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ABSTRACT

In this research, an application is designed for pupils that attend drumming lessons, on which they can practice
their home study. Normally pupils study on their own drum at home without the assistance of a teacher. The
added value of using this application is that they now get feedback during their practice. There are two kinds of
feedback methods implemented. There is the option to get direct feedback of a ticking sound that is played on
every beat. The second option is to get a rating after each played repetition, which indicates the performance
of the user. The application has the opportunity for a teacher to create their own exercises. The teacher has to
play the exercises a couple of times, to get a reference of the expected timing of the notes. These timing values
will then be compared with the timing of the drum strokes played by the user. Based on this comparison, a
performance score will be calculated and showed to the user. A user experiment has been conducted to
investigate which of the two feedback methods give the most progression after a period of practicing.
Participants with at least some musical background had to play four exercises, in which they got help from one
of the feedback methods. The results showed that in all of the exercises, the mean progression is the highest
for the ticking method.
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1 INTRODUCTION

1.1 MOTIVATION

A typical music lesson consists of a one-on-one meeting with a teacher that takes about half an hour. In this
meeting the teacher teaches the student both the theoretical and technical aspects of playing an instrument.
These theoretical aspects consist of the reading of musical notes, the theory of harmony like chords, the
dynamics, etc. The technical part of the lessons focuses on how to hold the instrument, the grip of the fingers
and other physical aspects that are required to produce tones from the instrument. Besides the weekly lesson
given by the teacher, a student also needs to practice some exercises at home. In most cases the student has to
practice some exercises from a lesson book or to play a couple of self-made exercises by the teacher. These
exercises will then be addressed in the following meeting, so it is important that the student spends some time
on it during the week. The disadvantage of this type of home study is that the student gets no feedback during
practice.

In this project we look at a way to make the home study of a student more efficient by providing feedback
during their practice. We want to achieve this be designing an application that helps the student while they are
doing their home study. The application should provide feedback to the user, to compensate the absence of a
real teacher. The help of the feedback will hopefully lead to a better and quicker learning of the study material
and will motivate the student to practice more often. Feedback can be provided in several ways and with
different purposes to the user. It is important that the student will get help from the kind of feedback of which
he has the most benefit from. Therefore, a major aspect of the project lies in the research of several feedback
methods and selecting the right types to use in the application.

The application can be designed for education in all types of music instruments in mind. However, we choose
to focus in the first instance on only one type of instrument, namely playing the drums. The main reason for
this is that | have a musical background in drumming, which means that | can use my musical knowledge of this
instrument during the development of the application. An advantage of using a drum kit is that the application
does not have to recognize things like pitches and chords, making the implementation a bit easier. Another
advantage of choosing a drum kit is that there is a small electronic drum set available at the University that can
be used to test with.

In order to define the user group for the application, we will need to identify a user group who would benefit
most from such an application. The students of music education can be divided in groups based on their
current achieved diploma for their instrument. The lowest diploma is A and the highest D, with an average
education period of two years for each diploma. However, most students only achieve the first two or three
diplomas, because for most orchestras only diploma A and B are required. In this project we focus on starting
musicians till diploma B. The students of this group are mostly young children who are still inexperienced in
playing an instrument. We think that they have the most trouble in recognizing errors in their performance and
therefore would benefit the most from the extra feedback. It is also the largest group of music students, so it
would be the easiest group the find participants for a user experiment.

1.2 PROBLEM STATEMENT

A major aspect of efficient music education is the home study by the student. A typical home study consists of
a couple of exercises that a student needs to practice at home. A disadvantage of studying at home is the
absence of support by a teacher when the student has problems with the exercises. The lack of progress may
then demotivate the student to continue practicing. In this project we want to create a solution to assist the
student during their practice resulting in a better progress of the home study. Therefore we design an
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application that will be able to provide feedback to the user, to compensate the absence of a real teacher. An
important part of the project lies in the selection of feedback methods that will be implemented. There are
many possible types of feedback that can be used in the application. The goal is to investigate from which type
of feedback method the student benefits the most.

1.3 APPROACH

The first task of the project is to have an interview with an actual drum teacher. The goal is to find out how the
application can extend the lessons given by a teacher. The teacher will be asked to give his opinion about how
he thinks that children should use the application and which features are going to help the user in learning the
exercises.

The results of the interview will be helpful in determining the user and system requirements of the application.
The user requirements should specify the tasks of the application from the user's perspective. The system
requirements describe the most important functions of the system and the required hard- and software.

The next step is the design of the actual system where we separate the parts that are responsible for the input
by the user, the processing and analyzing of the input, and the output to the user. A data flow diagram will be
created that divides the system into separate modules and models the data that is exchanged between those
parts of the application.

An important part of the application is the analysis of the drum strokes. In this analysis the strokes of the user
will be compared with the expected timing of the notes. This expected timing of each note is based on the
strokes that are hit by a drum teacher. The reason that we compare the drum strokes with those of a teacher is
that it gives a more natural representation of the timing than a mechanical timing. The research by Desain and
Honing [DH] shows that a note in an exercise cannot be expressed by a fixed mechanical timing value that
holds in all cases, but that the expected timing also depends on the context at which it is played, like the meter
of the exercise (for example 3/4 or 4/4). See the related work to read more about this research. To make the
comparison between the drum strokes of the student and the teacher, every exercise needs to be played in
beforehand by the teacher. After every played repeat of the exercise, an analysis is performed to determine
which notes are hit or not, and if there are strokes that do not match with a note. The analysis module will also
have the functionality to calculate the difference between the stroke of the user and the teacher, to determine
the precision of the played note.

The extra value of practicing drum exercises with the application is the feedback that is provided. Therefore, a
brief inventory will be made of many different types of feedback. Because it is not feasible to implement all of
the feedback methods, we make al selection of the two best methods. These two types of feedback will be
implemented in the application.

The last part of the project will consist of setting up a user experiment. The aim of the experiment will be to
determine which of the two implemented feedback methods give the best results in progression of the user.
The participants will test the application by doing some exercises, while getting help from one of the
implemented feedback methods. An evaluation will be performed by comparing the results of both methods.

1.4 STRUCTURE REPORT

This document describes the project development in more or less chronological order, starting with the
background research and ending with the results of the experiment and conclusion. Such a structure makes it
easier to locate relevant information and lowers the risk of missing information.
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Chapter 2: Background and related work, describes how this research relates to existing work and which
background information is gathered. This includes the interview with a drum teacher. This chapter also includes
a specification of the user and system requirements.

Chapter 3: Design of the application, focuses on the design the different parts of the application. First, we
describe which drum kit we use and how it is connected to the application. After that, we give on overview of
the graphical interface and its functionality to the user. Next, we describe how we can create exercises for the
application and how the system can use it. The last part will focus on the module that is responsible for the
analysis of the drum strokes.

Chapter 4: Feedback methods, deals with the design of the feedback part of the application. First, an overview
is presented of several feedback methods that are suitable to use in the application. From this list of methods,
we describe in more detail the two that are implemented and tested in the user experiment.

Chapter 5: User experiment and evaluation, describes the user experiments that have been conducted. After
each experiment we present the results and give an evaluation. For every experiment we will describe how
they are set-up, who the participants were and what exercises were used.

Chapter 6: Conclusions and recommendations, presents a summary of the study and an evaluation about the
reaching of the project goal. Also, we give some recommendations about possible future work.
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2 BACKGROUND AND RELATED WORK

2.1 EXISTING WORK

This section contains a general overview of the related work that is relevant to this project and some
preparation steps of the project, like an interview with a music teacher and the specification of the
requirements. The related work is used as a preparation for the project and shows some interesting research in
the field of computer-assisted music education. The first part discusses some work that focuses on musical
tutoring with the help of a computer in general. The second part shows some example projects that are
developed for a specific music instrument.

2.1.1 GENERAL RESEARCH IN COMPUTER-ASSISTED MUSIC EDUCATION

The research by Percival, Wang and Tzanetakis [PWT] presents a survey of existing work in computer-assisted
musical instrumental tutoring. The projects are separated into two categories, namely ones with a specific goal
and those that provide a general learning environment for private practice. Possible goals of music education
software can be to enhance the lessons given by the teacher, to provide assistance during the private practice
or to motivate the student. In our project we want as goal to enhance the home study by providing an
application that gives feedback during their practice. They claim that it is better to give feedback after the
student has played an exercise than during their practice. Providing real-time feedback may distract the
student too much and prevents the student to make a self-analysis of their performance. We will perform a
user experiment in which we test a feedback method of both types to see which will lead to the highest
progression. We will only test the progress made within a short period, so this may lead to another conclusion
whether real-time assistance is more effective than delayed feedback.

Branddo, Wiggins, and Pain [BWP] explain several instructional strategies which can be useful in the field of
computer-assisted music education. The five instructional strategies are:

- Programmed Learning: The student is tutored by presenting frames with pre-stored material. The

responses of a student are compared with pre-stored answers to get the required feedback response.
The next frame is then based on this response.

- Drill & Practice: A sequence of activities is repeated till the student can do them by nature.

- Socratic Dialogue: In this discovery-learning strategy, the tutor interacts with the students in an effort
to force recognition of a concept and correct misconceptions.

- Coaching/Monitoring: This strategy focuses on the engagement of the student in a task. The student is

monitored by keeping track of the student’s activities and advice is given if needed.
- Exploratory: This discovery-learning strategy encourages the exploration of a domain where the
student is tutored indirectly.

The first two strategies are classified as connectionist approaches that treat learning from the point of view of
links between stimulus and response. The other three are cognitive approaches that emphasize the functioning
of the brain and how cognitive structures modify the learner’s behavior. The learning strategies that we will use
in our project are drill & practice and coaching/monitoring. The drill & practice is used because during home
study, a student has to repeat the exercises several times till he can play them without making major errors. In
our application we make use of the coaching/monitoring strategy. The drum strokes played by the student are
monitored and analyzed during practice. The results of the analysis will be used to coach the student by
providing feedback.

The research by Henley (2001) focuses on the effects of practicing with and without a model example
(recorded by an experienced musician). An experiment is held with three groups of students that had to
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practice individually on a piece of music with the help of a metronome. Each group is also divided into three
sub-groups who had to practice in different conditions, namely (1) at performance tempo, (2) a slow and then
gradually increasing tempo, and (3) an alternating slow and fast tempo. The improvement of a student is
measured by an investigator that did a comparison of the correctness in pitch, rhythm, and tempo between the
first and last repetition of the music piece. The results showed that the group that used a model made
significantly better improvements in performance tempo than in the other two conditions. The other two
conditions were not significantly different from each other. The results also revealed that the modeling
condition had a significant effect on the improvements in rhythm correctness. In our project we want to
conduct an experiment that looks like the one being held in this project. The goal is to investigate which type of
feedback provides the highest improvement in the performance of students. We will only use a fixed
performance tempo during the practice, which is the one that resulted in the highest improvements in Henley’s
experiment. We will not use a human investigator that judges that performance of the student, but we will
measure the improvements mathematically which make the results more reliable.

Desain and Honing describes in [DH] how to convert played rhythms in continuous time to discrete categories
in symbolic time. A category is a value that represents a symbolic term, for example, a 1 for an eighth note and
a 2 for quarter note. By determining the boundaries of the categories, patterns of musical notes are created.
The meter of the rhythm that is used in converting the rhythm to notes, for example 2/4 or 3/4 plays an
important role in determining the categories. This means that for different meters, the same rhythm can result
in a different pattern. In this project we also need to compare the played drum stokes with the musical notes of
an exercise. The methods and findings from this research may come in handy when we need to analyze the
drum strokes by the user. However, the research is limited to simple note patterns only.

2.1.2 SPECIFIC COMPUTER-ASSISTED TUTORING

There are drum pads on the market, such as the Beatnik Rhythmic Analyzer [Bea] and the Roland Rhythm
Coach RMPS5 [Rol], which can be used for practicing the rhythmic precision of drumming. This is an electronic
device, which can be used to perform drum exercises at a certain speed (beats per minute). The device then
constantly measures the drummer in playing at the right tempo and strength. The feedback from the device
consists of a beep that indicates the beginning of each bar, some on-screen instructions and a performance
score at the end of the exercise. The feedback given by this device is based on the mechanical timing of the
notes, which is not a natural way of playing drums. In our application, we use the recorded timing of a teacher
as a reference to determine if the student is playing correct or not.

The research in [WD] describes a drumming robot that has the ability to participate in real-time with another
drummer. The robot can vary in pitch and intensity. It is possible for the robot to participate in different ways,
such as repeating the rhythm, playing a similar rhythm at the same pace or trying to react on the drum strokes
of the other drummer. The robot is an interesting idea to use as an assistance method during home practice.
However, it is too ambitious to implement such an extensive feedback method in our application. The feedback
methods in our project should be implemented within a reasonable time period.

The virtual trainer described in [RVT] is able to perform fitness exercises with users. A virtual teacher is
displayed on the screen and gives instructions and moves along with the exercise. The user is observed with
cameras and sensors and real-time feedback is given in order to enhance performance and to motivate the
person. During exercise, the user is also monitored if he is moving in the right tempo. If this is not the case, he
can decide to adjust the tempo, to simplify the exercise or to give verbal support by counting or to motivate
the user. A virtual teacher in music tutoring can be useful to show to a student how he should play the
instrument, like the holding of the instrument and the grip of the fingers. This is much easier for the student to
understand than with text or vocal instructions. However, in this project we do not focus on the physical aspect
of playing an instrument, but on the musical aspects like playing the correct notes and dynamics. A virtual
teacher will then not have any added value anymore, and can even distract the user too much during practice.
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The research in [KNZ] describes a system that is able to generate automatically a 3D animation of a drummer
that plays along with a given piece of music. The input consists of a sound wave that is analyzed to determine
which drums are struck at which moments. The notes that are recognized are stored in a standard MIDI file,
which is used to generate the animation. The virtual drummer may be a suitable feedback method to use in our
application. It can be useful for a student to see a demonstration of how an exercise should be played,
especially if a recording of the teacher is used. A disadvantage may be the student focus too much on playing
along with the virtual drummer that he does not really learn the notes.

2.2 INTERVIEW DRUM TEACHER

An interview has been conducted with a drum teacher. He works for the music school in Losser for some time.
The interview serves as a preparation to get more information about how a typical music lesson looks like and
what students are expected to do in their home study. The purpose of the interview is also to get insight about
what a teacher expect from a home study application and if he thinks it will help the students with their
practice. The questions can be summarized as follows:

What is the average age of beginning pupils and do they have their own drum?

What types of assistance can be given to students during the lessons and when are they used?
Does motivating a student play a role in the lessons?

How should the home study of a pupil have to look like?

Do you think the use of an application will lead to more and efficient home study?

What features do you think that are useful to use in the application?

What information do you want to retrieve from the application?

© Nk wNR

Will you think a multi-touch table or an electronic drum kit is suitable to use with the application?

The questionnaire can be found (in Dutch) in Appendix A: Questionnaire drum teacher. In the following section
we will give a summary of the answers given by the drum teacher.

2.2.1 SUMMARY RESULTS OF THE INTERVIEW

His pupils are mainly children that started with drum lessons at the age of 8-9. Most of them have their own
drum kit at home, or have at least a single drum where they practice on. Some of the teaching methods that
are used during the lessons are: play and repeat, playing together, play along with some music, specific
exercises for the pupil and the use of recordings. It is not really necessary to motive the pupil during the
exercises, but you can give a compliment if he performs really well.

Every pupil is expected to spend some time on home study for at least 15 minutes a day on average. The home
study consists of exercise scores or music that the pupil has to play along with. The teacher can provide
feedback by answering questions or sending additional material by e-mail. A pupil can get demotivated if they
do not practice at home often, because then he sticks to the same exercises too long which can get boring.

It is important that pupils get the feeling of playing on a real drum kit, so therefore it is a good idea to use an
electronic drum kit for the application instead of using some other device like a multi-touch table. However,
playing on a simple electronic drum kit will not give the same feeling as on a real acoustic drum kit.

Feedback will be helpful if it is able to detect mistakes immediately, so that the pupil does not learn the wrong
things. A virtual teacher may be more stimulating then giving feedback with only text or speech. A teacher
should be able to control the exercises that the pupil can practice with the application, so that he cannot skip
the exercises that he dislikes and continues with exercises that are not explained yet by the teacher. It can also
be interesting for the teacher to know how much time the pupil spent on practicing and to see which exercises
he is doing well and which not.
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2.2.2 CONCLUSION INTERVIEW

The conclusion of the interview is that such an application is a good idea in theory, but the expectation is that
the use of it will decrease after a while when the children lose their interest. The application must be seen as
an extension of the home study instead of a replacement of the current way of practicing. A teacher can make
exercises to serve as extra learning material that will benefit some pupils that need more attention. A simple
electronic drum kit will be a suitable device to use with the application.

2.3 REQUIREMENTS ANALYSIS

In this section we will describe the requirements that the application must satisfy. The requirements can be
divided into two groups, namely the user and the system requirements. The user requirements specify which
aspects the user demands of the system. The application should fulfill these demands to make the application
suitable for the intended user group. This is important because each group of users may have different needs
and expectations about the use of the application. The system requirements consist of the two parts: the
functional and the non-functional requirements. The functional requirements specify the most important tasks
of the application. Not all the functionality will be described, but only the basic tasks that the user can do with
the application. The non-functional requirements contain the other conditions that are needed, including the
used hard- and software and the environment in which the system will be used.

The requirements are set up early in the project and with the final version of the application in mind. Because
the implementation is very time consuming, not all the requirements can be fulfilled in the prototype that is
tested at the end of the project.

2.3.1 USER REQUIREMENTS
1. The application is suitable for children from approximately 8 years. The use of the interface must
therefore be accessible and attractive to children.
2. The application is suitable for novice students till they have diploma B, which means an average
teaching period of < 4 years.

2.3.2 SYSTEM REQUIREMENTS

Functional requirements

1. While practicing, the system checks if the user plays the exercise correctly. Depending on the
performance, the user will get help and support during practice. This can include verbal or textual
feedback, such as giving instructions and motivating the student. It is also possible to assist in other
ways, such as playing along with the user or adjusting the exercise.

2. It checks the usage of the drumsticks by the pupil, whereby a distinction is made between the left and
the right strokes. In case of improper strokes, the student will be attended on his mistake. A couple of
hands with sticks on the screen will demonstrate the correct stokes.

3. The strength of the strokes can be measured. This makes it possible to use exercises that focus on this,
like playing accents.

4. An exercise can be demonstrated on screen. This is done by showing virtual hands and sticks that are
playing the notes.

5. The application is able to detect errors immediately and shows this to the student. This should prevent
that the pupil does not teach himself the wrong things.

6. A teacher can create custom drum exercises with a special editor quickly and easily. The drum kit can
be used here, so limited computer skills are needed to create new exercises.

7. A teacher can make recordings (with or without video), which can be used as an exercise where a
student can play along with.

8. A student can ask for help by the teacher during practice by sending a message. A teacher can send a
message back with an explanation and/or extra exercise.
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9. A teacher is able to request information about how much time a student spent on the exercises and
how well he/she plays the exercises.

10. A teacher has control over the exercises that a student can do. This disallows a student to skip parts
and to practice exercises that are not treated yet by the teacher.

Non-functional requirements

1. The application is written in Java, so that it is easy to make use of existing Java libraries.
The application uses the drum kit available for the Wii version of Guitar Hero World Tour. This drum
set consists of five drum pads and a foot pedal. There must also be a Wii remote placed within the
drum kit. A simple set-up of the drum kit in combination with a monitor can be seen in figure 1.

3. The computer on which the application runs must have a Bluetooth adapter. This is needed to connect
with the Wii Remote of the drum kit.

4. Aninternet connection is needed to send messages to a teacher. The teacher can send exercises over
the internet or give the student a memory stick.

=80
Al =

——

Figure 1, a set-up of the drum kit with the application shown on a separate monitor.
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3 DESIGN OF THE APPLICATION

This chapter describes the design of the most important parts of the application. The first section gives a global
overview of the application. A data flow diagram is presented that shows all the interaction between the
modules within the application. The next section describes the part of the application that is responsible for the
communication between the drum kit and the application. This module makes sure that all drum hits are
correctly detected. The following section describes the user functionality of the application. Some functions are
only accessible by a teacher, like preparing new exercises so that the pupils can use them. The creation of new
exercises by the teacher is described in the following section. The last section focusses on the analysis of the
drum hits that are played by the user and how they are compared with the drum strokes of the prepared
exercise by the teacher

3.1 GLOBAL DESIGN AND DATA FLOW

In this section a global overview is presented using a data flow diagram which is shown entirely in Appendix G:
Dataflow diagram. The application is split up into three parts, namely the input (figure 2), central processing
(figure 3) and output part (figure 4). The various parts of the application are numbered in the diagram and are
discussed briefly in the following sections.

3.1.1 INPUT
Input

1. Drum Kt {inc, Wi
remaote)

I
Wii remote data bytes

Z.\Wii data parser
Wii Data bytes - Drum strokes
[.MET Library}

Drum strokes (pad, strength and timestamp)

3. Socket client 4, User interface
(vb.NET}
| |
Drum strokes Choose of

exarcise
Figure 2, the input part of the system

The Wii remote of the drum kit sends data to the computer using a Bluetooth connection.

The Wii data parser takes care that received data is translated into drum strokes. A drum stroke
consists of the following information: the type of drum pad, the strength and a timestamp at which it
was hit.

3. Each drum stroke is sent to the processing module over a socket connection. This connection is
necessary because the Wii data parser module is implemented in Visual Basic .NET and the rest of the
application in Java. See section 3.2 for further details.

4. The user interface allows the user to choose an exercise that he or she wants to practice. The user
functionality will be discussed in section 3.3.
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3.1.2

CENTRAL PROCESSING
L e
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timing Timestamg =»
Timing in exercise

Results analysis

B. Feadback

module \
Currant exarcise

{abc notation)

Feedback actions

Figure 3, the central processing part of the system

5.

10.

The processing module receives the data of the drum strokes over the socket connection from the
input module.

The drum strokes processing module takes care that each drum stroke gets a timing value based on its
timestamp. This timing value indicates at which point in the repetition of the exercise the drum stroke
was hit. So for example, a timestamp like “11:04:23.122” will be converted to a timing value of
“1645ms”. This means a drum stroke played at that particular moment is actually 1645 milliseconds
after the first count in the exercise. All processed drum strokes are stored in a log file. It starts the
analysis of all the newly received drum strokes when the end of the repetition is reached.

The timing of the drum strokes are compared with the expected timing values of the notes. A report is
generated with the timing of all the notes and their corresponding drum strokes. This report includes
also information about the drum strokes that are hit too many and the notes that are not hit at all.
This timing information is stored in a file, so that it can be used later too see the results of a user
experiment. A more detailed description of this method is described in section 3.5.

The results of the analysis are used by the feedback methods to provide support to the user. The score
feedback method will use the information to determine the score of the performance by the user (see
chapter 4).

The exercises are stored in separate files and are specified in the so-called ABC notation (see section
3.4). The exercise module takes care that all the necessary information of the exercise, like the timing
of the notes, the tempo, etc., is read from file and loaded into the application. The reading of the
exercise information from file is only executed once before the user starts the exercise.

The exercise parser is responsible to calculate the expected timing values of the notes in the current
exercise. It uses the timing information of the notes that are played by the teacher to calculate the
mean and standard deviation, so that it can be used by the analysis module.
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3.1.3 OutpuT
Output !
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Figure 4, the output part of the system

11. The output module takes care of the actions send by the feedback module. Depending on the type of
feedback method it can show text on the screen, give an animation or play midi sound. For example,
the score feedback displays a score and a diagram, and the ticking feedback plays midi output (see
chapter 4).

3.2 DRUM KIT MODULE

A good functionality of the application depends on a reliable detection of the drum strokes. The drum kit
module is a separate part of the application that is responsible for detecting the drum strokes played by the
user. It takes care of the communication between the drum kit and the main application. The module makes
use of some hardware and external software, which will be described below.

The drum kit used in this project was a simple drum set that is designed for the Nintendo Wii console. There
are of course other more professional electronic drum kits on the market, but this one was available at the
University. There was also already external software available on the web that can be used to create a
connection between the drum kit and the PC. The disadvantage of this drum kit is that it does not feel like a
real drum kit, because it is smaller and lighter than a professional one. It also appeared from the early tests
that this type of drum kit is not able to detect soft hits very well, especially with the bass drum pedal. This is a
small limitation that must take into account during the user experiment later in the project.

The communication between the drum kit and the application takes place through a Bluetooth connection
between the Wii remote and the adapter within the PC. There are several software libraries available that are
designed to read the data that is sent by the Wii remote, and a few of them supports the drum kit extension.
Unfortunately, there was no library available written in the programming language Java that worked with the
drum kit, so we used a .NET library called WiimoteLib [WR]. By using the API of this library we created a small
application that reads the data of the Wii remote and indicates if any drum pad had been hit. The output
displays the drum pads and the time on which they were hit. To use this data of the drum strokes, we had to
make a socket connection between this program written in VB.NET and the application written in Java. The
connection between the two parts is established when the application is started.

3.3 USER FUNCTIONALITY

This section describes how the interface is designed and which interaction takes place when using the
application. The application can be started in two different modes, one for the teacher and one for the pupil.
The application for the teacher is the same as for the pupil, but has extended features to prepare new exercises
so that pupils can use them. This teacher functionality will be discussed in the following section. Below we will
give an overview of the user functionality for the pupil. The numbers correspond with those in figure 5.
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Figure 5, screen shot of the application in 'teacher-mode' with the score feedback shown. The ‘student-mode’ looks the same, but does
not have the three bottom tabs, that are only accessible by a teacher.

1. The user can select an exercise from the menu. These are the exercises that are created by the teacher
and are ready to be used by a pupil.

2. There is the option to select the type of direct feedback. There are four different options where the
user can choose from, ranked by the amount of help that it provides. The available options are:

a. The notes of the exercise are played on the expected timing. The user can play along with the
exercise.
b. Atickis played on every beat.
c. Atickis played on the first count of every bar.
d. Thereis no direct feedback given at all. This means that the user have to count by himself.
The following chapter will explain the different types of feedback in more detail.

3. The user can start (or stop) the exercise by pressing this button. This is of course not practical when
you are having two drum sticks in your hands, so it is also possible to start by hitting the bass drum.
The exercise is always preceded by two ticks to indicate the tempo and the starting moment of the
exercise. The exercise automatically stops when no new drum strokes are detected within a period of
two bars.

4. The musical score of the exercise is showed in this panel. The colors of the notes correspond with
those of the drum pads. This extra indication will be useful to the user to get familiar with the drum
kit, because it looks and plays different than a real drum set.

5. In this panel there is room for visual output by feedback methods, like the score method described in
the following chapter. If there is more than one visual feedback method implemented, the user can
view one of them by selecting the required tab.

6. In this screen shot, there are four tabs visible. However, the last three tabs are not visible when the
application is started in the so-called user-mode. The second tab shows a table of all notes with an
indication if they are played correct or not and the last two tabs are used by a teacher to store the
timing values of their played sessions. This timing information will be used later to analyze the drum
strokes of the pupil. The following sections 3.4 and 3.5 will discuss the creation of new exercises and
the analysis of the drum stroke in more detail.
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3.4 EXERCISE CREATION

The teacher has the opportunity to add new exercises to the application. This cannot be done directly within
the application, but with the help of a simple text editor. The exercises have to be specified in a text-based
music notation, the so called ABC-notation [Abc]. An example of an exercise in this notation, including the
musical score in the application, is in table 1.

Table 1, an example of an exercise specified in ABC notation

o Makkelijke Oefening 1

T:Makkelijke Oefening 1

M:4/4 JZSO

L:1/4

:1/4=80 T T e O O O s Bl o

Q
K:C ﬁﬂjﬁﬁjﬁi
[cF] ¢ ¢ ¢/2¢c/2 | [cF] c c/2¢c/2 c/2c/2 = '

The first six lines of the notation are called the header, and contain various information fields about the

exercise, namely from top to bottom: the exercise ID, title, meter, default note length, tempo and the key
signature. In this case the key signature for a drum score is specified with ‘C’. The last line of the notation
specifies the notes and bars, where each bar is separated by the character ‘|’ and every note by a space.
Because a drum score does not have actual tones, here the ‘c’ note stands for the snare drum and the ‘F’ note
for the bass drum. The default note length is set as a quarter note (see ‘L:1/4’), so every single ‘c’ or ‘F
indicates a quarter note. To reduce the length a note, a slash ‘/’ character can be used along with the reducing
factor. For example to get an eight note, we have to reduce a quarter note by a factor of 2, so the notation is
‘c/2’. Finally, to specify more than one note at the same time, we can put them between brackets, like ‘[cF]’. Of
course, there are a lot more options to specify an exercise, but for the exercises used in this project the above
notation contains all the necessary elements.

To show an exercise written in ABC notation, we make use of the Java library abc4j [A4)]. It provides a parser to
parse tunes written in ABC notation and supports midi playback and music score display. It is possible to modify
the source code of the library to extend it with own features. There are few features added to the code that
were necessary to make it suitable for using it in the application. These features are:

= There are colors added to the notes in the musical score. These colors correspond with the ones used
by the drum kit. This feature helps the user to learn which drum pad has to be used for which notes in
the exercises.

=  The midi output is changed so that it plays drum sounds instead of piano tones. The drum sounds are
heard when the play along feedback option is selected and when a drum session is replayed. There is
also a percussion sound played when the ticking feedback is used.

=  Some small moderations are made to the musical score. The size of the notes is increased and the key
signature, shown at the beginning of the bar, is changed to the one that is used for drum notation.

Every exercise has to be stored in a separate file and specified according to the ABC-notation described earlier.
The exercises are loaded by the application during startup and almost ready to be used by pupils. The last step
is to create timing values for the notes. This information is used later to determine which strokes that are hit
belong to which notes and is also used by the score feedback method that is described in the next chapter. To
get the timing values, the exercise has to be played a couple of times by the teacher. All played sessions of
which all notes are hit are temporarily stored. The teacher can listen to these sessions to determine which ones
are suitable to use as a timing reference model. The timing values of these sessions are stored in a separate file
for each exercise and will be used when pupils are practicing. A more detailed explanation about how these
timing values are compared with the drum strokes can be found in the following section. Exercises that do not
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have timing information yet will use the mechanical timing values. These timing values are calculated according
to the pace of the exercise, the type of note and the location of the note. This gives a precise timing of the
note, but is not a natural representation of the expected timing.

3.5 ANALYSIS OF THE DRUM STROKES

This section explains how the drum strokes by the user are analyzed and compared with the musical notes in
the exercise. This is a necessary step to determine which drum strokes corresponds with which note in the
exercise. This information will be used by the score feedback method that compares the timing values of the
teacher with those of the user. The analysis should also detect if there are notes not played or if there are any
drum strokes that are played too many. We will give a brief overview of the algorithm that is used to analyze
each drum stroke.

The first step of the analysis of a drum stroke is to search for possible corresponding notes. This is done by
looking at the timing range of each note in the exercise. The range of a note is determined by the type of note,
the tempo of the exercise, the mean and standard deviation of the timing values. There is also some standard
margin percentage used that determines the possible minimum and maximum timing of a corresponding drum
stroke. The margin depends on the type of note and the tempo of the exercise. This means that a quarter note
will have a greater margin than an eight note within the same tempo, and that the same note will have a
smaller margin in a faster than in a slower tempo. This margin is tested and adjusted according to the findings
during various pre-tests and the first experiment described in chapter 5. For the second experiment it was set
at 30% of the note length. We will explain how the range of a note is determined by giving an example.

EXAMPLE DETERMINING THE TIMING RANGE OF A NOTE
Suppose that a teacher plays an exercise ten times, where his timing values of the first note are as follows:

Timing values note = [25, 5, 0, -5, 10, -10, 10, 5, 0, -5]

The mean value p = iz
=1/10*(25+5+0-5+10-10+10+5+0-5)=3.5

1 N
N-1 Z(Ié - f)g.‘
The standard deviation o = i=1
=V (1/(10-1) * (21.57+ 1.5%+ (-3.5)*+ (-8.5)° + 6.57+ (-13.5)"+ 6.5"+ 1.5”+ (-3.5)" + (-8.5%)) = v90.25 = 10.0139

The timing of the note is therefore a timing of 3.5 milliseconds with a deviation of 10.0139 milliseconds. The
deviation will then be increased with a margin value depending on the type of note and the tempo of the
exercise. Suppose the tempo is 120 quarter notes per minute and the margin is set at 10%. Then a quarter note
will get a margin of 50 milliseconds, because each quarter note lasts 120 / 60 = 0.5 second and 10 percent of it
is 50 milliseconds. So, when a drum stroke is being analyzed, it will correspond with this note if the timing is
between -56.5 and 63.5 milliseconds. The standard normal distribution of the first note with and without the
50ms margin can be found in figure 6.
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Figure 6, the standard normal distribution of the timing values, both with and without a margin of 50 milliseconds. The diagram also
includes a histogram that shows the distribution of the timing values for the first note.

If more than one note corresponds with the timing of a drum stroke, it will choose the one of which the timing
is the closest to the mean of the note. So if drum stroke is hit at 25ms and it is in the range of two notes with a
mean timing of Oms and 20ms, it will select the second one at 25ms. There is however an exception being
made when the first one does not have a corresponsive drum stroke. Then, it could be the case that the user is
playing the exercise too slow and that the drum stroke should correspond with the first note instead of the
second one. The first note will then be the corresponsive note for this drum stroke for now. This will be
corrected later if needed, when the next drum stroke does not correspond with the note on 20ms but with a
note later on.

It can also occur that the note found by this algorithm already has a corresponding drum stroke. In this case,
the drum stroke that is closest to the mean timing of the note will be the corresponding one. The other one will
be temporarily marked as too many. After each repetition of the exercise all drum strokes that are marked as
too many will be checked again to find a note without a corresponding drum stroke. Finally, when no
corresponding note can be found, the drum stroke will stay marked as too many. We will explain this method
with an example.

EXAMPLE FINDING THE CORRESPONDING NOTE OF A DRUM STROKE

Suppose there is an exercise that consists of three notes with an excepted timing of Oms, 250ms and 350ms. All
three the notes are quarter notes that have a deviation of 75ms that includes the margin value. The user plays
four drum strokes on timing 20ms, 50ms, 290ms and 320ms. The following steps are taken, starting with
analyzing the first drum stroke on 20ms.

1. The notes in the exercise are checked to find the ones where the timing of the drum stroke is within
the range of the note. There is only one possible note found, namely the one on Oms. So, the first note
corresponds with the drum stroke on 20ms.

2. The second drum stroke on 50ms is analyzed. The only note in its range is again the note on Oms. This
note already has a corresponding drum stroke. The algorithm will now decide which of the drum
strokes is the closest to the expected timing of the note. It is obvious that the first drum stroke is the
nearest, so the second drum stroke is marked as too many.
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3. Then the third drum stroke on 290ms is analyzed. There are now two notes of which the drum stroke
is in the range of the timing, namely the second note on 250ms and the third note on 350ms. The
second note on 250ms is the closest to the timing of the drum stroke. This means that the second note
corresponds with the drum stroke on 250ms.

4. Finally the last drum stroke is analyzed. As with the previous drum stroke, also the second and third
notes are found. The expected timing of the third note is the closest to the drum stroke, so this note
is selected as the best match. The algorithm also checks if its previous note (the second note) already
has a corresponding note. If this is not the case, it will select this note as the corresponding note,
because then it could be the case that the exercise is played too slowly. This will be corrected later if
this was not the case and the note is just not played at all. In this example the second note already has
a matching drum stroke, so the third note will correspond with the drum stroke on 320ms.

5. The last step takes place at the end of the repetition of the exercise. All the drum strokes that are
marked as too many are analyzed again. It appeared that all notes has a corresponding drum stroke,
so not changed are made.
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4 FEEDBACK METHODS

The added value of practicing exercises with the help of an application is the possibility to receive feedback.
There are numerous types of feedback possible to use in a music education application. The related work
described in chapter 2 already presented a couple of possible feedback methods, but there are of course many
more that can be used. In our application, we want to implement two different kinds of feedback methods that
will be tested in a user experiment. The goal is to determine which method leads to the highest progression
after a short period of practicing.

4.1 FEEDBACK IN MUSIC EDUCATION

Providing feedback is an approved method for all kind of education. Feedback can serve the purpose as
reinforcement or as information [May]. A reinforcement feedback serves to strengthen the association
between a stimulus and a response. A positive reinforcement can be a gift that is given to the person when he
behaved well or did some fine work. Although this type of feedback can immediately lead to positive behavior,
the result will not last in the long term. Feedback can also serve as information that the user needs to interpret
to get the desired learning outcome. This can be achieved by providing hints or general guidelines to solve a
particular question or task. The advantage of this type of feedback is that the learned principle or strategy can
also be applied to new situations. Two different forms of education are response learning and skill learning. In
response learning, the purpose is to change a single aspect in the behavior of the person, like throwing a ball
into the net or raising a hand before you speak in class. In skill learning, a person is learned to carry out a
procedure, like solving a complex calculation or playing a music instrument. Music education can be defined as
skill learning, of which a person needs to practice it continually to master. This type of learning needs extensive
practice with increasing challenges. A way to practice and to get provided with increasing challenges is the use
of computer-based tutors. Previous studies described in the research by Mayer have proved that providing
immediate and high-quality feedback with these tutors resulted in better performances by the students.

In a typical music session given by a teacher, the teacher mostly stimulates the student to learn the exercise on
his own. A teacher let the student play an exercise several times and will only provide feedback when the
student actually needs it. He mostly provides feedback as information, like asking the student what mistake he
had made. The results of the interview that has been held earlier in chapter 2 says that it is important that
mistakes are recognized early by the student, so that he does not learn the wrong things. By letting the student
recognize his mistake on his own, he will learn to recognize them in other situations as well during his home
study.

In our project we want to provide a computer-assisted learning environment that provides feedback to the
student during their practice. The feedback provided by the application most be informative, so that the
learning effect will last and that the learned principle can be applied to other situations as well. In the next
section we will discuss various forms of feedback that could be a candidate to use in our application.

4.2 POSSIBLE FEEDBACK METHODS

In this section we provide a brief survey of the feedback methods that are candidate to be used in our
application. The feedback methods are divided into two groups, namely the ones that provide assistance
constantly during practice (direct feedback) and the ones that give the feedback periodically (indirect
feedback). We will also make a distinction between the form and the content of feedback.
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4.2.1 FORMS OF FEEDBACK

The different types of feedback can be grouped by their form or content. The form is the way in which the
feedback is provided to the user. This can be done on-screen within the application, using sound or with the
use of external equipment. The content of the feedback determines the type of assistance that is provided to
the user. This content can be specific related to the exercise or performance of the user, but the purpose can
also be to motivate or entertain the user. Typical feedback content in music education is:

An indication of the timing of the notes.

An indication when the user has played something wrong.

A guidance to keep the user playing in the right tempo.

More detailed instructions about how the user can improve his performance.

vk wn e

An attempt to motivate the user to improve his morale.

These feedback contents can be provided to the user in several forms. Some content can be expressed better
with a particular form than with others. For example, it is more useful to indicate the tempo using sound than
with text on the screen, meaning that the user can keep his focus on the exercise. In the next section we will
give an overview of a couple of feedback forms, by which we suggest possible content that can be provided
with it. Most of the suggestions are based on other research projects or derived from the feedback methods
provided by a real music teacher. The rest of the feedback methods listed are imagined after a brainstorm
session. The table below gives a summary of the direct and indirect feedback methods that are described in the
following sections.

Table 2, a summary of several forms of feedback with possible direct and indirect methods that can be used in our application.

Form of feedback Direct feedback method Indirect feedback method
Audio sound Playing along -

Ticking
Speech Spoken instructions -

Motivation
On-screen text Textual instructions Statistics

Summary

Visual indicator Arrow pointer Charts and diagrams

Performance score
Graphical representation progress

Avatar Virtual drummer -
Virtual teacher
Vibrating vest Tempo indication -
Fault indication
Flashing drum pads Timing indication
Remote feedback - Instructions of teacher
Exercise adaptation - Pace adjustment

Exercise splitting

4.2.2 DIRECT FEEDBACK

This section provides an overview of several forms of direct feedback with one or more suggested content that
can be provided to the user. Direct feedback is a type of feedback where assistance is provided constantly to
the user during the practice of an exercise.

AUDIO SOUND
Play along: The notes of the exercise will be played on the expected timing, so the student can try to play along.
This is especially a useful feedback when the student starts a new exercise and has little experience with the
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notes or rhythm that is treated in the exercise. This is a feedback method that is actually used by the drum
teacher that was interviewed (see chapter 2).

Ticking: While practicing an exercise, a tap is played on each count. This gives a student a guiding while playing
the exercise, especially when he has trouble playing at the right pace. A disadvantage may be that a student
will not count by himself. Alternatively, there could be counted on the bar, possibly in combination with the
ticking on the beat (for example: one! - tap - tap - tap, two! - tap - tap - tap). This method almost similar to the
use of a metronome, which is used a lot in music education. The criticism of musicians about the use of a
metronome in music education is mixed [Met]. The positive view is that because the beat of a metronome is
steady, it is very useful to learn rhythmic precision in both slow and fast tempo. A negative view is that a
metronome is too strict and mechanical, while music has more expression and flexibility. The music played
along with a metronome does not feel natural in hearing and practicing with a metronome can even lead to a
loss of the musicality.

SPEECH
Spoken instructions: Guidance is given during practice. These instructions are provided to the user as spoken

sentences. The advantage of spoken sentences in contract to textual instructions is that the student can
continue to concentrate on playing without having to read the instructions. The instructions given must be
similar like to ones an actual teacher will provide, so that the student will not have much trouble in interpret
them.

Motivation: Attempts are made to motivate the user while playing the exercise. This can be done by saying
things that encourage the student to continue, when he does not master an exercise. It should also give a
compliment when the exercise is played well. The teacher that we interviewed said that it was not really
necessary to motivate the students during their practice.

ON-SCREEN TEXT
Textual instructions: The instructions are the same or with speech, but are now showed on-screen. The

disadvantage in relation to audio instructions is that the student cannot read them during practice, because he
has to keep his focus on the exercise.

VISUAL INDICATOR

Arrow pointer: During practice, an arrow or other indicator appears that moves along with the exercise.
Because of this, it is always clear where in the exercise the user is located. A pointer can be a useful addition to
the ticking along feedback, but is probably not accurate enough to serve as a separate feedback. The principle
is used in many music games, like Guitar hero [GH] and Rock Band [RB] to indicate the expected timing of the
drum strokes.

AVATAR

Virtual drummer: A virtual drummer is displayed on the screen that plays along with the user. The user can look
at the drummer to see how the exercise is played. It will probably give a better feel of playing along than when
only the exercise is heard. A disadvantage is that a student can be distracted. An example of a virtual drummer
can be found in [KNZ]. This virtual drummer can recognize music and plays along with the drum part.

Virtual teacher: A virtual teacher appears on the screen and gives the user instructions while he is playing the
exercise. Based on the emotion of the teacher, the user can see how well the performance is at that time. If it
goes well then the teacher is happy and he will give compliments. Otherwise he will look disappointed and tries
to help. Like with a virtual drummer, the student can be distracted too much. An example of a virtual teacher
can be found in [Bos]. This virtual conductor can conduct human musicians in a live performance interactively.
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VIBRATING VEST
Tempo indication: The application can make use of a vibrating vest [FTM], where a student is wearing a special

vest with vibrating elements that can be controlled. This vibration can be used to develop various types of
feedback. One possibility is to use the vibration to indicate the tempo of the exercise. A disadvantage may be
that vibrating wearing a vest is not comfortable during practice.

Fault indication: Another option is to give a vibration when a student forgets a note or plays it too early or too
late. The vibration must be interpreted by the user to recognize the mistake he has made.

FLASHING DRUM PADS
Timing indication: During the exercise the drum pads lights up when a drum stroke is expected. This can give a

nice effect when the drums are hit simultaneously. It can therefore motivate students to master the exercise as
quickly as possible. The lighting effects can also provide too much help, so that the user not actually learns the
notes.

4.2.3 INDIRECT FEEDBACK

This section provides an overview of several forms of indirect feedback with one or more suggested content
that can be provided to the user. Indirect feedback is a type of feedback where assistance is provided to the
user periodically, like after each repetition of an exercise. Most of the suggestions are based on other research
projects or derived from the feedback methods provided by a real music teacher.

ON-SCREEN TEXT

Statistics: The feedback consists of statistics based on the performance of the student. This information will be
updated after each repetition of the exercise. All kinds of information can be displayed, such as the percentage
of correctly played notes, the number of notes that were played too early or late, etc. These data may be
interesting for the teacher to monitor the progress, but it provides little information to the student about
which parts of the exercise goes well and which not.

Summary: After each played repetition a summary is displayed with information about which parts of the
exercise the student does and does not master. A short message is given that indicates where the error is
located and how the user can improve it. A possible summary can be:

- Inthe second bar, the 16th notes on the snare drum must be played a little faster.
- You play the bass drum very well on the beat.

The disadvantage is that after each played repetition, the student must stop playing to read the text.

VISUAL INDICATOR

Charts and diagrams: The statistical information can also be displayed in graphs and charts. The advantage is

that it is faster to see how much progress a student is making as opposed to just numerical information. A
disadvantage of the use of graphs is that it is difficult to provide direct assistance on the parts that the student
does not master. A student must interpret the information from the charts by himself to help him improving
the exercise.

Performance score(s): The user gets a rating after each played repetition, for example by giving a score based

on his performance. This may motivate the student to improve his personal score. A disadvantage is that only a
score does not provide enough details on the mistakes and therefore offers little help. It is also possible to split
the score into a report containing several sub scores, like dynamics and the performance for each drum
separately. Several music games like Guitar Hero [GH] also give ratings about the user’s performance.
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Graphical representation of the progress: The progress of the user is displayed in graphical form. This shape

changes during the exercise, depending on the progress of the student. This could be a red circle that slowly
changed to a green square, or a smiley face that will look happier. The disadvantage is that only a figure cannot
give precise information on what a student is doing wrong. However, it is possible to indicate some general
information in a figure. For example, if a pupil is often too early or too late, it can be indicated by a figure that
is leaning to the left or right.

EXTERNAL FEEDBACK TEACHER

The teacher has the ability to remotely monitor the performance of the student, like the statistical information
that is described earlier. The teacher can use this data to return feedback containing instructions or additional
exercises. It is best when this form of communication is integrated in the application, so that the instructions
will be displayed immediately when the student begins to practice. The teacher that was interviewed liked the
option to monitor the progress of his students and to see how much time is spent on each exercise.

EXERCISE ADAPTATION

The exercise will be adjusted during practice according to the performance of the student. If it appears that the
student plays many notes too late, the application may decide to slow down the pace. Another adjustment that
can be done is to divide the exercise into multiple parts. The first part treats only the snare drum, the second
one the bass drum and the last one both drums together. If it appears that the student plays an exercise good
enough, it can suggest him to go to the next exercise. These adjustments are similar to the ones that a real
teacher will apply during the lesson.

4.3 SELECTION OF FEEDBACK IN OUR APPLICATION

There will be two user feedback methods implemented that are tested in the user experiment. The goal is to
investigate what type of feedback will give the most progression to the user. A choice will be made between
one of the direct and one of the indirect methods. The choice will also depend on the feasibility of the
implementation.

4.3.1 DIRECT FEEDBACK: TICKING ALONG

The choice for the direct feedback fell on the ticking along method. From the beginning of the project there
was already the plan to implement some feedback to help the user to play in the right tempo. This default
feedback should consist of a tick played on the first beat of every bar. The tempo indication is necessary to
analyze the drum strokes by the user, because then the timing can be compared with the drum strokes hit by a
teacher in the same tempo (see section 3.5). It is much harder to analyze drum strokes if the user is allowed to
play in their own tempo, because then we need to detect automatically if the tempo has decreased or
increased. To make the implementation feasible, we have chosen to use a fixed tempo during the practice.

The ticking feedback works the same as a metronome, where the tempo is indicated with strict and regular
ticks on the beat. The timing of the ticks is determined by the tempo (beats-per-minute) that is set and can be
calculated theoretically in advance. A tempo of 120 BPM means that there are 120 ticks per minute or one tick
every 0.5 second. Although the metronome is useful in learning to play at a steady pace, the criticism is that it
does not provide any flexibility to the musician and is therefore not a natural representation of music. Another
option is to make use of expressive timing for the ticks given by the feedback method. To get a good reference
model for the timing of the ticks, a teacher or experienced drummer has to play quarter notes on the beat for
several minutes. The average timing of these notes can then be used as the tempo indication. In this project we
will use a mechanical timing for the ticking feedback, because we expect that the expressive timing will not
differ much from the mechanical timing for simple ticks on the beat. A future research might investigate the
option to use expressive timing as ticking feedback in more detail.
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As described earlier, there are several other variations possible, especially if it is combined with verbal
counting. The following variations are listed below, with the one that gives the most help on top:

- Counting on the beat (One — Two — Three - Four).

- Counting on the beat en ticking on the beat (One — Tap — Tap — Tap, Two — Tap — Tap — Tap).
- Ticking on the beat.

- Counting on the bar.

- Ticking on the bar.

A student does not always need the same kind of help during the exercise. At the beginning of an exercise, a lot
of students need the help of the count on the beat. But after a while the student will no longer need it, because
he masters the exercise better. Also, it is not very handy that a student must change the level of aid by himself.
It is better that it automatically adjusts to the level of the student. For this purpose, the application should
keep track of the performances of each exercise of the student, so that at the start of an exercise the
appropriate amount of feedback is used. In the prototype that is tested in the user experiment, only two of the
variations will be implemented, namely ticking on the beat and on the bar. The ticking on the bar will be used
as the standard feedback, and the ticking on the beat as the one that will be tested.

4.3.2 INDIRECT FEEDBACK: PERFORMANCE SCORE

As indirect feedback method the choice fell on the performance score at the end of a played repetition of the
exercise. This is a form of informative feedback (see 4.1) by which the student has to interpret the score to find
out which mistakes he has made. He learns how to recognize mistakes and will be able to correct them. The
advantage is that the learning effect will last and the student will be able to use this knowledge in new
situations as well. Another positive effect of this feedback is that it can motivate the student to improve his
score, especially if he can see his progress of the past few days. A final reason to choose a score feedback is
that because only a simple number is shown on screen, the student can easily look at his score during practice
without being too much distracted.

There is a choice to give an overall score or a report with some sub-scores in various categories. The overall
score is a weighted average of the sub-scores, depending on how important each part must be judged in a
particular exercise. Below we will briefly discuss some possible sub-scores. Initially, one of these will be chosen
to implement and test by users.

TIMING PRECISION

The student receives a score for his precision of the drum strokes. A high score will be given when the timing of
the notes are close to those of the teacher. For every note, the mean and average deviation must be calculated
based on the timing values of the teacher. The timing of the drum stroke from the user will then be compared
with these values. There should be some kind of reference table specified, that can be used to determine the
score of a note, based on the type of note, the timing of the drum stroke and the timing values by the teacher.
The average score of all notes will be the score that is shown to the student.

CONSISTENCY

A score is calculated which relates to the consistency of the drum strokes. A note is not played constant if there
is a lot of difference between the timing values. If this holds for most of the notes in the exercise, the student
gets a low score for consistency. It is possible that a student often plays the notes too early, but rarely too late.
He will get a high mark for consistency, even though he is not accurate in the timing of the notes. Therefore it is
possible to get a high mark for consistency, but still a low one for timing precision.

DYNAMICS
The student is judged on the dynamics, where attention is paid to the dynamic characters in the exercise (like
piano, forte), accents and gradual dynamics (like crescendo, decrescendo). The application has the ability to
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recognize the strength of the notes that are played, although it has trouble to detect notes that are played very
soft.

CORRECTNESS BY DRUM
It is also possible to split the scores for each played drum in the exercise. Now the student can see on which
drums he makes the most mistakes.

CORRECTNESS BY THE TYPE OF NOTE
Finally, a score can be calculated for each type of note, like the quarter notes, eighth notes, etc.

As mentioned before, an experiment will be held with users to test which of the two feedback methods gives
the most progression. Because it is not feasible to implement all of the score variations describes above, we
only choose one to implement. The choice fell on the score for the timing precision, because it gives in our
opinion the best picture of the performance of the student. The intention is that after each repetition a new
score appears on the screen. The old scores are shown in a graph, so that the student can monitor his progress.
The scores must be stored so that a graph over several days can be displayed. The following section will explain
how the scores are measured based on the performance of the user.

4.3.3 CALCULATING THE SCORE

The score feedback gives a score of the performance after each played repetition. This score is calculated based
on the precision of the drum strokes. Every drum stroke is compared with the timing values of the teacher.
Therefore, a teacher has to play an exercise a few times to create a good comparative model. Then after each
repetition, the expected timing of each note is compared with the timing of the corresponding drum stroke.
When all notes are compared, a score is calculated which consists of the following components:

- Ascore of each note compared with the corresponding drum stroke.
- Possible minus points for notes that are not hit at all.
- Possible minus points for drum strokes that are hit too many.

4.3.3.1 EVALUATION OF THE DRUM STROKES

After a repetition is played, each played note is evaluated on the timing precision. Each note will get a separate
score, based on the difference between the timing of the drum stroke and the mean value of the timing played
by the teacher. This difference is calculated as follows:

Difference =[timing drum stroke — mean timing teacher|

This value gives an indication of the precision of the drum stroke. The smaller the difference, the higher the
score for this note will be. Table 3 shows which score will be given to which difference value.

Table 3, the scores given to each note based on the difference between the expected timing and the corresponding drum stroke.

Difference 0 - 25 - 50 - 75 - 100 - 125 - 150 - 200 - 250

in timing (ms) 25 50 75 100 125 150 200 250 300
Score 10 9 8 7 6 5 4 3 2 1

This reference table is set up based on the findings in various pretests and the first experiment described in the
following chapter. It was used in the second user experiment. It was difficult to determine before doing any
experiments whether these ratings are not set too strict or too lenient. The scores must not be too strict for
pupils that have not much experience, because it can demotivate them to continue practicing. But it should
also not too lenient for pupils with more experience to keep the exercise challenging. During the various user
tests the values in the table were adjusted several times.
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4.3.3.2 MINUS POINTS ON THE SCORE

A user gets minus points on the score when certain notes have not been hit and when he plays too many drum
strokes. The sum of minus points depends on the total number of notes in the exercise. For every note that has
not been hit or drum stroke that is played too many, a percentage will be deducted from the score depending
on the number of notes in the exercise. For example, if an exercise has 10 notes, and there are two faults
played, this gives a fault rate of 2 / 10 or 20%. The percentage that is deducted from the score is not linear with
the fault rate. This is because then a single fault would not affect the score enough. A user, who plays all the
notes right, but plays one drum stroke too much, will not get a high score because he does not play the
exercise correctly. This mistake should be noticeable in de score. An overview of the fault rates and
corresponding score reduction is listed in table 4. As with the scores of the correct drum strokes, the values in
the table were determined during various user tests. The fault percentage is calculated as follows:

Fault percentage = (Drum strokes too many + Notes not hit) / Total of notes * 100%.

Table 4, an overview of the overall score reduction based on the fault percentage achieved by the user.

Fault- 0% 1%- 10%- 20%- 30%- 40%- 50%- 60%- 70%- 80%- 90 % - >
percentage 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%  100%
Score 1,00 0,75 060 050 042 036 032 030 028 0,27 0,26 0,25
reduction

4.3.3.3 EXAMPLE OF AN EVALUATION
Suppose we have an exercise with a total of 10 notes. In table 5 we have for every note the expected timing
based on the timing values played by the teacher.

Table 5, the expected timing for each note in the exercise.

Expected 0 1000 1250 1500 2000 2500 2750 3000 3250 3750
timing

A student plays the exercise one time after which a score is calculated. The application determines which drum
strokes correspond to which notes and whether any notes have not been hit or drum strokes are played too
many. It appears that the student has played 9 of the 10 notes correct, one note is not played (note 4) and that
there are 2 drum strokes hit too many. Table 6 shows for each note in the exercise: the timing of the drum
stroke played and the score of the note.

Example, the difference in timing of the first note is |20 — 0| = 20 milliseconds, which gives a score of 10.

Table 6, the scores given by the application based on the difference between the expected timing and the corresponding drum stroke.

' Note 1 2 3 4 5 6 7 8 9 10
Timing 20 1050 1200 - 2100 2460 2890 3120 3280 3740
Score 10 8 6 0 7 9 7 4 8 10

The final score of the exercise is the average of all sub scores of the notes, in thiscase (10+8+6+0+7+9+7
+4+8+10)/10=6.9

Because one note is not played and two drum strokes are played too many, we get a fault percentage of 3 /10
* 100% = 30%. The score is then reduced by a percentage of 0.42. So, the final score of the exercise is 0.42 * 6.9
= 2.9. This indicates that the student does not master the exercise good enough.
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5 USER EXPERIMENT AND EVALUATION

This chapter describes the user experiments that are conducted. The aim of the experiment is to determine
which feedback method, described in the previous chapter, gives the most progression after a period of
practicing. The first experiment was held with the intended user group of the application, namely young pupils
who currently have lessons in drumming. Unfortunately, the experiment did not give the desired amount of
reliable results to perform a good evaluation. As a result, a second user experiment was conducted, with new
exercises and other participants. Before setting up the second experiment, a small pilot test was held. The goal
was to determine which new exercises were suitable to use in the second experiment.

5.1 GoAL

The goal of the user experiment is to determine which type of feedback gives the most progression after a
period of exercising. In this experiment we tested two different feedback methods, one that gives a direct
feedback while playing and one that gives feedback after some time. The two feedback methods that were
tested are:

1. Atick on the beat that is played while practicing the exercise.
2. Ascore based on the performance of the user that is given after each played repetition.

5.2 HYPOTHESIS

The expectation is that the ticking feedback method gives a higher progression than the score method. This
may lie in the fact that the students are inexperienced and will most likely have trouble in playing the exercises
immediately in the right tempo. A tick on the beat will then provide more help to keep them on track with the
tempo than a performance score after each played repetition. They also need to keep their eyes on the
exercise, which mean that a sound feedback can be used simultaneously and a visual feedback not.

5.3 FIRST EXPERIMENT

5.3.1 PARTICIPANTS AND DESIGN

The experiment is held with children who currently attend lessons in drumming. They have an average age
between 11 and 12, and have had drumming lessons for about 2.5 years on average. All pupils said they have
their own drum kit at home, on which they practice about one hour a week. The participants were divided in
two groups of four children, so that each exercise is tested equally with each feedback method. For each group
different participants are needed, so that a person does not have the advantage of prior knowledge of the
exercises.

5.3.2 PROCEDURE

The experiment contained four exercises, each with 8 bars, with two exercises classified as easy and two as
difficult. These exercises were composed in advance with the help of a drum teacher, see Appendix C: Exercises
first experiment. The easy exercises are about the level of the A-diploma (+ 2 years of drumming lessons), and
the difficult exercises slightly above that level. Two difficulties of the exercises are needed, so that at least two
of the four exercises are challenging to every participant. Each exercise was played for about 3 minutes. During
the practice of an exercise the students got help from one of the two feedback methods available.

Table 7 gives for each group an overview of which feedback method are used for each exercise. The order of
the exercises is the same for each group, but the type of used feedback is reversed.
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Table 7, an overview of the experiment with two user groups.

Group Experlment set-up

Exercises: easy 1 + hard 1 Exercises: easy 2 + hard 2
Feedback: tick on the beat Feedback: giving a score

2 Exercises: easy 1 + hard 1 Exercises: easy 2 + hard 2
Feedback: giving a score Feedback: tick on the beat

The participant had to start the exercise by hitting the red drum pad. Then two ticks were given in the right
tempo, after which the pupil had to start playing the exercise. The application stops the exercise by itself if it
has not detected any drum hits for a while. This is needed because it cannot detect by itself if the user starts
the exercise again when he for example lost the count. When the application has stopped, the user had to start
again by hitting the red drum pad again.

5.3.3 MATERIALS

The experiment took place within a room at the music school. A laptop with a Bluetooth adapter was needed
to run the application, and a drum kit with Wii remote to let the participants play on. The laptop was placed in
front of the drum kit, so that the user had a good sight at the screen to look at the exercises.

Each participant was asked to fill in a small evaluation form about the user experience. The evaluation form can
be found (in Dutch) in Appendix B: Evaluation form first experiment.

5.3.4 RESULTS AND DISCUSSION

The purpose of the experiment was to determine which feedback method gives the best progress results. The
improvement is measured by looking at the difference between the scores at the beginning and the end of
each exercise. The results of the evaluation form showed that the pupils thought it was a fun experiment to do,
both playing on the drum kit as the use of the application. Almost everyone said they would use this type of
practice, if they had it at home. Although the participants liked to use the application, the experiment did not
give a lot of scores. To get a score, a pupil must be able to play the exercise to the end. The goal was to have at
least 10 scores per exercise for every pupil. Most students however played the exercise only a few times
completely, which resulted in only 2 or 3 scores per exercise. Unfortunately, with just a few scores you cannot
do a good measure of the progression that he or she has made during the practice of an exercise. The reason of
this problem was that the exercises were simply too long and difficult for the pupils to learn within a short
time.

It appeared that students had great difficulty in playing the right tempo. This is because they usually practice in
their own pace and are not used in following a strict tempo. They quickly lost count, so they had to start over
again many times. Also with the help of ticking on the count, the problem persists. Because the application
assumes that the user plays in the right tempo, they got many poor scores. Another minor problem was that in
general, the pupils played too soft on the drum kit. Especially the foot pedal must be pressed hard to be sure
that the application recognizes it. This has been told to them, but children usually play softer than adults.

Because the experiment did not produce the desired results, it was necessary to set-up a second experiment.
This second experiment contains a few improvements with the purpose to get more en better results. The
biggest improvements are made in the exercises that are used. They were too long and difficult to play at least
ten times within a three minute period. Therefore, four new exercises were needed that are short and quick to
learn. The exercises should not be too easy, but should have sufficient space for a noticeable improvement
within a few minutes. The level of the participants was expected to be different, so also for this experiment two
easy and two hard practices were made. Instead of learning the different types of notes, the exercises focused
primarily on playing in the right tempo. The exercises mainly contained quarter notes and eighth notes, where
the difficulty is determined by the number of drum pads that needs to be played on. The exercises were
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shortened to only two bars, making it easier to play the exercise completely. The expectation was that this
approach will lead to more score results per exercise.

5.4 PILOT EXPERIMENT

Before setting up the second experiment, we needed to create new exercises. Therefore we conducted a small
pilot test in which we tested a various amount of possible exercises. The focus was to find out how long it takes
to play the exercise completely and whether the exercise provides enough space for improvement during
practice. The goal was to find out which exercises can be played more or less completely after a few tries, so
that the participant can use the remaining time to focus on playing in the right tempo.

5.4.1 PARTICIPANTS AND DESIGN
A student at the University of Twente with some basic music background was asked to play a series of short
exercises. The person had no experience in playing the drums.

5.4.2 PROCEDURE

A series of exercises were made that have an increasing difficulty, starting with just quarter notes on the snare
drum, and ending with eighth notes on the snare, bass and hi-hat. The participant started with the easiest
exercise. There are seven different exercises played in total (see section 5.2.4 Results). All the exercises were
played with both feedback methods turned on. Only the last exercise was also played a number of times with
only ticking on the first count. The entire experiment took approximately 10 minutes.

5.4.3 MATERIALS
Like in the first experiment, we used a drum kit with a Wii remote that uses a Bluetooth connection to
communicate with a pc. The experiment was held in an experiment room at the University of Twente.

5.4.4 RESULTS
The results of the pilot test can be found in the figures 7 to 10.
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Figure 7, the score results of the pilot test in exercise 1 and 2 played by a single participant.
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Figure 8, the score results of the pilot test in exercise 3 and 4 played by a single participant.

ipEpPrrp W pinipiy

10 10
8 A 8 S—
o 6 /\ /~ o 6 i
2 / 2
0 0
1 2 3 4 5 6 7 1 2 3
Repetition of exercise Repetition of exercise
Figure 9, the score results of the pilot test in exercise 5 and 6 played by a single participant.
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Figure 10, the score results of the pilot test in exercise 7 played by a single participant. The right diagram shows the results for the same
exercise but without the help of both feedback methods.

It appeared that the new exercises can be played many more times within a short period than the previous
exercises. Some exercises were mastered right away, giving a high rating already after the first play. The first
exercise is the easiest in theory, just quarter notes on the snare, but the results shows that the scores were
very low in the beginning opposed to the following exercises. This is because the test person had to get used to
the application. It is therefore important that before the experiment begins, the person should play a small
practice exercise to get familiar with the system.
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For most of the exercises we can see a good progress in the scores. In most cases the user started with a bad
score and ended up with a much better score. It sometimes happened that a good score is followed up by a
much lower score. This is because after a while the person no longer played in the right tempo. When the
person started again, the exercise was played in the right tempo again and the score was higher.

5.4.5 DiscussION

The pilot test showed that the use of shorter exercises results in more scores within a few minute session. The
exercises were only two bars long, instead of the 8 bars of the original exercises. Also, most pilot exercises
provided enough space for improvement during practicing. From these exercises we have to choose two that
we use as the easy exercises in the second experiment. We choose the exercises 4 and 7, because that are the
two most challenging exercises with respectively two and three drum pads. They are not the easiest ones that
we tested, but a beginning pupil can still master them within a small amount of time. To ensure that also more
experienced participants are challenged, also two more difficult exercises are used like in the first experiment.
These will be a variation of the easy exercises, but with a more difficult rhythm used.

5.5 SECOND EXPERIMENT

5.5.1 PARTICIPANTS AND DESIGN

The participants of the second test were students and employees at the University of Twente. The precondition
was that a participant had at least some experience in playing music. This was necessary because they had to
understand the music notes on the screen. It was hard to find suitable participants because the experiment
took place within the vacation period. Like the first experiment, the participants were divided into two groups
of four persons.

5.5.2 PROCEDURE
The set-up of the second experiment remained the same as the first one, with the exception of the exercises
that were used. The exercises can be found in Appendix E: Exercises second experiment.

5.5.3 MATERIALS
Like in the previous experiments, we used a drum kit with a Wii remote that uses a Bluetooth connection to
communicate with a pc. The experiment was held in an experiment room at the University of Twente.

5.5.4 RESULTS

Almost all participants were able to play each of the exercises at least ten times within the time period. The
results were much better, having many more scores per exercise than with the first experiment. The results of
the scores can be found in Appendix F: Results second experiment.

We will compare the results by looking at the progression of each participant per exercise. The progression is
measured by looking at the scores given by the scoring method. These scores are always given after each
repetition of the exercise, but of course only showed to the participant when the score feedback is enabled. To
measure how much progression a person has made, the difference is calculated between the average of the
first half and the last half of the scores. The diagrams in figure 11 and 12 show for every exercise the
progression of each of the eight participants. A progression result of 20 means that the average score of the
second half of the exercise is 20 percent higher than that of the first half of the exercise.
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Progression first easy exercise Progression second easy exercise
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Figure 11, the progression of the participants in the first and second easy exercises. In the first exercise P1 to P4 used the ticking
feedback and P5 to P8 the score feedback. In the second exercise P1 to P4 used the score feedback and P5 to P8 the ticking feedback.
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Figure 12, the progression of the participants in the first and second difficult exercises. In the first exercise P1 to P4 used the ticking
feedback and P5 to P8 the score feedback. In the second exercise P1 to P4 used the score feedback and P5 to P8 the ticking feedback.

In the first easy exercise the most progression is made by the person with the ticking feedback. But in general
the results do not show much difference between the two methods. There was even a decline with one person,
despite the help of the scoring method.

The results of the second easy exercise clearly show that the three most improved persons made use of the
ticking method. The difference in the improvement between the two groups of participants is remarkably large.

In the first difficult exercise the most improvement is achieved by the person with the scoring method.
However, there are also two persons with a decline for this feedback method. This is in contrast with the
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ticking method, where all persons achieved a reasonable improvement. The results for the ticking method
appear to be more consistent than for the score method.

As with the second easy exercise, the results of the second difficult exercise show that the three persons with
the most improvement got help of the ticking method.

Based on the results of the progression per exercise, we can see clearly that for the second easy and second
difficult exercise the ticking method give the best progression. For the other two exercises, it is hard to see
which feedback method is the best. Therefore, we measured for each combination of exercise and group of
participants, the mean and variance of the progression. The results can be seen in figures 13 to 16:
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Figure 13, Normal distribution of the progression in exercise Figure 14, Normal distribution of the progression in exercise
‘Easy 1’ achieved by the two groups of participants. ‘Easy 2’ achieved by the two groups of participants.
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Figure 15, Normal distribution of the progression in exercise Figure 16, Normal distribution of the progression in exercise
‘Difficult 1’ achieved by the two groups of participants. ‘Difficult 2’ achieved by the two groups of participants.

The diagrams show the normal distribution of the progression for each of the four exercises. The blue line
indicates the distribution of the participants that used the ticking feedback and the red line for the ones that
used the score feedback. In all of the diagrams can be seen that the mean progression for the ticking feedback
is higher than for the score feedback. However, the biggest difference between the mean values can be found
for the second easy and difficult exercises.

The variance indicates how much the progression results of the users in a group are spread out. There seems to
be much variety in variance between the exercises. The variance of the score feedback is large for the first
exercises in both difficulties and much smaller for the second exercises. The opposite result holds for the
variance of the ticking feedback, where it is small for the first exercises and large for the second exercises.
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5.5.5 DiscussioN

The results show that for all of the four exercises, the ticking feedback method provides the most progression.
The biggest difference in the mean progression between the two methods holds for the second exercises in
both difficulties. A possible explanation may be that in the second exercises the user has to play eight notes on
the hi-hat and in the first exercises not. This may help the user to stay in the right tempo, so that they can
achieve even a higher progression than without the help of the hi-hat.

A reason that the ticking feedback method gives the best results may lie in the fact that the ticking feedback
provides assistance to the user constantly during practice and the score feedback only after a played repetition.
Especially in the beginning of the practice, the pupil has trouble playing in the right tempo, so then a tick on
every beat provides more help than a score. Another explanation may be that in the beginning, a pupil has his
attention entirely on the musical score and not on the score indication. The score can be useful later when the
exercise is familiar, so that he does not have to concentrate on the notes the whole time. The advantage of a
non-visual feedback like the ticking sounds is that the user can stay focused on the musical score the whole
time.

The goal of the experiment was to determine which of the two feedback methods gives the most progression
during practice. We tested both feedback methods with people with different skills and with different kind of
exercises. In all of the tested cases, the ticking feedback method gave a higher mean progression than the
score feedback method. Based on these findings we conclude that in general the ticking feedback gives the
highest progression.
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6 CONCLUSIONS AND RECOMMENDATIONS

The research has resulted in an application which pupils can use to practice their drum exercises. The
application can be an extension to the home study that is given by a teacher. The added value of this
application compared to the regular home study is that the pupil gets feedback assistance during their practice.
There are two types of feedback methods implemented, namely a ticking sound on the beat and a score that
indicates the performance of the user. The ticking sound is a direct feedback method that provides guidance
during practice, while the performance score is an indirect feedback method that is only given after each
played repetition. We held a user experiment of which the goal was to determine which of the two feedback
methods provides the most progression to a user during practice. In this experiment, a group of participants
played a couple of exercises with the help of one of the feedback methods.

The first experiment did not give the desired amount of results, because the exercises were too long and a bit
too difficult to learn within a few minutes time. Therefore, we needed to conduct a second experiment with
new participants and shorter exercises. In general, the participants liked to use the application, although most
of them had not much experience in playing the drums. The most difficulties were in playing at the right tempo,
because normally they practice at their own pace and count by themselves.

The hypothesis was that during the home practice the student achieves a higher progression with the
assistance of the ticking feedback than with the score feedback. The results of the second experiment showed
that in all of the four exercises, the ticking feedback method gave indeed a higher mean progression than the
score feedback. The main explanation may be that the ticking feedback provides assistance during practice and
the score feedback only after each played repetition. This helps the pupil especially in the beginning of the
practice, when the exercise is new to the user and therefore hard to play in the right tempo. The score
feedback is perhaps more useful later on, when the exercise is familiar and the user needs to play it more
accurate. Another advantage of the ticking feedback is that the user can keep his focus on the exercise during
practice, instead of looking at the score at the end of the repetition.

The project resulted in an application which students of drum education can use to practice with at home. The
application is only able to analyze the input of the specific drum kit that was used. This type of drum kit is very
basic and much smaller than a real drum set, so it is perhaps not a good replacement of a real drum set. There
are however more advanced electronic drum sets available that more look like an acoustic drum kit. The input
module of application can be extended to allow other drum kits to be used. In regular drum education, with the
exception of mallet percussion, musical aspects like pitches and chords do not play a role. To make the
application suitable for other instruments like a xylophone, piano or trumpet, we also need to analyze these
aspects of music. The ticking and score feedback methods can also be useful during the home practice of these
instruments, especially if the home study consists of short exercises that need to be played in a fixed tempo.
However, the detection of pitches and chords need addition recognition hard- and software tools, so the
analysis is a bit more complex than for a drum kit. This extension may be a good challenge for a follow-up
project.

Although the application took a lot of time and effort to implement, the design is only limited to the basic
functions. For some of the options described in the functional requirements (see 2.3.2) it was not feasible to
implement it in this project. The feedback requirement (1) is of course implemented in the application, with a
ticking sound on the beat and a performance score. The application does not recognize if the drum strokes are
played with the left or right hand (2). This could be a useful future addition for the application, because the
distinction between the left and right drum stick is an important aspect of drumming. The strength of the drum
strokes can be measured by the application (3), but after some tests with the drum kit it appeared that soft hits
were not always detected. So we decided to skip it during the analysis of the drum strokes. The exercise cannot
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be demonstrated by some virtual hands (4), because this was not feasible to implement. However, it is possible
to play along with the exercise. The feedback methods that are implemented do not immediately show the
errors made by the student (5). A future research could however implement and test a feedback method that is
able to do this. A teacher cannot create new exercises within the application (6), but only specify in ABC-
notation using a simple text editor. This is of course not very user-friendly, but the realization of a special editor
was too ambitious for this project. A teacher can record their playing of the exercises to serve as a reference
for analysis of the student’s performance (7). The student has the option to play along with these recordings.
This kind of feedback is implemented in the application, but not tested in an experiment. It was not feasible to
create the option to communicate with a teacher within the application (8). The performance scores of the
student are stored in a file, but these cannot be viewed within the application (9). Because we kept the
functionally limited, we also not implemented an option for a teacher to manage the accessible exercises (10).
All in all, we can conclude that the functional requirements were a bit too ambitious to implement in our
project. However, it certainly contains some useful additions to the system for future work.

Our research only tested two of the many possible types of feedback that can be used. A future research can
focus on testing the application with two other types of feedback. The experiment measured the progress of
the user in the first few minutes of their practice on an exercise. It may be the case that some feedback
methods are better in the beginning and others later on during practice. A future experiment can be set-up to
see if this is indeed the case.
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APPENDIX A: QUESTIONNAIRE DRUM TEACHER

ALGEMEEN

1. Watis de leeftijd waarop de meeste leerlingen beginnen met drumles?
2. Hebben veel (beginnende) leerlingen een eigen trom huis?

DRUMLESSEN

3. Wat wordt er behandeld tijdens de eerste lessen? Is hierbij een verschil in aanpak tussen een jonge
leerling/oudere leerling of jongen/meisje?

4. s het belangrijk de leerling eerst enthousiast te krijgen voor het drummen, voordat er met de officiéle
lesstof wordt begonnen? Zo ja, op welke manier(en) kan dit gedaan worden?

5.  Welke mogelijkheden zijn er om hulp te bieden aan een leerling tijdens de drumles? (bijv. voorspelen,
samenspelen etc.) Op welke momenten kiest u voor een bepaalde manier en waarom?

6. Speel het karakter van een leerling (bijv. ongeduldig, ijverig, snel afgeleid) een rol in de manier van
lesgeven? Zo ja, waarin verschillen deze manieren van lesgeven?

7. s het nodig om een leerling tijdens de drumles te motiveren en/of aan te sporen?
Zo ja, op welke manieren gebeurt dit?

8. Hoeveel tijd wordt er van een leerling gemiddeld verwacht dat hij/zij per week besteedt aan thuisstudie?
9. Wat s het beste tijdsschema voor een leerling voor thuisstudie? (bijv. elke dag 15 minuten)

10. Vinden de meeste leerlingen het zelfstandig oefenen thuis leuk? Wat vinden ze er wel/niet leuk aan?

11. Zijn er manieren om de thuisstudie leuker te maken die je wel eens hebt gebruikt? Zo ja, welke?

APPLICATIE

12. Is het belangrijk om bij het oefenen thuis het gevoel te hebben dat je een echte trom bespeeld, of kunnen
leerlingen ook effectief oefenen zonder trom?

13. Zou de thuisstudie effectiever en/of leuker worden als een leerling tijdens het oefenen wordt bijgestuurd
en hulp wordt geboden? Waarom wel/niet?

14. Is het belangrijk dat de hulp tijdens de oefening lijkt op de hulp die een echte leraar zou geven? Zo ja, wat
zijn de belangrijkste hulpmethoden (uit vraag 5) die niet mogen ontbreken?

15. Zou het prettig zijn voor de leerling om een virtuele leraar te tonen op het beeldscherm die aanwijzingen
geeft, of is spraak, tekst en/of voorbeelden voldoende (zoals in een lesboek)?

16. Is het verstandig dat een leerling ook zelfstandig met de applicatie andere, nog niet door een leraar
behandelde, oefeningen kan doen? Of moet hij/zij eerst toestemming hebben van de leraar? Waarom
wel/niet?

17. Als het mogelijk zou zijn om eenvoudig zelf oefeningen te maken voor de applicatie, zou u hier dan gebruik
van maken? Waarom wel/niet?
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18.

19.

Zou u het prettig vinden om de voortgang van de oefeningen te kunnen controleren? Zo ja, welke
informatie zou u dan willen weten?

Als de applicatie de mogelijk zou bevatten om leerlingen samen te laten spelen, zou dit de thuisstudie
leuker en/of effectiever maken? Zou u deze mogelijkheid graag zien?

MULTI-TOUCH TAFEL

20.

21.

Zou de multi-touch tafel een goed alternatief zijn voor leerlingen zonder een eigen trom thuis? Waarom
wel/niet?

Zou de multi-touch tafel een goed extra hulpmiddel zijn voor leerlingen met een eigen trom thuis?
Waarom wel/niet?

ELEKTRONISCH DRUMSTEL

22.

23.

Zou de drum kit een goed alternatief zijn voor leerlingen zonder een eigen trom thuis? Waarom wel/niet?

Zou de drum kit een goed extra hulpmiddel zijn voor leerlingen met een eigen trom thuis? Waarom
wel/niet?

AFSLUITEND OORDEEL

24.

25.

26.

27.

28.

Welk apparaat zal waarschijnlijk de voorkeur hebben bij leerlingen om thuis op te oefenen? Waarom deze?
Welk apparaat is volgens u het meest geschikt om op te oefenen? Waarom deze?

Zou deze applicatie meer geschikt zijn voor beginnende leerlingen, gevorderde leerlingen of voor beide?
Waarom?

Denkt u dat het gebruik van de applicatie ervoor zal zorgen dat leerlingen thuis meer gaan oefenen en dat
ze de lesstof sneller onder de knie krijgen?

Zo ja, waardoor denkt u dat dit zal komen?

Heeft u nog verder suggesties of opmerkingen die kunnen helpen bij de ontwikkeling van de applicatie?
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APPENDIX B: EVALUATION FORM FIRST EXPERIMENT

10.

Wat is je naam en leeftijd?

Hoe lang heb je al les, en welk(e) diploma(s) bezit je al?

Heb je thuis een eigen trom of drumstel?

Ik heb (nog) geen eigen trom | Ik heb een eigen trom | Ik heb een drumstel

Hoeveel tijd besteed je gemiddeld per week aan thuisstudie?

Vond je het leuk om te spelen op dit drumstel? Zo nee, waarom niet?

Waren de oefeningen goed leesbaar op scherm? Zo nee, waarom niet?

Vind je dat het meetikken op de tel je heeft geholpen tijdens de oefeningen?

Nee, het hielp mij niet | Ja, het hielp af en toe | Ja, het hielp me enorm

Vind je dat het geven van cijfers je heeft geholpen tijdens de oefeningen?

Nee, het hielp mij niet | Ja, het hielp af en toe | Ja, het hielp me enorm

Zou je deze manier van oefenen gebruiken als je het thuis zou hebben?

Nee, nooit | Misschien af en toe | Ja, vrijwel altijd

Was er nog iets dat je wel of niet leuk vond van deze manier van oefenen?
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APPENDIX C: EXERCISES FIRST EXPERIMENT

This appendix shows an overview of the four exercises that are used in the first experiment.
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APPENDIX D: EXERCISES PILOT TEST

This appendix shows an overview of the exercises that are used in the pilot test for the second experiment. It

also shows the score results.
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Exercise 4
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Exercise 7
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The following scores were obtained for the same exercise but without using both feedback methods
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APPENDIX E: EXERCISES SECOND EXPERIMENT

This appendix shows an overview of the four exercises that are used in the second experiment.
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APPENDIX F: RESULTS SECOND EXPERIMENT

This appendix shows for each participant an overview of his scores that he or she has obtained during the
second experiment. The tables also show the mean score of the first and second part of the exercise and the
progression that is achieved.

RESULTS EXERCISE EASY 1

Participant

Repeat

1 2,2 2,1 7,6 1,8 8,1 7,5 9,8 1,5
2 2,6 2 6,4 2,4 6,3 8,7 4,6 7

3 3,5 5,6 8,6 8,1 5,9 4,2 9,4 3,9
4 4,2 8 8,2 2,2 2,8 8 9,4 3,2
5 4,8 5,8 8,9 8,5 8,5 9,4 9,6 7,4
6 3,1 3,1 8,6 2,5 7 7,6 9,4 2,4
7 4,3 4,3 8,8 2,5 9,1 9 9,4 3,1
8 5,8 2,2 9 2,8 8,6 9,3 9,6 2,7
9 4 8,2 8,7 2,4 8,1 9,3 2,9
10 3,8 7,8 8,6 6,2 9,9 1,6
11 2,8 6,8 8,7

12 6,1

13 3,1

Mean 1% part 3,46 4,41 8,05 3,63 6,43 7,56 8,56 4,60
Mean 2™ part 4,20 4,93 8,42 4,08 7,00 8,68 9,52 2,54
Progression (%) 21,39 11,65 4,55 12,41 8,81 14,81 11,21 -44,78

RESULTS EXERCISE EASY 2

Participant

Repeat

1 5,5 2 3,2 1,9 6,6 3,4 7,5 1,7
2 3,2 2,4 2,5 2,1 9,8 1,7 9,4 1,6
3 3,6 3,2 2,7 2 9,8 3 8,6 1,9
4 2,1 2,9 7,6 1,8 9,5 6,5 8,9 1,9
5 53 3,9 7,7 2,6 9,8 2,4 9,2 2,3
6 6,9 4,3 9,5 3,1 9,4 3,2 9,2 1,8
7 3,2 8 8,8 1,9 9,4 7,6 8,6 1,4
8 2,8 8,4 7,5 2 9,4 6,3 9,7 1,7
9 3,9 8,4 5,9 2,1 9,6 6,6 8,3 2

10 6,4 5,5 7,3 3,6 5,6 8,1 2,2
11 9,1 8,2 9,2 6,9
12 8 6,5
13 5,8
Mean 1% part 3,94 3,12 5,53 2,08 9,10 3,37 8,72 1,80
Mean 2™ part 4,64 7,90 7,87 2,54 9,52 6,42 8,78 3,79
Progression (%) 17,77 153,48 42,17 22,12 4,62 90,59 0,69 110,32

Master Thesis: Drum Assistant Page 48



RESULTS EXERCISE DIFFICULT 1

Participant

Repeat

1 3,3 4,7 5 2,3 1,8 4,3 8,3 1,9
2 1,6 2,9 2,5 2,2 3,3 3,8 9,3 1

3 5,3 5,2 8,4 2,9 6,7 3,7 3,4 2,1
4 2,7 6,1 9,1 2,5 3,9 1,5 9,2 2,1
5 2,5 6,1 8,8 1,3 2,3 8,1 9,1 1,5
6 2,5 6,8 9 4,2 1,7 3,8 9,1 1,4
7 5,6 4,6 9,2 4,2 1,9 3,1 8,7 1,4
8 2,4 2,2 9,1 1,4 2,2 1 10 2

9 5,8 2,3 8,8 1,9 4,3 2,3 9 1,5
10 5,2 7 9 7,9 2,4 1

11 5,2 4,5 8,6 4,2 6,1 1,4
12 5,7 8,6 8,4 1,7
13 8 8,9

14 7,7

15 3,9

Mean 1% part 2,98 5,30 7,13 2,24 3,09 3,66 7,86 1,67
Mean 2™ part 4,45 4,38 8,95 2,60 5,30 5,09 9,18 1,50
Progression (%) 49,16 -17,30 25,47 16,07 71,76 38,91 16,79 -10,00

RESULTS EXERCISE DIFFICULT 2

Participant

Repeat

1 4,4 1,6 8,6 1,7 8,6 3,2 4,5 1,4
2 2,4 1,4 7,3 1,8 8,5 3,3 6,6 1,1
3 53 1,6 51 1,4 4,6 3,7 51 2,3
4 2,6 1,9 7,5 1,3 3,1 3,3 6,8 2

5 3 1,6 8,2 1,5 8,5 3,8 8,9 1,6
6 3,8 1,7 9,8 1,7 9,4 3,2 4,3 3

7 5,2 1,9 9,2 2,3 9,4 3 8,9 2,6
8 4,2 5,2 9,5 1,9 9,3 4,3 8,3 2,2
9 3,5 8,3 9,7 8,4 4,4 8 1,7
10 3,2 2,6 9,4 8,7 4,6 2,6
11 1,6 3,1

12 5,1 4,8

13 2,4 4,1

14 4,2

15 3

16 4,8

17 4,4

18 4,4

19 2,4

20 4,5

21 4,6

22 3,3

Mean 1* part 3,54 1,67 9,53 1,55 6,66 3,63 6,38 1,68
Mean 2™ part 3,98 3,87 9,52 1,85 9,04 4,05 7,68 2,42
Progression (%) 12,43 131,62 -0,14 19,35 35,74 11,53 20,38 44,05
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APPENDIX G: DATAFLOW DIAGRAM

This appendix shows a data flow diagram of the system. It is separated into three parts: one that is responsible

for the input by the user, the central processing part that analyses the input and generates the proper

feedback, and the output part that returns the feedback back to the user.
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