based music performance system.  
 
 
Design 
 

Our research is targeted at piano beginners, and aims for learners, who start out almost completely unable 
to play a piece, to use auxiliary information from the musical staff and the system, while maintaining motivation as 
much as possible, to master keying positions and ultimately become able to play the piece without system support. 
The necessary criteria for realizing this aim are detailed below.  
 
Presentation of Keying Position Information: In the case where a player has a piece that they want to perform, the 
strongest feeling initially is that of wanting to become able to play that specific piece. However, for piano beginners 
grasping the relationship between notes on the score and keys on the keyboard is difficult. Accordingly, in 
traditional piano learning method which used only the musical staff and a piano, the learner had to begin by studying 
how to read music, and it took a long time to reach the final goal of being able to play a piece. Our research group 
has previously created a learning support system for piano beginners, and found from the results of evaluative 
experiments that indicating the next key to be pressed, in the manner of Lighted Keyboard, lowers the difficulty 
threshold and is an effective method to promote comprehension of keying position. Thus, the proposed system, like 
Lighted Keyboard, employs presentation of keying position. 
 
Introduction of Degree of Leniency towards Mistakes: Presented with keying position information, learners are 
able visually to grasp where the correct keying position is, even if they cannot read music. Nevertheless, the harder 



 

 

the piece, the more difficult it is to press the correct keys4, regardless of keying position information support, and it 
takes time to become able to play smoothly. As mentioned before, our research group created and evaluated a 
learning support system for piano beginners, and observed that learners repeatedly make mistakes at difficult points, 
repeatedly check keying position, and play with great attentiveness. Additionally, a lot of time is needed to 
memorize the keying positions of an entire piece, and in the very beginning stage of practice learners have to 
confirm the position of every single key press. It can hardly be said, in this case, that they are managing to play the 
piece they want to learn smoothly. That is why, in our research, we introduce the concept of degrees of leniency 
towards mistakes, and propose learning modes with varying leniency degrees. By choosing a learning mode 
appropriate to personal proficiency level, the learner can play without concentrating on correct keying position. For 
example, in the least difficult mode, whatever key the learner presses correct sound is output, leaving him or her free 
to focus solely on the timing of keying and play smoothly from the very beginning of practice. Through gradual 
alteration of learning mode, the learner progresses as he or she practices, and as a result motivation is maintained.  
 
System Structure 

The structure of our proposed system is presented in Fig. 1. A display placed in front of the player shows a 
musical score and virtual keyboard. The system collects MIDI data (keying position, speed of keying etc.). A 
projector is used to display information, such as the key next to be pressed, on the MIDI keyboard. 

 
Learning Methods 

The proposed system has several learning modes with varying degrees of leniency towards keying mistakes, 
and the learner uses these modes selectively according to his or her proficiency level. If a mistake occurs that is 
within the error margin of the selected mode, the system searches the pitch database of the piece being played to find 
the correct pitch and outputs the correct sound, without altering the learner’s keying speed, or the timing of pressing 
or releasing keys. As a result, even if the learner is at a low proficiency level and unable to play correctly, he or she 
can give a highly accomplished performance and thus maintain motivation throughout practice. 

The system presents a musical score on the display (see Fig. 2 (1)), and indicates with a red line the 
‘current playing position’ (the place on the score that the learner is currently playing) (Fig. 2 (2)). In the case of a 
keying mistake within the selected error margin, when the pitch is altered and output current playing position is 
simultaneously updated. As the current playing positions of the right-hand part and left-hand part are both indicated 
with red lines, and a separate score is provided for each part, it is possible to practice a single hand part in isolation. 
Besides the musical score, the display shows a virtual keyboard (Figure. 2 (3)). Depending on the current playing 
position and learning mode, the next key(s) to be pressed are indicated on both the virtual keyboard and the MIDI 
keyboard (Fig. 2 (4)). In the case of a keying mistake outside the selected error margin, the system outputs an error 
sound effect to notify the learner and enable him or her to realize the mistake. Additional features include playback 
of demo performance audio (Fig. 2 (6)), a cue point function (to change the current playing position) (Fig. 2 (7)) and 
the option to operate the system by pressing keys (those not required to play the current piece) onto which icons are 
projected. The letters a-g are projected onto the keys used to select learning mode (Fig. 2 (7)), and these correspond 
to learning modes A-G, which are outlined hereafter.  

                                                
4 For example, when there are leaps in the pitch of notes (where there is a large difference in pitch between the note currently being played and 
the following note). At such a point, moving the fingers from the current key to the next key requires the player consciously to spread the hands 
and move the wrists. Also, it is difficult to comprehend from a score how many keys apart certain notes are, and mistakes occur frequently. 

Fig. 1 System Structure 



 

 

 

Learning Modes 
In our system, it is necessary to set the error margin for mistakes at each stage of practice, but, as a new 

approach to deciding error margin, we focused on the cognition process of music reading. This is because in general 
the player looks at the notations on the score to decide which key to press, then presses said key. It is the score that 
enables performance, therefore we considered that if the cognition process of music reading could be appropriately 
fragmented, an intuitive error margin for the learner could be set.  

We considered the music reading cognition process involved in a first-time attempt at playing a previously 
unseen piece of music. Hatano (Hatano 1987) suggests that when players attempt a new piece, they do not 
immediately read pitch or note value from the notations on the score, but rather mentally transform patterns (certain 
groups of notations) into ‘familiar units’. For example, a chord comprising three vertically aligned notations which 
are not distanced from each other and are unstressed, is three sounds separated by three intervals. If the pitch of one 
these notes is decided, the pitches of the other two will be decided automatically. Hatano posits that the player does 
not read the pitch of each notation individually, but instead processes the information faster by ‘observing the 
pattern of how the notations are aligned and converting them to a familiar unit’, and ‘reading the pitch of a single 
sound’. It is also suggested that ‘separating pitch patterns and specific pitch makes more effective processing 
possible’. That is to say, when comparing a chord composed of C E G and one composed of D F A, the pitches are 
different yet the learner views the structure of the musical notations as the same, and so increases the number of 
familiar units.  

In our research, based on the notions of ‘transformation into familiar units’ and ‘separation of pitch 
information’, we conceived the idea of fragmenting the music reading cognition process into five parts (numbered i 
to v). As a tangible example, when trying to play the chord depicted on the score in Fig.3, (i) the learner first affirms 
the presence of the notations, then (ii) comprehends the structure of the notations that form the chord. Next, (iii-(a)) 
the learner comprehends the pitch intervals between the notations that make up the chord, and (iii-(b)) the 
orientation of the interval between notations, i.e. whether the current notation is higher, lower or the same as the 
previous one. (iv) The learner then considers whether the notation they are focusing on belongs to the treble or the 
bass clef, and what its position is on the stave, and seeks the name of the note and the height of the octave. Finally, 
(v) the learner recognizes the key signature and applies this to the information of note name and octave height 
obtained in the fourth stage.  

Piano beginners have no preconceived familiar units. Accordingly, we considered that, rather than merely 
separating pitch information from musical notation, separating information from multiple perspectives, such as key 
signature, notation alignment, and number of notations, would render unit conception easier. Previous learning 
methods have been based on the premise of comprehending these processes simultaneously, which imposes a heavy 
cognitive burden on the learner. Our method, on the other hand, proposes learning modes that enable individual 
study of the processes, and in so doing aims to reduce the cognitive burden at the same time. 

Fig. 2 Presented contents. 



 

 

 

Mode A: In mode A, a sound of the correct pitch is output regardless of what key the learner presses. The learner’s 
timing of keying and releasing, and velocity, remain unchanged. Mode A, which assumes that the learner presses 
keys with the right and left hands one at a time, exists to focus on the timing of pressing and releasing keys, and 
velocity, and accustom the learner to the operation of keying. In the case of practicing a piece that is already familiar, 
the learner has sufficient understanding of the velocity and timing, and can therefore become able to play with 
controlled duration with a only small amount of practice. Consequently, the learner is able to envisage the process 
that leads to accomplishment, and motivation increases. As in this mode the error margin covers all the keys, and 
only current playing position, and not keying position, is displayed. Our research assumes the use of music with 
parts for both hands and accordingly the system judges the boundary (from E4 to F4)5 of each hand on the keyboard, 
to distinguish whether the learner is attempting to play the right-hand part or left-hand part. When a note above E4 
(the right-hand domain) is played, the system judges this to be performance of the right-hand part, and the line that 
indicates current playing position on the right-hand score proceeds to the next notation. The boundary for each hand 
varies depending on the piece of music. 
 
Mode B: Mode B is an effective mode to accustom the learner to playing chords. In this mode, if the number of 
sounds that make up a chord matches the number of keys pressed by the learner the correct sound is output. As in 
mode A, every key is within the error margin, so correct keying position is not displayed on the keyboard. The 
presented information, as shown in Fig.4, consists of the red line that indicates current playing position, and 
however many white keys correspond to the number of notes that make up a chord colored orange on the virtual 
keyboard. When the number of keys pressed does not agree with the number of notes in the chord, an error sound 
effect is output. If the notation at the current playing position is a single sound, only one key is highlighted (with an 
orange rectangle), but in the case of a chord the display indicates as many notes as make up that chord. This is the 
same for mode C, described hereafter. 
 

Mode C: Mode C imposes the same restrictions as mode B, but in addition this mode judges playing to be correct 
and outputs the correct sound if the pitch difference between the notes that make up a chord matches the distance 
                                                
5 The numbers refer to the height of the octave, in which C4 represents the middle. 

Fig. 5 Mode C. 

Fig. 3 Cognition process of music reading. 

Fig. 4 Presentation of information in mode B. 



 

 

between the keys pressed. As shown in Fig.5, when playing the right-hand chord (A, C), playing a different chord 
which has the same relationship between notes (see ‘example of acceptable keying’: G and B) constitutes correct 
keying. Playing a chord which does not have the same relationship between notes (see ‘example of unacceptable 
keying’: A and D) results in an error sound effect being output. The aim of mode C is to train the learner to be able 
to understand the distance between key presses on the keyboard, when looking at the musical score. This mode 
displays both current playing position, indicated with a red line on the score, and correct keying position, displayed 
on the virtual keyboard with orange rectangles superimposed on the keys.  
 
Mode D: In addition to the restrictions of the modes up to C (the number of key presses when playing a chord, the 
distance between key presses at a given moment), mode D considers the relationship between previous keying 
position and current keying position. In actual practice, in the case of a score composed of single sounds, like that 
depicted in the upper part of Fig.6, if the combination of pitches is such that the first and second keys pressed are of 
the same pitch, and the third key pressed is of lower pitch than the second, this will be accepted as correct, as shown 
in the example of acceptable keying in the upper part of the diagram.  

In contrast, in example 1 of unacceptable keying the third key pressed is higher than the second, and in 
example 2 the keying is incorrect because the second key pressed is of different pitch from the first. Fundamentally, 
when the position of the key currently being pressed is of the correct orientation, based on the previous keying 
position, it is considered correct keying. In the case where the current keying position is at one of the extremes of the 
keyboard and it is physically impossible to press the next key, the current playing position will be adjusted: that of 
the right hand to C4, and that of the left hand to A3. 

When it comes to scores composed of chords, like the one shown in the lower part of Fig.6, the right-hand 
part takes the highest note as its standard, while the left-hand part takes the lowest note as its standard. Thus, in 
example 1 of unacceptable keying, the playing is deemed incorrect because the higher note in the third chord differs 
from the higher note in the previous chord. In example 2, the higher note in the third chord is correct, but the playing 
is incorrect because the difference in the pitch of the lower notes does not agree. Recognizing whether the sound 
about to be played is relatively higher, lower, or the same as the previous sound, is easy, even for beginners. If the 
processes taught in the modes up to C have been mastered, then it is only necessary to consider in which direction to 
move from the previously pressed key.  

The information presented to the learner consists of current playing position, indicated with a red line, and 
orientation of the next key press, which is shown by using projection to color keys on the MIDI keyboard orange. 
The same information displayed on the virtual keyboard is projected onto the MIDI keyboard, in this mode. Fig.7 
presents the keyboard domain that falls within the error margin in the case of the right hand pressing A4 in the treble 
clef. In this situation, the system assumes that the learner pressed the key F4 in order to play the previous notation 
(B4) and, as explained in ‘Mode A’, decides the area from F4, the left-most extreme of the right-hand domain, to E5 
to be the error margin.  

 

Fig. 6 Mode D. Fig. 7 Presentation of information in mode D 



 

 

Mode E: In Mode E, keying is deemed correct when it falls within the keying range specified on the basis of the 
position of the key that should originally have been pressed, and correct sound is output. For example, when there is 
a single sound, as shown in the upper part of Fig. 8, the key that should be pressed is considered the ‘center’ and if 
keying is within two white keys’ distance to the right or left of this key, (C5 is the center, so pressing any of the 
white keys within the range of A4 to E5 constitutes correct keying) the mistake is overlooked, as in the example of 
acceptable keying. When playing the chords shown in the lower part of Fig. 8, pressing an incorrect key within two 
white key’s distance of the correct key is overlooked, just as with the single sounds (see ‘example of acceptable 
keying’, in lower part of Fig. 8). Pressing a key that is three or more white keys’ distance from the correct key 
constitutes incorrect keying (see examples of unacceptable keying, in lower part of Fig. 8). Mode E includes the 
restrictions of modes B and C, and, as shown in example 2 of unacceptable keying in the lower part of Fig. 8, 
mistakes related to the difference in pitch of the notes that make up a chord are regarded as incorrect keying. The 
default error margin for keying mistakes is plus/minus two white keys, but as the learner advances the error margin 
decreases. Error margin 0 has the same degree of difficulty as Lighted Keyboard, which doesn’t consider key 
signature.  

As expressed in Fig. 2: Presented contents, both the keying position that corresponds to the notations on the 
score, and the keying positions that are within the error margin, are indicated by coloring the appropriate keys of the 
virtual keyboard orange. Additionally, the keying position that corresponds to the score notation is colored more 
vividly orange than the keying positions within the error margin, so that it stands out. The same information is also 
displayed on the MIDI keyboard, but on the MIDI keys the keying position that corresponds to score notation is 
indicated by filling the keys in orange, while the keys within the error margin are only outlined in orange.  
 
Mode F: Mode F employs error margin 0 from mode E, and includes further restrictions based on keying signature. 
 
Mode G: Mode G is a learning method which provides no system support and consists of only the score and the 
piano. 

 
 
Implementation 
 

We implemented a prototype of the learning support system as mentioned in Section 3. The PC used was 
the Sony VAIO VGN-SR, and the MIDI keyboard was the CASIO Privia PX-100. As a projector we used the BenQ 
MP776ST. We painted the black keys of the keyboard white, in order to make the projected images easier to see. We 
used ‘Processing’ on Windows 7 to develop our software.  
 
 

Fig. 8 Mode E Fig. 9 Method for measuring keying mistakes 



 

 

Evaluative experiment 
 

We conducted an evaluative experiment to verify the effectiveness of our system. We evaluated the level of 
speed of learning keying, and motivation, when using the proposed system in the initial stage of practice (the stage 
when a beginner practices to learn the fingering and keying of a piece that they are seeing for the first time). 
 
Experiment Procedure  

The experimental procedure is described below.  
 
Comparative Method: The experiment involved two methods, both using the proposed system. In the proposed 
method, all the modes and functions of our system could be used freely. In the comparative method, only mode F 
could be used, to create the same conditions as in Lighted Keyboard. Also, there was a function for switching 
between hand parts in practice (right hand, left hand, both hands), and, as in the proposed method, the specified 
demo performance audio playback and cue point functions could be used. 
 
The Subjects: A total of eight subjects participated in the experiment and four subjects each were assigned to the 
comparative method (subjects a, b, c, d) and the proposed method (subjects e, f, g, h) respectively. Once having 
participated in the experiment subjects did not participate in further experiments using other methods. The subjects 
comprised university students whose piano experience extended to having played keyboards in music lessons at 
school, and who had not received private lessons or any kind of special musical education. The assigned piece of 
music was familiar to all the subjects. Also, the meanings of notations, the relationship between the score notations 
and piano keys, the meaning of the note head and stem, the meaning of key signature, and how to use all the system 
functions, were all explained to the subjects beforehand.  
 
The Assigned Piece: We had the subjects play W. A. Mozart’s Turkish March (K.331), from the beginning up until 
the 17th bar. The Turkish March is a piece that is difficult for beginners. However, as stated in the opening of 
section Design, there are pieces that people want to play, regardless of whether they are beginners. In our research, 
we presuppose that these pieces will be of the difficulty level of Turkish March. That is, pieces that meet the 
following criteria: are generally widely known, require both hands to play, require the use of both white and black 
keys, in which the area covered by a single hand part is larger than one octave, have over five types of interval 
between consecutive notations, comprise both single sounds and chords, and finally, have both points at which the 
keying or releasing timing of the right and left-hand parts is the same, and points at which it differs. 
 
Experiment Procedure: In the experiment we had all the subjects practice the assigned piece for 30 minutes using 
their designated methods, then we carried out a progress test in which the subjects had to play the piece through 
(from beginning to end without pausing). Additionally, on the first day of the experiment only, we had the subjects 
practice the assigned piece using their designated methods for 5 minutes before the 30 minute practice, to allow 
them to comprehend all the functions. The experimenters checked that the subjects used all the functions during the 
five minutes and that they understood how to use each function. Experiments were conducted once a day, and 
continued until the subjects could play the piece through with no keying mistakes. The sole exception was subject b, 
who had to take a trip and thus found it difficult to continue with participation. Subject b alone ended the experiment 
without reaching the goal of zero keying mistakes.  

At the end of each day of the experiment, we had the subjects complete a questionnaire asking whether they 
had been able to maintain motivation (ranked in five stages, from 1(was unable to maintain) to 5 (was able to 
maintain)), and write down the reason behind the result. During the play-through in the progress test, the display 
showed only the musical score (without current playing position), and there was no support from the system. 
Mis-keying (pressing the wrong key) (Fig. 9 (a)), non-keying (pressing no keys) (Fig. 9 (b)) and over-keying 
(pressing too many keys) (Fig. 9 (c)) were counted as keying mistakes. Also, when the system was unable to 
distinguish whether a mistake was mis-keying or over-keying it was deemed to be mis-keying, if the system was 
unable to distinguish between over-keying and non-keying it was deemed to be over-keying, and, in the case of 
mis-keying and non-keying it was deemed to be mis-keying.  
 
Instructions to the Subjects: In the 30 minute practice time, we instructed the subjects to be conscious of playing 
with natural tempo and no mistakes while looking at the music, and to use the functions freely. We informed them 
that there would be a progress test afterwards in which they would have to play the piece from beginning to end with 
no keying position information or other system support. We also told the subjects to feel free to raise any questions 



 

 

they might have during the experiment. When asked by the subjects what speed constituted ‘natural tempo’, we 
explained that tempo should be the same as in the demo performance. Instructions for the progress test were to play 
the piece from beginning to end, maintaining a tempo as close to the demo performance as possible, and with no 
mistakes. We explained that the time limit was five minutes and that subjects were permitted to skip over parts of 
the music that they did not understand. Also that they should inform us if they reached a point at which they were 
unable to play any further. Finally, we stressed that they should avoid replaying parts of the piece, even if they made 
a mistake. Throughout the experiment there were no subjects who found it too difficult and abandoned practice.   



 

 
 

Fig. 10 Comparative method:  
Results of the number of keying errors in the test, the values for motivation in the practice. 

Fig. 11 Proposed method:  
Results of the number of keying errors in the test, the values for motivation in the practice. 

Fig. 12 The use record of the learning mode for each subject. 

Fig. 13 The average usage rate  
for each learning mode. 

Fig. 14 The maximum usage rate  
for each learning mode. 



 

 

 
Experiment Results 
 

The number of keying mistakes as well as the motivation scores of each of the subjects using the 
comparative method and proposed method are expressed in the graphs in figures 10 and 11. The x axis of the graph 
represents the experiment day, and the blue bar graph on the y axis represents the number of keying mistakes in the 
progress test for each day, while the red circles represent the subject’s motivation score for each day. Other data 
recorded includes the daily learning mode usage record of the subjects using the proposed method, shown in Fig. 12, 
the average usage rate of learning modes, shown in Fig. 13, and the maximum usage rates of learning modes, shown 
in Fig. 15. The value of mode A for subject e in Fig. 13 is the average value of the subject’s usage rate of mode A in 
the experiment, over a seven day period. The value of mode A for all subjects is the average of the values of every 
subject’s usage rate for mode A (see Fig. 13: all subjects). In the table of maximum usage values, as in the table of 
averages, the value of mode A for subject e is the maximum value of the subject’s usage rate of mode A during the 
seven day experiment period. Similarly, the value of mode A for all subjects represents the maximum value of the 
usage rate of mode A of every subject in the maximum table. Incidentally, the minimum value for each mode and 
each user was 0%. 

The average value of the scores of motivation during practice is 4.6 for the proposed method (standard 
deviation 0.4), and 3.8 for the comparative method (standard deviation 0.8). It can be said that the larger this value, 
the higher the motivation of the subject during practice. The critical p-value of 1% was calculated using Weltch’s ‘t 
test’ to determine statistical significance (t(52) = -4.02, p=0.0002). Accordingly, it can be said that motivation can 
be maintained during practice more effectively with the proposed method than the comparative method. Considering 
the results of the subjects individually, it can be seen that there is an overall fluctuation in the motivation scores of 
the subjects using the comparative method, with a minimum value of as low as 2 in some cases. In contrast, the 
scores of the subjects using the proposed method are stable. 

Regarding the number of keying mistakes, every subject’s number decreased as the experiment proceeded. 
However, no difference was observed between the numbers of days required to complete the experiment using each 
method, so it can be said that the methods are equal in terms of effectiveness in learning keying position. 

The subjects who used the proposed method used all the learning modes, as shown in Fig. 12 and Fig. 13. 
In the initial stage of the experiment they used modes with a high level of leniency towards mistakes, such as mode 
A or mode B. Later, in the final stage of the experiment, they used modes E, F and G. There were individual 
differences among the subjects, concerning the usage rate of learning modes. For example, the usage rate of subject f 
for mode D was low (representing 3.4% of total practice time), but the usage rate of subject e for mode D (14.5% of 
total practice time) was high. The preference of each subject could be observed for certain modes. Regarding the 
comparative method, it was revealed, from observation during the experiment, subjects’ comments after the 
experiment, and analysis of the usage record of the additional functions, that subjects used the mode-switching 
function to switch between single-hand and dual-hand performance, and to adjust the difficulty of practice, and used 
the cue point function to focus practice on difficult points. 
 
 
Considerations 
 

In this section, we discuss the relationship between piano learning and motivation, considering the 
motivation scores and corresponding reasons that we obtained from the subjects in the evaluative experiment. 
Following on, we discuss the causes of the differing motivation scores of the proposed and comparative methods, 
the effectiveness of each mode of the proposed system, and points for improvement. 
 
Cause of Decline in Motivation 

The motivation scores shown in figures 10 and 11, and the reasons the subjects gave for the scores, reveal 
that there are three principal causes of decline in motivation. The number and letter combinations used below, such 
as a-3, correspond to the letter of the subject and the day on which the comment was made. For example, a-3 
represents the comment made by subject a on day 3 of the experiment.  
 
Becoming Bored: Based on comments such as a-3, c-9, c-10 and e-7, it is considered that becoming bored with 
practice by repetition had an effect on motivation score. Such comments were frequent in the final stage of the 
experiment: a-3 and c-10 mention ‘repetitive practice’ and c-9 and e-7 refer to ‘the same practice’. Although the 



 

 

subjects do not refer to practice goals or describe tangible practice methods in their comments, they do consider how 
best to practice and create practice methods. Nevertheless, due to practicing repeatedly they grow tired of practice.  
 
Irritation and Discouragement: Comments such as b-7, b-9, c-5, d-2 and g-5 reveal that the subjects felt 
frustration and discouragement due to the difficulty of the assigned piece, and not being able to play it well. This 
feeling was noted in each stage of the experiment, from the initial stage to the final stage. The initial stage presents 
the difficulty of moving each hand independently when playing with both hands, while the middle and final stages 
present the difficulty of learning keying position. The subjects expressed their irritation and discouragement at being 
unable to overcome these difficulties. The word ‘irritation’ is used in comments b-7 and b-9. Comments c-5, d-2, 
g-2 and g-5 do not use the words ‘irritation’ or ‘discouragement’, but it was confirmed, in post-experiment 
discussions, that these subjects felt discouraged.  
 
Uncertainty: It was gathered from comments such as b-1, d-3 and e-2 that subjects were uncertain of how they 
should practice (and in what way to utilize the system) in order to progress. These comments were made in the 
initial and middle stages of the experiment. B-1 describes how experiencing the difficulty of playing with both 
hands led to uncertainty about whether the assigned task could ultimately be achieved, which resulted in a decreased 
sense of self-efficacy. In d-3 the subject explained how he began to doubt whether his practice method was correct, 
which led to a feeling of vague uncertainty regarding whether the task could be achieved. The subject in e-2 
expressed confusion about how best to use the proposed system. As with ‘irritation and discouragement’, the notions 
stated above are not simply conjecture on the part of the experimenters, but were confirmed by the subjects.  
 
Causes of Rise in Motivation 
‘Progress’ is the main factor cited in the reasons subjects gave for rise in motivation. Specifically, reasons given in 
the comments include ‘because I made fewer mistakes than on the previous day’ (a-6), ‘because I advanced through 
the modes one by one and had a sense of progress’ (g-4), and ‘because I have become able to play without support’ 
(g-9). When subjects felt more proficient than in the past, or that they were nearing completion of the assigned task, 
a rise in motivation or a high motivation score was observed. This can be seen at various points at any stage of the 
experiment, in both the proposed method and comparative method. To take an individual example, comment f-1, 
‘with the system support I felt like I was playing by myself and it was fun’, shows that enjoyment of playing the 
piece itself affects rise in motivation. E-1 explains that the subject felt uncertain about completing the task itself, but 
that he used modes A and B in the proposed method to break the task down into smaller, seemingly achievable steps, 
and obtained a sense of self-efficacy. Another reason for rise in motivation, described in b-2 and b-8, is a sense of 
self-efficacy derived from feeling that the overall task is achievable.  
 
Difference in Motivation: As stated before, there is a great variety of causes for a rise or decline in motivation, but 
in the proposed method positive comments corresponding to ‘progress’ and ‘fun’ represent the overall majority. In 
contrast, there are positive comments about the comparative method, but, in comparison to the proposed method, 
there are a large number of negative comments relating to ‘becoming bored’, ‘irritation and discouragement’ and 
‘uncertainty’.  

To explain further, looking at the results from the first day of the experiment, in the proposed method there 
were many comments relating to ‘fun’ and ‘self-efficacy’, and all the subjects rated motivation with the highest 
score. Contrastingly, in the comparative method subject b felt ‘uncertainty’, subject a commented on irritation and 
discouragement due to mistakes, and the motivation scores of both subjects were not the highest level. If we focus 
on the times during the middle stage of the experiment when a motivation score of 2, the lowest recorded score in 
this experiment, was given, we see that the reasons subjects a and b gave for this score on the third day of the 
experiment include boredom with repetitive practice and impatience to complete the assigned task. From experiment 
day 7 and after, subject c’s motivation score decreased, dropping to 2 on the tenth and final day. The reason is 
considered to be boredom with repeated practice. 

It is thought that one factor that greatly influenced why the motivation scores of the proposed method were 
higher than those of the comparative method is the presence of ‘learning modes that consider leniency towards 
keying mistakes’. Using these modes allowed subjects to experience enjoyment and a feeling of self-efficacy in the 
initial stage of the experiment. On experiment day 1, subjects e and f commented that ‘I’ll practice to the best of my 
ability’ (e-1), and ‘with the system support I felt like I was playing by myself and it was fun’ (f-1), respectively. 
Through practicing using modes A and B, these subjects felt that they could complete the smaller tasks and had a 
sense of self-efficacy. In contrast, subjects a and b who used the comparative method felt irritation and uncertainty 
regarding their mistakes. From these results it can be concluded that the proposed method’s ‘learning modes 



 

 

considering leniency towards mistakes’ have a significant influence on the method’s potential to provide enjoyment 
and a sense of self-efficacy on the first day of the experiment.    

By developing a strategy for each learning mode, the subjects felt they were progressing, and using the 
modes they were able to design better ways to guide themselves towards ‘progress’. To give an example, subject g 
stated that ‘I advanced from playing with one finger to playing with two fingers, and felt I had progressed’ (g-3) and 
‘I advanced through the modes one by one and had a sense of progress’ (g-4). The proposed method breaks down 
the act of ‘correct key pressing’ into criteria such as ‘pressing a key’, and ‘pressing only the correct number of keys 
at the same time’, and assigns these criteria to each learning mode. Subject g, using the proposed system, evaluated 
personal performance based not on the accuracy of pressing the correct keys, but on whether the correct number of 
keys were pressed at the same time. Reviewing the comments of the subjects assigned to the comparative method, it 
is evident that they were limited to rating performance based only on keying accuracy and did not consider 
evaluation of keying from smaller perspectives, as subject g did. If performance can be evaluated from various 
perspectives, then even if a learner has not progressed with regard to keying accuracy, a sense of progress can still 
be achieved, and motivation increased. 

Besides achieving a sense of progress, there was another unexpected method of using the learning modes. 
In the words of subject e, ‘when I had reached my limit I switched to practicing enjoyably in one of the simple 
learning modes, as a form of stress relief’ (e-5). Evidently some modes were occasionally used to combat stress. 
 
 
Effectiveness of Each Mode in the Proposed Method 
Looking at the results for all subjects in Fig. 13, it can be seen that modes C, D and E have a usage rate of less than 
10%, while modes F and G surpass 20%. Also, looking at individual subjects, the highest recorded usage rate is for 
mode B in the case of subject e, mode F in the case of subject f, mode A in the case of subject g, and mode G in the 
case of subject h. In contrast, the results for all subjects in Fig. 15 show that the usage rate of modes A, B, E, F and 
G is over 80%. 

As for the reason that the average usage rate of mode F and mode G (see Fig. 13: all subjects) was high, it 
is because these modes were the most effective for learning correct keying position. This was confirmed through 
discussion with all the subjects. In actuality, modes F and G were used particularly frequently during the final stage 
of the experiment, and the results for all subjects in Fig. 15 show that, while modes F and G are at 95%, mode E, 
despite being similar to F and G in that it teaches correct keying position, differs from those modes by having a low 
average value of usage rate but a high maximum value. 

Modes A - D are for learning the act of keying itself, and are specialized for learning comprehension of the 
number of keys to be pressed simultaneously, the distance between previous key press and next key press, and so on. 
Learning correct keying position is not included in the learning curricula of these modes. The modes from E to G are 
for learning correct keying position but mode E is designed for temporary use and is not considered one of the 
principal modes for learning keying position. Mode E accepts pressing of the correct keys and the surrounding keys, 
making it effective only for learning approximate keying position, whereas modes F and G are used to learn correct 
position. Mode E and modes F and G differ in terms of usefulness, but it is thought that the reason mode E had a low 
average usage rate was because learning approximate keying position takes relatively little time compared to 
learning correct keying position. However, as is evident from the results in Fig. 15, in which subject e’s usage rate 
for mode E is over 50% and subject g’s over 85%, there were certain days when the mode was used frequently. 
When the subjects were questioned about this after the experiment, they hypothesized that if there had been no mode 
E and they had started practicing from mode F, they would probably have made many keying mistakes, leading to 
increased irritation and discouragement. Therefore, it can be said that mode E does have usefulness.  

Mode A and mode B were used frequently, for learning the act of keying itself, and the act of pressing keys 
simultaneously, respectively, and these modes had a high average usage rate. In contrast, the maximum value of 
both the average usage rate for all subjects, and the individual usage rates of subjects, was low for modes C and D. It 
is thought that this was due to mode C being indistinguishable from mode B, as the assigned piece of music does not 
have many chords. In the assigned piece there are two types of chord in the left-hand part and four types in the 
right-hand part. If we ignore difference in pitch and concentrate only on intervals, there are two types in the right 
and left-hand parts combined, and all the chords are composed of two sounds. According to subject f, who had a 
high usage rate for mode B and a low rate for mode C, ‘Mode C didn’t feel difficult, it felt similar to mode B’. In 
future it will be necessary to investigate how the usage rate of mode C changes when an assigned piece with a wider 
variety of chords, 3 or 4 at least, is chosen. When subject f and subject g were asked why they did not use mode D, 
they explained that thinking about keying position was simpler than considering the difference between the previous 
key press and current key press, a process which was especially complex in the case of chords.  



 

 

To conclude, usefulness was confirmed for modes A, B, E, F and G yet could not be confirmed for mode C, 
as the assigned music had little chord variation, while mode D could be deemed unnecessary. As for the purposes of 
use for each mode, described above, they are not merely the suppositions of the experimenters, but were explicitly 
mentioned by the subjects. 
 
Points for Improvement of the Proposed Method 
In the proposed method, the system support enabled the subjects to play smoothly, which allowed them to maintain 
high motivation. Nevertheless, it could be thought that had the subjects not taken progress tests, they would have 
attained a sense of achievement from the pseudo-accomplishment of their support-enhanced performance, and thus 
not felt compelled to attempt the more difficult learning modes. As a method to prevent this, we consider 
semi-compulsory withdrawal of system support. Subject f commented on day 5 that ‘I want the system to show the 
position of the correct key’. This subject did not feel this way from the first day of the experiment, and up until the 
end of the fourth day had apparently not thought about wanting the system to indicate the correct key position. 
Between day 1 and day 5, subject f practiced with modes A to F, moving back and forth between the various modes. 
On day 5 subject f frequently used mode F to learn correct keying position, while also using mode E and mode B to 
overcome some weak points. Because subject f aimed to learn correct keying position, the lack of this information in 
mode B caused the subject to feel ‘I want the system to show the position of the correct key’. This information was 
obtained through discussion with subject f. Concerning indication of the correct key(s), whether or not this is 
necessary depends on each learner’s individual learning target, therefore we hope to respond to this by providing a 
function that gives the option to indicate, or not indicate, the correct key(s).  
 
 
Conclusion 

 
In our research, we constructed a piano learning support system that considers motivation, focusing on the concept 
of degrees of leniency towards learners’ mistakes. The proposed system has learning modes with varying degrees of 
leniency, based on the music reading cognition process. The results of the evaluative experiment confirmed that 
subjects who used the proposed method were able to maintain higher motivation than those who used the 
conventional method, and also that the methods were equal in terms of effectiveness for learning keying position.  

In future research, we plan to conduct a large-scale evaluative experiment with more subjects, and to 
propose a function that automatically selects optimum learning mode, based on learners’ mistakes.  
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