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Egitim teknolojisi 6grenme siireclerinde énemli bir rol oynamakta bilissel, duyussal, psikomotor alanlar
icin ogretmenlerin ihtiya¢ duyduklar1 ortam, uygulama ve materyalleri saglamaktadir. Haptik
teknolojiler, 6zellikle psikomotor 6grenme alaninda 6nemli olanaklar sunmaktadir. Bu arastirmayla,
piyano ¢almay1 yeni 6grenenler i¢in giinliik etkinlikler sirasinda pasif haptik 6grenme yoluyla dokunsal
arayiiz entegre edilmis bir eldivenin piyano egitimi icin etkililiginin sinanmasi1 amag¢lanmistir. Bu amag
dogrultusunda sag elde kullanilan ve 6grenene birim zamanda tek nota tuslanacak sekilde titresimler
yollayan bir eldiven kullanilmistir. Arastirma kapsaminda nitel ve nicel yontemlerin bir arada kullanildig:
zenginlestirilmis desen kullamlmistir. Ogrencilerin notalar1 ve nota siirelerini dogru calabilme ve dogru
parmaklarla calabilme gibi becerilerini karsilagtirmak amaciyla esit - zaman o6rneklemli model
kullanilmistir. Bununla birlikte nitel yontemde ise 6grenciler ile siirece yonelik goriismeler yapilmistir.
Goriismeler ve uygulama siireci video kayitlari ile gerceklestirilmistir. Calismaya Bilgisayar ve Ogretim
Teknolojileri Egitimi (BOTE) ve Miizik Egitimi béliimiinden &grenciler goniillii olarak katilmistir.
Calismanin sonucunda katilimcilarin notalart dogru calabilme ve dogru parmaklarla ¢alabilme gibi
oOlciitlerine gore haptik eldiven veya piyano ile uygulama arasinda bir farklilik bulunamamistir. Ancak,
eldivenin piyano ¢almadan 6nce parmaklari agmada iyi bir alistirma araci ve parmak agici olabilecegi ve
parmak numaralarinin daha iyi kavranmasinda yardimci olabilecegi ve goriislere gore eldivenin
o0grenmeyi kolaylastirma, zamandan tasarruf etme, ¢alismalara yardimci olma ve verilen siireden daha
kisa stirede sarkiy1 ¢czme gibi etkilerinin oldugu belirlenmistir.

Anahtar Sézciikler: insan bilgisayar etkilesimi, haptik 6grenme, haptik eldiven, piyano egitimi

ABSTRACT

Educational technology plays an important role in learning processes; provides the environment, practice
and materials that teachers need for cognitive, affective, and psychomotor areas. Haptic technologies
offer significant opportunities especially in the field of psychomotor learning. With this research, it is
aimed to explore the effectiveness of a haptic glove for piano education. A haptic glove was used in the
right hand and vibrations were sent to the learner. Within the scope of the study, an enriched pattern was
used which combined both qualitative and quantitative methods. In order to compare the skills of the
students such as playing the notes correctly and with correct fingers, an equal-time sample model was
used. In the qualitative method, however, process focused interviews were conducted with the students.
The interviews and the implementation process were carried out with video recordings. Students from
the Department of Computer Education and Instructional Technology and Music Education participated
in the study voluntarily. According to the results of the study, there was no difference between the
implementation of haptic glove or piano with respect to the criteria such as playing the notes correctly
and playing with the correct fingers. However, it was determined that the glove could be a good exercise
tool and finger opener for opening the fingers before the piano playing and could help to better
understand the finger numbers and according to opinions haptic glove had effects such as facilitating
learning, saving time, assisting with studies and solving the song in less than the given time.

Keywords: human-computer interface, haptic learning, haptic gloves, piano education
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INTRODUCTION

Today, where student-centered learning environments gain importance, the main task of the
teacher is to prepare the learning environment depending on the learning objectives, to plan the
activities and to guide the students in this process. Learning objectives are examined in three
classes: cognitive domain, affective domain and psychomotor domain. While cognitive domain
includes the mental activities of the student; affective domain includes characteristics such as
feelings and attitudes. Psychomotor domain includes processes related to physical learning.
Educational technology plays an important role in this process, providing the environment,
practice and materials that teachers need for mental, affective, and psychomotor domains. One
of the most recent examples of these applications, haptics, offers significant opportunities,
especially in the field of psychomotor learning.

Learning a new motor skill requires a gradual learning process and practice is involved at its
centre. The student repeats the skill through trial and error; the repetition process continues
until they perform the behaviour without help and automatically. At this point, haptic
technologies come into play. Haptic technologies enable the student to continuously make
repetitions and to put forth muscle memory. Thus, it facilitates the learning process. Rodriguez
et al. (2019) stated that tactile technologies have played an important role in human-computer
interaction in the last 20 years. They found that kinaesthetic sensations such as the forces and
movements perceived by the muscles, tendons and joints of tactile interaction empower and
enhance the user.

Researches show that the vast majority of people perform learning as kinaesthetic or tactile and
that this way they understand and remember better (Ashimori & Igarashi, 2017; Ashimori &
Igarashi, 2018a; Ashimori & Igarashi, 2018b; Grindlay, 2008; Huang et al., 2010; Rodriguez et
al,,2019; Zhang, Li, Chin & Xia, 2019). Haptic technologies open the door to a different learning
method for people who learn in this way. One of them is instrument training. For example, new
learners of piano can accelerate their learning processes through passive haptic learning and
through tactile interface integrated gloves. Grindlay (2008) and Zhang et al. (2019) have
observed that tactile technologies improve musical motor learning, beneficial to motor learning,
and that tactile technologies are promising with applied prototypes.

According to El Saddik, Orozco, Eid and Cha (2011), haptic or haptic technology allows physical
interaction in real or virtual environments through touch. Haptic interfaces (devices) can be
used effectively by providing vibrotactile feedback in learning a skill or task that requires hand-
eye coordination. In this way, the perception of touch is added to the learning environment and
more perception is mobilized and the learning level is expected to increase.

Haptic learning offers two learning opportunities as active and passive. Individuals effectively
participate in the learning process in active haptic learning and they are provided with instant
feedback through their senses, and receive stimuli in the during the learning process. In passive
haptic learning, while individuals learn a psychomotor skill with touch, they are allowed to do a
completely different job such as reading books, watching television, and so on (Huang, Do, &
Starner, 2008). Passive haptic learning can be used to train motor skills using repetitive tactile
stimuli, even if individuals are distracted by other tasks (Aveni, Seim, & Starner, 2019). Passive
haptic learning is used to develop students' motor skills without focusing on learning with the
help of tactile interface stimuli (Seim, Estes, & Starner, 2015; Seim et al., 2014).

Related Works

Studies have shown that tactile technologies are used in areas such as sculpture, geographical
systems, anthropology, physics and concept learning, and have an important and positive effect
on students' success as well as motivation, courage, autonomy and learning quality (Civelek,
Ucar, Ustiinel, &, Aydin, 2014). In addition, it has shown that it provides tactile feedback to the
user (Barfield, 2010) by increasing the reality of the simulations.
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Passive haptic learning has been used in many domains in educational studies such as text entry
(Seim, Reynolds-Haertle, Srinivas, & Starner, 2016), skin-reading (Luzhnica, Veas, & Seim, 2018),
braille input (Nicolau, Guerreiro, Guerreiro, & Carrico, 2013; Seim et al.,, 2014), morse code
(Pescara, Polly, Schankin, & Beigl, 2019; Seim et al., 2016). The results show that passive haptic
applications are effective in learning morse code more effectively (Seim, Reynolds-Haertle,
Srinivas, & Starner, 2016), presenting them as an alternative to active learning on skin reading
(Luzhnica, Veas, & Seim, 2018), and recognizing the Braille alphabet. It is seen that haptics also
take place in the field of music education, helping students to learn instruments such as piano,
and allowing them to practice (Hsiao, Li, Yan, & Do, 2015; Huang et al., 2008; Huang et al., 2010;
Jain, 2011; Kohlsdorf & Starner, 2010; Meneses, 2014; Seim et al., 2015).

Learning an instrument is often a complex, difficult and time-consuming process. In order to
specialize in a musical work, it must be memorized by repeating it regularly. This process
requires numerous application times (Takegawa, Terada, & Tsukamoto, 2012; Xia, Jacobsen,
Chen, Yang, & Dannenberg, 2018). According to Huanhuan (2009), in many studies, it was found
that students spend a lot of time and effort while practicing their works. Tactile (haptic)
interfaces are very effective and useful technology for an individual to learn the instrument.
Practicing individuals can learn the movements in the work clearly and directly, not from
partitions or sounds. Therefore, learning performance movements directly can help them adapt
and play faster, especially for beginners without prior knowledge of music (Zhang et al., 2019).

In the light of this information, haptic technologies especially passive haptic learning
technologies open a different learning method for people learning this way. One of them is piano
education. For example; new learners of piano playing can accelerate their learning processes
through passive haptic learning, through tactile interface integrated gloves (Seim et al.,, 2015).

Learning to play an instrument is a long and challenging process for beginners. Hallam (1997)
recommends regular repetition of the new instrument in order to automate the development of
students' cognitive, auditory and technical skills. Similarly, many researchers argue that the
passages in the work should be repeated until the dominance is gained for the learning of the
passages (Akkus, 2000; Ercan, 2006; Jain, 2011; Meneses, 2014). In fact, some researchers have
determined that musicians use their strategies in the first place during the instrument practices
(Aydiner Uygun & Kilinger, 2018; Bircan, 2018; Kilinger, 2013; Kilinger & Aydiner Uygun, 2017).
However, in Huang et al. (2008), the repetition process is not limited to the first stage of
learning; it also states that it should continue on for the maintenance of the gained information.
This situation is time consuming for students. However, practicing is perceived as boring for the
student (Akkus, 2000) and unconscious repetitions along with irregular exercises bring students
face to face with certain problems (Kilinger, 2013). In addition, it can be said that the students'
sitting on the piano for a long time during the process causes the exhaustion of muscles of hands
and arms and the many hours spent in the study room affects the learning negatively. In this
case, Huang et al. (2008) draw attention to passive haptic learning, indicating that individuals
who are exposed to passive information in rich learning environments learn more.

In addition, Hsiao et al. (2015) emphasized that students' imitation of the teacher in the process
of piano learning is effective in visual and auditory perceptions but that there is no improvement
in the perceptions of touch. The researchers used a fingerless glove in their application to detect
students' finger strokes. With the vibrations placed on the glove, the teacher's keystrokes were
tried to be transferred. As a result of a short application, the students on the accuracy level
achieved positive results over 90% with one finger and 85% with double fingers. According to
Meneses (2014), a student who uses haptic technologies in piano learning will be able to
recognize basic skills such as correct finger usage, the duration of the notes and the ability to
play the notes correctly in the work he/she will study. By repeating the work, it can provide a
certain ease of play. Repeating the notes of the work visually in mind without touching the
instrument can lead to practice through passive haptic learning. Similarly, Baumann and
Grinstein (2008) found that the use of haptic technology when playing the piano has positive
effects such as playing according to the number of measurements, playing with the correct
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sounds, playing according to the rhythmic structure, playing according to finger numbers,
playing according to the tempo, and following the technical requirements of the work. Grindlay
(2007) also benefited from the haptic system in piano education and determined that the system
could be effective in teaching motor skills.

Table 1
Related Studies About Haptics

Authors Application field

Seim et al,, (2016) A rhythmbased text entry system, can be learned through Passive Haptic
Learning using the bone conduction transducer on Google Glass

Luzhnica et al., (2018) The skill of comprehending text from vibrotactile patterns

Nicolau et al., (2013) A vibrotactile reading device that leverages the users' Braille knowledge to
read textual information

Seim et al. (2016) A system for Passive Haptic Learning of typing skills

Pescaraetal,, (2019) Passive Haptic Learning for teaching Morse code without active attention.

Hsiao etal., (2015) An instrumented fingerless glove called Tactile Teacher to detect finger
taps on hard surfaces.

Huang et al. (2008) PianoTouch, a wearable, wireless haptic piano instruction system

Huang et al. (2010) Mobile Music Touch (MMT), to play piano melodies while performing other
tasks.

Jain (2011) Mobile Music Touch (MMT), a lightweight, wireless, haptic music
instruction system consisting of fingerless gloves and a bluetooth-enabled
mobile computing device.

Kohlsdorf and Starner Mobile Music Touch (MMT), the finger corresponding to the appropriate

(2010) piano key is stimulated.

Seim et al. (2015) Teaching piano pieces on both hands simultaneously

Xiaetal, (2018) The correct fingering sequence after learning a piece of music haptically
with synchronized audio playback.

Huanhuan (2009) Violin education with tactile feedback

Zhang et al. (2019) An adaptive haptic interface based on the haptic fliite

Baumann and Grinstein Piano education with haptic system

(2008)

Grindlay (2007) Piano education with haptic system

As can be seen in the literature (Table 1), studying and learning instrumental music is a tedious,
demanding and time-consuming process. In case of not working systematically and consciously,
it causes physical problems as well as the process to become boring for the students. In addition,
the process results in failure as no sufficient results of the study are achieved. In view of these
problems, this study aims to explore the effectiveness of a haptic glove for piano education. In
response to this general objective, the following questions were sought:

1. What are the levels of prospective teachers who practice on a piano of being able to play
the notes correctly, to play the notes durations correctly and to play with the correct
fingers?

2. What are the levels of prospective teachers who practice with haptic gloves of being able
to play the notes durations correctly, to play the note periods correctly and to play with
the correct fingers?

3. Is there a significant difference between the prospective teachers who practice on a piano
and those who practice with haptic gloves in the levels of playing the notes correctly,
playing the note durations correctly and playing with the correct fingers?

4. What are the opinions of prospective teachers practicing with haptic gloves on the overall
process?
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MATERIALS AND METHODS

Research Model

Within the scope of the study, an enriched pattern was used which combined both qualitative
and quantitative methods. In this design, researchers use both quantitative and qualitative data
simultaneously (Biiytikoztiirk et al.,, 2011). In order to compare the skills of the students such as
playing the notes correctly and with correct fingers, an equal-time sample model was used. In
this model, we work with only one random group. The same group is used as experiment and
control group in an order determined by equal time intervals and neutral selection (Karasar,
2007). In the qualitative method, however, process focused interviews were conducted with the
students. The interviews and the implementation process were carried out with video
recordings.

Participants

Equal-time sampling model was used in the study and therefore a single group application was
performed. The same participants were included in the experimental and control groups at a
time determined by equal time intervals and neutral selection. Students from the Department of
Computer Education and Instructional Technology (CEIT) and Music Education participated in
the study voluntarily.

Table 2
Distribution of Prospective Teachers by Demographic Characteristics
Participant High School Knowledge of  Instrument
No of Graduation Department Class Sex Notes Experience
1 Anatolian CEIT 1 Male Yes No
2 General CEIT 1 Male No No
3 Technical CEIT 3 Female No No
4 Technical CEIT 3 Female No No
5 Anatolian Music Education 1 Female Yes No
(10 months)
6 Anatolian Music Education 1 Male Yes Piano
(6 years)
7 Fine Arts Music Education 1 Female Yes Oud
(4 years)
. . . Yes Piano
8 Anatolian Music Education 1 Female (10months)
9 General Music Education 1 Male No No
10 Fine Arts Music Education 1 Female Yes Violin
(4 years)
11 Anatolian Music Education 1 Male Yes Oud
12 General Music Education 1 Male No No
13 Fine Arts Music Education 1 Male Yes Side-Blown
(2 years) Flute

Table 2 shows the demographic information of the participants; five participants from Anatolian
High School, three participants from the General High School and three participants from Fine
Arts High School, two participants are seen to have graduated from the Technical High School.
The participants' departments are composed of CEIT and Music Education; 11 participants are in
their first year and two are in the third year. Seven of the participants were male and six were
female. When their previous knowledge on notes is examined, it is seen that eight participants
have knowledge about the subject and two participants have piano experience. All of the
participants are right-handed.
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Data Collection Tools

The participants in the experimental group used haptic gloves during the application process
where as the participants in the control group performed piano applications for the song. At the
end of the process, face to face interviews were held with the students. In order to increase the
reliability of both the application and the interviews and to re-analyse by different researchers,
the process has been recorded in the video. Then the video recordings were transferred onto the
text.

This research was conducted to measure the effect of haptic glove use on the right hand in
learning to play songs on the piano. For this reason, only piano songs that require the use of the
right hand were chosen in the study. In these selected songs, both the rhythmic structure of the
song, the ease of playing, and the melodic structure that sounds easier and more understandable
to the ear were considered appropriate. In addition, while determining the songs, attention was
paid to a note range (C-D-E-F-G) that includes the active use of the five fingers of the right hand.
Thus, it was thought that the continuous and active use of each finger would be beneficial in
terms of demonstrating the effectiveness of the haptic glove and bringing the learner to a better
level.

The haptic glove

It is aimed to make the piano learning process easier with the haptic glove and to practice
without the need for a piano during routine activities. In this respect, a haptic glove was
developed by using the ADDIE design model, inspired by the study of Mobile Music Touch
(Huang et al., 2010). The following paragraphs describe the development stages of the haptic
glove, and the differences and improvements of the glove developed according to the glove that
developed by Huang et al. (2010).

In the first phase of the development process, vibration motors, an Arduino Uno card and a
power unit were added to each finger of the right hand in the haptic glove. Vibration motors are
programmed on Arduino Uno circuit board with the help of Arduino IDE software. Fitness
(sports) gloves were used in order to keep the fingers moving freely. 9V battery is installed on
the glove as an electronic circuit and power supply.

After the development of the product, an evaluation geared towards the design was done with
the participation of students from the department of music and other departments. According to
Nielsen (2012), five users are sufficient even in cases where there are many users of a product,
many features, and different user types. In the first evaluation of the study, the opinion of 22
people, 12 of which were in the twelfth evaluation process, were included. Arrangements were
made in line with the opinions obtained from the first evaluation, and then the glove was
finalized by making evaluations and arrangements with the second group. Using the Arduino
Nano circuit board instead of the Arduino Uno circuit board can be given as an example to the
studies of increasing the power of the vibration motors and the use of LED (Light Emitting
Diode) indicators (Figure 1). Unlike other studies (Huang et al, 2008; Luzhnica et al., 2018;
Nicolau et al., 2013), vibration motors are not connected to the third knuckle of the fingers but to
the first knuckle. Because it was reported that vibrations felt better in the first knuckle,
according to the participants' opinions. The process for developing the glove is detailed in a
different study (Pala & Mihci Tiirker, 2019).

As can be seen in Figure 1 (a), the haptic glove is built using the Arduino Nano circuit board and
works with a vibration motor mounted on the circuit for each finger by getting its energy from
an integrated power source. In Figure 1 (b), the main part of the haptic glove coded with the
Arduino IDE software is fixed on the right wrist, and the vibration motors are fixed on the
corresponding fingers. The notes of each piano songs are applied by activating the vibration
motors fixed on the relevant finger according to the length, durations and order of the notes
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Figure 1
a) Haptic Glove Circuit, b) The imlemantation of haptic glove

@) e (b)

Data Analysis

Participants have worked on the following songs: “Kii¢lik Ayse, Kiiciik Asker (22 notes)”, “Siit
Ictim (29 notes)” and “Magka Yollar1 (29 notes)”. At the end of the study, participants from both
groups were asked to play the songs on the piano and the process was recorded on video. The
video recordings were followed by the researcher working in the Department of Music and
Performing Arts and their ratios of being able to play the notes correctly, to play the notes
durations correctly and to play with the correct fingers were analysed. In order to compare the
differences among the groups on their abilities to play the notes correctly, play the note
durations correctly and to play with the correct fingers, the Wilcoxon Signed Ranks Test was
used.

The data obtained from the interviews with the participants were analysed in a similar way by
using the video records and descriptive analysis was used from the qualitative analysis methods.
The data obtained were coded by two researchers and the agreement between the experts was
calculated using the formula: Consensus / (Consensus + Disagreement) x 100 proposed by
Huberman and Miles (1994). In all analyses, it was determined that the reliability levels of
experts were above 70% (Yildirim & Simsek, 2006).

The Implementation Process

As in the study there was a single piano, participants were randomly divided into two groups
before starting to practice. In the first week, the first group was the experimental group, the
second group was the control group, and in the second week the first group was the control
group and the second group was the experimental group. Songs consist of the following: “Kii¢iik
Ayse, Kiiciik Asker” (22 notes), “Siit Ictim” (29 notes) and “Macka Yollar1” (29 notes). Different
songs were given to the participants in glove application and piano applications, so that the song
learned in one application did not affect the other application. The songs were selected by the
faculty member of the Department of Music and Performing Arts with similar difficulty. The
participants in the experimental group worked with the help of haptic glove and the control
group with piano application. The notes of the music were applied to the participants' fingers for
45 to 60 minutes with the help of vibrations during the time of the experiment group's use of
haptic gloves. In this process, participants were asked to deal with routine activities.
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Participants were asked every 10 minutes if they had any discomfort in hands. Afterwards, the
participants were asked to play the piece on the piano with the help of a haptic glove.

In the control group, one of the three songs was chosen randomly and they were asked to repeat
the piano application. They were then asked to play the repeating songs on the piano. After the
application, the experimental group's opinions on the haptic glove were asked and a discussion
was held on this subject. Each participant's performances were recorded on video. Data analysis
of these recorded videos was described in data analysis section. How the implementation
process of the study was executed is given in Table 3.

Table 3
The Implementation Process of the Study
Week 1 Week 2
Haptic Glove (Experiment) Group 1 Group 2
Piano (Control) Group 2 Measurements Group 1 Measurements

Research Ethics

In the whole process from the planning of this research to its implementation, from the
collection of data to its analysis, all the regulations specified in the "Ethics Directive of Higher
Education Institutions Scientific Research and Publication" were followed. No action contrary to
the specifications under the second part of the heading "Actions Contrary to Scientific Research
and Publication Ethics" was taken.

Scientific, ethical and citation rules were followed in the writing process of this study; the
participants officially agreed to participate in the current study, no modifications were made on
the collected data and this study was not sent to any other academic publication medium for
evaluation.

Research ethics committee approval information

Name of the committee that made the ethical evaluation: Aksaray University, Human Research
Ethics Committee

Date of ethical review decision: 16.06.2017

Ethics assessment document issue number: 2017 /73
FINDINGS

What are the Levels of Prospective Teachers of Being Able to Play the Notes
Correctly, to Play the Note Durations Correctly and to Play with the Correct
Fingers?

In the study, 13 prospective teachers were used as experimental and control groups in an order
determined by equal time intervals and neutral selection. Accordingly, in the process for the
control group, prospective teachers performed on the piano and played the track and the data
were analysed with video recordings. The descriptive analysis of the data is given in Table 4.
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Table 4
Descriptive Analysis of the Performances of Prospective Teachers Practicing Piano
. Playing
. Playing Notes Playmg. Note with the
. Piano Songs Durations
Participant Correctly Correct  Knowledge Knowledge
Correctly . .
No Fingers of Notes of Piano
Note
0, 0, 0,
Song No N % N % N %o
Macgka
1 Yollari 29 0 0 0 0 21 72 Yes Yes
Macka Yes
2 Yollar: 29 29 100 29 100 0 0 Yes
3 Sitictim 29 29 100 29 100 29 100 Yes Yes
4 Sitictim 29 29 100 29 100 29 100 Yes Yes
Kigiik Ayse,
5 Kiiciik Asker 22 22 100 12 55 22 100 No No
6 Sitictim 29 29 100 29 100 0 0 Yes Yes
Macgka
7 Yollar: 29 29 100 29 100 0 0 Yes No
Kiigtik Ayse,
8 Kiiciik Asker 22 22 100 22 100 22 100 Yes No
Macgka
9 Yollar: 29 29 100 29 100 29 100 Yes Yes
Macgka
10 Yollari 29 0 0 0 0 0 0 No No
11 Sitictim 29 0 0 0 0 0 0 No No
Kiigtik Ayse
12 Kiiciik Asker 22 0 0 0 0 0 0 No No
13 Sitictim 29 0 0 0 0 0 0 No No

When the data about the teacher candidates who practice with piano are examined, it is seen
that six prospective teachers had knowledge of both notes and piano and that two prospective
teachers had knowledge of notes only. According to this, it is seen that the ratio of being able to
play the notes and note durations correctly and to play with the correct fingers is 100% for the
three prospective teachers who have both notes and piano knowledge. On the other hand, it is
seen that for the prospective teacher candidates with no knowledge of notes nor piano, the ratio
of being able to play the notes correctly, play the note durations correctly and play with the
correct fingers is 0%.

What are the Levels, of Prospective Teachers Who Practiced with a Haptic Glove,
of Being Able to Play the Notes Correctly, to Play the Note Durations Correctly and
to Play with the Correct Fingers?

Accordingly, in the process for the experimental group, haptic gloves were programmed
according to the notes of the song given to the teacher candidates' hands and vibration was
given to their fingers according to the notes. While the haptic glove was on the hand of the
participants (during the implementation), they were informed that they can do other works such
as drinking, eating, writing, reading or texting. They were then asked to play the song on the
piano and the data were analysed by video recordings. The descriptive analysis of the data is
given in Table 5.
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Table 5
Descriptive Analysis of the Performance of Prospective Teachers Performing with Haptic Gloves
Playing Playing Note Playing with
Participant Piano Song Notes Durations the Correct Knowledge Knowledge
Correctly Correctly Fingers .
No Notes of Notes of Piano
Song N % N % N %
No
Kiictk Ayse,
1 Kiiciik Asker 22 4 18 2 9 6 27  Yes Yes
Kiictk Ayse,
2 Kiiciik Asker 22 22 100 22 100 22 100 Yes Yes
Kigiik Ayse,
3 Kiiciik Asker 22 18 82 13 59 18 82  Yes Yes
Kigiik Ayse,
4 Kiiciik Asker 22 13 59 10 45 10 45  Yes Yes
5 Siit igtim 29 29 100 29 100 29 100 No No
6 Macgka Yollart1 29 29 100 29 100 29 100 Yes Yes
Kiiciik Ayse,
7 Kiiciik Asker 22 0 0 17 77 22 100 Yes No
8 Macgka Yollar1 29 29 100 29 100 29 100 Yes No
9 Siit ictim 29 10 34 10 34 10 34  Yes Yes
Kiiciik Ayse,
10 Kiiciik Asker 22 10 45 10 45 10 45 No No
Kiiciik Ayse,
11 Kiiciik Asker 22 5 23 4 18 5 23  No No
12 Macka Yollar1 29 25 86 25 86 25 86 No No
Kiiciik Ayse
13 Kiiciik Asker 22 0 0 0 0 0 0 No No

When the data for the prospective teachers who practiced with the piano were examined, it is
seen that six prospective teachers have both notation knowledge and piano knowledge, and two
prospective teachers have only notation knowledge. According to this, in terms of being able to
play the notes correctly, to play the notes durations correctly and to play with the correct
fingers, the ratio is 100% between two prospective teachers with knowledge of notes and piano,
a prospective teacher with only knowledge of notes and a prospective teacher with neither
knowledge. On the other hand, for the prospective teachers with neither knowledge, it is seen
that the ratio of being able to play notes correctly, to play the time durations correctly, and to
play with the correct fingers differed between 0% to 86% with the application of haptic gloves.
When Table 4 and Table 5 are examined, it is seen that the values of participant 13 to play the
notes correctly and to play the note durations correctly are 0. However, since the data for the
participant were included in the analyzes in the Wilcoxon Signed Rank Test and in the analysis
of the opinions, it was deemed appropriate to include them here in the analyzes of playing the
notes correctly and playing the note durations correctly.

Is There a Significant Difference Between the Levels of Playing the Notes Correctly,
Playing the Notes Durations Correctly and Playing with the Correct Fingers for the
Prospective Teachers Who Practiced the Piano with Haptic Gloves?

In the study, 13 prospective teachers repeated the pieces with haptic gloves and piano for an
average of 45 - 60 minutes. After the application, the participants were asked to play the given
song on the piano. The result of the analysis for the participants to play the work correctly is
given in Table 6.

Table 6 shows the results of the Wilcoxon Signed Rank Tests conducted to test whether there is
a significant difference between the scores of the prospective teachers applying haptic gloves
and piano with respect to their ability to play the notes correctly, to play the note durations
correctly and to play with the correct fingers. There was no significant difference between the
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prospective teachers' scores obtained from haptic gloves and piano applications (p > .05). So,
there is no difference between haptic glove or piano application according to the participants'
ability to play the notes correctly, play the note durations correctly and play with the correct

fingers.
Table 6
Analysis Results of Prospective Teachers of Playing the Notes Correctly
Group N Average Total Z P
. Glove 8 6.25 50.00
Playing the Notes Piano 5 8.20 41.00 -315 0.753
Correctly
Total 13
Playing the Note Glove 7 6.57 46.00 i
Durations Piano 6 7.50 45.00 035 0.972
Correctly Total 13
. . Glove 7 6.86 48.00
l::lsz’;:ft"l‘:’i‘ltqh fr‘: Piano 6 7.17 4300 175 0861
& Total 13

What are the Opinions of Prospective Teachers Practicing with the Haptic Glove
on the Overall Process?
13 prospective teachers, who continued their daily routines during the implementation, were
asked every 10 minutes whether there was an inconvenience in their hands and the process was
monitored with video. After the implementation, interviews were made with prospective
teachers and the findings are given in Table 7.

Table 7

The Opinions of Prospective Teachers on the Haptic Glove

Themes Opinion
Eases learning of piano (P6, P9, P12)
Saves time (P3, P4)
Is very important for practice studies (P8,
Facilitates learning of piano for older ages (P4)
Benefits If applied at night, we’ll be able to play the piano in the morning (P8)

Can be good for finger exercises (P8)
Can be used for all instruments (P8)
Is beneficial for easy pieces. (P7)
Total

Physical State

There was numbing in my hand (P2, P6, P13)
As if a massage is being done. (P1, P8)

My hands sweated (P1)

[ had problems in using fingers (P2)

My hands felt cold due to immobility (P6)
Total

Learning Process

I memorized the melody faster than the given time (P2, P5, P7, P8)
I memorized by keeping rhythm with my feet (P7, P9)

I can play a piece without knowing its notes (P3)

Total

The vibrations should be increased (P6, P8, P13 )

Improvement Solmization, musical notes can be added (P8)
Total
State of I could not concentrate (P1, P2)
Concentration  Total

NNBRRWNRNAMORRRNWERRRRRPRNND WA
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Table 7 shows the prospective teachers' opinions on the haptic glove. Since some data has
content to multiple themes, the views are not limited to a single theme. The views of prospective
teachers were grouped under five themes: the benefits of the haptic glove, the physical
conditions in the process, the data for learning, the need for regulation, and the focus. In general,
prospective teachers expressed their opinions on the most benefits, facilitating learning (N = 3),
providing time-saving (N = 2), helping with studies (N = 2) were included in the views. In the
process, three prospective teachers indicated that their hands felt numb, and two of them stated
feeling like being given a massage. When the data about the learning process are examined, it is
seen that four prospective teachers solve the part more quickly than the given time and take it
into the memory. However, four of the prospective teachers stated that haptic gloves should be
improved, that it would be better if their vibrations increased and if the addition of features such
as solfege and musical notes would be done. In the last theme, it is observed that two
prospective teachers experienced focusing problems

RESULTS and DISCUSSION

With this research, it is aimed to develop a glove with integrated tactile interface through
passive haptic learning during daily activities for new learners of piano playing, to eliminate the
mentioned disadvantages (Akkus, 2000; Kilinger, 2013) by using glove and to test the
effectiveness of the glove. For this purpose, a glove was developed which was used in the right
hand and which sends vibrations to the learner in a unit of time in a way to press a single note.

In the haptic glove developed in contrast to the glove developed by Huang et al. (2008), a
physical programming platform containing an Arduino Nano circuit board was used in order to
not weigh down on the hand and for its size to be small. The notes of the desired songs were
coded according to this physical platform. The coded notes were transmitted to the user with the
help of vibration motors placed in the first knuckles of the fingers. Besides, an LED is used as a
visual stimulus in addition to vibration motors.

According to the results of this study, when three prospective teachers who had both musical
notes and piano knowledge and only a prospective teacher with knowledge of notes practiced on
the piano, it is revealed that they play the notes correctly, play the notes durations correctly,
play with the correct fingers and that they have not experienced any problems. On the other
hand, it was determined that the two prospective teachers who had no notes or piano
knowledge could not play the notes and the note durations correctly and could not play with the
correct fingers. In this respect, using the applications on prospective teachers with knowledge of
piano and notes has a positive effect on their ability of playing the song. However, it does not
have any effect on prospective teachers who do not have piano or notes knowledge on their
levels of being able to play the song. This result of the study shows a similarity with Xia et al.
(2018) research on students who have no experience in playing flute. Only three participants of
the study were able to play the melody correctly, and the application had no effect on the 13
participants. However, in our study, there was no effect on the students without musical notes
and piano knowledge abilities to play the track after application, and our findings are different
from the findings of Ashimori and Igarashi (2018b). In their study, it was seen that the tactile
interface feedback applied to the participants who started the guitar had a positive effect on the
students' performance.

It was determined that between those practicing with the Haptic glove two prospective teachers
who had knowledge of both notes and piano, a prospective teacher with only knowledge of
notes, and a prospective teacher with neither knowledge were able to play the notes correctly, to
play the notes durations correctly and to play with the correct fingers. Based on this result, the
effectiveness of haptic glove appears to be positive on prospective teachers with or without
knowledge of notes. Huang et al. (2010) found that participants who had no piano experience
could play the works correctly after passive training; and that those with piano experience could
not play the works correctly. In the study of Huang et al. (2008), it was determined that among
postgraduate students, those without any previous piano experience or knowledge of notes
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could play pieces better with tactile or haptic gloves than the pieces that were not tactile.
Similarly, also in this study, a prospective teacher who did not have piano or note knowledge
was found to play the part correctly. Based on this finding, it is revealed that the effect of haptic
glove on individuals who do not have piano and note knowledge needs to be clarified with
different studies.

According to another result of the study, it was determined that there was no significant
difference between the scores of the participants using the haptic glove and the piano in terms of
their states of playing the notes correctly, playing the note durations correctly and playing with
the correct fingers. In other words, there is no difference between haptic glove or piano
application according to the participants' ability to play the notes correctly, play the note
durations correctly and play with the correct fingers. This shows that the piano and the haptic
glove can be used interchangeably according to the specified criteria. However, unlike this study,
in the study of Seim et al. (2015), it was found that participants had a reduction in errors in
playing piano songs after taking passive haptic learning (after application with haptic glove). In
addition, after a short training period in Hsiao et al. (2015) research, it was determined that the
subjects had a single finger touch to the score with a very good performance of more than 89%
and with two finger touches resulted in a good performance of around 85%.

According to the opinions taken from the participants during the application process and at the
end of the application process, it was determined that haptic glove had effects such as facilitating
learning, saving time, assisting with studies and solving the song in less than the given time. The
results of the haptic glove, such as facilitating learning and saving time, are similar to those of
Huang et al. (2008).

Considering the positive opinions, it is thought that the haptic glove can be a good exercise tool
and finger opener for opening the piano before playing the piano in the music education
departments and may help to better understand the finger numbers. However, the participants
stated that there should be arrangements such as increasing the vibration in their views about
the use of haptic glove (Huang et al., 2008) and reflecting the sounds to the ear as a note.

On the other hand, some of the female participants stated that their hands were cold because
they were immobile, and that they experienced numbness and sweating. One possible reason for
this may be that they have used a new method (glove) that they have not met before. Another
reason may be anemia, especially because of the particular indication of female participants.
However, in order to obtain a healthier outcome, further studies may be repeated with a
physiotherapist.

Limitations of the Study and Suggestions

Because the study used gloves developed for the right hand, restrictions may have formed for
left-handed students. The practice can be repeated with different groups of participants with
and without piano and musical notes. Research can be done where applications can send musical
sounds of pieces which are being taught through tactile methods through vibrations with the
Haptic glove. The effect of the haptic glove can also be explored on instruments requiring only
the right hand such as the flute, saxophone etc. This application which is done only on the right
hand can be repeated by designing gloves where both the right hand and left hand can work
together. The study can be repeated with a design that includes stronger vibration and alongside
a physiotherapist.
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Giris

Ogrenme siirecleri bes duyu organimizin etkilesimini icermektedir. Ne kadar c¢ok duyu
organimizi O0grenme siirecine katarsak ogrenmelerimizin kalicilifi o oranda artmaktadir.
Ogrencinin merkezde olmasi ve aktif 6grenme gibi kavramlar egitimde énem kazandigindan
beri, egitim ortamlarinda farkli teknolojilerin kullanimina yo6nelik talep artmis ve bu konuda
yapilan calismalar 6nem Kkazanmistir. Dokunma duyumuzu etkin bir sekilde kullanmayi
amaglayan haptik teknolojileri miihendislik, robotik, psikoloji, bilis ve askeri arastirmalarda
sikca karsimiza ¢ikmaktadir ve egitim arastirmalarinda da yeni yeni kendine yer edinmeye
baslamistir (Karal & Reisoglu, 2009). Enstriiman 6grenmek yeni baslayan bireyler i¢in uzun ve
zorlu bir siirectir. Hallam (1997) yeni baslayan enstriiman o6grencilerinin bilissel, isitsel ve
teknik becerilerindeki gelisimlerinin otomatiklestirilebilmesi icin diizenli tekrar yapmay tavsiye
etmektedir. Benzer sekilde pek cok arastirmaci eserdeki pasajlarin iyice 6grenilmesi icin
hakimiyet kazanilincaya kadar tekrar edilmesi gerektigini 6ne siirmektedir (Akkus, 2000; Ercan,
2006; Jain, 2011; Meneses, 2014).

Ilgili cahsmalar

Pasif haptik 6grenme, metin girisi (Seim, Reynolds-Haertle, Srinivas ve Starner, 2016), cilt
okuma - skin-reading (Luzhnica, Veas ve Seim, 2018), braille girisi (Nicolau, Guerreiro,
Guerreiro ve Carrigo, 2013; Seim vd., 2014), mors alfabesi (Pescara, Polly, Schankin ve Beigl,
2019; Seim vd. 2016) gibi egitim ¢alismalarinda kullanilmaktadir. Sonuclar, pasif dokunsal
uygulamalarin mors kodunun daha etkili bir sekilde 6grenilmesinde etkili oldugunu (Seim vd.,
2016) ve bunlar cilt okuma lizerinde aktif 6grenmeye bir alternatif olarak sunulabilecegini
(Luzhnica vd., 2018). ) ve Braille alfabesini tanimada kullanilabilecegini gostermektedir.
Haptiklerin miizik egitimi alaninda da yer aldigi, 6grencilerin piyano gibi enstriimanlari
o0grenmelerine yardimci oldugu ve pratik yapmalarina olanak sagladigi goriilmektedir (Hsiao, Li,
Yan ve Do, 2015; Huang vd., 2008; Huang vd., 2008; Huang vd., 2010; Jain, 2011; Kohlsdorf ve
Starner, 2010; Meneses, 2014; Seim vd., 2015).

Enstriimantal mizigin ¢alisiimasi ve 6grenilmesi yorucu, zahmetli ve zaman gerektiren bir
strectir. Sistemli ve bilingli calisilmadigl takdirde hem fiziksel problemlere yol agmakta hem de
slire¢ 6grenciler agisindan sikici hale gelmektedir. Ek olarak, ¢alisma sonucunda yeterli verim
alinamamakta siire¢ basarisizlikla sonu¢lanmaktadir. Bu problemler géz oniine alinarak, bu
arastirmayla, piyano calmayi yeni Ogrenenler icin giinliik etkinlikler sirasinda pasif haptik
o0grenme yoluyla dokunsal arayiiz entegre edilmis bir eldiven yardimiyla bahsedilen
dezavantajlarin ortadan kaldirilmasi ve eldivenin etkililiginin sinanmasi amaglanmistir.

Yontem

Arastirma, nicel ve nitel arastirma tekniklerinin birlikte kullanildig1 kontrol gruplu yar1 deneysel
bir calismadir. Calisma kapsaminda hem nitel hem nicel yontemin bir arada kullanildig:
zenginlestirilmis desenden yararlamlmistir. Ogrencilerin notalar1 ve nota siirelerini dogru
calabilme ve dogru parmaklarla calabilme gibi becerilerini karsilastirmak amaciyla yar1 deneme
modellerinden esit - zaman o6rneklemli model kullamilmistir. Ogrenciler ile siirece yénelik
goriismeler yapilmistir. Goriismeler ve uygulama siireci video kayitlar ile gerceklestirilmistir.

Katilimcilar

Calismada esit-zaman orneklemli model kullanilmis bu sebeple tek bir grup ile uygulama
gerceklestirilmistir. Ayni katilimcilar esit zaman araliklar1 ve yansiz se¢cimle belirlenen bir sirada
deney ve kontrol grubunda yer almistir. Calismaya Bilgisayar ve Ogretim Teknolojileri Egitimi
(BOTE) ve Miizik Egitimi boliimiinden égrenciler goniillii olarak katilmistir.
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Veri toplama araclari

Uygulama siirecinde deney grubunda yer alan katilimcilar 45 ile 65 dakika arasinda haptik
eldiveni kullanmistir. Uygulama esnasinda verilen parcanin notalarinin titresimleri
katilmcilarin  parmaklarina uygulanirken katilimcilarin baska islerle ugrasmalarina izin
verilmistir. Siire¢ video kaydina alinmistir. Daha sonra video kayitlari metne aktarilmistir.

Verilerin analizi

Calisma sonunda her iki grupta yer alan katilimcilardan pargalar1 piyanoda ¢almasi istenmis ve
stre¢ video kaydina alinmistir. Miizik ve Sahne Sanatlar1 Boliimii'nde gorev yapan arastirmaci
tarafindan video kayitlar izlenmis, katilimcilarin eser biitlinliigii, notalar1 dogru calabilme ve
nota stirelerini dogru calabilme ve dogru parmaklarla calabilme oranlar1 analiz edilmistir.
Katilimcilar ile gercgeklestirilen goriismelerden elde edilen veriler benzer sekilde video kayitlar
izlenerek analiz edilmis ve nitel analiz yontemlerinden betimsel analizden yararlanilmistir.

Tartisma ve Sonuglar

Bu ¢alismanin sonuglarina gore, hem nota bilgisi hem piyano bilgisi olan 6gretmen aday:1 ve
sadece nota bilgisi olan bir 6gretmen adayinin notalar1 dogru ¢alabilme, nota siirelerini dogru
calabilme ve dogru parmaklarla ¢alabilme oraninin %100 oldugu belirlenmistir. Diger yandan
nota ve piyano bilgisi olmayan 6gretmen adaylarinin piyano ile uygulama sonucunda notalari
dogru calabilme, nota siiresi ve dogru parmakla ¢alabilme orani % 0 olarak tespit edilmistir.

Haptik eldiven ile uygulama yapilan 6gretmen adaylarindan hem nota hem piyano bilgisi olan
0gretmen adayinin ve sadece nota bilgisi olan 6gretmen adayi ile nota ve piyano bilgisi olmayan
bir 6gretmen adayinin notalari dogru calabilme, nota siirelerini dogru ¢alma ve dogru parmakla
calabilme oraninin %100 oldugu belirlenmistir.

Calismanin bir diger sonucuna gore, haptik eldiven ve piyano c¢algisinda uygulama yapan
katilimcilarin notalart dogru calabilme, nota siirelerini dogru ¢alabilme ve dogru parmaklarla
calabilme durumuna y6nelik puanlar arasinda anlamli bir farkliligin bulunmadigi belirlenmistir.

Katilimcilardan uygulama stirecinde ve uygulama siireci sonunda alinan goriislere gore, haptik
eldivenin 6grenmeyi kolaylastirmasi, zamandan tasarruf saglamasi, etiit ¢alismalarina yardimci
olmasi ve eseri verilen stireden daha kisa zamanda ¢6ziilmesi gibi etkileri oldugu belirlenmistir.

Olumlu gortsler dikkate alindiginda haptik eldivenin miizik egitimi béliimlerinde piyano egitimi
icin piyano calmadan 6nce parmaklari agmada iyi bir alistirma araci ve parmak acici olabilecegi
ve parmak numaralarinin daha iyi kavranmasinda yardimci olabilecegi diisiiniilmektedir.
Bununla beraber, katilimcilar haptik eldivenin kullanimiyla ilgili goriislerinde titresimin
artirilmasi (Huang vd., 2008) ve nota olarak da seslerin kulaga yansimasi gibi diizenlemelerin
olmasi gerektigini belirtmislerdir.

Diger yandan 6zellikle kadin katilimcilarin bazilar ellerinin hareketsiz kaldig1 icin tistidiiglind,
uyusma oldugunu ve terleme yaptigin1 belirtmislerdir. Bu durumun olasi nedenlerinden biri
daha once karsilasmadiklar1 yeni bir yontemi (eldiven) kullanmis olmalar1 olabilir. Bir diger
neden ise ozellikle kadin katilimcilarin belirtmesinden dolay1 kansizlik olabilir. Ancak daha
saglikli bir sonucun alinabilmesi icin ileriki calismalarda bir fizyoterapist esliginde calisma
yinelenebilir.

Haptik eldivenle titresimler yoluyla dokunsal olarak ogretilmeye c¢alisilan eserlerin nota
seslerinin kulaga da iletilmesiyle uygulanabilecek c¢alismalar yapilabilir. Sadece sag el
kullanimiyla ilgili olan fliit, saksafon vb. enstriimanlar iizerinde de haptik eldivenin etkisine
bakilinabilinir. Yalnizca sag el Ulzerinden yapilan bu uygulama, sag ve sol elin birlikte
calisabilecegi eldivenler tasarlanarak tekrarlanabilir. Titresimin daha gii¢lii oldugu bir tasarimla
ve bir fizyoterapist esliginde calisma yinelenebilir.
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