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Abstract

Psychologists and educators have long recognisedntpbact of music tutoring on
children’s intellectual and emotional developmerRiano tutoring in specific can
improve a student’s dexterity, coordination, seifeem, abstract reasoning, creative
abilities and personal expression. However, thet @i music tutoring can be

substantial, which denies a huge number of chilthese benefits.

Technology based education is used successfullyamous academic subjects.
Online tutoring can reach children anywhere in W@ld regardless of household
income. However, piano theory must be put intocfice. The ideal e-Learning
solution would involve an engaging environment, abhivould be interacted with
using a tangible input device such as an electrkeyboard. This project aims to
create an online application, which will encouraged teach children the
fundamentals of piano playing and music theory.e €hild will not only be able to
interact with the application using a virtual ommesn piano, but also an external USB
Musical Instrument Device Interface (MIDI) keyboardhis will provide the user

with a physical simulation of a genuine piano.
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1. Introduction

1.1 Problem Overview

Psychologists and educators have long recognisedrtpact of early experiences on
a child's intellectual and emotional developmeBtudies show that music tutoring
can improve a student's self-discipline, dextetyordination, self-esteem, thinking

skills, listening skills, creative abilities andrpenal expression.

Countless studies have been carried out which addtiee effect of music on
academic development. Research conducted by Witiwesf Wisconsin Professor
Dr. Frances Rauscher, published in 1997 in the nB@iee Journal ‘Neurological
Research’ concluded that children involved withnpidutoring at an early age show
significantly enhanced abstract reasoning abilitigich are critical to success in
science and maths. In a study released in 2000ests aged 7-8 from a low income
school in Los Angeles were given eight months ahpitraining, as well as the use of
newly designed music software. These student&gdake Stanford 9 Maths Test
went from scoring in the 30th to the 65th percentGordon, 1999).

Music education from an early age clearly has atgiapact on a child’s ability to
learn and express themselves. However, the cqatind lessons can be far too high
for low-income families to afford: typically rangjnfrom £20 and upwards for one
hour. The aim of this project is to provide alildren with an equal opportunity to
learn the basics of the piano though the mediural@gtronic learning (e-Learning).
Technology-based education allows for On-demandaditity, Self-pacing and
Interactivity. These aspects engage the user,ipyshem rather than pulling them
through education. Piano tutoring applicationsauailable to purchase as CD-ROM
format and as software pre-built into electric pidardware, the cost of which can be
substantial. This project aims to create an onépelication, which will enable
children from any economic background, whetheraahé or in school, to grasp the
fundamentals of piano and gain an interest in mu&can engaging interactive

experience.
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The child will not only be able to interact withetlapplication using a virtual on-
screen piano, but also an external USB MIDI (Musloatrument Device Interface)
keyboard. This will provide the user with a tarigibimulation of a genuine piano.
MIDI keyboards are widely available in schools arah be purchased at a low cost.
MIDI is an industry-standard protocol that enabédsctronic musical instruments
such as keyboards to send event messages to a teompliDI devices range from
compact two octave keyboards (Figure 1) to 49 leegisveighted keyboards (Figure
2) to full size 88 key hammer-weighted keyboardtere are currently no web-based

interactive piano learning applications with MIDdrmectivity available online.

Figure 2 - Korg 49 Key Semi-Weighted USB MIDI Contpller
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Gavin Meredith, founder of the websiteusicteachers.co.uis one of many piano

teachers who use the Internet to enhance musiortuitin 1998 he helped to set up
this online resource, which predominantly caterstéitors. However, the team have
found that children respond very well to a particusection of the site. Meredith
explains ‘a couple of months ago we commissionedrdime game called Name That
Note. It's very simple, but it is intended to petining notes in a fun context.’
(Guardian 2008). His pupils loved the game ang tiev intend to invest in more of
the same. Meredith continues; ‘you can't alwayseoa natural musical curiosity in
them, but if you go through a medium that they r@laxed with and that they like,

such as little flash games on the Internet, theat'sha good route to get them

interested.’

Adobe Flash is the industry-leading authoring emvinent for creating engaging
interactive experiences. Flash offers developersophisticated programming
environment, particularly since the release of éw8cript 3.0, an Object Oriented
Programming language used within Flash. Flashpignised for the display of
graphical information and which is tailored for ogon over the Internet. In terms
of deployment, Flash content is accessible to almibénternet users; Flash Player is
available to 99% of user§&lash Player CensydMillward Brown 2008). With these
factors considered, it can be concluded that RiaBHbe the most appropriate tool for
this project. However, Flash does not currentlypsut MIDI. Therefore, the focus

of this project will be divided in to two sections:

1. Establishing a connection between MIDI and Addélash (Developing a

Flash application which will receive MIDI messages)

2. The design and development of an online intemctpiano learning

environment for Key Stage 2 children (ages 7 to 11)

1.2 Aims

This project will focus on the research, design anglementation of a solution,
which will connect MIDI with Flash in order to creaa piano based e-Learning
environment for children (Flash Music). The projedll attempt to reveal an

efficient method of receiving MIDI messages withan Adobe Flash application.
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Conclusions will be made regarding the compatipitit Flash and MIDI. Once the
MIDI connection has been established the projeci Wé extended via the

development of an online piano-tutoring interface.

The online application will feature fundamental mmatraining in the form of mini-
games. The user will have the ability to play ¢f@nes and monitor their progress.
For the scope of this project, the aim is to degpelbleast one finalised training game
for demonstration purposes. The number of gameeloiged may be increased
depending on the time constraints of the projedisers will interact with the
application using a simple USB MIDI keyboard. Faxcessibility purposes, a
QWERTY keyboard input alternative will be provided.

1.3 Objectives

To develop a method of receiving control messagas fa MIDI keyboard
within a Flash application.

To identify and evaluate existing piano tutorindgtsare.

To research the most effective methods of teactiigren piano basics.

To research the most effective methods of engaginghild within a
multimedia learning environment.

To design and develop an online interactive piaroring application with
MIDI connectivity.

To design and develop at least one fully functiop&no training game
utilising a MIDI keyboard as an input device.

To develop a QWERTY keyboard input alternativedsers with no access to
a MIDI keyboard.

To evaluate the compatibility and usefulness difig MIDI and Flash.

1.4 Project Scope

This project does not aspire to produce a finalipetho tutoring program. The
developed application will demonstrate the desfeadures stated within the project
aims. Providing the aims are achieved, the apjdicacan be developed further

following the completion of the project.
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The scope of this document is to provide informatm enthusiasts who are interested
in e-Learning systems (specifically music orientaddl MIDI to Flash connectivity.
As a result, further developments may be achiendhis particular area using the

conclusions drawn.

1.4.1 Stakeholders

This project will benefit Schools (Music Departm&ntParents and End Users (KS2
Children, Ages 7-11). The project report and sewrade will interest MIDI, Flash

and Multimedia enthusiasts.

1.4.2 Application Context

The application will be developed for online useherefore, file size is an important
factor to be monitored during the development stag@&he application should be
compatible with the most commonly used Internetwsers: Internet Explorer and
Firefox (W3C 2009). Children in schools and at leomill use the virtual piano tutor;
the application will be used on various systemsydfore cross compatibility with
Microsoft Windows and Apple OS X will be considered However, for
demonstration purposes the application will be tped for use with Microsoft
Windows XP.

1.5 Research Methods

In terms of design and development, research msthalti retrieve both qualitative
and quantitative findings. Creating a persona hellthe initial stage of the research
process, it will provide an early foundation foisig concepts and also allow a closer
relationship with potential users to be obtainéuerviews and questionnaires will be
conducted in order to gain a greater understandafiguser requirements.
Understanding the user’s tasks is of vital imparggnespecially considering the
application is designed for children aged 7-11, \ahotherefore novice users. A list
of potential tasks will be devised. A Hierarchidask Analysis will then be devised
for each action; this analysis will return an omtkistep-by-step illustration of the
tasks. Key areas to research will include: exgstipplications, Key Stage 2 learning
characteristics, piano-tutoring methods, e-Learnitgchniques and MIDI
connectivity. The research will then be used testauct system requirements. A list

of requirements will be devised using the five magguirement categories:
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Functional Requirements, Data Requirements, Enmmortal Requirements (context
of use), User Requirements and Usability Requiras@reece et al. 1994). This list
will be useful to refer to when designing lo-fi potypes, as it will provide a clearly
defined understanding of what is required for acessful piano tutoring application.
In order to manage a project it is crucial to elsthba clear set of prioritised
requirements (Haughey PMP, 2008). The MoSCoW methasl developed bpai
Cleggof Oracle UK in1994and is used to prioritise requirements. The ehfetters
in MoSCoW stand for:

M Must have this.

S Should have this if at all possible.

C Could have this if it does not affect anything else.

wW Won't have this time butVould like in the future.
MoSCoW is used to determine which requirements rbasimplemented first and

which must come later or will not be implementedlat

2. Research

2.1 Existing Applications

There are currently no online piano-tutoring apgdiiens with MIDI connectivity

available. Therefore, this report will researahitar programs, which aim to teach or
encourage an interest in playing piano. The fadfuthe research will be on piano
tutoring for children, however the research wils@laddress other e-Learning

applications with regards to interaction and irde€f elements.

2.1.1 Online Applications

There is a large selection of music orientated gaomethe web: younger children can
learn to play nursery rhymes on a virtual rainbaeyboard, whilst those looking to
progress to notation can learn about quavers gsfitee missiles and defend from
alien attacks (Figure 3). These scenarios arenhag to be taken seriously as a
method of capturing a child’s attention and prowgka desire to keep learning. Even
the prestigiougssociation Board of the Royal Schools of Mulas a section of its

student site dedicated to online games.

10
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Figure 3 - Mission To Magmanon Online Game

Name That Note

The Music Teacher UK website hosts a game whiclgeisred towards teaching
children note names and positions on a musical. stetie game uses bright colours
and sound effects to engage the user. When the gamitially loaded, the child is

prompted to choose a clef to learn on (Figure 4).

Figure 4 - Name That Note Welcome Screen

11
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The user is then presented with a staff and a randote. They must identify the
note before the time runs out (Figure 5). At tinel f the game the child has the
opportunity to upload their score to a public sboaad.

Figure 5 - Name That Note Game Play

2.1.2 Downloadable Applications
A large selection of downloadable piano tutoringlayations are available online,
most of which are simple free play applications.he3e applications require
downloading and installing and most are executéilds that only work on Windows
systems. However, Synthesia (Figure 6) is an ambarapplication built in &,
which teaches the user to play the piano usingnéathotes in a similar way to the
popular gameGuitar Hera The main features include:

MIDI keyboard connectivity.

User progress tracking with per-song scoreboards.

Slow, fast-forward, and rewind songs while learnmegv parts.

Ability to practice left and right hand parts tdget or separately.

PC and Mac compatible.

Ability to learn to play any MIDI file (availablerdm various websites).

No sheet music reading is required.
Synthesia is generally targeted at more advancadopplayers and seems to be

geared towards entertainment rather than educaifitwe. application teaches the user

12
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to play songs in an unconventional manner; the atetised does not actually teach

piano theory, as the grand staff is replaced bguwetoded squares.

Figure 6 - Synthesia Interface

2.1.3 CD-ROM Applications

There is an abundant supply of piano tutoring pogy available for purchase. These
applications are advanced software packages widinge selection of features. For
example, Adventus Piano Suite Premier is a popaulagram consisting of features
such asTheory Thinker- a narrated music theory course with lessonspaadtice
exercises for the keyboardPiano Player- a variety of learning methods aimed at
developing sight reading strategies and playinglsskiThe software makes use of
interactive feedback, which is geared towards natitig successPersonal Profile-
provides detailed evaluation reports which traek ¢hild’s progress. Reports can be
logged for any number of user€Composers Corner the user can create and print
their own simple multitrack arrangements; they akso load in MIDI files to learn to
play. History Happens includes biographies of over 350 composers amtbpmers.
Games- the software includes various music games getargdrds reinforcing music
theory and improving dexterity. However, this s8a@ite package currently retails at
£67.48 excluding the price of a MIDI keyboard, whretail from £30 and upwards.

13
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2.2 KS2 Learning Characteristics

This section of the report will delve into the wapswhich children actually learn;

which is vital in regards to constructing a thorbwsgt of user requirements.

2.2.1 Ages7t08

Members of this age group have short attention spgpically between 5 and 10
minutes. It is best to divide activities into sinpleces or steps (North Carolina
Cooperative Extension Service 2002). Thereforangitutoring games for children
must be short and lucid in order to hold the childttention. Reading skills vary in
this age group. Activities need to be read to c¢hiédd, however verbal and visual
instructions should also be provided. Instructi@iaments of the application will be
broken down into steps using a clear walk-througtlodue method including text,
animation and audio. Children of this age are \eenycrete thinkers and benefit from
hands-on learning and activities where they bothadd see things. The MIDI
interface combined with on-screen visuals and awgdifieedback will be used to cater

for this learning characteristic.

Children of this age require praise and encouragefe even small successes. They
have difficulty separating themselves from the \aigti ‘they may view any
evaluation as a reflection on them as a personligima 4-H 2002). The application
must provide positive feedback to the child for aogcessful interaction. When the
child is less successful they will be notified isensitive manner and encouraged to

keep trying.

The Youth Organisation, 4-HHelpers Guide To Youth Learningxplains that

competition or activities, which reward a singlenmér or ‘best’ person, should be
avoided; ‘Instead of comparing youth to each otheympare present to past
performances of each child’. This age group iseremncerned with actually doing a
project than completing it. These children shdugdpresented with activities, which
they can complete successfully. These are impbftarors to consider during the

development of the training games.

14
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2.2.2Ages9to 11

Activities need to encourage physical involvemestduse boys and girls of this age
are extremely active. Hands-on involvement usibgas is helpful. Youth this age
are still fairly concrete thinkers and will give neoattention if they are seeing and
doing things (Indiana 4-H 2002). With the develb@gplication the child will have
the opportunity to play the keyboard and followtinstions on-screen. These two

elements combined will be particularly helpful famcrete thinkers.

Children of this age are just beginning to thingiéally and symbolically and are
starting to understand abstract ideas. As thegidenan idea, they tend to think it is
right or wrong, fun or boring. This is where itkgy to ensure the training games are
fun to play, so the child feels they are playingaame as oppose to just learning a
piano scale, for example. Just like younger chitddrmany prefer individual
evaluation to group competition. Comparison wike success of others is difficult
for these children because it can erode self-cenfid. Instead of comparing children
with one another, positive self-concepts shouldhibiét by comparing the individual's
present and past performances (CyferNet 2006). igh-$core system could be
developed as a feature of the e-learning applicatiBlowever, an open high-score
system would cause the child to feel that they ncostpete with their peers. With
these factors considered, it would be beneficiattie child to be able to monitor their
own personal progress. Children of this age aneigdly concerned with immediate
rewards. The satisfaction of completing a projeiten comes from pleasing the
helper, rather than from the value of the actiitglf. The helper in the case of this
project will be an on-screen character. With tee af animations and dialogue, the
character can be made to respond to the childisrect The better the child does at

the task; the more responsive the virtual tutoobees.

Children in this age group have a strong need & &scepted and worthwhile.
School and other pressures are demanding. A catimmphasis on successes is
needed. Youth want to know how much they have avgd and what they could do
better next time (Indiana 4-H 2002). Thereforesifree feedback and encouragement

will be of vital importance within the developedpdipation.

15
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2.3 Piano Tutoring

This section of the report will focus on piano piay concepts, which a child must

understand in order to further their playing skills

2.3.1 Fundamental Piano Concepts

The Keyboard

The piano consists of alternating white and blaelgsk The white keys are
grouped into sets of eight keys callectaves The black keys are grouped
into sets of twos and threes. Beginning at C {thiée key directly to the left
of each set of two black keys), the white notesreamed as follows: C, D, E,
F, G, A and B (Appendix 5).

Reading Music

Reading music is actually simpler than it appeatsfist glance. The
seemingly random combination of lines and spacesuite orderly and
quickly mastered. Thegrand staffconsists of twaclefs the treble and the
bass Each staff is represented by a set of five liaed four spaces (Figure
7).

The Treble Clef

An extra line below the treble clef represents NBd@. The first line is E.
The second line is G. The third line is B; therthuD; and the fifth, F. These
can be remembered easily with the commonly useahgior Every Good Boy
Does Fine The spaces, beginning at the bottommost are,RC,Aand E,
represented by the acronyfACE (Appendix 6).

The Bass Clef

Once again, beginning at middle C, represented lmeaabove the top line in
the clef. The pinnacle line is A and the second tiown is F. The centre line
is D, the second line from the bottom is B, andlibtommost line is G. The
acronymGreat Big Ducks Fly Awagan help children remember which note is
represented by which line. The spaces, beginninheabottom, are A, C, E,
and G:All Cows Eat GrasgAdams 2008).

Rhythm

The basic unit of rhythm is a measure. The sinipleghm is 4/4 time. This

means that there are four quarter notes in eaclsurn®a A half note is the

16



Flash MusidOnline Piano Tutor

equivalent of two quarter notes. A dotted-quanete is equivalent to three
guarter notes and a whole note is equivalent to doarter notes (Appendix
4).

Sharps & Flats

A black note can be referred to as simarp(#) of the note on its left. A black
note can also be referred to as tla¢ (b) of the note on its right. The set of
two black keys may be called C# and D# or Db and Bie set of three black
keys are F#, G#, and A# or Gb, Ab, and Bb.

I 1
momonEtdm
Uﬂhomﬂ##m

Ml

Middle C

e
mamwmom =

m‘a:-|m‘o|-n +|almle|o

Lol
e}

Figure 7 - The Grand Staff
2.3.2 Further Piano Concepts

Further piano concepts are usually presented tahiie after they have grasped the
fundamentals. If the application were to be expahdhese concepts should be

incorporated into the learning environment:

Tone & Pitch
Scales & Arpeggios
Chords & Harmony
Fingering

Expression

17
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2.3.3 Sight Reading Teaching Methods

This section of the report will describe the reshafindings in terms of teaching
children the relationship between key positions aogt names. The research is also
geared towards methods of teaching children thevad sight-reading; recognising

notes on the Grand Staff.

Rainbow Piano Technique

Piano tutor and graduate in Piano Teaching Annieay\acently published her book

entitled Rainbow Piano Techniqu@Vang 2008). Wang and Heiko Hoffmann, a
researcher at the University of Southern Califgrai@veloped the technique. Each
note on the grand staff is coloured according $opitch (Figure 8), corresponding

coloured markers are provided with the book. Thesekers can be cut out and

attached to a piano keyboard (Figure 9). The chda then build up a note

association with each colour. A recent news atich the Los Angeles Times

website reports of a 3 year old boy who successfudles the rainbow technique;

‘Instead of seeing notes like C or F sharp, Rictseds purple and dark green, and
knows their corresponding piano keys.” (Wagner 200&ithin three months the boy

was able to play simple songs using both handshendias weened off the colour

stickers, one by oneuch like learning to ride gtlie using stabilisers.

0 "

[ ]

—
S
|

&
=

g

Figure 8 - Grand Staff - Rainbow Piano Technique

il

Figure 9 - Colour Coded Piano Keyboard

—
=
b
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This technique could be applied to the developnunthis project. Colours can
simply be applied to the on-screen virtual pianghbkeard and corresponding staff.
This method may be useful to apply to a hint featfrthe application. For example,
if the child is having difficulty matching a note the staff to a key, they can click a
button, which will display the rainbow colours farlimited time period. The child

will then be able to identify the note using thab@w piano technique.

Piano by Number

Assigning a number to each piano key is a popwahriique for teaching young
children piano. Children's music educator and Emitward winning composer John
Aschenbrenner created a simple techniftiano by Number(Piano Is Easy 2008).
The child is supplied with a collection of stickensmbered one to twelve, the stickers
are placed on each white key (two octaves). Thil adan then play along with
numbered musical notation. When the child is cotafle with a song the stickers
are removed much like the rainbow technique. B®iano by Numberand the
Rainbow Piano Techniqubave been proven to be beneficial to early leatner
However, if both techniques were used simultangotiss would cause confusion
amongst the children. Therefore, a decision mashhde on which technique to use.
Research shows that children respond rapidly touwrs| even from a young age.
Children love bright colours and respond immediatél you are to communicate
with children, colour should become your ally (Sew&007). With these piano
tutoring techniques and child learning conceptspgd, it is important to consider

them in the subject area of this project; e-Leagnin

2.4 Electronic Learning
Like no other training form, e-Learning promisesptovide a single experience that
accommodates the three distinct learning styledit@y learners, visual learners, and

kinesthetic learners (Kruse 2004). Benefits ofeaining to the learner include:

On-demand availability enables students to complete training conveniextly
off-hours or from home.
Self-pacing for slow or quick learners; reduces stress andeases

satisfaction.
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Interactivity engages users, pushing them rather than pulling tfeough
training.
Confidence that quick reference materials are available reslisteess and

pressure.

While many debate over whether or not e-Learningsfias the actual educational
learning experience as far as the student-tea@h@tianship goes, it is difficult to

deny the wealth of benefits this type of teachingthod provides. Even with the
youngest of school age children, who are oftenntlest open to the innovations of
technology, there are hardly any educational ubihs left in the world that do not
use e-Learning in some capacity. As seen througtmeuhistory of e-Learning, the
benefits have only continued to grow. The cost@feness has proven highly
beneficial even for the least economically disad@ged venues (Higher Education
Online 2007).

2.5 MIDI Connectivity

2.5.1 MIDI Fundamentals

MIDI is an industry-standard protocol that enabédsctronic musical instruments
such as keyboard controllers, computers, and o#flectronic equipment to
communicate, control, and synchronise. As an elait protocol, it is notable for its
widespread adoption throughout the industry. Miles not transmit an audio
signal; it transmitevent messagestich as Pitch and Velocity (volume), also control
signals for parameters such as Vibrato and Panrifaie On, Note Off and Velocity
messages are the main focus of this project. Batd has a MIDI value, middle C
has a note value of 60 (Figure 10). For a futldisSMIDI note values see Appendix 1
and Appendix 2.

48 50 52 53 55 57 59 pe0N 62 64 65 67 69 7l

(NN N N N (N N N A N N N N
C3 D3 E3 F3 G3 A4 B4 C4 D4 E4 F4 G4 A5 BS

Figure 10 - MIDI Note Numbers
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2.5.2 MIDI to Flash Rationale

This section of the report will describe researsidihgs in regards to potential
benefits and methods of receiving MIDI input messagvithin an Adobe Flash
environment. Connecting MIDI and Flash is a widehexplored concept. Although
largely uncharted, MIDI support in Flash is a mutgsired model. So much so that
various online petitions have been established thighintention to encourage Adobe
to incorporate MIDI support within Flash (Adobe $ttaPlayer Bugs and Management
System,MIDI Sound 2008). These petitions have thus far been im.vaFor
example, the 2007 petition for USB MIDI supportRtash has recently been closed
(Adobe Flex Bugs and Management Systey@8B Midi Device suppar2007). These
petitions seem to have huge support from the dewedmt community but little

response from the Adobe team.

MIDI support in Flash would open a realm of devehgmt possibilities. With the
release of the Flash Player 10 (FP10) Sound ApmitaProgramming Interface
(API), developers are already beginning to create audiecapplications for online
use. For example;lobnox Audiotoolis a state of the art rich Internet application,
which aims to become a professional audio envirarimgitten in Flash. It features
dynamic audio flow with cable wiring and an infmitlesktop for arranging virtual
audio devices. Hobnox originally streamed the sobytes via Java to the user’s
soundcard, the audio is now streamed with FlasgePlasing the newly released
FP10 Sound API. Flash Player guarantees a muclk nodoust audio stream and
lower latency (sound delay). If users were ablenteract with the application using
MIDI controllers and keyboards, it could be use@a®rious audio manipulation and
production tool such a®ropellerhead Reasomi\bleton Liveand SteinbergCubase
The benefit of using Flash as the development i®dhat the application can be
tailored for online use. Musicians would then Ieao compose, mix, perform and
record music on any online system anywhere in thddy This illustrates once more
that Flash is the most suitable tool for this pecgjes Flash is being developed in an
increasingly powerful multimedia direction. It al#lustrates that Adobe are listening
to the community, as the onSoundComplete Event wéthih the Hobnox Audiotool

is Adobe's answer to thAdobe Make Some Noisampaign (www.make-some-

noise.info). Further to this release, Adobe Systlave recently issued a pre-release
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version of projecAlchemy a small tool that compiles C and C++ code forgpaims
running on ActionScript Virtual Machine (AVM2). TEhidea is to expand the
capabilities of Web applications running on FP16 Adobe AIR 1.5. Thélchemy
project shows that Adobe understand how importams to add more processing
power to the Flash Player. Complex audio manipriatcan now be achieved within
Flash Player using C or C++.

MIDI control messages can be used not only to éniggudio samples but also visuals.
This is an integral part of this development projeln order to fully engage a child,
the application will react to the user’s input bywding instant visual and auditory
feedback. The child’s interactions will triggervariety of images and animations
accompanied by sounds (music, sound FX, narratilfe@he child is making progress
they will receive positive feedback. If the chikl not making progress they will
receive reinforcing help and encouragement. A MtByboard will also provide the
child with an opportunity to enhance their dextedand experiment directly with a
genuine keyboard. Julia Deats, a piano tutor whecialises in teaching young
children, believes that allowing children to expaent and have fun before giving
them formal tuition is key; ‘It encourages creatiyithey'll enjoy doing it and it

should foster a kind of a natural musicianshiphen.’(Guardian 2008).

2.5.3 Possible Connectivity Methods

FlashMidi

In Paris, 2005, Alexis Isaac developed an API totmd MIDI hardware in Flash.
This APl was published under the General Publicehge of the Free Software
Foundation and is available to download includioj ocumentation. The MIDI
connection is established using an executable @gin created using the Microsoft
Windows development environment, Delphi. The Defgplication embeds a Flash
ActiveX. The Flash application then forwards MIBbmmands to the Delphi
application using fscommand (a Flash function whiglused to pass messages to

programs that host ActiveX controls).

FLASH /il
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Features
Sends note on and note off events with velocityapeater on any of the user’s
16 MIDI ports.
Can automate the note on / note off events by pgssduration for the note.
Can change the volume of a channel.
Can change the patch of a channel.
Can load and play MIDI files.

Receives MIDI input.

Limitations
FlashMidi is only available on Windows.
The user must download and install a plug-in eank the API is used.
The Flash classes are written in ActionScript 282). This project aims to
establish the connection using the latest Objecter®ed version of
ActionScript (AS3).
A pre-Alpha Mac plug-in for the API was createdlily 2005. However, this

was the final update; the API was not developedfartier.

Abumarkub Midi-to-Flash

In Holland, July 2008 a Flash developer, Abumarkuiblished a proof of concept
Flash movie online, which was able to receive Mitlata from a MIDI device. This
was accomplished by using a Java Applet. The Aaydet receives the MIDI data
and passes it on to JavaScript (embedded in an Hpadje); which then sends it to
Flash via the Externalinterface (an API that emsbt®mmmunication between

ActionScript and the Flash Player container).

Features
Receives MIDI input.
Receives not only note on / note off messages lbata@ntrol messages such
as velocity (volume) and pitch bend.
The Flash classes are written in AS3.
No plug-in is required to run the application; MiDiessages are received

using a Java Applet, which runs in the background.
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Limitations
No source code or documentation available.
Only compatible with Windows XP (not compatible mvitVindows Vista or
Mac OS X).

Abumarkub’s solution was superior to Alexis Isaaesslier work in two key areas; it

was written in AS3 and did not require a plug-ifihe obvious hindering factor was
that the code was not open-source or publicly alsésl However, due to demand
from eager developers (such as the author of thgort), in October of 2008

Abumarkub published the code for open use. Thatiso was therefore chosen as
the foundation tool for this project.

2.6 Development Lifecycle

Due to the timescale and scope of this project,apidRk Application Development
(RAD) cycle will be used. RAD was initially a respse to restrictive processes
developed in the 1970s, such as the Waterfall modéie problem with previous
methodologies was that applications took such g tone to build, that requirements
had changed before the system was complete, offguiting in unusable systems
(Developers.net 2005). Starting with the ideaBafry Boehm and Scott Shultz,
James Martin developed the Rapid Application Dewelent approach during the
1980s at IBM and finally formalised it by publisgim book in 1991. The process
involves three key areas: Requirements Gatherird) Aamalysis, Prototyping and
Iteration. RAD was created for use with projectthwestricted timescales and stern
deadlines. The benefits of an iterative develognpeacess are that potential bugs
and usability issues are recognised during the ldpreent process rather than when
the project is finished. Therefore, the issuestmaddressed and resolved before it is
too late. However, the RAD approach may involveapmomises in functionality and

performance due to the rapid nature of the process.

In terms of developing the application interfaceo tkey design tools will be used,
Storyboarding and Lo-Fi Prototyping. Storyboardilsga common technique in
Human Computer Interaction and design for demotistyasystem interfaces and
contexts of use. Storyboards will provide desigicus during the development

stages. Paper prototyping is regarded as an ealyemffective method of
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prototyping. An article on th®ser Interface Engineeringiebsite exclaims, ‘a paper
prototype is a design tool, not only a testing tg¢8canlon 1998). Various rough
sketches will be created in order to initiate tlsign concepts, after each prototype
has been finished an evaluation will be conduateahich each of the following will
be stated: The Design Issue, Severity/ Impact, Usterface Aspect, Violated
Heuristic (Nielsen and Molich, 1990; Nielsen 19%4)}d Recommendations. These

evaluations will provide a basis to progress whth development phase of the project.

3. Requirements Analysis

The research section of this report provided angtroverview of the user’'s needs.
These requirements need to be organised, ratiedadisd prioritised. The initial part
of this section will list Functional Requirementstioe application; technical aspects
such as inputs, behaviours and outputs will be rde=t. The second stage of the
requirements analysis will list Non-Functional Regments, for example: execution
and evolution qualities, which will address aspesttesh as usability, testability and
scalability. The final part of this section willipritise each requirement according to
the MoSCoW framework.

3.1 Functional Requirements

Table 1- Functional Requirements

ID Functional Requirement Rationale
Description

FR1 Allow the user to select a MIDI The user must be able to choose wt ch
input. MIDI input to use in case they have

more than one connected.

FR2 Automatically connect to a MIDI  The technical aspects of configuring a
MIDI device may seem confusing to 2
child so it will be addressed
connected. automatically.

input if only one device is

FR3 Provide walkthrough e-learning  The user requires the option of learr ng
tutorials. about the piano before, after or durit g
the training programs.
FR4 Display coherent instructions. The child requires clear, simple

instructions for all games.
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FRS5

FR6

FR7

FR8

FR9

FR1C

FR11

FR1Z

FR1:S

Receive MIDI input from a USB
keyboard.

Play audio samples (piano notes

Audio samples should be velocity
sensitive and react to Note Off

commands.

Record a user’s progress and
display training game results
graphically.

QWERTY keyboard input
alternative / mouse input

alternative.

Feature one fully functional pianc
training game, which will help the

child learn musical notes on a st

Feature five further piano training
games, which will be unlocked as

the child progresses.

Support full screen functionality.

Play alternative audio samples;
Organ, Xylophone, Harpsichord &

various orchestral sounds.

MIDI interaction is an integral part o
this project. The user must be giver
the opportunity to interact with a

tangible interface.

Piano samples must be triggered wt 2n
a MIDI message is received or a key is

pressed on the virtual keyboard.

The samples must vary in volume ar d
duration depending on the users
interactions in order to emulate a rei |
piano (expression sensitive).

The child should be given the
opportunity to compare their present

performance with past performance: .

In order to not exclude users who dc

not own a MIDI keyboard.

Learning note names, positioning ar 1
pitch, both on the keyboard and staf is
a fundamental step in being able to | lay
the piano.

Games will teach fundamentals sucl as
notation, timing, scales, expression .nd
fingering.

Providing a full screen option will
prevent the child from being distract d
by the Operating System and Interne t
browser interfaces. This will also aic
users with visual disabilities.

Alternative sounds will provide an
enriched experience and allow the c iild

to explore other musical instruments
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3.2 Non-Functional Requirements

Table 2- Non-Functional Requirements

ID

NFR1

NFR2

NFR3

NFR4

NFRS

NFR6

NFR7

NFR8

NFR9

Non Functional
Requirement Description

Walkthrough  tutorials  mu
engage the child.

Provide both textual al
graphical instructions.

The application must be fu
documented.

The application must have a ra
response time and performa
must be high.

The published application mi
function within Internet Explore
Mozilla Firefox and Safari.

The application should be cro
platform compatible.

The Virtual Piano Tutor must
robust; it must continue
function despite abnormalities
input.

The level of supportability mt
be adequate in terms of h
documentation.

The Learnability of the interfa

e

Rationale

Children’s attention spans are limi 2d
so must be engaged using a
combination of graphics, animatin
and audio. A linear digital stcy
walkthrough will help to win th:
child’s attention and prevent errors.

This will ensure the application is
accessible to users with vis al
impairments and will aid users wth
low reading skills.

This will support help documentati n
and allow for easy maintenance of he
application. It will also aid furthir
development, which may be carr =d
out by not only the code author ut
also other developers.

Code and resources must be optim sed
to ensure a small file size and " ast
response time. A child will not wi it
for parts of the application to load o er
a long period of time due to their st art
attention spans.

This will ensure accessibility to 1s
many users as possible.

This will also ensure accessibili
However, due to the scope of hiis
project it will be developed fir
Microsoft Windows. Mac support w I
be a further developme 1t
recommendation.

Children are likely to experiment w h
the application ruthlessly. Therefc e,
stress testing must be carried b>ut
frequently during development.

It is likely that schoolteachers or
parents may wish to read help rela ng
to setting up a MIDI keyboard. Help
for the child will be integrated with 1
the application using a coher nt
friendly approach.

First time users must not encoul ter

et . L
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must be carefully designed ¢ difficulties achieving tasks.
evaluated.

NFR10 The Memorability of the interfar Users must be able to re-estak ish

must be adequate. proficiency after a period of not usig
the application.

NFR11 Error Prevention and Recowvi Users should be prevented from

must be carefully integrated it making errors; e.g. the use of

the application design. walkthrough wizards will control tt e
user’s input. However, the applicat in
must be able to recover from ¢ny
possible user errors.

NFR12 The application must | Which may be considered to e

Satisfying to use. subjective, however several des< gn
standards has been constru ted
regarding satisfaction. Such as he
End-User Computing Satisfacti»n
instrument (Doll & Torkzadeh 198 3)
which consists of Content, Accura :y,
Format, Easy of Use and Timelines .

3.3 MoSCoW Method

Due to the importance of requirements prioritigatithis sector of the report will

prioritise the user requirements using the MoSCo¥thwd. The requirements are
divided into, Must, Should, Could and Won't.

Must

FR1 Allow the user to select a MIDI input.

FR2 Automatically connect to a MIDI input if only ortevice is connected.
FR5 Receive MIDI input from a USB keyboard.

FR6 Play audio samples (piano notes).

FR9 QWERTY keyboard input alternative / mouse inpterative.

FR10 Feature one fully functional piano training gaméjai will help the
child learn musical notes on a staff.

NFR2 Provide both textual and graphical instructions.

Should

FR3 Provide walkthrough e-learning tutorials.

FRA4 Display coherent instructions.

FR7 Audio samples should be velocity sensitive andtré&mNote Off
commands.

FR12 Support full screen functionality.
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NFR1 Walkthrough tutorials must engage the child.
NFR4 The application must have a rapid response timgranwrmance must
be high.
NFR5 The published application must function within mmet Explorer,
Mozilla Firefox and Safari.
NFR7 The Virtual Piano Tutor must be robust; it musttomre to function
despite abnormalities in input.
NFR9 The Learnability of the interface must be carefully designed and
evaluated.
NFR10 The memorabilityof the interface must be adequate.
NFR12 The application must beatisfyingto use.

Could
NFR3 The application must be fully documented.
NFR8 The level of supportability must be adequate img&eof help
documentation.
NFR11 Error Prevention and Recovery must be carefullggrdated into the
application design.

Won't (Future Developments)
FR8 Record a user’s progress and display training gasdts graphically.
FR11 Feature five further piano training games, which ke unlocked as the
child progresses.
FR13 Play alternative audio samples; Organ, Xylophorexpsichord and
various orchestral sounds.

NFR6 The application should be cross-platform compatible

4. Design

With a thorough list of requirements obtained, tlext stage of the development
process was to actually design the applicationis ifivolved sketching, wire framing

and prototyping with constant referral to the regoients analysis.

4.1 Interface Design

This section of the report will describe the magsidn elements used within the

application interface. Alternative ideas and desglutions will also be illustrated.
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4.1.1 Characters

Children relate and respond to cartoon characidrsraely well; they encounter them
when they watch television, read books and playmdar games. Two characters
were created for use with the e-Learning applicatibese animated tutors provide
instruction, help and tips throughout Flash Musithey also provide feedback and
help to the child during the training games. Theual tutors are based on two well-
known composers: Ludwig Van Beethoven and WolfgAntadeus Mozart (Figure
11). Beethoven remains on the screen constantdyeacts depending on the child’s
progress with the games. His mood can vary fromedhoto happy, angry,
disapproving or ecstatic. Mozart appears when dhiéd opens a walkthrough
tutorial; he explains fundamental concepts of pigaying in preparation for the

training games.

i e

Figure 11 - Beethoven & Mozart

4.1.2 Instructions

Beethoven communicates to the child using a sp&edible. The user can read
through the instructions in a linear fashion. Ascdissed in the&KS2 Learning

Characteristicssection of this report: breaking the informatioitoi small pieces will
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help the child maintain a firm focus. The childhgly reads the first speech bubble
and when they are ready, they click theore button to advance (Figure 12).
Narration is presented in a friendly, informal manrwith close attention being paid

to the reading skills of the younger users.

[ More |

Hello and welocome to I will be your piano
Flash Music! My tutor.
name is Beethoven,

'}

Figure 12 - Welcome Screen Speech Bubble

4.1.3 Help & Tips

A popup is used to provide the child with furthestructions and tips relating to each
game. The child is presented with a tool-tip spd@up when they roll over a button

(Figure 13). The Walkthrough Tutorial (Figure Bhd Progress (Figure 15) icons are

also explained using the tool-tip.
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[K@@@Eﬂ@@n@] Q) (&2

kKeys to Score =
| 3

Match the notes displayed on

the trehle staff to the notes on the
kevhoard, Remember the notes
F&CE for the gaps, E
and Every Good Boy Does Fine b
[EGRDF) far the lines!

T TR T T T Ty I T"J

Figure 13 - Keys to Score Game Rollover Tips

pkécysktolScore]
RETICONIKEYS) et

~ about the notes on a

]m ]'u'!:_a.f@ piano before you play.

Figure 14 - Keys to Score Walkthrough Tutorial Butbn

W@E]@@m
Koys) @) i

our progress with

m _d@_l() “m this game.

Figure 15 - Keys to Score Progress Button

4.1.4 Input Configuration

The MIDI Keyboard Setup screen allows the useretect an input if more than one
device is connected to their computer (Figure 18dwever, if the user only has one
device connected it will be automatically selecteghresented by a green tick. If the
user chooses to use their character keyboard sthgyly click the ‘QWERTY’ button
displayed on the main interface. They are thersgred with the QWERTY
Keyboard Setup screen, which describes the charketemapping. The character

keys are mapped to represent a piano keyboarasslylas possible (Figure 17).
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g 2 MIDI Keyboard Setup
B == i:--'_a-' =

These are the MIDI devices connected to your computer.

input 1: USB 02 In I

input 2: FW 410 MIDI
| refresh I

Figure 16- MIDI Input Configuration Popup (Connected to input 1)

r Qwerty Keyboard %
—"-n'rri?ﬂr-"

If you do not have a MIDI keyboard you can use your QWERTY
keyboard to play Flash Music. All you have to do is use the character
keys listed below to play each note.

wlolwle|r]lrr|ullzflol®r|[[1]e

Don't Use QWERTY |WlUse QWERTY

Figure 17 - QWERTY Keyboard Configuration Popup

4.1.5 Virtual Keyboard
The on-screen keyboard (Figure 18) responds tagbegs MIDI input. The keyboard

copies the precise key presses of the user (Fidixe The virtual keyboard can also
be played using the mouse as an alternative to @I Méyboard. However, it is

impossible to play chords using the mouse, theeefQWERTY input is also

supported. When the child selects ‘Use QWERTY kayt)' the character keys,
which map to each note are displayed on the keyb@agure 20).
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Figure 18 - Virtual Keyboard (MIDI or Mouse input)

Figure 19 - C Major on the Virtual Keyboard

MIQIWHENR|T|YINUNI[oOoP2]TLI 1]«

Figure 20 - Virtual Keyboard (QWERTY Keyboard input )

4.2 Game Design

Various training game concepts were devised. Hewedue to the scope of this
project, only one game idea was chosen. The grogsearch was mainly focussed
on teaching children the fundamentals of a piangé&ard, note positions and sight-
reading. Therefore, a game design was developehvidcused on teaching children
these fundamental piano playing concepts. Theqseg game was entitldceys to

Score When the user selects the game from the welsmreen they are presented
with a three second countdown, which mimics existiopular e-Learning games

available for the Nintendo DS consol&eys to Scorenvolves a treble staff that
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displays random notes, the child must then idenhié/note and play the correct piano
key. If the user is stuck on a particular noteythave the option to usecalour hint
that opens a colour coded keyboard and treble. staffe feature is based on the
Rainbow Piano Techniquaeveloped by Annie Wang. A colour hint can bedusp

to three times during the game. Beethoven provigeslback depending on the
child’s progress. If the user’'s answer is incorteey are given three chances before
Beethoven forces them to move on. When the usawens incorrectly, Beethoven
will provide various tips and clues. However, fisimated state will become
increasingly disapproving if the child repeatedhgaers incorrectly. When the child
succeeds, Beethoven becomes happier dependinge anagnitude of their success.
For example, the character responds by waving, ijugngnd even igniting fireworks.
Throughout the game, the user receives auditorgbfeek; applause, sighs and

various sound effects.

93 ((Cloloue i)

i@@-}’@}}g 0] Play the note

A
)

displayed on the
Staff

Figure 21 - Keys to Score Interface Storyboard
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(Wireng ©

3 % | Colowr Bkini

ol

Play the note
displayed on the

Staff

Figure 22 - Colour Hint Storyboard

5 (Gl i)
th\
oV

)

Wrong answer,
please try again!

Figure 23 - Wrong Answer Storyboard
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(Wrong 1 )

> (Calomy)

~

GAME CWER!
Calculating your

SCore...,

Figure 24 - Calculating Score Storyboard

Your final score is:

3%

You answered 14
correctly.
Excellent Job!

Figure 25 - Final Score Storyboard
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4.3 Storyboards

In order to gain an understanding of the variosggawhich the user will undergo, a
set of storyboards were created. The Welcome sénséructions were broken down
into simple sentences (Figure 26). These instostiare displayed in a linear

fashion, allowing the user to follow at their owace.

Hello and welcome to| |1 will be your pianc Flease make sure
Flash Music! My tutor, you have a MIDI
name is Beethoven, keyboard connected

to your computer, |

Come see me
everyday and you
will play just like me
in no time!

If you don't have
One, USe yoLr
mouse to play!

or if you prefer, you
can use the
OWERTY keyboard
to play.

My good friend You can also

Mozart can provide monitor your

you with tutorials, progress with each
dame,

And if you keep
training I will unlock
new games for you
to play.

But remember to
come and visit me
everyday.

Mow select a game
to begin your
training and start
the fun!

Figure 26 - Speech Bubble Welcome Storyboard

The initial stages of the design process involvegiating prototype storyboards,
which illustrated various design concepts for theerface and games. Figure 29
depicts a concept for a game, which involves notesing along a staff that require
identifying by the user. The initial designs wésx@sed on an ancient manuscript to
match the Beethoven and Mozart theme. On reflectio was decided that the
designs were too cluttered and dull. Due to retedindings which suggested

children respond well to bright colours, a new geswvas created which is much more
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bold and vibrant (Figure 30). The final Flash Musiterface design consists of a
Game Paneto the left and &lelp Panelto the right (Figure 30). The Help Panel is
where Beethoven provides help and feedback to tikel.c The child can also
configure the input type and choose to view thdieation in full-screen. The Game
Panel is where the action takes place: each gameéasial loads into the panel with
the Virtual Keyboard situated at the bottom of sleesen.

Figure 27 - Initial Flash Music Interface Storyboard
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Figure 28 — Initial Flash Music Interface Storyboad 2

Figure 29 - Initial Flash Music Game Storyboard
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Figure 30 - Flash Music Proposed Interface Design
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5. Implementation & Testing

5.1 Receiving MIDI Input

5.1.1 Midi-to-Flash Version 1

In October 2008 Abumarkub published his midi-tesflasource orGoogle Code
(http://code.google.com/p/miditoflash). It was fpsived under the new Berkeley
Software Distribution (BSD) license. The BSD lisencontains three major clauses
allowing unlimited redistribution for any purposg lang as its copyright notices and
the license disclaimers of warranty are maintain€lde final clause states that neither
the name of the organisation nor the names obitdributors may be used to endorse
or promote products derived from the software withgpecific prior written
permission (Nelson 2006). The code was set upeta@dmpiled using the Flex
Software Development Kit. This package releaskided a Java applet that received
MIDI data using the Java Sound API. Therefore,ubker requires the Java Plug-in,
which is not quite as ubiquitous as the Flash Rlaj#owever, the Java Plug-in is free
to download and relatively small in file size. Theva applet is set up to pass on the
data to a JavaScript file via the AppletContextjohhallows the applet to query and
affect its environment.  JavaScript then sends teda to Flash via an
Externalinterface call. All of the Flash classesaritten in the Object Oriented AS3
format. For the purposes of this project, the cades used to create a proof of
concept Flash application, which received MIDI ihpuThe code was initially
compiled using Eclipse IDE with Flex SDK installéanl create a simple prototype,
which listed incoming MIDI messages and triggereduals (Appendix 11).
However, due to the multimedia nature of this pbfhe code was reconfigured so
that it could be compiled using the Flash IDE (Apgie 3). The proof of concept
received MIDI messages successfully, however themfdrkub code organisation
was not flexible enough to efficiently build a fapplication around it. After some
correspondence with the source developer, Abumadikegirled to redevelop the code
so that developers could use it more flexibly. Teeeloper also intended to resolve

the cross-compatibility issues.
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5.1.2 Midi-to-Flash Version 2

In early February 2009, Abumarkub published a mewch more versatile version of
the midi-to-flash code. The update was now corbpatvith Microsoft Windows XP,
Vista and Linux. However the OS X compatibilitysie was still in development.
The MIDI Bridge is comprised of three parts:

1. A Java applet that receives the MIDI data frown tiser’'s system.

2. JavaScript code that enables 2-way communicaitween Java and Flash.

3. A small Flash application that broadcasts theDMtlata to other Flash
applications using the Adobe Flash class; Local@atian.

The bridge ID can be set and the desired MIDI dewan be selected. These
parameters can also be set as flashvars in thainong HTML file. Multiple

instances of the MIDI Bridge can be run simultargdpueach instance can be
connected to a different device. Because a midntkeceives midi data through a
LocalConnection it can be any type of Flash appbea a SWF running in a browser
or in a standalone player, a projector or an AlRliagtion. In order for a MIDI

client to receive MIDI data from the MIDI Bridgen anstance of the MidiClient class
must be created and passed a MIDI bridge ID. Hfidge with the same bridge ID is

running, the client will automatically connect teetdesired bridge at runtime:
var bridgeld:String =
stage.loaderinfo.parameters["'midiBridgeld"];

bridgeld = bridgeld == null ? “_devicel : bridgeld;
_midiClient = new MidiClient(bridgeld,false);
_midiClient.addEventListener(MidiDataEvent. CONNECTE D,
handleMidiDataEvent);
_midiClient.addEventListener(MidiDataEvent.MIDI_DAT A,

handleMidiDataEvent);
Subsequently event listeners must be implementadnwdctually receive the MIDI
data. The messages can then be used flexibly wahFlash application. See
Appendix 12 for full MIDI Bridge scheme.

5.2 Flash Music

The Flash Music application was written in AS3 aodhpiled using the Adobe Flash
IDE (Appendix 3). In order to maintain an Objectiébted ProgrammingOOP)
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style the application is divided into a carefullgganised collection of classes and
packages (Figure 31). For the package structufdasih Music see Appendix 7 and
for the Package structure of the MIDI Bridge see@&qudix 8. For the Flash Music
online Package structure see Appendix 9. This agumbr allows for a structured
project that can be easily maintained and develbyeatie author or other developers.
The application is multi-tiered; a Java applet deteMIDlI messages, which are
received by JavaScript embedded in an HTML pagees& messages are then called

via the ActionScript.

5.2.1 Class Hierarchy Chart

Figure 31 - Flash Music Class Structure

5.2.2 Basic Implementation (Must-Have Features)

FR1 Allow the user to select a MIDI input.

The user is presented with a MIDI configuration @amhen they click théviIDI

interface button (Figure 16). The configuratiom@alisplays a list of detected input
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devices, the user simply clicks the desired dewind they are connected. Three
classes control the configuration pane:
1. MidiConfiguration
MidiConfiguration is called as soon as the appiaais loaded, via the main
Classpath ActionScript file: FlashMusic. The par@nsists of a skin, a
Confirmationbutton, aRefreshbutton and a list of devices. The class controls
the visibility of the configuration pane skin usiadrue / false Boolean:
_isShowing = false;
_skin.visible = _isShowing;
Devices are detected from the imported MIDI Briddgmimarkub class:
import net.abumarkub.bridge.MidiClient;
If no devices are detected the user is presenitbdawnessage:

_content.html|Text = "<font color="#CC0000">No avail able
Midi Keyboard detected!</font> Connect a Midi keybo ard
and press 'refresh'. Otherwise use the mouse to pla y or

select QWERTY to use the QWERTY keyboard.";
If one or more devices are detected, the messagks:rélhese are the MIDI

devices connected to your computer.’ followed Wigtaof input devices, other
devices such as outputs, sequencers and synthsesisdiltered out within the
Java application. If the list of devices was lantp@n two, the pane exceeded
the length of the background skin and @enfirm and Refreshbuttons were
obscured by the list. Positioning the buttons acaling the skin relative to

the list solved this problem:
_bg.height = _pane.height + _scrollPane.y + 40;
_scrollPane.height = _pane.height;
_confirmBtn.y = _refreshBtn.y = _pane.height +

_scrollPane.y + 10;

2. MidiConfigurationPane
This class receives the MIDI device data and ceeate items object that

handles the data. In this function the device dataeceived from the
MidiDeviceData class. The data ID is then addethéitems object and the

vertical position is defined:

public function createltem(data:MidiDeviceData):voi d

{
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var item:MidiConfigurationPanelltem = new
MidiConfigurationPanelltem(data);
item.y = _numltems * (item.height + _margin);
addChild(item);
_items[data.id] = item;
__numlitems++;
}
3. MidiConfigurationPanelltem

This class handles the device list items. Eadhitksn is assigned aBvent

ListenerthatdetectdViouse Events

_skin.addEventListener(MouseEvent. MOUSE_OVER,handle Over);

_skin.addEventListener(MouseEvent. MOUSE_OUT ,handleO ut);

_skin.addEventListener(MouseEvent. MOUSE_DOWN,handle Down);
A ColorTransformis used to highlight an active list item:

public function handleOver(e:MouseEvent = null):voi d

{

var ctr:ColorTransform
=_skin.bg.transform.colorTransform;
ctr.color = 0x84EB84;
_skin.bg.transform.colorTransform = ctr;

}
When the user selects an item and a successfuécton is established, a tick

is placed next to the device.

FR2 Automatically connect to a MIDI input if only orievice is connected.
This feature was added to the Abumarkub MIDI Bridgelate. The foremost-
detected MIDI input device is always connectedamssas the application loads.

Therefore, if only one device is detected, it Wil connected automatically.

FR5 Receive MIDI input from a USB keyboard.
Flash Music is able to receive MIDI control messggdote On, Note Off and

Velocity using the MIDI Bridge.

FR6 Play audio samples (Piano notes).
The SoundGenerator and KeySound classes handldesprapback. The application
Classpath, FlashMusic initiates the processMidiD&taction, which handles
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incoming MIDI messages. Note On and Note Off mgssare used to control the

virtual keyboard, the current game and the pianosenples:
private function processMidiData(data:IMidiData):vo id

{

switch(data.command)

{
case MidiCommands.NOTE_ON:

case MidiCommands.NOTE_OFF:
if(_midiKeyboard.visible)

{
_midiKeyboard.pressKey(data);

}

_soundGenerator.processMidiData(data);

if(_currentGame == null)

{

break;

}

_currentGame.processMidiData(data);

break;

}
Each note on the piano has been sampled and adited audio editing software:

Cakewalk Sonar and Adobe Audition. The CakewalkngBoVirtual Studio
Technology(VST) was used to generate each note using a Gtembvoice These
samples were then cropped and equalised using idndifThis technique allows for
high-quality genuine grand piano sounds to be geadrby the user. The sampled
technique is also very versatile as any sound sssngdn be triggered; from piano
sounds to animal sounds, which can be useful wieereldping engaging games for
children. The limitation of this technique is thlaé more sound samples are used, the
larger the file size. Another option would be tvl the application connect to the
user’s internal General MIDI (GM) sound generatanjch has a built in collection of
piano synthesised sounds. This could have beetemgmted using Java. The
advantage of this technique is that it eliminates heed for bandwidth-intensive
samples. The limitation is the quantity and qyadit the sounds available. Although
there are 127 voices to choose from, the voicenatdoe edited and no more can be
added. The sounds are synthesised and thereforet cioatch the authentic tones of a

piano.
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SoundGenerator

The SoundGenerator class controls the playbackhefpiano samples and
maps each sample to the corresponding MIDI notebeumThe two octaves
used within Flash Music range from C4 to B5 (Appgnd). The MIDI
number 48 represents the C4 note and as the naigseps, so do the MIDI
numbers. Therefore, the MIDI number 48 is assigtiexd C4 sample; the
MIDI number 49 is assigned to the note D flat 4 andn (Figure 10):

public function SoundGenerator()
{
_allNotes  ={"48":new C4(),"49":new
Db4(),"50":new D4(),"51":new Eb4(),"52":new
E4(),"53":new F4(),"54":new Fs4(),"55":new
G4(),"56":new Gs4(),"57":new A4(),"58":new
Bb4(),"59":new B4(),"60":new C5(),"61":new
Db5(),"62":new D5(),"63":new Eb5(),"64":new
E5(),"65":new F5(),"66":new Fs5(),"67":new
G5(),"68":new Gs5(),"69":new A5(),"70":new
Bb5(),"71":new B5()};
_allSounds = new Object();

FRO QWERTY keyboard input alternative / Mouse inpuegaiative.
Mouse input is handled using EvenListeners, wheruer is in MIDI mode they can

click each key to trigger a sound or interact vdtgame. However, they cannot play
more than one note using the mouse, therefore stawedimpossible. For this reason,
a QWERTY keyboard input alternative was implementedAs with the

SoundGenerator class, the MIDI note numbers arepadhfo the relevant character

key codes within the QwertyToMidiMapping class, é&xample:
_mapping[KeyMappings.KEY_TAB] = 48;
_mapping[KeyMappings.KEY_1] = 49;
Essentially, when a character key is pressed, ¢yeckde is used to emulate a MIDI
event. The initial approach to key mapping did rejresent the layout of a real
piano keyboard (Figure 32). It was difficult toaplchords and would potentially
confuse the user. Therefore, the mapping was sinded to resemble a genuine

keyboard (Figure 33).
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Figure 32 - Initial QWERTY Key Mapping

Figure 33 - Revised QWERTY Key Mapping

FR10 Feature one fully functional piano training gaméjet will help the child

learn musical notes on a staff.

The Keys to Scorgame was a major part of the implementation of gnoject. The
game is based around the treble staff. A Movie@lgs created which contains 14
frames, each with the note displayed in a differpasition on the staff. The

Keyframes are mapped to the corresponding MIDI siote
private const _midiMapping:Object =
{"1":48,"2":50,"3"52,"4":53,"5"55,"6":57,"7":59," 8":60,
"9":62,"10":64,"11":65,"12":67,"13":69,"14":71};
A random note is displayed when the game initiedhds and each time an answer is
given. A random number is generated between 1ldndhe treble staff MovieClip
then goes to and stops at a random frame:
_trebleStaff.gotoAndStop(Math.floor(Math.random()*1 4+1));
The user then plays the key, which they think cgromds to the note displayed on the
staff. The answer is then checked; by compariegctirrent MovieClip frame to the
received MIDI number and a Boolean is set to tnualse:

var correct:Boolean =
_midiMapping[_trebleStaff.currentFrame] == _midiNot e;

If the answer is correct, an applause sound ef$guiayed, Beethoven gives approval

and reveals the note name and the correct answiilsid calculated and displayed
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on-screen. The player's score determines Beetf®verod’, which triggers a
different animated state. The score count incresmemnd the graphical note
representation become animated. A short timeneas triggered, which is followed

by a new note:
if(correct)
{
_applauseChannel = _applauseSound.play();
_message = "Correct answer! The note is " +
_trebleStaff.currentLabel + "";
_messageType = Feedbacklds.CORRECT_ANSWER,;
_correctText.text = "Correct " + ++_correct;
switch(true)
{
case _correct >= 10:
_mood = Moodlds.HAPPY_3;
break;
case _correct >=5:
_mood = Moodlds.HAPPY_2;
break;
case _correct < 5:
_mood = Moodlds.STAND;
break;
}
_total++;
_trebleStaff.note.gotoAndPlay(81);
_nextQuestionTimer.start();
}
During the development, a problem with the scoraygtem occurred; if the user

answered correctly they could simply keep pressiregg key and achieve fantastic
scores. Also, both Note On and Note Off message Wweing detected which
incremented or decremented the score by two eawh tiCreating a processMidiData
function, which only received Note On messages lalodked incoming messages
whilst the answer was being processed, solvedothisiem:

public function processMidiData(data:IMidiData):voi d
{
if(_processingAnswer || data.data2 == O){return;}
_processingAnswer = true;
_midiNote = data.datal;
checkAnswer(); }
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When the user has identified 15 notes, Beethovaltutates’ their percentage score
during a drum roll:

private function calculateEnd():void

{

_message = "GAME OVER!\nCalculating your score..
_endChannel = _endSound.play();
_mood = MoodIlds.STAND;
_messageType = Feedbacklds. CORRECT_ANSWER,;
dispatchEvent(new Event(Eventlds.MSG_CHANGE));
dispatchEvent(new Event(Eventlds.MOOD_CHANGE));
_calculateTimer.start();

}
After the calculation timer has finished the chsldcore is displayed and Beethoven

reacts / provides feedback depending on the uperfermance:

_percentScore=Math.floor(_correct/_maxNumQuestions *100);

5.2.3 Extensions

FR7 Audio samples should be velocity sensitive andtremNote Off commands.

In order for Flash Music to match the sounds ofemujne piano as closely as
possible, it was important for the application gragnise not only when a user
presses a key, but also when they release the kag.also important to detect the
pressure (velocity) at which the key was presdafithout these two features it would
be impossible for the child to play with expression

KeySound

The KeySound class receives the velocity as a Miiessage and plays the

audio sample with a relative volume:
public function KeySound(data:IMidiData,sound:Sound )

{
var velo:Number=Math.round(data.data2/127*100)/100

velo =velo>17?1:velo;
_soundTransform = new SoundTransform(velo);
_soundChannel = sound.play(0,0,_soundTransform);

}
This function receives the key velocity (data2).eldcity ranges from 0 to

127, whereas the sample volume ranges from 0.00to Therefore, 127 is
multiplied by 100 and rounded up. This numberhisnt divided by 100, so

that it is relative to the sample volume scalesodindTransform is then used
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to control the volume of the sample. Note Off nages are used to stop the
sample play back. However, when a sample is stbgg@oduces an audible
distorted click sound. This is a common sample/ak issue within Flash.
In order to solve this issue, a Tween was usedde the sample out rather

than an immediate stop, which is also how a reat@ifunctions:
Tween(this,"fadeSound",None.easeOut,_soundTransform

.volume,0.05,_fadeTime,true);
This line of code produces a short fade out whelMote Off message is

received.

FR12 Support full screen functionality.

Due to high demand from websites suctvaaTubewhich make use of Flash Video,
the ability to view a Flash Movie in full screen deowas provided by Adobe with the
release of Flash Player 9. The Flash Player disgikte now has two modes:

stage.displayState = "fullScreen";
stage.displayState = "normal";

One problem encountered with the full screen featisr that keyboard input is
disabled when full screen mode is active. Thegefthe QWERTY input mode is
disabled when full screen is active. This is abdehte security feature implemented
by Adobe: ‘All keyboard input and key-related Acticript is disabled while in full-
screen mode, with the exception of the keyboardtshts that take the viewer out of
full-screen mode.’ (Stampfli 2006). Unfortunethete are no work-arounds availble
at present. However, there is evidence to sugbasthis issue will be resolved in the
future, Tracy Stampfli of Adobe states that; ‘wgbdo address these limitations in

future versions of Flash Player as we continueetcetbp this feature.’

5.3 Heuristic Evaluation

In order to obtain an expert-based evaluation & Bano Tutor application, a
Heuristic evaluation was carried out. Heuristi@lesation is a usability engineering
method, which reveals negative aspects of usahitizin a user interface design
(Nielsen and Molich, 1990; Nielsen 1994). A ramgjeuser tasks were performed in
order to identify potential usability problems. éllnterface was then examined
several times, and various aspects of the systema amlysed in relation to relevant
Heuristics and Guidelines. Each problem was dssidisn detail; the severity and

impact on the user was then described followed dyommendations for future
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development. The evaluation made use of Jakobsdiied well-established Ten
Heuristic Evaluation guidelines. However, othepext based Heuristic guidelines are
available, including: Donald Norman’s GuidelineserBShneiderman’s 8 Golden
Rules and Tognazzini’'s Principles. Nielson’s Usability Preli Severity Rating

method was used to measure and prioritise thesssue

0 - Not a usability problem at all

1 - Cosmetic problem only: need not be fixed unkedsa time is available on project
2 - Minor usability problem: fixing this should bévgn low priority

3 - Major usability problem: important to fix, so@kid be given high priority

4 - Usability catastrophe: imperative to fix thisée product can be released

Table 3- Heuristic Evaluation

Issue Heuristic Severity & Recommendation
Violated Impact

The full-screen icon is  Visibility 2 The user may Clearer labelling, ot

not clearly displayed not know the a tool-tip would

feature exists  solve this problem
No back button include Flexibility and 3 The user may Include a back

with the application efficiency of us need to revert  button
instructions (speech back to a
bubble) previous
instruction
The MIDI configuratior Visibility / 4 May confuse Force the applicatic 1
panel obscures the Consistency ar the user to only display one
QWERTY panel when standards panel at a time
is open.
The QWERTY panel is Visibility / 4 QWERTY Force the QWERTY
obscured by the Keys © Consistency ar instructions are panel to always be
Score game treble stal standards obscured on the foremost lay r
when the game is acti\
The Colour Hint button Visibility 3 The feature  The button should t 2
is not clearly displayec can be easily  more prominent an
missed colourful

The welcome page me Consistency ar 2 The user may The initial
be distracting from the standards / Hel not notice the instructions should

instructions. and instructions consume the whole
documentation screen

The MIDI configuratior Visibility of 3 The user may The application

panel does not refresh system status assume the should refresh the

automatically when a device is not list automatically

device is removed ¢ recognised
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Issue Heuristic Severity & Recommendation
Violated Impact

added

The user cannot skip ¢ User control an 2 May cause Create a practice

question they do not  freedom frustration wher mode for the game

know within the Keys t practising with a ‘Skip Note’

Score game option

The note name is not  Visibility of 3 The user may Display the note

not notice whet
the note name

displayed prominently
within the Keys to Scol

system status name in large font ¢ 1

the main game

game revealed screen
No note naming help i¢ User control an 4 The user Note position
available during game freedom / Help cannot access memory aids shouls
play and help with be provided if the
documentation identifying user requires extra
notes whilst help

playing a game
2 May distract
the user from
the training
game

4 May cause th
user to rush
through the
training

The Beethoven
character causes
distraction

Error preventio
/ Consistency
and standards

Stop or curb the
character animatior
between each ansv er

Provide a timed
game mode and a
non timed practice
mode

Match betweer
system and the
real world

The Keys to Score gar
countdown introductior
gives the impression o
the game being timed

5.5 User Testing
The HCI Handbook states; ‘there simply is no stibifor testing proposed solutions
with real users’ (The Human-computer Interaction Handbgokulie A. Jacko,

Andrew Sears, 2003).

The great advantage of eiwglirend-user testing is that the

End-user testing is of \itgbortance when conducting a
usability evaluation.
results are incontrovertible.  Unlike Heuristic Ewation, where HCI experts
speculate as to what may cause users difficuliasend-user test highlights where
users actually do have difficulties (Tscheligi 2R00It remains up to the tester,
however, to interpret the results and determinetwhased the problems. In carrying
out the user testing of the application there wsseeral key factors to take into
consideration:

The manner of questions to be asked during and taketest sessions must be

carefully planned, in order to understand exactlyaivthe user is going

through.
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The level of interaction between the user and etalumust be monitored
during the testing; the user should be promptedwieeessary or it is thought
to be beneficial to the evaluation.
Body language and general behaviour should notnbmidating; the user
must feel relaxed and comfortable. The users aeesc actions, body
language, facial expressions and tone of voice lvéllmonitored during the
test sessions. This will provide a greater undedihg of the user’s perceived
negative and positive aspects of the application.
The Keys to Scorggame was tested on two participants: one malefus@rthe final
stages of KS2 and one female from the lowest agekbt. The users were given
three attempts at the game. Intervention was teept minimum in order to relieve
any pressure on the children. Infrequent prompésp minimises thélawthorne
Effect which causes users to alter their behaviour wihey feel they are being

monitored closely.

5.5.1 User Test Results (User 1)

Date: 28" Feb 2009
Participant Name: Lucas
Gender: Male

Participant Age: 11

Table 4 - Test Results (User 1)
Attempt  Correct /15 Incorrect /15  Score (%)

1 14 1 93
2 13 2 86
3 15 0 100

Test Session Summary:

Lucas found the game fun, but a little confusind@irat until he got used to the rules.
He was initially puzzled by the higher and lowetaves. He rushed it a little due to
overconfidence, hence the mistakes. Lucas was keen to keep having more
attempts in order to try and beat his high scdréelt that he would need more of a
challenge to keep him interested for longer. Baneple, a timed game where he

could try and beat his best time, and somethingpleyed a familiar tune or melody.
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Lucas actually thought at one point that if he aar®a each question fast enough, the

game would play a song, which caused him to rushesof the answers.

Figure 34 - Test Session One

5.5.2 User Test Results (User 2)

Date: 28" Feb 2009
Participant Name: Stephanie
Gender: Female

Participant Age: 7

Table 5 - Test Results (User 2)
Attempt  Correct /15 Incorrect /15  Score (%)

1 12 3 80
2 13 2 86
3 14 1 93

Test Session Summary:

Stephanie took a lot longer to complete the gama thucas; she was less confident
and got very confused. She requested that | wrnoté~ACE and EGBDF on a piece
of paper for her to refer to visually (Figure 3@hich she relied heavily on for help
(she could not have completed the task withownt] she may have become bored

because it was too difficult; possible screen gitlom). She needed a lot of extra
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help, but began to get the hang of it in the eRdr example, she did not discover the
colour hintuntil her final attempt. Stephanie had to coynthe keys alphabetically
each time by herself, but began to remember thewh,started to insist on no help
after her second attempt. She also became conélsmd which A or C was on the
left octave or right octave. She was slightly @isted by the character jumping in the
help panel and asked why he did not have a mouttshe noted that his celebrations

were very nice. Stephanie got bored and tireth@fgame much faster than Lucas.

Figure 35 - Test Session Two

Figure 36 - Aid Sheet For The Younger User

5.5.3 Feedback Summary

The initial countdown led the children to believat the game had a time limit, or
that they were being timed, perhaps this would lgmad option for older or more
able and experienced children. The younger useggied slightly, a simple opening
tutorial could help as an option for those competew to reading music. Overall,
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the children described the application as ‘realig’ fand after their second attempt,

they began to remember the keys and note posijoits intuitively.

7. Conclusion & Future Work

7.1 Conclusion

7.1.1 Flash Music

The Flash Music application acts as a demonstratfowhat can be achieved by
combining a Flash environment, with a tangible inplevice such as a MIDI

keyboard. Although applications exist which arargel towards teaching a child to
play the piano, the instrument cannot be learnddont using an actual keyboard.
This is where Flash Music differs from existing Apgtions; it is a stimulating

educational environment, which allows the usenqeegiment on a genuine keyboard
and receive feedback from the application. Ther wss use low-cost portable

devices (Figure 37) and eventually transfer théssttiey learn onto a grand piano.

Figure 37 - Accessible MIDI Keyboards

The user may even interact with Flash Music usimgaathentic digital grand piano
(Figure 38). The application is however limited functionality. Flash Music
requires substantial further development in ordeitfto be an effective learning tool.

The developed application teaches basic keyboad reste position concepts.
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Although these learning models are important, thely represent a small part of
learning to play the piano. Therefore, the objextio design and develop an online
interactive piano tutoring application with MIDI ooectivity has not been fully met.
However, the fundamentals are firmly in place fatufe development of the

application.

Figure 38 - Suzuki HG-425e Digital Grand Piano

7.1.2 MIDI in Flash

An integral objective of this project was to prawithe user with the possibility to use
a piano keyboard as an input device. Thorougharekeand experimentation with
MIDI to Flash connectivity revealed an elegant #solu and the goal was
accomplished. A MIDI keyboard can be connectedavidSB cable, MIDI lead or
MIDI adaptor and messages will be received withi Elash environment. The final
objective of this report was to evaluate the combday and usefulness of linking
MIDI and Flash. The value and the future of FladlDI support will now be
concluded. Adobe Flash and the Flash Player aekinewn for three key features:

1. Lightweight: from the Flash Player itself to the SWF file fainto the assets
it is optimised to load, focus has always beengaamn small file sizes.

2. Standards the Flash Player supports many web and multimddienat
standards in the industry, such as JPG, MP3 and XML
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3. Interactivity : Flash Players greatest strength is the dynamicaweur

through ActionScript 3.0 to allow user interactyvit

MIDI fits all of these categories perfectly; it éxtremely small, being the vector of
music. Itis a standard music format - many wiiee it is the only standard. MIDI
is flexible and interactive, not only in terms aput but also output; soundcards or
additional software can transform General MIDI imich orchestrations. However,
many developers and campaigners hold the opini@nAtobe will never implement
MIDI support within the Flash Player. The reasonbehind this is that, where the
Flash Player stands for ubiquity and common expege MIDI is inconsistent
between platform and device. John Dowdell of the Srancisco Adobe Developer
Team states that ‘the problem on desktops haswbken you get varying capabilities
on various platforms, so that the same MIDI filenound different on different
machines’ (Who Wants MIDI In The Flash Player B@@05). These judgements
mainly relate to MIDI output, whereas input hasrbéee concern of this project. In
terms of output, the Flash team are moving towdyagmic sound generation, which
has been implemented within the latest Flash Play@&part from the obvious
educational benefits, MIDI input combined with dyma sound generation will allow
for rich Internet audio manipulation tools to besated using Flash. Designers,
Programmers, Animators and Artists use Flash; lgpWlusicians on board would

definitely render Flash a universal tool.

7.2 Future Work

Flash Music has the potential to be used as a ssitdeeducational tool, although at
present it merely demonstrates the power of e-liegreombined with tangible

interaction. The application requires developnierhe following key areas:

7.2.1 Further Training Games

User testing highlighted some key areas, whichirecqaddressing: the existiri(gys
to Scoregame should incorporate timed challenges, furthefs (Bass, Alto, Tenor)
and difficulty settings, due to the varying abdgiof KS2 children. Timed challenges
would be a simple implementation, but may havega impact on the application. A
child will often strive to beat their personal bastd timed challenges will encourage

the user to return to the application on a reghésis. In order to allow children to
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progress with their musical knowledge and pianoyipta skills, further training
games need to be developed. These games shoulgsadmbncepts discussed in
section2.3 Piano Tutoringwhich include; The Keyboard, Reading Music, Rinyth
Sharps & Flats, The Treble Clef, The Bass Clef,el&Pitch, Scales & Arpeggios,
Chords & Harmony, Fingering and Expression. Besadding supplementary games
to Flash Music, a platform could be created whiauld allow third parties to add
their own games and training modules. This woukhte a rich experience, which

would include the involvement of educators and atinoal institutions.

Following the additional developments, the appiarawill require further testing and
evaluation. The project is largely user orientatberefore, additional user testing
will be required. When developing additional tiaghngames, requirements gathering
techniques used should be expanded. Creatingraatgeetype (Appendix 10) was
the initial stage of the project design processas also one of the most crucial and
frequently referred to elements of the project. ntit only provided an initial
foundation for design concepts but also allowedoser relationship with potential
users of the piano-trainer to be obtained. Crgaditarger collection of personas may
have helped to an even greater extent. Howevasopa expert, Kim Goodwin
claims that ‘a large set of personas is problematie personas all blur together.’
(Goodwin 2001). So it seems that it is still imjamt to keep the scope narrow and

focused.

7.2.2 Walkthroughs

The Requirements Prioritisation section of thisoréstated that the system should
provide walkthrough e-Learning tutorials. Thisuggment was not met to the fullest
extent. Tips and hints are provided throughoutapglication, however the idea was
for each game to feature an introductory walkthtou@he walkthrough would run in

the style of a classroom tutorial presented by Ntezart character. User testing
revealed the importance of pre-game walkthrougbsnger users required mnemonic
devices to help with note positioning (Appendix @)he application instructions and
walkthrough tutorial modules should also be madailable in additional languages

in order to reach a wider audience.
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7.2.3 User Progress

The Requirements section also noted that the systamd benefit from the ability to
record a user’s progress and display training geaselts graphically. Research into
KS2 learning characteristics exposed the fact tbhildren respond well to
comparisons of current and previous progress. Toayot, however, respond well to
direct comparisons to their peers. The applicasivould allow user’s to log-in before
they begin, the child can then play each game hei progress (scores, completion
times and accuracy) will be stored in a databa§élL may be a suitable method of
storing these results as Flash supports XML readimg) writing comprehensively.
The child will then be provided with the opportynio view their scores graphically
as simple charts and graphs. This cycle of traflect-train follows that of existing
popular e-Learning games available, such Das Kawashima'sBrain Training

available for the Nintendo DS console.

7.2.4 Additional Sound Generators

Functional Requirement 13 suggested as a futurelolepwment the system could
support playback of alternative audio samples.s T¥ould allow children to explore
other instruments, which would be achieved by ipooating further sample sets into
the application. However, this is likely to incseathe application file size
substantially. An approach would be to load thensis externally when they are
requested. Further development of the newly impletexd Adobe Dynamic Sound

Generation feature may even be used as a lightveltgrnative in future.

7.2.5 OS X Support

Functional Requirement 14 states that the apptinathould be platform independent.
Without MIDI, Flash Music can be used on any systeithin any Internet browser.
Throughout the development of Flash Music, MIDIluhwas supported on Windows
XP, Windows Vista and Linux. However, Apple’s ogting system (OS X) was not
supported. Karen Haslam of Macworld UK reported2006, that Apple was the
number one supplier to the Western European edurcatiarket, pushing Dell into
second place. The share of Mac's in the US edutmarket is also substantial.
Therefore, Mac support is a key issue. Duringfthal weeks of this project, the
MIDI Bridge code developer revealed an update ¢oJéva applet. This update to the

Java code fixes the OS X compatibility issue. Heave since the release of Mac
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OSX version 10.4.8 Apple no longer support tloen.apple.audio.midiava package,
which is essential to the MIDI Bridge applet. Thackage allows Java applications
to easily access the use€ereMIDI system. Mac OS X Universal Binary Java Midi
Subsystem (mmj) is a free solution to this problereated by a collection of
developers, Humatic Hypermedia. Mandolane Limitede also created a similar
package. However, in order for mmj to functiomiist be downloaded and placed in
the Java Extensions directory. Mandolane alsoiresj@lownloading and installing.
Because the Humatic applet is loading the mmj tipfeom the user’s local system,
the applet has to be signed and trusted befoenitan. This creates obvious security
issues and is likely to cause confusion considdahegarget audience of Flash Music.
However, this is not an entirely uncommon procegioeexample the popular online
gaming environmenRunescapés a signed applet, which does not seem to be an
obstacle in view of the game’s huge success. Mppat is an important feature to

develop and these are the initial steps towardstiaga full-bodied solution.

7.3 Summary

The goal of this project was to provide all childn@ith an equal opportunity to learn
the basics of the piano, though the medium of e+liag. Flash Music is designed to
not only teach piano, but also to help childrenngan enthusiasm for music.
Although many will argue that an e-Learning apgima is no compromise for a real
teacher, Flash Music can certainly be used in ¢urjon or as a precursor to piano
lessons. In future, Flash Music or similar apglmas with MIDI connectivity may

even be used as a substitute to schooling fronaropnstructor; relieving parents of
the heavy burden of piano lesson fees. This cdnogyy even be used to help
children learn other instruments, with the use ltdéraative MIDI devices such as

Guitars and Drum Pads.

THE FLASH MUSIC DEMONSTRATION APPLICATION IS AVAILABLE FROM:
www.flash-music.co.uk
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Appendix 1 - MIDI Values Chart (etechdocs.com)
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Appendix 2 - MIDI Keyboard Values (J. Wolfe, UNSW)
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Appendix 3 - Adobe Flash IDE
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Appendix 4 - Note Break Down Diagram (quamut.com)

Appendix 5 - Notes on a Keyboard (quamut.com)
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Appendix 8 - Abumarkub Package Structure
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Appendix 9 - Flash Music Online Folder Structure
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Appendix 10 - Persona
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Appendix 11 - MIDI to Flash Proof of Concept

Appendix 12 - MIDI Bridge Scheme (Abumarkub)
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