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ARTICLE INFO ABSTRACT

Article history: Finger skills are achieved through the training process. This training process will be
o more straightforward if a training system is used. A novel finger motoric training system
Received: is introduced in this paper. This system is to facilitate a beginner piano player to learn the
Accepted: basic piano skill. T_he gystem is compri_sed of a tra_lcking f_inger sensor, a personal
computer, and multimedia feedback. Subjects train with passive and active mode. The
Online: passive mode, the subject's fingers are doing nothing when the information is given,
- whereas the subjects are playing a virtual piano under the sensor. While the information
Keywords: which fingers have to tap are provided by visual, audio, and enhanced with electrical
Finger training haptic sens_ation. The experimental r_esults demonstratg that the system equipped wit_h
electro-tactile feedback makes the subjects more responsive to both modes. Moreover, this

Haptic feedback system enabled the user to accelerate learning a new skill.

Electro-tactile feedback

Piano learning

1. Introduction

Motoric skill learning can be trained with repetition, also
utilizing stimulants from the surrounding environment [1]. Such
motoric skills, for example, are typing, writing, and playing a
musical instrument. To acquire dexterous motoric skills, practice
with repetitive movements is needed. Moreover, these practices
need persistence from the instructors and the learner. On the other
hand, a stimulus can be used to augment the learning process.

Visual and audio information are commonly used as
stimulants. Learners are showed how to do the skill accurately. In
this process, they are played, or listened to, the appropriate sound.
A haptic sensation can be applied to the learner using mechanical
interaction. Some researchers utilize these stimuli to enhance the
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method to train the motoric skills, for example, playing the piano
[1,2], writing Japanese characters [3], writing Arabic and
Japanese characters [4], and typing the Braille alphabet [5].
However, these systems are cumbersome, and the user finds it
difficult to move their fingers.

To overcome these shortcomings, electrical stimulus is used.
This information is given to the skin of the user. The electro-
tactile feedback system is proven to become feedback used for
controlling mobile [6], arm robot [7] also fingers [8], information
for haptic sensor [9], enhanced virtual game [10]. To examine the
potential usage of electrical signal, a multimedia learning system
for a motoric finger is established. This paper is an extension of
work initially presented in conference name [11]
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For the experiment, subjects are divided into two groups.
They are trained using different methods. Information in the form
of audio and visual means are given to the first group to train the
finger movements of each subject. In the other group, the subjects
utilized audiovisual means, enhanced with electrical sensations to
practice. The results show that the group using an electro-tactile
feedback system is capable of playing the music appropriately.
Moreover, they learn more rapidly than the other group. Besides
that, the proposed system is simple and easy to use. The haptic
sensation also does not cause pain to the subject.

This paper is organized as follows: Section Il delivers a brief
overview of related works within this field of study. Section 111
presents the details of system implementation. Section IV
describes the experiment, which demonstrates the effectiveness
of the system for finger motoric learning. Finally, Section V
delivers the concluding remarks.

2. Background

The process or action to achieve an ability to do, or to gain
knowledge, is known as a learning process. The actions done in
this process require stimulation from the surroundings. Moreover,
repetition is needed in the learning process [12]. In this process,
one thing can be connected to others, or known as associate
learning. Stimulus or information is given repeatedly, resulting in
a reaction, until the reaction can be an automatic response and
become habitual. This stimulus can be associated with a reaction.
Pavlov shows this condition with his experiments, in which the
subject dogs have a new behavior. The dogs are able to associate
the sound of a metronome with food [13]. Some physical training
can be involved in associate learning, such as finger movements.

The skilled fingers motions are involved for a specific action,
such as typing a computer keyboard or playing the piano. These
finger skills are challenging to learn using only verbal
instructions. Such training will be effective and efficient if the
learner does a lot of exercises. Some software have been
developed to assist people to learn to type in a keyboard or to
play the piano. These software are intended to support the user in
typing or playing the piano with all fingers. Visual stimulation is
used by these software, for example, colors or lights. Other
programs utilize audio information, e.g., the sound of the notes.
Moreover, some of the applications apply both audio and visual
information. However, another sense has excellent potential to
transmit data, namely the sense of touch or tactile taste, which
uses the skin to deliver stimulation.

Human skin is sensitive to several sensations, for example,
vibration, heat, force, and electric signal (voltage or current). The
skin has some sensory receptors, namely mechanoreceptors,
thermoreceptors, nociceptors, and proprioceptors. These
receptors are to accommodate all the sensations. Moreover, these
receptors also enable humans to feel texture, paint, etc. [a].
Tactile sense causes humans to have the ability to detect and
classify objects through their skin. This sense is sometimes called
haptic sensations.

The term haptic comes from the word 'hapto’ from Greek.
This word means ‘to touch and handle objects’ [14]. Several
researchers introduce haptic information utilizing vibration [15],
heat [16], force [17], and electric sensations [6]. These
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information aim to enrich the user to interpret or interact with the
application more effectively.

Haptic feedback has been used widely in various applications.
A simulator to learn how to perform a surgery [17] , remotely
controlling a robot’s actions [18], a tactile sensor to sense the
roughness of a surface [9] and gaming experience using VR [10]
are the examples of the application of this feedback. Also, there
are applications for training fingers skills using haptic feedback.
For instance, haptic feedback is used for learning to play the
piano [1,2], and using a Braille keyboard [5]. Moreover, this
feedback is combined with other feedback, namely visual and
audio, for writing characters [3] [4].

One of the rehabilitation procedures for a person with spinal
cord injury (SCI) is to learn how to play the piano. For this
training, subjects are equipped with a vibrating glove. This glove
is equipped with a vibration motor on every finger. The
vibrations help the subject to know which finger has to strike the
keys of the piano [1]. The subjects are required to move their
fingers while training. Such a method is called an active mode.
Markow et al. report that this system enables the subject to play
an easy song.

Others report that a passive mode training using vibration
cues has positive results. The passive mode method is the method
in which the subject trains without actually doing the activity
about which they learn. The learning process is given using their
senses. In [2] the subjects are trained to play a song with a piano
using a vibration glove. The audio and haptic feedbacks are given
to the subjects while they are doing the activity. Subjects are
listening to the song, while the vibrations in their fingers give
information which finger has to move related to the song. These
experiments show that this information, including haptic
feedback, enables the user to play the piano reflexively.

In [5], active and passive modes are used to train blind
subjects to type in a Braille keyboard. This system has a
keyboard that has the capability to train the user to use audio and
vibration. The vibration information is given to the user's fingers.
The subjects are able to use both hands to learn using this system.
In these studies, the experiments are done with active and passive
modes. The authors argue that both methods using audio and
haptic information can be used to learn to type.

Another haptic information is force feedback. One of the
devices able to give kinesthetic feedback to the user is called The
Phantom. This device is used to train the learner to write
Japanese [3] and Arabic [4] characters. This device helps the
hand of the user to write the characters correctly. Both studies
show that the force feedback is able to assist the subjects in
training to write several newly-learned characters efficiently.

Mechanical feedback, such as vibration and force feedback,
is able to transmit information for finger skill training. Haptic
feedback has a great potential to be a training method, however it
is cumbersome and costly. These devices hinder the movement of
users in typing on a keyboard or playing the piano.

One type of haptic feedback is electro-tactile feedback. This
applies an electric current to forward information to the skin. This
feedback gives sensation to the skin and directly to the nerves.
Electrotactile feedback system is simple and comfortable to use.
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Data from electric sensations can be informed through
differences in amplitude or frequency. Thus, electrotactile
feedback has various ranges of information that can be
transmitted to the user [6]. In the next section, detailed methods
to demonstrate the potential of electrotactile feedback are
presented.

3. System
3.1. Overview

The proposed system for finger training is a computer with a
screen and sound system, in addition to a gesture sensor, also
with an electro-tactile feedback system. This system can be seen
in Figure 1. Figure 2 shows the diagram block of the system. The
screen of the computer displays the character of the note and
which finger(s) to bend, while the corresponding frequency of the
note is sounded using the computer's sound system. The
electrodes in the fingers of the subject are transmitting the electric
sensation. These sensations are given to the fingers appropriate to
the note. The gesture sensor is used for tracking the fingers of the
subjects. This sensor is placed near the top of the screen facing
down to detect the movement of the subject fingers.

The learning is done by a passive and active method. The
audio, visual, and haptic information are given to the subject
while learning in the passive method, whereas the hand tracking
device with the feedback is used when active learning is
performed. In the test period, only a hand gesture sensor is used
with the computer.

Fig.1 arrangement of the system
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Fig.2 The Diagram block of the system

3.2. Hand tracking and software

One of the main components of the proposed system is the
hand and fingers tracking sensor. For these tasks, a leap motion
sensor is used. Leap motion is able to detect fingers and hands
accurately from around one meter in three dimensions. The
accuracy of this sensor is around 0.1 mm. This device is equipped
with two infra-red cameras and three infrared LEDs [19]. This
sensor has two modes. The first mode faces upward; the hands
are above the leap motion sensor, known as a desktop mode. In
the second mode, the HMD, the leap motion faces downward.
HMD mode is used for this system. A custom bracket is utilized
for placing the sensors. In this position, it is possible to have
noise from reflective surfaces, so a dark mat is placed to cover
the desk. The mat is shown in Fig. 1.

The finger training multi senses system has several modes to
train the subjects. The first mode is training using three senses;
visual, audio, and haptic. The second mode uses visual and audio
information, and the third uses audio and haptic information. The
first and the second modes will be used to train the subject with
the active method, while the third one is used to train with the
passive method. The active mode requires subjects to tap the
fingers below the gesture sensor.

The software is able to detect the correct or the wrong fingers.
The function of this feature is to test the result of the training.
The GUI of the system can be seen in figure 3. Moreover, the
system is able to train the subject to play piano with only the right
hand/notes only, or with both hands (notes and simple chord).
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Fig 3. GUI of the system

The software is developed to display the characters of the
note. Also, this software shows the appropriate fingers that have
to bend. Figure 4 shows the fingers as appropriate to the note in a
piano for the left hand (Figure 4.a) and right hand (Figure.4.b).
The left-hand fingers of the human are placed in the a lower
octave than the right hand. The left hand is trained to press the
fundamental note of the chord. For example, if we want to play
the C chord (C-E-G) the subjects are trained to press C, and so on
such as in Figure 4.a. The left hand and the corresponding notes
of the chord are shown in Fig.4.b. The right hand of the subject is
trained to play the notes from C to G. Using this arrangement,
this software is able to instruct the user to perform simple music.
The user can play with only the right hand (melody only) or with
both hands (melody with simple chord).

SAVAA,

(a)

YOI

(b)

Fig 4 The corresponding fingers with the notes (a) left hand (b)
right hand.

This software also has the capability to produce sound of
note. This voice corresponds with the finger as defined in Figure
3. The output of this information is transmitted to the computer
sound system. Moreover, the haptic feedback augments the
information for the user. Electric signal is transmitted to the nerve
using electrodes patch. Fig 5 shows the illustration of the back of
human palms. All the human fingers of both hands are placed the
electrode. The software has facility to send electrical sensations
appropriate to the visual and audio information. The next section
will provide the detailed explanation of the electro-tactile
feedback system.
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Fig 5. The electrodes in hands of the subject
3.3. Haptic system

The electro-tactile feedback system, which we call TENS
(Transcutaneous Electrical Nerve Stimulation) system, comprises
of three main components, namely transmitter, receiver and
electrodes. The first component is the transmitter; the function of
which is to transmit the signal from the computer to the receiver
wirelessly. The main element of this component is a Bluetooth
transmitter. The receiver receives the information from the
transmitter and transformed it into electrical pulses. The five
channels receivers with one ground are used. For the
experiments, two transmitters are used for both hands. This
structure enables the subject to receive ten signal frequencies.
The last component is the electrode, placed in the knuckles, and a
ground is placed in the middle of each hand. This arrangement
allows the nerves of the subjects to obtain the information. The
electric signal has frequencies that vary in the range of 10Hz to
120Hz. The width of the pulse varied between 10us to 100us.
Moreover, the width of the pulse is a factor in controlling the
intensity of the signal. The signal has an amplitude range between
40V until 80V. Those features are able to be adjusted. This
adjustable function is to attain the subjects’ comfort. Every
subject has their own preferences. In the following section, the
experiment with the results will be shown.

4. Experiment Methods and Results

This learning system is to train the subjects with passive and
active mode at improving the basic skills of playing the piano.
These trials were directed mainly to confirm the potential of the
proposed system using audio and visual information and
augmented with electrotactile feedback system. This objective
can be done by comparing the experiment with a training system
using only audio and visual feedback.

To do the experiment, nine subjects are divided into three
groups. All the subjects are never trained to play the piano. They
also have never used the electrotactile feedback. The subject’s
ages vary between 15 until 21 years old. The subjects are
comprised of five males and four females. The first group trains
using the active mode with audio, visual and haptic information.
The second group practices with the active mode, only using
audio and visual feedback. The passive mode, with audio and
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haptic information, is given to the third group. The subjects doing
the active mode have to tap their fingers as appropriate as the
given information.

Before the trials, all the subjects are given basic music theory,
focusing on the use of appropriate fingers and hands for specific
note or chords. For the first five minutes, they are trained to use
the system. The aim of this training is to enable the subjects play
with the virtual piano. Subjects were trained to tap their fingers
according to the notes that appear on the screen until they become
used to use their fingers under the sensors. This is followed with
an initial test. In this state all the subjects tried to play a simple
song. The system only shows the letter of the notes that they have
to tap, and the errors are counted. Errors include the use of wrong
fingers or missed notes.

After the initial test, for the groups where haptic feedback is
used, the intensity of the electric signal is adjusted for each
subject. This is for the comfort of the subject, also to adapt with
the signal. This is then followed with five minutes training of the
subjects with the method in their groups. In this time all the
subjects are given information about which fingers must be bent
in accordance with the letters of the notes shown in the screen.
Then, in the last five minutes, all the subjects tried to play music
assisted with the feedback and the letters of the notes in the
screen. After a short break, the final test is conducted to prove the
effectiveness of the haptic feedback. This task is the same with
the initial task. The errors are calculated and the percentage of
improvement of each subject can be counted.

Based on the experiment, on average, the first group, who
learned to bend the fingers utilizing visual and audio information,
and enriched with electrical sensation, on average achieved an
improvement of around 40%. On the other hand, the second
group, who learned through the active method using visual and
audio feedback, but without haptic feedback, achieved 20%
improvement. While the last group, which used the passive
method, had about 35% improvement. Table 1 shows the humber
of errors for each subject before and after training.

Analysis of the outcome of the experiment shows that all the
training methods offers positive results. All the methods are able
to improve the musical skills of the subjects. However, the
methods which employ the haptic feedback show a more
significant performance improvement compared to the method
not involving haptic feedback. This can be concluded that the
systems that involve haptic information are more effective.
Moreover, subjects who use electric stimulation feel that the
feedback is not painful and easy to use.

Table..

5. Conclusion

This paper introduces a novel system to train fingers to play
the piano using multimedia information. The audio, video and
haptic feedback is used to teach. A computer's speaker is used to
provide audio information. The screen of the computer is used to
show visual feedback, while haptic information is transmitted
utilizing electrical sensation. This proposed system employs a
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gesture sensor to become a virtual piano, and a custom software
is built to accommaodate all the inputs and outputs of the system.

The results of the tests indicate that the system involving
electro-tactile feedback using active and passive training methods
have positive results. The electro-tactile feedback system enables
to train the fingers of the users to move in association with the
information reflexively. Moreover, this system augments to train
users the new finger skill better than the method only using audio
and visual. The improvement of the subjects who use haptic
feedback is superior to the subjects who utilize the conventional
one. Electro-tactile feedback is inexpensive, convenient to use,
simple to wear, and does not hinder the user from moving their
fingers.
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