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ABSTRACT
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MDes, Master Program in Design Studies

Supervisor: Assist. Prof. Dr. A. Can OZCAN

June 2010, 149 pages

Dynamophone was patented as the first electrosicument of the history, and then
whether their looks are similar or not, many eletict instruments have been
manufactured whose sound production or modificapidnciples are dependent on
frequency and voltage control. Aimost all of thesectronic instruments designed in
the first half of the 20th century couldn’t surviaéier 1950s. However, in the way
they opened other keyboard instruments evolved;chviiesemble conventional
acoustic instruments, and therefore regarded asgbeiuch conservative in

comparison.

These instruments have gained enormous importditeel®60s due to improving
technology, and second half of this century witedssmportant shifts in the
technology, which in turn altered their workingrmiples. These electric keyboards
became popular and in a few decades they becanas rief conventional
instruments. This research tries to elaborate enwhy they evolved and what

conseqguences they have in development of musiaricentury.

At the turn of the 19 century the invention of the electricity broughtoat

enthusiasm and curiosity which could hardly be fted before. In a short period of
time electricity and its possibilities would staot be adapted to many fields from
transportation to telecommunication, and take rdispensible place in future
prophecy. In those years the Dynamophone (the fiedented electric musical
instrument) was invented and then whether theikdoare similar or not, many

electronic instruments have been designed whosadsproduction or modification



principles are similarly dependent on frequency asithge control.

Almost all of these electronic instruments desigiedhe first half of the 20
century couldn’'t survive after 1950s. However, he tway they opened other
keyboard instruments evolved; which resemble cotiweal acoustic instruments,
and therefore regarded as being more conservatigemparison. One of the most
important electric keyboards is Hammond organ, Wwhi@as designed as a rival to
church organ and works with electromechanical jpies. These instruments have
gained enormous importance after 1960s due to wmpyaechnology, and second
half of this century witnessed important shiftstire technology, which in turn

altered their working principles from electric te&ronic and digital circuitry.

After 1970s, the importance of design has been rgtaied better, and that in turn
opened new horizons in electronic keyboard designch stands at the intersection
of industrial design and conventional instrumerdigie. Designerly ways of musical
keyboard manufacturing has influenced the evolutibmusic in both positive and
negative ways. These electronic keyboard instrusnevitich are designed by
specialised designers without many limitations ohwentional instruments and
supported by major investments in order to impritner capability and performance
have important outcomes on composition and virtyosihis research tends to
elucidate on the influence of industrial design tbe evolution of music in the

context of musical instrument interface design.

Keywords: Interface Design, Interaction Desigactonic, digital, musical keyboard, piano, organ
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Tez Yoneticisi: Yrd. Dog. Dr. A. Can OZCAN

Haziran 2010, 149 sayfa

19. yuzyilin sonunda elekgin icadi o gunlerde pek de tahmin edilemeyen 6lctde
bir merak duygusu yaratgtl. Kisa zamanda elektrik ve potansiyel olanaklari,
ulasimdan iletsime kadar bircok alanda kullanilacak, insanlaritegekteki hayata
dair tahminlerinde vazgecilmez bir unsur olarakinjeslacakti. Boyle bir merak ve
ilgi ortaminda ilk elektrik muzik aleti olarak patealan Dynamophone icat edikni
ve ardindan gorusleri benzesin veya benzemesin, benzer prensiplelbirigin
frekansi ve voltaj kontroline dayali olarak gah muizik aletleri art arda

tasarlanmaya Rmistir.

Yirminci yuzyihn ilk yarisinda Uretilen bu muizik ledlerinin  hemen hicbiri
1950’lerden sonraya kalamagntarihten silinip gitmglerdir. Fakat onlarin agi
yolda geleneksel muzik aletlerine, onlara oranlaadgok benzeyen, bu anlamda
daha tutucu, elektrik-akustik prensiple gah muzik aletleri buytk bir ivme ile
Uretiimeye bglamislardir. En 6nemlilerinden biri Hammond firmasinimetiigi
kilise orguna oranla ¢ok daha kugik olan ve teméldigik kiliseler icin Uretilen
elektrik org diye isimlendirilen bu calgl aletletB60’lardan sonra ¢ok buyik bir
gelisme gostermyi, kisa zamanda elektrikten elektrgmive sonra da dijital prensiple

calisan muzik aletlerine doginislerdir.

1970’lerden itibaren tasarimin bir meslek olaraleramin anlailmasi, bu muizik
enstrumani ve endustriyel Uriin arasinda yer alektrehik klavyeli calgilara yeni
bir boyut getirmg ve mizgin evrimine de olumlu veya olumsuz etkileri olan
sonuclar dgurmustur. Akustik muzik aletlerine gore birgok kisitlaydan bgimsiz
olarak uretilebilen, performanslari ve kapasiteleriarttirmak adina buyuk

yatirmlarla desteklenen ve 0zgheis tasarimcilar tarafindan tasarlanan bu
Vi



calgilar icracilik ve bestecilik alanlarinda 6nerelikilere sahiptir. Bu caima
klavyeli calgi araylz tasarimi glaminda enduistriyel Grin tasariminin ngizi

evrimine olan etkisinesik tutmay hedeflemektedir.

Anahtar Kelimeler: Araylz Tasarimi, Etikjilen Tasarimi, elektronik, dijital, muzik klavyesiypno, org
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CHAPTER 1
1. Introduction

“Music is born free; and to win freedom is its d@gti. In the new great music,
machines will also be necessaBusoni quoted in Holmes, 2002, p.12). Ferrucio
Busoni’s foresight in 1907 can summarise the arguroéthis research well. When
Busoni wrote this statement in 1907, he had mageophecy about nearly fifty
years onward from his time. We must assume thatag only a curiosity in the
beginning, which generally grabbed the attentionengineers; because the first
electric instruments were closer to machines tmstraments. The Dynamophone
for example, used to incorporate dynamos (more idafor one pitch) and since its
dynamos made so much noise, Thaddeus Cahill, tgaesr of Dynamophone,

preferred putting its machinery part at the bottafrthe concert hall.

Every period in music has its specific instrumeitsthe Renaissance, the luth and
guitar were popular instruments due to their cdpgbof expressing humane
feelings and logic with their simple and sweet shun Baroque music the cembalo
was dominant due to its advantage on ornaments. pldme could successfully
express melancholic and deep meanings of Romanigicmin the Modern era,
using means of electricity got serious attentiopeegglly in France, Germany and
the United States. Radio Television of France aalb@he Radio in Germany made
serious investments in electronic music studiothin first half of the 29 century
pioneered by Edgard Varese, Karlheinz StockhausehRierre Schaffer. Varese
named his musicOrganised Sound(Son Organisé) while Schaffer preferred
Concrete Music(Musique Concrete). Vladimir Ussachevsky and Qitteening

working at Columbia-Princeton Electronic Music Qenintroduced their work as



Tape Music In 50s and 60s, an increasing number of musiciaas deeply

influenced by new sound worlds introduced by thesaposers; so was the listener.

In the second half of the ®0century, first electronic instruments of the ceptu
became extinct but they managed to contribute éadt#bvelopment of new keyboard
instruments, which were conservative in attitudel @ppearance. These electric
keyboards became popular and in a few decadeshtteame rivals of conventional
instruments. What concerns me most in this thesisow they evolved and what
consequences they have in the development of ya#issof music in our century.
Undoubtedly, their evolution has been reflectedttwir interfacé, as well as size
and dimensions: for instance the digital princigeexplicit on the interface. This
thesis is intended to trace the evolution of thgbkard instruments through their

interface design.
1.1. Definition of the Problem

In the 20" century music, composer and performer had to wetlk the engineer to
use electronically produced sound, because theneagused to be the key person in
the development of electric devices. However, tlesigher started to gain
importance in this field after the 1960s, too. 8itizen electric instruments started to
be developed and manufactured under the inspeationthe designer, those

instruments showed great progress in usability #edbility matters. Especially

! Interface: the point where two subjects, systestts, meet and affect each other (Wehmeier, 2001,
p.626). The main goal of user interface desigroisnake the interaction between the user and the

object as simple, efficient and effortless as pgussi



interaction designefswere successful in improving electronic instrunsenthich
had to have a better interaction with the perfornkeyboard instruments had an
extensive evolution period in the t?(D:entury with the improving possibilities of
technology. They were subjected to such deep clsaauge modifications that their
inheritors had to be given different names such ectronic keyboards or
synthesizers. These electronic keyboard instrumenslved from mechanical
keyboard instruments such as the piano, organ, @endy clavichord and started
appearing in 1930s. Their interface and interactoth the musician have been
evolving and developing since then. Since 1990¢ tinéerface has nearly been
reduced (or simplified) to only an LCD screen. Tdpuisat evolution from mechanical
to digital has enabled those keyboards to sergmnast and capable music machines.
Although any synthetic sound produced by any meain&lectronic or digital
technology can not be as humane, artistic andigeeas an acoustic instrument’s
timbre (unless it is used in the way that Edgardé¥a (1883-1965 for example
"Integrales™) or Karlheinz Stockhausen (1928-20@r éxample Klavierstucke
composed music). They are even very fruitless whey are used to imitateal
instruments such as violin or piano. But they alsy have advantages; for instance
the performer can increase the speed easily, adusdater, use MIDI and samples.
This ability of digital musical keyboards has sommeis enabled them to take over a

band, and here the instrument designer or engiadiee key person.

2 Interaction Design refers to the act of definingshaping interactive products, systems or services
focusing on their use. Interaction Designers deitth @evices or systems with which the user can

interact.



1.2. Aim of the Study

This research aims to understand the influencén@fuise of electricity in musical
keyboard instruments. Electricity enabled instruteen be amplified resulting in
higher sonorities of instruments and some soundifioations. Those alterations
and sound shaping facilities led composers to egptifferent musical worlds.
Conventional keyboard instruments and music conmgegerforming customs
profited from those innovations. This led towardseav musical scene and tradition
while changing existing conventions in both nega@nd positive directions. Since
those innovations and developments would not besiples without efforts of
engineers and designers, one can conclude thandaisd engineering are important
professions in the evolution of musical structund astruments. The main target of
this research is to understand the importance sigdefor performer and keyboard

instrument interaction and changing musical idgritit2d" century.
1.3. Methods of the Study

This research firstly aims at understanding theickaand principals of sound
production in keyboards. This issue will be coveradfirst part of Chapter 2.
Observation of keyboard instruments and musician®order to understand the
characteristics of the instrument can be of helpthrs stage. Literature and
documentation review is also intended for this .p@hien the thesis proceeds to the
structure of music and its components such as Meléthrmony, Rhythm and
Dynamics. Second part of Chapter 2 tries to exptbee evolution of keyboard

instruments from mechanical to digital period.

Chapter 3 focuses on the design considerationsusfaal keyboards. This part is the



largest section of the research and includes twihnade which are case studies and
focus group interviews. Focal point is the inteegfacf the instrument and its
evolution over time, because, it is the interfacd asability-flexibility-simplicity of
the instrument which enables the performer to obtia@ most from the instrument.
Case studies will be done about four artists wieoragarded as star keyboardists of
their time. These are Ethel Smith, Vangelis, RickkR&man and Derek Sherinian;
and these case studies try to explain their musltalacter, instrumental preferences
and instruments’ intervention (or dictation) ongéertists’ musical identity. Focus
group interviews will be done with keyboard instemh players, especially
electronic or digital keyboard players in orderutederstand their preferences and
expectations from the instrument. Data obtainechffocus groups is thought to be
helpful in order to evaluate different models amanils of keyboards on the basis of
perceived usability, flexibility and fail and erram interaction with the keyboard.
Interviewees include instrument makers, musiciamssic critics and conservatory

students. Main target is to understand their idemsdefine the specialist opinion.

The last chapter aims to render a long conclusidrich is followed by a summary
of the conclusion. Chapter 4 intends to elaboratekeyboard instrument and its
consequences on production and consumption of miikis chapter is basically

constructed on data obtained from this researcHitmdture review.



Chapter 2

2. Evolution of Keyboard Instruments from Mechanical to Digital

1951: Music is dead. Long live electronic music.
2001: Electronic music is dead. Long live music.

Thom Holmes, 2002

“A new world of sound created by electricity wasdjped in the 19 century and
investigated by experiment in the early"2but it was not until the 1920s that there
appeared several instruments for the electricalduaion of tones(Sadie, 1980,
p.106). First electric instruments designed infttet half of the 28 century such as
Dynamophone and Theremin, besides getting losiftyn ffears, gave a colour and
liveliness to European Classical Music in theirdin©ne of the most influential
examples of the first electric instruments, Dynahwye, also known as
Telharmonium, as the first electronic music sytnhesiser ... patkmly Thaddeus
Cabhill in 1896 ... using a dynamo with rotating pitshafts and tone wheéls
(Holmes, 2008, p.36). Other important examples uitbel Theremin (1924),
Spharaphon (1927), Dynaphone (1927-28), Ondes N#r{@928) and Troutonium
(1930). What interests me most here is the way toeyributed to the development
of electric-electronic keyboards, synthesizers aietr electro-acoustic instruments
such as electric guitar. Electronic keyboards ayrthesisers profited from these
technological innovations; for instance, Laurensnideond picked some ideas from

Dynamophone when he was designing the tonewheehitent organ.

In 1907 Ferruccio Busoni writedr' the new great music, machines will also be

necessary (quoted in Blacking, 1995). When the Dynamophoimjented by



Thaddeus Cahill, is considered, Busoni sounds redde. This instrument was
nearly two hundred tons in weight and in order tevpnt its noisemachinerypart
was placed at the basement of the structure whevrasi played. Pressing the keys
caused current produced by dynamos (more than t4bg converted into musical
sound (Blacking, 1995, p.129). Music composed for th@sgrumentsin the first
half of the 28' century in especially France, Germany and theddnBtates grabbed
a lot of attention and applause at first. Firsc&le instruments, besides providing
different timbre alternatives in comparison to #@ustic orchestral instruments,
couldn’t play together with conventional instrumens well as being unable to offer

new possibilities to musical creativity (Mimata, 1993).
2.1.Music and Fundamentals of Sounding

“In a certain sense, the physical attitudes takenvdrds a musical
instrument, like one’s attitudes towards one’s badg the material world
more generally, and the intuitive sense of stykt ttne develops only
through living in a particular musical culture, arelements of what
Bourdieu refers to as the habitus of a given sogebup or class”

(Théberge, 1993, p.220).

Each instrument has its characteristics and theseacteristics are important in
shaping the particular style and sense of the padn These characteristics are due
to some possibilities of instruments and are gdiyel@arned by observation. For

instance when a guitarist and a pianist are accoyipg the same singer at the same

3 Here it should be clear that Electronic Musicléaist in this thesis) does not mean music composed
for electric, electronic or digital instrumentsther it is a kind of music, which is composed opeta
concretely instead of paper. The composing medaigenerally the magnetic band; sound samples
collected from many different sources are procesaserbrding to the musical creativity of the

composer and used as the body of the work.



song with chords, both of them do it differentlychase thdabitusthey come from
is different. This is basically due to the designhe instrument: the guitar by nature
imposes some distinct chords and positions diftefesm the piano and these

characteristics spread by memes from one guitariahother.

2.1.1. Sound Design in Instruments

Each instrument is a designed object, which hasinigue principles to produce
sound. In addition, characteristics of each insemimhave their roots in those
sounding principles. Although there is no absoll&ssification, this thesis intends
to classify instruments in four groups: wind, gfrinrhythm and keyboard

instruments. However, in some sources they miglddssified different.

Instruments from the string family appeared in Bast some centuries before they
started to be used in the West (Mimgdw 1993). The most advanced string
instrtument before the modern violin is cali¢idl. In the 17" century theviola da
gamba(ancestor of today’s violoncello), tivola da bracciaand theviolina piccolo
(little violin) took part in the orchestra. TH&ochette(pocket violin, another string
instrument of that period) used to be played bycdatutors, by tradition. String
instruments that were used in the Medieval Era thedRenaissance until the™7
century are far from today’s string instrumentserms of timbre and sound: they
were not able to supply detailed timbre, differentours in the sound and high
sonority. In Italy Gasparo de Salo in the first rgeaf the 1% century produced
violins and violas which fascinate experts everayodith their flawless quality and
timbre incomparable to their contemporaries (Mingarp 1993). In Cremona,

Andrea Amati and his family produced high qualitglws, violas and violoncellos.



Also, Antonio Stradivari, who is known as the symlod perfection in violin

making, was born in Cremona.

Wind instruments produce sound by sympathetic @som of air in a tube called as
resonator. Pitch of the sound is defined by thetlerof the tube which is altered
manually. Generally length of the tube is changgdvllves and keys or sliders.
Wind instruments that use keys are fretted instnimehile those having sliders are
fretless. The oldest known wind instrument is theef which was fairly different
from modern flute. Th&yrinx the oldest flute, was found in graves in Egyd &n
thought to have been a common instrument in Anci@rgece. The first key
mechanism was added to the flute in 1677, thougth thaftsman is unknown.
According to Carse, keyboard instruments contridbute the development of
chromaticism in Western Music as well as wind imstents: fmprovements in the
technical design of woodwind and brass instrumesgecifically the addition of key
mechanisms and valves during the nineteenth cenitexe a direct response to the
increasing demand of chromaticism in orchestral ahdmber music of the same

period’ (Carse, 1964, p.219).

The family of percussion instruments includes imstents of stable frequency such
as campane, vibraphone and xylophone. Also thislfyalhas some instruments
whose pitch is not stable such as drum, castargetoell. “These instruments are
thought to have been imported to Europe from thst.Haxistence of the cymbal in
European Music comes from the Turkish JanissarydB@vlimaroglu, 1993, p.206).
Percussion instruments are generally used for nmutthe rhythm forward and

sometimes for timbre effects.



Through history, each instrument has contributedthe evolution of other
instruments even when they are from different umsgnt families. Besides, each
instrument imposes its characteristics coming frih@ nature of the instrument.
Marion Thede (1967) maintains a perspective disonssn the similarity and
differences of a violinist and folk fiddler. Shegaes that the musical attitude and
approach of the musician can transform the instnimed sound produced as the
fiddler's playing would be very different from thgolinist. If we consider their
playing postures, hand movements and arch stylemesg conclude that the only
difference is not music style; the fiddle and vioshould not be considered to be the
same instrument although, technically speakingy thee. Despite this serious
training, when a violinist tries to imitate the dier, “it will sound wrong (Thede,

1967, p.14).

In the analysis of music four components shoulctdresidered: melody, harmony,
rhythm and dynamics. Melody and rhythm are compyldmasic elements while
harmony and dynamics give the sense of touch agldAd this above is recorded
on paper which we call today notation or score fiitst notation dates back to™.0
century; Guido D’Arezzo (991-1033) is the first p@n who gave names to notes
although before notes used to be indicated byrtettech as A, B, or C. Before him,
other techniques were used by different composenis as Tablatures and Neumatic
Notation, which are still in use after today espbgiin pop music, although they are
primitive and far from being able to representititea of the music piece. As can be
seen from the score below, D’Arezzo used firstabjs of each line in a hymn as
names of seven notes. However, it took almostamuries before a notation system

close to that of today was introduced. Flat andsisgmbols were first used by

10



Bach in the 1% century, and in the f9century, notation came to a point which

might make sense for today’s musician.

Ut Queant Laxis (Hymn to St. John the Baptist)

Guido of Arezzo

(circa 991-1033)
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lu - ¢ti, La-bi - i re - a - tum, Sanc - te Jo - han- nes.
Translation:

So that your servants may, with loosened voices, resound the wonders
ofyour deeds, clean the guilt from our stained lips, O Saint John.

Copyright  Creative Commons Public Domain Declaration
version by Matthew D. Thibeaulr, October 31, 2008

Figure 1 The First Syllables in the Hymn

Scores can convey information about melody, harmdmgthm and dynamics; they
are written forms of music. A relation could be mdzktween notation, automatic
piano rolls and MIDI files. They all convey datuincauit musical ideas. It is arguable
that from scores to MIDI a rationalisation in piiple is apparent. Scores are abstract
counterparts of music; however rolls and MIDI film® concrete as they don’t offer

personal interpretation.

2.2.Evaluation of Keyboard Instruments

The musical keyboard has two interfaces: One iké#ys for playing the instrument
which have been stable for centuries (except fonesexperimental examples such

as the Janko Keyboard), and the other is the attonshaping or modifying the
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sound. The second group has an important role@mtaraction; this interface gives
the performer access to a wide range of modifiogtiand alterations of the sound.
This ability of sound shaping opportunities made keyboard smart and popular
among musicians. As a result, music has been deefbilyenced in 20th century:

Identity of both music and musician have been egg@de strong alterations. Music

has approached being a designed experience irnsteadart happening.

2.2.1. Mechanical Keyboard Instruments

Epoch chooses its instrument. Each period in m@gscalways promoted its unique
instrument. In Renaissance Music, guitar (slighiiiferent from modern guitar first

introduced by Torres de Jurado) was prominent atidwas of great importance in
Early Baroque Music due to its great capability éonamentation which was later
displaced by the cembalo (harpsichord). Romantisitvjusince it expressed strong
feelings, a deep melancholy and bliss, requirettang and potent instrument; the
piano. When the piano was introduced, it becamendispensable instrument and

preserved its prominence as an education and ddnsgument for centuries.
2.2.1.1. Organ

The organ, with the harpsichord, was the most itambrworking area of the
Baroque composer.Since both are keyboard instruments, music compdsed
harpsichord and organ has much commonality in toadd sense(Mimaroglu,

1999, p.45).

Organ is one of the oldest instruments. Althougirghs not a valid document when
and where it first emerged, it is known that artrumeent similar to the organ was

built by Ktesibios the Alexandrian in th82entury BC. Although it is known as
13



church organ today, it took six centuries for timstrument to appear in churches;
the organ was first used in churches in thecéntury due to instrument prohibition

of Christianity.

Figure 4 1990 Modern pipe organ, Katharinenkircheaikfurt, Germany
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Figure 5 Modern pipe organ, Aletheia University, tela, Taiwan

The pipe organ is mostly a huge instrument whicbsus pipe system in order to
produce sound. Air required for pipes is providgdatbellow that is incorporated by
several people (sometimes up to 26 such as J. @’Bargan). Its console is the
part with which the instrument is controlled anéyad. For these purposes, the
console has an interface including a pedal systeraddition to keys and control
knobs; the organ console houses a large amoumtadfskand tablets to control stops
and dynamics. Pipe organs generally have threecse mnanuals. The top manual
stands for bass keys and the bottom for trebleghdrBaroque, the organist was the
maestro at the same time; the conductor of theesitch used to conduct other

musicians from his organ’s console.

2.2.1.2. Piano

“In 1700, the year by which the first piano had bkeitt, European musical life was
full of stringed keyboard instruments - spinetsrgiwials, clavichords, and
harpsichords, among others - some providing quieagure in private chambers,
others holding their own in crowded opera pits, @hu choirs, and court

orchestras (Parakilas, 1990, p.7). Bartolomeo Cristoforkisown as the inventor of
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the piano. His invention dates back to 1700 inéfige. He named his instrument as
“Arpicembalo ... di nuova inventione, che fa’ il p@ne il forte” which means “a
harpsichord, of new invention, that plays soft mdl”. “It was to take more than a
century for the name to be reduced to that fofRarakilas, 1990, p.7). Even today

in the literature piano is named as “pianofortigsim

When Bartolomeo Cristofori publicized his inventidre introduced the piano to the
public as an invention by an event which causedt@fori to be accepted as the
inventor of the piano by the world. However he diot try to take out a patent,
although he could have done. In addition, he reaceall the acoustic structure of the

piano; he prepared a brochure and handed it out.

Figure 7 Bartolomeo Cristofori, grand piano, 1720
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Figure 8 Bartolomeo Cristofori Piano, Hammer Mechani1l911
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Cristofori’s basic intention was to overcome inguéncies of earlier keyboard

instruments such as the clavichord; these instrisn&are not successful at musical
dynamics since they supplied a limited control otlex sonic power and volume.
Some innovations made the piano take over the pdadbe harpsichord and the
clavichord such as hammer and cast iron framingfatt, the piano was not an
invention, because the piano did not offer sometmew and avant-garde in terms
of acoustics and interface. Rather it was like desgn of the clavichord -

harpsichord combination. The first Cristofori piandid not have a pedal system
while its rivals the clavichord, cembalo and orgeed to have; all these pre-piano
keyboard instruments had pedals or knobs whicluenited the volume, intensity
and tone. However, the piano displaced all itslsil@ecause with the hammer and
lever system the performer could afford importasmtool over sound and dynamics.
In 1722 Cristofori applied hand operated “una cbna@dal which functioned the

same as left pedal of today’s pianos. This handatee pedal, whose translation in
English is one string, was placed on the side efk@yboard and evolved as soft
pedal (or left pedal) in the modern piano: whenvateéd the hammer hits only one

string (instead of two) which produces a softeeton

The piano could be argued to have been the mdstemtfal instrument in music
history. Well known examples were composed by Bweath; Chopin and Liszt took
the piano to its limits for their days. If we coder the fact that it was used as a
concert instrument and a tool that helped musittanompose, place of the piano
could be understood more clearly. Besides, it sduas a tool in education and
student training. Especially Y&entury music was composed at the piano as this is

capable instrument in terms of a wide range of loaim possibility. Shortly the

18



piano has been a dominant instrument to shape EBamopMusic since the second

half of the 18 century.

The piano market and its manufacturing shows a eerneus development than that
of any other instrument according to Théberge (1993the last decades of the™.8
century there was an important increase in the ddnfiar pianos which required a
reformation in manufacturing in order to satisfy theed. Loesser (1954) mentions
Nanette Streicher as a piano manufacturer who guitsimed important progress in
the piano production process. According to Loesker was enabled by a larger
space and more workers in addition s fairly rigorous division of labour, and a
steady purchase of ready treated matefialdoesser, 1954, p.133) which
remembers the modern factory model. Increased raatwing required a better
promotion; and in less than a century the pianddcenter a large number of houses;
to those from middle or upper class it became a eighigh culture. International
fairs also played an important role in promotingna such as the World Exhibition
in London (1851), the Paris Exhibition (1867) aim tCentennial Exposition in
Philadelphia (1876).Awards and citations received at these numerousts\euld
then be turned into important indicators of teclahisuperiority in future ad

campaigns (Roell, quoted in Théberge, 1993, p38).

The piano has an interface made of keys which see toplay the instrument, and
in addition it has two to three pedals accordinghe brand and model. Unlike
electric pianos, it does not have sound shapinigjtfes. In history several attempts
can be found to make the piano a more capableumsint. Two important
experiments are the Janké Keyboard and the corleaimard patented by different

manufacturers in different countries. As will bardied in detail in Chapter 3.1.1.2.,

19



these keyboards besides being successful in themrld not catch on and were
eliminated in time. The roll piano by its naturesfaresemblance to digital piano; in
fact it could be argued that MIDI files and automaiiano rolls are interestingly
similar. Both of them play pre-defined music anehtldo not offer any interpretation

to the performer.

Figure 9 Steinway & Sons, New York, 1871

Figure 10 Modern Steinway & Sons grand piano Mddlel
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2.2.2. Electric Keyboard Instruments

“A new music came when the composer and perfornmedavith the engineer to
use electronically produced soufidBlacking, 1995, p.128). Although Blacking
uses the word *“electronic” he implies electricallglectronically and digitally
produced sound. In fact, the first instruments Wwhprofited from the use of
electricity were electric instruments. Besides Enty and relativity, electric and
electronic instruments have pretty different wogkprinciples. This terminological
confusion has its roots in the naming and descgbistruments during the period
between the two world wars when electronic techywlwvas first developirig
(Sadie, 1984, p.658). It is not easy to make tleetet-electronic division due to
several reasons when keyboard instruments are wotte=irstly, one version of the
same instrument might be an electric instrumentevanother should be grouped
under electronic category. In addition, all elestcanstruments principally function
with means of electricity. Therefore, the unprofesal doesn’t hesitate to use these
terms interchangeably. Technically speaking, ebeotr devices should be
considered as the subset of electric devices, whndorporate thermionic valves or
semiconductors (Sadie, 1984, p.657). Another terminological amibn can be
found in electronic music. There is a tendency rowanaming music performed by
electric or electronic instruments Bfectronic Musicbut in fact Electronic Music
can be defined as a composing medium rather thamd of performance, by
musicologists whose well known composers are Edgdedése, Karlheinz
Stockhausen and Pierre Schaffer. However it i ¢hest, in this research Electronic

Music refers to music production which is composeda recording medium like
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magnetic band (tape) or hard disk. This kind of imus generally called Concrete
Music, Organised Sound or Tape Music as it is caagdoconcretely on the
magnetic band by usingecorded sountifrom the environment instead of writing

scores on paper virtually.

Figure 11Telharmonium, Thaddeus Cabhill, 1897

The first application of electricity on instrumerttates back to 1896 and it is pretty
clear that electronic or digital keyboards, whick ao common today, got the first
inspiration from them. It was not for decades tlastrument manufacturers
recognized a great possibility in combining acausinstruments with the
possibilities of electricity. Acoustic instrumentgapability could have been
improved surprisingly which in turn would contrileuto music and culture in both
positive and negative ways. Although many electrde@yboard instruments could
provide the musician with opportunity for musicalperiment, they are sometimes

played in a way which is far from being an art prod “Today’s electronic

4 In tape music, sound recorded from the environnignised as the body of work. Source for

recorded sound could be anything from enginesmgaa birds singing.
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instruments, synthesisers that are growing in numike the first electric

instruments besides new possibilities they suppleash be considered to have
brought degeneration and fruitlessness to the tewbpertoire instead of richness in
the form of poor imitations of conventional instems such as the trumpet, violin,

or piand (Mimaroglu, 1993, p.157).

2.2.2.1. Electric Piano

“In the early 1930s instruments, which had the gangppearance of a piano, but
relied upon electro-acoustical methods of tone potidn and were heard through
an amplifier and loudspeaker, began to appear ath Isades of the AtlantidSadie,
1980, p.106). Two pioneers were Benjamin Miesskiiti{urn and New Jersey) and
W. Nernst (Berlin). Conventional acoustic piano wadapted to an electrical
instrument. Its principle was not much differenarthacoustic piano; the sound
source was similarly the strings but instead of l#gpg the sound acoustically, the
electric piano picks up almost non-audible soundniagnetic sensors and conveys it
to electrical amplifiers. When the player depresaekey on the keyboard, the
hammer hits the wire; its vibration is captured @gkups, converted into voltage
variations, reinforced by the tone bar and amplifiy means of electricity. Since
vibrations of sound amplified by the tone bar, afiggs and loudspeakers, no
soundboard is necessary. Firstly normal air miconygls were tried as vibration
capturer but then they were found unsatisfactoincesthe sound is processed by the
means of electricity, double and triple bass s&imgre unnecessary, too. Instead,
bass pitches’ frequencies were lowered electricailigich in turn cancelled the

compulsory use of long strings and decreased #eeddithis instrument.
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The Neo-Bechstein Flugel doesn’'t look differerdrtitraditional piano, except for
its smaller soundboard. This electric piano hag&& on its single manual. Strings
are grouped in five and a pickup serves five strimpich equals 18 pickups totally.
Thr Neo-Bechstein Flugel has two pedals like mastuatic pianos: left for soft
timbre and right for suspended sounding by lifting damper in order to sustain the
vibration of strings. The introduction of an amplification system alsadm@ossible
alterations in the timbre of sound by means of ygiskpositioned at different points

along the strings or filtering or amplifying the imaonics (Sadie, 1984, p.655).

Figure 12 Neo-Bechstein Flugel

Rhodes electric piano made a revolutionary contioibu to electronic piano
manufacturing in 1940s. The first instrument HarBldodes created dates back to
World Was 11, 1942. He used aluminium tubes fronmgsi of bomber aircraft B-17.
In following decades his firm produced several ni®d# electric piano (or piano

like instruments) that inaugurated a new era & iffistrument.
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Figure 13 The Rhodes Pre-Piano 1946-48

T L ‘__'__l__l. 5,

Figure 14 The Fender Rhodes Celeste 1966-68

Figure 15 Rhodes electric piano MKIV 1983

From the 1942 Army Air Corps piano to the 1984 RewdVkV important
improvements were realized by Rhodes. The 1964 hubelarly reflects the design

characteristics of those years: Modernism. It exbi reveals influences of
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modernist art and design with its metallic footiagd graceful form. The 1964
Rhodes pre-piano had a sound shaping advantagethisutfeature had been
developed in The 1959 Fender Rhodes piano bass196w Rhodes electric piano
gained an enormous fame and reputation with 88,keysedal, 3 sound shaping
knobs and two buttons (volume, bass, treble anehdi@controls). Buttons and
knobs were on the left as usual. This instrumegate very popular and used by
different musicians or groups. Bill Evans, Ray Gé&sr Cannonball Adderley and
Miles Davis or their group members who shaped thsiendeeply used the 1964
Rhodes electric piano making this instrument mare @ore famous in the 1970s.
The 1980 Rhodes electric piano MklIl EK-10 can bersas a turning point because
this model introduced a built-in synthesizer. Alilgb Rhodes left out built-in
synthesizer in a later model, the 1980 MklIl wotlave given idea to work more
and create Rhodes Chroma (synthesizer with keypobetause the 1980 Rhodes
caused an odd story: Its introduction turned ouida irritating show, just after the
television program started to be broadcasted it quaskly discovered that the EK-
10's synthesizer component interfered with PAL-farnTV in a very bad way:
During a national broadcast demonstrating the nemqp it caused televisions to
explode. As a result Rhodes decided not to usd-ibugynthesizers in Rhodes

electric piano MKIV.

“The keyboard-hammer-damper action was similar & ¢i the conventional piano
but redesigned to accommodate the much lighter htonecessary for this
instrument (Sadie, 1980, p.106). The impact of the hammezlitproduces a little
tone. Produced sound is picked up electromagnitioalelectrostatically by means
of air microphones, built in microphones or magnetick ups. In these types of

instruments, amplification of the sound can be wiled by the left pedal:
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Changing the degree of pedal alters the ampliboatin conventional pianos, the
left pedal stands for generating a soft timbre, éav in electric pianos it can give a

wide degree of alterations in sounding.

The utmost important thing in the design is to atetthe acoustic piano sound and
characteristics; electric piano basically does teatl to create something new and
unfamiliar. It aims to make a smaller and lightér (veight) imitation of the
conventional piano. The electric piano tries totatd characteristics of the acoustic
piano such as the sound of the hammer. In acopisios when the hammer hits the
string, beside the vibration of the string (whichcialled timbre) another sound is
produced which is hardly audible: the hammer soulthough it gives the
impression that it is not a deserved sound, whecatrdt piano was first introduced,
musicians and the listener were willing to hear vamtional characteristics of

acoustic piano, including the sound of the hammer.

The piano is a very capable instrument and thisnhade it maintain its superiority
in music education for centuries. However its sapel weight cause problems and
difficulties to transport and move the instrumente piano forces the players and
students to own one at the school and one at hdheeelectric piano is a product of
an effort to make the grand piano a transportaidegument. Besides, most electric
pianos are less expensive according to their samadity) acoustic versions. This
decrease in the price enables musicians to owmiéemasily. In addition, almost all
electric pianos have the opportunity to modify bagge the sound. As a result they

can imitate other instruments, as well, such apdienord or clavichord.

A few electric pianos were constructed that did mee a conventional piano

mechanism in 1930s such as Variachord, Clavierl@yd_Loar and Pianotron by
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Selmer. In Variachord, strings are activated bygtebenagnets; in Clavier of Lloyd
Loar and Pianotron instead of strings, plucked sem@ used as the sound source.
“Apart from few recent instruments, most modern teteianos have also
abandoned conventional piano action and with it tbem of the grand piano,
appearing as keyboards on legs, similar to manylisetactronic organ$ (Sadie,

1984, p.655).
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Figure 17 Clavier of Lloyd Loar

Loar's reed action features felt-covered hammaéies \{thite vertical strips above the
centre) and a series of reeds that were tunedt¢b py adjusting their length and

securing them to a steel bar (the grey flat sujface
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SELIMIER
PIANOTRON

Figure 18 Pianotron

2.2.2.2. Electric Organ

The electric organ is a keyboard instrument thatm@duce sound without using a
pipe system and has common features with a chugdmoThese common features
are the ability to sustain the tone, the abilityptay cords and the ability to increase
or decrease the sustained tone. Basically the ifitention for almost all electric
instruments was to mimic its acoustic predecessoithe other hand, some aspects
could be eliminated such as deficiencies in tingurality. In addition, it would be of
help simplifying the playability or adding new faegs. The first successful organs
with electric action were the result of the colladimon of Albert Pechard and
Charles Spackman, who obtained a significant paterferance in 1868 (Sadie,

1984, p.657).

“The term electric is used of two types of instrusierelectroacoustic and
electromechanical instrumerfit{Sadie, 1984, p.657). The first group produces
sound almost inaudible; sound is picked up by hailmicrophones or magnetic
sensors. If the sound is picked up by magnetic meriken it is referred to as

electromagnetic subdivision. The second group eseab sound acoustically, but
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it creates a regular fluctuation in an electridgatuwt and this can be converted into
audio signal. The famous Hammond organ should &ssifled under this category;
its tonewheel is known as the basis of this elestrchanical system and has been
used in keyboards since 1890s. Whether it is @actustic or electromechanical,
the electric organ does not produce any audibl@cotherefore it has to amplify
produced sound through speakers. Amateur electeigbdards have onboard
loudspeakers while hi-end professional instrumemés designed with a separated
speaker cabinet. Leslie speaker are widely knowth whe rotating part of the

speaker which gives the characteristic sound ®itistrument.

“In many ways the most contentious of all electrid &lectronic instruments has
been the electronic organ. Unlike most other etamttr instruments which have
established new areas of application and musicdesthe electronic church organ
directly rivals with the pipe organ, and to succeedst emulate the pipe organ’s
particular characteristic’ (Sadie, 1984, p.675). The first serious threatiast the
pipe organ was the Hammond electric organ. The HamdnCompany didn’t design
their organs specifically for churches, but manykmhurches tended to buy one; it
was very suitable for amateurs and home, as welfatt, even the name of the
instrument used to be problematic in many casadtimg in legal battles, because
conventional organ producers didn’'t want thosetsdadc organ producers to use the
word organ and the Hammond Company had to struggle agaiesE¢aderal Trade
Commission in order to get the privilege to introdutself as an organ. Laurens
Hammond patented his innovation in 1934, in a speriod of time it became a
widespread instrument in the whole worlghtl within 40 years electric organs had
outnumbered acoustic ones as a result of theirrc@el@antages in expense, size and

portability” (Sadie, 1980, p.107). In addition, Hammond hasejutation for
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producing the first polyphonic instrument in 195®swhich the performer can play

more than one note simultaneously.

Some performers, especially those who were sthoutconventional instruments,
decided not to play electric instruments, becahsg tidn't derive satisfaction from
them. This situation led the engineer to deal wasues of the pipe organ: he noticed
that these imperfections in the timbre could bewee of satisfaction. For instance,
pipe organs had some pitch problems in higher #aqies. In addition, in lower
frequencies they had delay problems; since it tékes to fill wide and long pipes
with air, the church organ needs some several mggoonds for sounding.
Following this, through the sophisticated circuitnycro second delays were added

to the sound.

Identity of the electric keyboard is interestingcéese like many electric keyboard
instruments including the electric piano, organ asyhthesisers, besides its
advantages the electric organ has always receiusplicson from many. At one
extreme it has nearly always been related to theathorgan, to be compared with
it, usually unfavourably (Sadie, 1980, p.110). On the other hand, it hasnb
introduced and observed asoae man orchestraather associated with popular
music. In addition, this is quite clear in its iritee as its presets and stops usually

get their names from conventional orchestral ims&uts.

2.2.3. Electronic Keyboard Instruments

2.2.3.1. Electronic Piano

Several manufactures attempted to produce the &légtronic piano from 1950s

onward, although until the early 1970s none of tteemld succeed. Their working
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principles were not much different from that ofatenic organs. RMI electra piano
is considered to be the first fully electronic mawhich was followed by Armon,

ARP, Elka, Korg, Roland and Yamahdn “addition to a choice of piano timbres
(including acoustic and electric), many of thesevéhatops such as harpsichord,

clavichord and vibraphorigSadie, 1984, p.678).

Figure 19 RMI Electra Piano

(1930)

Roehm Adsit Radiano (1926)
Vierling neo-Bechstein (1929)
Meissner Electronic Piano

Cooper Crea-Tone (1930)

Rhodes Pre-Piano (1947)
Wurlitzer Electric Piano (1954)
Hohner Cembalet (1958)
Fender-Rhodes Piano Bass (1960)
Hohner Pianet (1962)

Hohner Clavinet| (1964)
Fender-Rhodes Electric Piano (1965)
Hohner Combo Pianet (1972)

Figure 20 Evolution of electronic pianos (Holme808, p.243)
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Key:

1. Magnetic Pick Up

2. Magnetically Vibrating Strings
3. Tone Bars and Metal Reeds

a. Vacuum tubes b. Solid state

2.2.3.2. Electronic Organ

“The first fully electronic organ in the market wdge American Allen organ,
produced from 1939(Sadie, 1984, p.675). In 1971 introduction of tbegital

computer organ was again realized by Allen. It pered the application of latest
technology which in turn enabled the faithful orgesund with its tone cards and

card reader.

\\ \\m\\\

Figure 21 Allen electronic organ
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Figure 22 Allen digital organ

Electronic keyboard instruments incorporate elettrooscillators in order to
produce and modify sound. Their mechanism doegraituce any audible sound,
because unlike electric keyboards, they do noudelparts such as tone wheels or
strings. In more technical terms, electronic deviaee a subset of electric devices

that incorporate thermionic valves or semicondugctor

Although the Hammond organ contributed to experialeglectronic music only in

a modest way, it influenced some popular music ggsosuch as The Doors. Ray
Manzarek, organist of the group, was able to useal and mobile organ thanks to
those technological developments. He used sevielr@nic organs such as the Vox
Continental and the Gibson G101. 1960s psychedmsiic groups used to involve an
electronic organ. Vox Continental was designedtémrring musicians and its aim
was to replace heavy tonewheel organ such as Haohrivamx Continental was used

in many 1960s hit singles and it was-well knownhwis bright sound.
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Figure 23 Evolution of electronic organ (Holmes0p80p.240)

Key:

1. Electro-Mechanical Instruments
a. Direct current b. Vacuum tube
2. Electronic Tone Generation

c. Monophonic (vacuum tubes) d. Monophonic (sotatey e. polyphonic (vacuum tubes) f. d.
Polyphonic (solid-state)

2.2.3.3. Electronic Keyboard

The term electronic keyboard is commonly used gsreeric name for all electric or
electronic pianos and organs in many books and ctmgdias. Therefore, it is

difficult to address the name correctly even fae #xpert. However, in this thesis
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electronic keyboaraddresses the instrument which has a single madesigned
for popular music and generally has a 61 or 76-ketgoard. This instrument is
different from the electronic piano which has arfie keyboard or the multi

manual electronic organ.

Japanese companies like Yamaha and Casio startedfawturing very small and
smart instruments especially for amateur and hoses tvhich quickly came to
account for more than half the total sales of el@ut instruments annualflySadie,

1984, p.677).
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Figure 24 Casio Tone VL-5 (1982)

The primary aim of the earliest electronic orgars warival with the pipe organ but
after World War 2 different functions of the elextic organ became distinct and
manufacturers aimed at different target groups sashlight music artists and
amateurs for home use. Electronic organs manufttior concert can be divided
into two: for classical music and for light musithe second group of instruments
includes unusual stops and sound effects. The rHawsbus ones were Allen,

Waurlitzer, Baldwin, Gulbransen, Conn and Farfisa.
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FARFISA MINI DELUXE COMPACT I

Figure 25 Farfisa

On the other hand, home entertainment organs wagabte of doing more things
and owned a wide range of automated functions impasison to professional
organs. Since their primary target was definechaobbyist user by manufacturers,
those instruments used to have automated accomeanfacilities. The performer
could benefit from electronic accompaniment thaldes apolished performance
without necessities of advanced skills developedly oy hard work.
Accompaniment could be in terms of rhythm (1960sss partition, chordal
accompaniment (1970s) memory and replay (1970s}ingt and recalling tones
(1980s). The Hammond Company was the first to detect the&kehgrotential of
such instruments and for a long term was the leadmanufacturer of home orgdns
(Sadie, 1984, p.676). Electronic home organs amallysmonophonic and have one
or two manuals. The spinet arrangement (positiomaiuals) was first introduced
by the Hammond in 1949, their manuals were genersitiorter than that of
professional instruments. Hammond used a lowehedananual at the bottom and
the higher pitched manual on top. Hammond in 1966Gsduced the chord organ.
That organ hadd keyboard with buttons or occasionally keys (usuah the left)

each of which provides a chord; it enables the ptap produce an accompaniment
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to melody played on the manual without having ngdr complete chordgSadie,
1984, p.677). In the 1960s Hammond domination whallenged by other
manufacturers such as Lowrey and Thomas organdollowing years many

manufacturers entered the market such as Bont&apip, Cavendish and Crumar.

Figure 26 Lowrey organ

Figure 27 Thomas organ

“Solo performances on electronic organs, especitdly Hammond, have been
common in jazz, swing and related mugi8adie, 1984, p.677). In the 1960s few
musicians could afford to buy a small organ; thesze especially Hammond,

Farfisa and Vox. Although those instruments are awtsidered to be small today,
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now, they used to be, for that period becausedphisticated circuitry considerably
changed the concept of portability since 1980saAssult, musicians were able to
carry their own instruments to concert halls andgneys. The Animals’ recordlte
House of the Rising Sum which Alan Price plays a Vox Continental are tPink
Floyd song Set the Controls for the Heart of the Sumwhich Rick Wright plays a

Farfisa are two of most well known examples.

Figure 28 Vox Continental

Figure 29 Farfisa

Electronic circuitry improved rapidly resulting iess space requirement for enough
versatility and sound quality.-The concept of portability has changed considerably

over the years: the original Hammond organ, weighiaround 80 kg. was
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considered portable; in the 1950s small dance bandcombo” organs weighed
around 35 kg. and could be fitted into the bootafar; today a small organ can

weigh as little as 2,5 kg.(Sadie, 1984, p.677).

2.2.4. Digital Instruments

Digital keyboard instruments render and modify sbtimoughones and zeroand
their infinite combinations, although electronig/keards create their timbre through
generation and control of electrical voltage. lgitl instruments, quantification
process is done on discrete steps (unlike quaatiibic process of electronic
keyboards that occurs through continuous scaleolldges), therefore they are said
to have been more accurate than electric-electrarstruments. Besides, their
maintenance could be claimed to be easy and insierelatively.”...Once initial
designs have been incorporated into hardware arftiveoe form, they can be mass

produced at lower prices than analogue equiprhértéberge, 1993, p.72).

Digital keyboard instruments offer great precisicontrol and flexibility over the
sound. Only a touchscreen can do what many buttodsknobs did before. Unlike
electric-electronic instruments are divided intoups according to their principles
(electromagnetic, electroacoustic... etc.), digitastiument has a less complex
structure. Most digital synthesis techniques are based vemongty on
mathematics(Russ, 1996, p.223). Since they don’t have tdude some parts that
are necessary in electronic keyboards, manufastwan offer smaller instruments.
In addition, accuracy, repeatability and consisgeaie other advantages of digital
keyboards. Sounding principles of the digital piaogan and keyboard are almost

the same; therefore images are displayed withatuuteder following subtitles.
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Figure 30 Yamaha YPG 535 digital piano

Figure 31 Hammond XE-200 digital organ

Figure 32 Yamaha Motif XS
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CHAPTER 3

3. Interface Design Considerations in Musical Keyboard

Music and technology have gone together for thetl@®.000 years. Building a
drum is an act of technology.

Schmidth, 2000, p.36

“Technology has always been inseparable from theloement of music. But in the
20" century a rapid acceleration took place: a new ‘thme music” came into
existence, electronic musical instruments devel@meticomposers often turned into
sound researchetqBraun, Ed. Braun, 2002, p.9). Similarly, it che argued that
when Bartolomeo Cristofori designed the first piartbat instrument was a
representation of the level of technology of' I®ntury. Also the first known organ,
Hydraulis, (Hindley, Ed. Braun, 2002, p.36) in which airttipaoduces the sound is
pushed by water from a natural source, is a proédfi® technology standard of'3

century BC.

Technology, or specifically electricity has hadraaj impact on evolution of music;
and this led to fevered debates in literatufieextbooks on twentieth century music
delineate Futurism as the “first clear manifestatioof “a major and enduring
concern” for the relationship between new music amsbdern technolody
(Bijsterveld, Ed. Braun, 2002, p.123). With thedeeship of Theodore Adorno,
Walter Benjamin, John Cage, Karlheinz Stockhausehathers, there is a serious
amount of theories and critigues on this subje¢soAesearchers and academics
including Hans-Joachim Braun, Trevor Pinch, Fram&c€o, Thom Holmes, Aden

Evens and many others write on music and technology
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However, there is almost no reference to interfa€einstruments and music
machines, although it is of great importance im&eiof capability and productivity
of the electronic instrument. A well designed ifdee can help to improve
interaction between the player and instrument; len dther hand poor design can

result in errors and fails especially during tharse of live performance.

Parallel to the technological developments in 0 @&ntury, music instruments had
swift improvements and influential overnight desagrtisions since the invention of
the electricity. Through decades, important improgats occurred in instrument
production technology. Especially, improvementsiactronic keyboard interfaces
in late 20" century gave powerful tools to the musician. Céjighof mimicking

other instruments enabled the keyboard to sourddtker instruments from violin
to guitar, automated accompaniment enabled evaviaenmusician to sound like a
professional. In today’'s market, top keyboard maauurers like Roland and Korg
are competing with each other to builee most capabl&eyboard ever (or in other
words music production stations). With the posgib8 of touch screens and

softkeys, these brands have seriously improvedhsiépes of this instrument.
3.1. Ergonomics in Keyboard Instruments

Keyboard is a product of a very long evolutionagripd and has influences from
string instruments such as Dulcimer. All keyboarstiuments have some common
points with each other; their keyboard ergonomresmaore or less the same. This is
mainly because of the traditional data accumulasind level of technology of their
time; in the era they first appeared, pluck, hamaret lever systems used to have
some difficulties to produce, as they require vergcise key action and withdraw

mechanisms. The production was excessively dictateddirected by the nature
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of the material and strings. It may be logical kira that their straight form was a
simple and basic background for strings, keys aed tonnections, in their time. In
almost all keyboard instruments in history, keysey@aced on a linear surface with
naturals 12.5 to 15 cm. in length and 2.4 cm. inefaize; and accidentals
approximately 5 cm. shorter in length and narrotkan naturals in contrast colour.
Traditionally, keyboards have had white colourraturals and dark for accidentals,
“whereas German and Australian makers used the depagood stained black

naturals and white (usually ivory) for accidentalantil the beginning of the

nineteenth century (Good, Ed. Palmieri, 2003, p.203

One may argue that almost all musical instrumentsick represent any sign that
they are “designed” for people in terms of thegaromics. For instance the violin;
its playing posture is really challenging and trexf@grmer cannot see the whole
keyboard. In addition, it does not permit the bow tiouch three strings
simultaneously, which limits the harmonic capaig$tof this instrument. However,
the reason for that is acoustic requirements atut@af the materials, which results

in a brighter and louder sound. As Emanuel Winterargues in his booklusical

Instruments of the Western Wo(t066), one cannot change any measure or angle

in any instrument without affecting the balancehs& whole. Moreover, he mentions
the thickness of the walls and curvature of the ybed parts that give the
characteristics of an instrument. If we conside¥ tact that keyboards have very
complicated pluck mechanisms, with the level ohtedogy available in its time, the
designer had to work in a very confined level oigimation. In other words, the
keyboard designer did not have the chance to mbtebhis instrument according to
the human body. However, as the technology improvemlv alternatives have

always been proposed in order to have more sopieti ergonomics or a better
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timbre. “Progress, that is actually improvement, exists omlythe realm of
technology, where better solutions for certain naedtal problems are found
through the inventions of practical devices, thalve mechanical problems better

than had been done beféi@Vinternitz, 1966, p.21).
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Figure 33 Roland Fantom G7 Touchscreen and soft key

In this figure, touchscreen and soft keys of a Rdl&eyboard are presented.
Although there are many objections against theaigeuch screen, it has become
the most important part of the interface as eveeyaitl can be displayed and
manipulated through it. However, touch screen tsroblamed for being imprecise

and slow for live performances.

3.1.1. Evolution in the Form

Electric organs and pianos are deeply influencedths universal layout of
mechanical keyboard instruments. When Bartolomest&ori designed the first
piano, he had ideas highly influenced by the clamid and harpsichord. Instead of
plucking the strings, he came up with the idea edting the string with hammers.
“The present form and the function of the piano ieesult of a very long and

complicated evolution. Taking into consideratione thactual acoustical
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characteristics of the instrument, it seems thatdheater number of the components
that have to do with the generation, amplificatiamd radiation of the sound are

seen in the light of dynamics and quélifiyoucke, Ed. Palmieri, 2003, p.10).

To an extent, it is quite logical that electrictmsnents resemble the characteristics
of their acoustic ancestors. However, it might laeneed that they should not mimic
their predecessors any more. Electric instrumeais loe shaped and designed
without many constrains of materials and timbreunemments; they should be
designed for people in mind. In the history of kegtd instruments thetraight
keyboardis not the only keyboard, there are alternativgbkard systems, but very
few. They are products of the demand to a morenengac keyboard layout. They

are the Concave Keyboard and the Jank6 Keyboasibfer Paul von Janko).

3.1.1.1. Concave Keyboard

In history, several attempts to change the strdmydut of the keys can be found.
They stem from the basic idea th#te€ arms and hands could move more naturally
over a concave keybodrdGood, Ed. Palmieri, 2003, p.204). Although these
concave keyboards never found wide interest, treey lme claimed to have been
more ergonomic in comparison to straight keyboaslshey respond to the natural
shape of human body. Besides, different produdersugh time came up with
similar solutions. The first example is thoughtdte back to 1824; in those years,
Johann Georg Staufer and Max Haidinger in Vienngliegh the concave idea to
their pianos. Similar ideas can be found in the work of WolfeParis in the middle

of the nineteenth century, and in an 1881 Germatergaby Gustav Neuhdus

(Good, Ed. Palmieri, 2003, p.204). In 1907, Ferdth&lutsam patented the same
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idea in Germany.

Figure 34 Concave Keyboard

3.1.1.1.1. Janko6 Keyboard

“If I were to begin my career anew it would be oridlkeyboard.”

Arthur Rubinstein (1887-1982)
Paul von Janko developed an invention done by &¥illiLunn (Lunn used to use
Arthur Wallbridge name) in 1843LUnn used two rows of keys in whole tones, the
lower row from C-sharp, the upper from C. An earliehromatic keyboard” (with
only one manual) had been presented in 1791 aBéwin Academy by Johann
Rohleder, with “naturals” and “accidentals” alterning, the whole-tone scale from
C as the “naturals,” the whole-tone scale from Gaghas the “accidentals(Good,
Ed. Palmieri, 2003, p.205). Janko6 developed thidehand introduced it on a piano
in 1882, therefore it is known as Jankd keyboarthénliterature. His main argument
was that human hand can hardly stretch more thdmey8 on the piano. He
redesigned and proposed a keyboard, which hadrttgdacking manuals, and each

key lever had three touch point3.He purpose of the keyboard was threefold: (1) to
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simplify fingering, (2) to extend the player's rbaq3) to fit the hand more
comfortably (Good, Ed. Palmieri, 2003, p.190). The Janké Kmyd was very
advantageous in pieces whose melody requires dapgelseys over a wide register

because he could manage to shorten an octave &eyheard to a 6-key width.
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Figure 35 Janko6 Keyboard and key system

“This invention will have replaced the present piakeyboard in fifty years’ timé.

Franz Liszt (1811-1866)

It was a really imaginative and clever alternatieethe standard keyboard but
contrary to Liszt's prediction, this instrument dmbt catch on and disappeared
within less than half a century. The main reasos that virtuosos did not want to

relearn another system of keys after mastering @mary piano keyboard. In
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addition, it was more expensive to manufacturdosé years as it used to have 264

keys unlike 88-key universal keyboard.

3.1.2. Dimensions

From clavichord keyboard to digital keyboards aayjfgrogress has been achieved,;
especially roll-up digital organs (for amateurs ohildren especially) are
incomparable in terms of size. However, key dim@msihave not changed a lot.
Traditionally keys for accidentals are about 5 chorter than naturals and in
contrast colour. This is mostly because manufactuggefer to build digital

instruments which are similar to their acousticde@essors in terms of dimensions.

However, manufacturers do not avoid dividing or bormg manuals; different
church organs may have multi-manual keyboards nyivg numbers. Similarly,
some experimental pianos have existed that incatpsrdifferent keyboards, which
are located at different heightd=rom 1922 to 1923 Emanuel Moor produced two-
manual pianos of his own design, with one setroigd, the upper manual playing

an octave above the lowdor instance (Good, Ed. Palmieri, 2003, p.205).
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Figure 36 Traditional key dimensions

3.1.2.1. Naturals

In each octave on the keyboard, there are 7 natage which are white and whose
width varies between 22.5 and 23.75 mm. Their lerngin be between 125 and 150
mm. They are wider and longer than accidentalsitbodbesn’t mean that they are
pressed more often; this contrast in colour andpeshaims to increase visual

perception and roots from the major scale (2 whdhalf 3 whole 1 half).
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3.1.2.2. Accidentals

In each octave, there are 5 accidentals in blagkehkeyboard. They are shorter and
narrower; their length can be between 85 and 100 Amd their width is normally
10 mm. less than naturals. Besides, they are plaseg from the player that would

cause difficulty in reach if they were not cleardysed from the level of the naturals.

3.1.2.3. Differences in Electronic Keyboards

Besides using similar key dimensions and ergongnatectronic keyboards may

have slightly different keys in terms of shape.sty; their keys are not exactly
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horizontal; they are sloped with a small angle irmams to fit the natural posture of
hand in a better way. In addition, accidentalslecteonic keyboards have a radius

on top.

mm. 45 87.5

Figure 37 Keyboard keys

3.1.2.4. Instrument Size

Whereas almost all modern piano instruments anmedatd with an 88-key layout
(except for 92/97-key Bosendorfers), there are tglei electronic keyboards of
different size, height and shape in the market.rdfoee, generalisations should be
avoided in terms of size, though 61 and 76-key Uéycare two most common
examples, and the total length of the keyboard mgdéigedoes not exceed 140
centimetres in order to improve transportabilityediic pianos generally have the
same 88-key layout with acoustic pianos, and pigarts usually have 61 keys on
each manual. There is a variant of pedalboards ft@nio 32 notes on pipe and

electric organs.
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Figure 38 Interface dimensions of Korg Oasys

52




3.1.2.5. Sitting Position and Height of the Manual

The height of a person can vary considerably. biitexh, the player can either sit or
play standing up; and even if s/he plays sittinga@urface, the height of the surface
might be different. These are reasons why it ifiatift to define the height of the
instrument. However, a player can adjust his ims&nt to a suitable level by using

stand adjustments.

HARP
HARP

D. Typing

C. Manufacturing

Figure 39 Reference points of hands for differamppses

Martin Halender argues that reference points oftmaty may vary according to the
type of anthropometric design. HARP (Hand Referdnomt) can be advocated for
jobs that are executed by hand$of heavy manual jobs, the hands should
preferably be about 20 cm. below elbow height, faut precision tasks with
supported underarms, the hands should be about 5above elbow height
(Halender, 2006, p.156). Pianists try to positibeirt arms parallel to the keyboard
and this is possible if their elbow and hand heighhe same as the height of the

manual.
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Figure 40 Constructed Skeleton with Its Hierarchyifk¢rsity of Ottawa)

One of the basic rules of playing the piano is that performer adjusts his or her
seat so that the elbows come to the same heigheasanual and the part between
the elbow and the hand can reach the keys patallble manual. As can be seen in
the figure above, the arms should be in parallsitmm with the manual in proper

piano playing posture. Unlike the piano, harpsidhor organ players, keyboard

players generally perform standing up which me#esr thands are not parallel to
the manual. In this position, the performer shaadgust the stand height or angle.
Derek Sheriniahcomes up with an extraordinary solution; he pligsinstrument in

a different set up.

It is obvious that the player will be bound to playboards of different heights on a
multi-manual instrument, which, in terms of ergoncsn may lead to difficulties in
reach and accuracy. Considering multi-manuals, hteagljlustment seems to be
impossible as manuals have different heights. Inertwords, multi-keyboard

instruments may cause ergonomic problems for thieqmeer.

® Renowned rock keyboardist. His style will be eflated in Chapter 3.6.3.1.
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3.1.3. Hand Movements

On a keyboard the reach limit of a normal hanchis 4" key, and stretching more
can be hazardous. This length can be insufficidgmnweaching sound controls on
the electric keyboard is considered. Therefore,ynrsund shaping facilities on the

interface cannot be controlled by the same handhwybliays the melody.

Figure 41 Vertical and horizontal hand span of hand

Like all parts of the body, finger movement hasaanshape. Therefore, all controls
should be designed for the “arc-shaped” naturauobody. Example below is a very
experimental Korg (the most innovative manufactunekeyboard market in terms
of design) keyboard: Korg 700S. It has front modntentrols in order for easy
access. On the other hand, due to poor designinsitiment could not catch on
because vertical surface on which the controlspdaeed is out of sight of the
performer. Besides, the interface doesn't give alwe as to how it should be
modified and controlled. Nevertheless, althougts voduct is awkward in many
aspects, it is one of the very few examples of hufaators applications on musical

keyboards.
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Figure 42 Front mounted controls on Korg 700S

3.1.4. Flexibility

Flexibility is generally seem as relevant to usd adaptability. If a product is said
to be “flexible”, then its design should providel@ance to determine the method of
use and should be adaptable to the users’ appréagbod example might be the

Korg Radias.
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Figure 43 Korg Radias and flexibility

The Korg Radias is a professional rackmount 49Keypoard and synthesizer. It is
really flexible because its control panel can bpistdd from left to right. Besides,
the angle of the panel can be changed. This instntiives a very flexible use to
players of different height, and it can be adjudtadleft-handed and right-handed
users. Because its control panel can be adjustesdnstrument can be used together

with other keyboards very easily in varying setups.

3.1.5. Usability

“Usability is based on individual interpretationéSteinfeld and Danford, 1999,
p.19) and therefore it is thought to be very subjecsince the level and quality of
observation can vary greatly for each individuakpécially if we are testing
usability for a non-professional tool (lets say abite phone), it means our job is
even harder.Usability is a measure of the effectiveness, efiity and satisfaction
with which specified users can achieve specifiealggim a particular environmeht

(lwarsson and Stahl; 2003). As the sentence exgldirs difficult to test the level of

usability of an interface or a product; becausellev usability can be determined by
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the conditions of the environment, too.

Testing the usability of a professional object da@ less complex, because
professional tools require an education and theeetangible criteria as to what
should be tested in that design and where shouldtdmed, and the test should

include a number of professionals.

For the music keyboard placement of buttons withoeaer, clarity of functions,
symbols and definitions of controls, colour, costrand readability of screen make
this instrument more or less usable, becawdeat is difficult to see is difficult to

think of (Halender, 2006, p.96)

Buttons, knobs and dials should be coded by soraturies; their order can be
expressed by Location, Colour, Shape, Size andlliiagp¢Halender, 2006). In many
keyboards colour coding and grouping have been ggek 1940s. This makes
these controls easy to find to the player. Howetheste is still a big complexity in
many recent keyboards; their interface is surpgigicomplex and needs to be
simplified. As can be seen in the figure below, ititerface does not reveal its order,
because almost all buttons and dials look the sémeddition, there is no grouping
or colour coding. Moreover, there is no refererméuman body; fingers, like the
hand, arm, and the rest of the human anatomy, awagve in a curve lirie
(Sandor; 1981, p.23) and eventually player will bg&her hands in an arc-shaped
movement. Also in this example, the spacing betweenrols is too small to supply

a reliable touch, which may result in failure i tive performance.
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Figure 44 Front panel of Korg Radias

“Coding by the location is the most powerful prit€igHalender, 2006, p.104) and
location criteria can standardise easily througheti If not standard, it is very
common to place the pitch bend on the left-hand &d instance; and this gives the
player a sort of “universality” sense on keyboafdsding by colour is a widely used
principle on keyboards, keys are coloured accordmgtheir purpose forming
clusters and groupsOhe potential problem with colour coding is thaorly works

in a well-illuminated environmeht (Halender, 2006, p.104); however, most
keyboards of today use LED light as a source obuwolCoding by size can be a
distinguishing factor between different controlg ierfaces coded by shape (these
two are close) can have much merit. Shape canalins about the function in both

abstract and concrete ways. According to WoodsdnGonover (1964), an operator
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can distinguish up to twelve different shape-codedtrol knobs. In the figure
below, a button in piano shape as a part of artrelgmano interface is seen whose

function is to activate the grand piano sound.

MIDI Sound Controls

(NN N N N I I s s s

A oo DDOooOo-

Piano Preset Registration Memory

Figure 45 Piano preset on Yamaha Clavinova interface

3.2.Interface Elements Related to Keyboard Design

In September 1978, a project was proposed: to deaigl build a high-

quality all-digital keyboard synthesiser for thenwmercial market... The
proposal was motivated by the successful prototypina digital circuit

that simulated 32 oscillators... With a working ex#&ip hand, it seemed
everyone involved that the hard part was over...as$ @stimated that this
process might take a few months. Two and one-balfsyand nearly one
million dollars later, the resultant product is dlable for sale. In

retrospect, the tremendous number of technologieaign and production
difficulties encountered make the original estimaseem appallingly
naive (Kaplan, Ed. Roads, 1989, p.611).

Instrument design, including acoustic, electricgceionic and digital, has always
been done in order to gain a better or louder tanliynamics and functions.
Although instrument designers and manufacturerg arked in collaboration with
the musician in history, the end product rarelyespp as a widely accepted perfect
tool for making music; rather, it continues to esolnd improve. For instance the
guitar nearly 3900 years after its first existemc€atal Hoyuk (approximately 2000
B.C.) was redesigned by Antonio de Torres Juradbdthcentury and this modern

guitar is still subject to changes by different guoers according to needs. For
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instance Sergio and Odair Assad use guitars madédyas Humphrey, named the
Millennium, in their Baroque recordings as thistguihas a raised fret board that
makes the higher notes clear of the body of théaguit allows the player to play
higher notes more comfortablyTHe guitar is an instrument that is still develapin
with a lot of good resultdAssad, 1993). Théberge argues that an instruicemnot
be completed in design and manufacturing procdsss ‘only made “complete” —
often in a variety of different ways and in diffierenusical contexts — through its
us€ (Théberge, 1993, p.70). And then thisventionis turned into arinnovation

only by the hands of the musician.

Musical performance includes two main inputs: imstent and performer. This
interaction is enabled by controls of the instrutnevhich have a variant of type,
size and quality. Since there is no constructitinatation and acoustic requirement,
unlike almost all musical instruments, electrongylboard interface and controls are
shaped by the flexibility of the synthesis technique ants iphysical
implementations(Russ, 1996, p.330) and the main goal is to iaseethe utilisation
of the resources of the instrument. If the layositmore natural and intuitive,
limitations on the performer seem to decrease. Bsxalectronic keyboards are not
universal unlike many instruments, and there areptetely different types and sizes

in the market, the performer should spend some tilnogientate controls on them.

3.2.1. Front Panel Functions and Placements

Pipe organs have had controllers such as rotarjoskrand dials for centuries;
however, these controls became seriously importentelectric keyboards after
1940s. Since the first Hammond organ, Model A, ftbat panel has always been

important, however after 1970s, it became loadel sliders, knobs, tablets and a
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screen. It still goes on to develop and improve ‘dras moved away from hardware
to solutions which increasingly depend almost ehtiron softwaré (Russ, 1996,

p.353).

Reverb Drawbars Percussions

7o pU U Wonnn

Figure 46 1950s Controls in a row style front panel

In those years’ front panels, all tablets and mgtoontrolled only one parameter,

which required using many of them.
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VCO

VCF

VCA

EG
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Figure 47 1970s form=function front panel

In the 1970s, parallel to the highly improved calitgbof the keyboard, the front
panel became very complicated. “The layout refi@dtee structure of synthesis

method” (Russ, 1996, p.353).

1 Display

Figure 48 1980s minimalistic front panel
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In 1983 the Yamaha DX7, which is known as the fostnmercially successful
synthesiser, came up with a minimalistic arrangeméamaha introduced the left-
right hand approach. In this instrument, singldeslicontrol was used in association
with parameter selection buttons. These buttonsdiféerent meanings with respect
to mode controlled by a single slider; player fgstects the parameter with the right
hand and then adjusts the value with the left hafitiough it enabled the panel to

become minimal, it required much concentration.

L] Display
1]

Figure 49 Early 1990s softkey driven front panel

In 1990s, single slider was joined by rotary knahd increment-decrement buttons.
In addition, soft keys were added and the screedet® to increase in size. As the
display progresses to be dominant, less controle wequired and ffont panel
space was then available for additional performamoatrollers: track-balls and
joysticks are two examples of methods used to peapid real-time control of

parameters from the front panel of a syntheSigReuss, 1996, p.352).
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Figure 50 Mid-1990 the display is everything frpanel

In the mid-1990s, touch screens were first intr@eduand through the second half of
90s, more soft keys were added and the screemrdtirtbe the focal point of the
panel. After these years when the big LCD screeraipe widely available, the
importance shifted from button-knob unity to usthg display as the control. Rows
of softkeys near the display gave an importantilbiéity, as the buttons could be

assigned different functions.
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Figure 51 2000s softknob and touchscreen with déelicunction areas

The 2000s saw three trends (Russ, 2004):

The first trend was a return to minimalism in ordermanufacture less expensive
instruments. Second was a mixture of display-baséttteys and softknobs for mid-
range instruments, often organised into functiggraupings. And the third trend

was using touchscreen in high-end instruments; faatwrers tend to join them
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with assigned controls for specific functions. Thst colour touchscreen was used
in the 2000s and it was estimated that it would end@wn to less expensive and less
professional products, however it seems as thedeéelsas progressed to the 2010s,

this foresight has not proved to be true.

3.2.2. Control Types

Electronic keyboards have a wide range of contials different brands and models
may use different type of controls to accomplish same task. On the other hand,

they can be summarised as follows:
3.2.2.1. Keys

Basically, electronic keyboards have two types @fsk organ type and piano type.
Organ type keys are generally used in mid-rangdymts while piano type keys are

used in high-end instruments.

Organ type keyboards have light keys made of glagth a hollow inside enabling
a lighter action. This type has black keys thatsioped with a curve from the front
face to the end face. The key action is very layid fast in comparison to piano type

and, after being released, the key returns togsition with the help of a spring.

piano type keys are generally made of wood andcavered by plastic. They are

heavier, and although they do not have lever amanier mechanisms, they have
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a slower action. This mimicking of the grand piamanade possible with the help of
some weights, therefore piano type keyboards asevikras “weighted”. In addition,

they have flat top surfaces.

Figure 52 Key geometry

3.2.2.2. Knob

In very early synthesisers and electronic keybqamtary control knobs were very
commonly used for many continuous adjustments saghvolume, pitch bend,
equaliser, modulation and many morBut knobs were not very satisfactory for live

performance usqRuss, 1996, p.342) and some alternatives wezd.tr
3.2.2.2.1. Wheel

Wheels are a sub-type of rotary knobs, pushingdis& clockwise or counter-
clockwise adjusts the designated function. Theanditer can vary between 40 and
80 mm. and normally one third of the wheel sticks af the interface and is visible

generally with a small and suitable surface toduehed by finger.

a\\\ o /

Figure 53 Wheel
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3.2.2.2.2. Lever

Levers are very close to the wheels technicallgy thre likea part of wheel. Their
length is normally between 5 and 6 crithé rotational movement is normally less
than a wheel: a maximum of 90 degrees and a miniofuabout 45 degre&g¢Russ,

1996, p.343).

¥ N
l;/" O) |
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Figure 54 Lever

3.2.2.2.3. Joystick

Joysticks can move either through four directiong, (down, left, right) or 360°
continuously. They can be very efficient and sortteeo functions can be added:
They can be clicked or rotated which makes themery vmportant part of the
interface. Today many interfaces (from camerasatogystations) benefit from their

possibilities.

67



Figure 55 Joystick

3.2.2.3. Bistable Push Buttons

These buttons can be called buttons or dials, bua d-Hammond organ they are
tablets. Though their name can vary, their funci®very basic though:control
with two stable states which changes the statevatyeoperatioih (Baumann and
Thomas, 2001, p.135). The position of a button betwtwo states should be clearly

apparent to avoid failure.
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Figure 56 Buttons and tablets

3.2.2.4. Soft Keys

Soft key is an association between the soft labdllaard key, which is used with
screens and ftinction of one shot key doesn’t exist physita{aumann and

Thomas, 2001, p.145). They are software-contrdde and they are not part of the
hardware. Their function varies according to thieation and their variable function

is indicated on the screen.
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Figure 57 Soft keys

3.2.2.5. Touch Screen

The touchscreen can be summarised as a synthesanwbl and display; andit”
offers a maximum of flexibility in limited spdcgBaumann and Thomas, 2001,
p.151). However, due to being imprecise and sloanyrkeyboardists are often in
opposition to the advantage they have suppliedcih@ereens are meaningful with
the software, and the purposes of controls arehitgxible. They supply efficient

control over the instrument but generally are egarded as precise as hard keys.
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Figure 58 Touch screen

3.2.2.6. Slider

Sliders are designed for analogue (infinitely Valeq adjustment and their function
is very close to rotary knobs. They suit horizomtaklightly inclined surfaces, well,
and used mostly as equaliser continuous slidersvahgme-intensity adjustment
controls. Their direction is generally located platato the user’s line of sight,
because pushing sideways or upward is less powerful and jgecisé (Baumann

and Thomas, 2001, p.140).

Figure 59 Slider

3.2.2.7. Foot Controller

Foot controllers are generally rotary controls dspes by the player’s feet. They
can either be continuous controllers or have ontyvalues. They are used for many

purposes from volume controllers to sustain pedals.
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3.2.2.7.1. Foot switch

They can be in the form of pedals, where a levstesy is used or they can be just
push buttons. Foot switches normally have two values only, alttouhere are
some rare multi-valued variants used to controltamson piano% (Russ, 1996,

p.345).

Figure 60 Foot switch

3.2.2.7.2. Pedal

Traditionally piano, harpsichord and pipe organtuea feet-operated manuals and
pedals. For the piano it can be two or three peddixh are used for nuance
possibilities such as sustain and deepness. Orfgansre foot pedals for playing
purposes, many organs and electric organs, bass ao¢ assigned to pedalboards;

these pedalboards can be 12 to 32-note keyboards.
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Figure 61 Pedals and pedalboards

3.3.Visual Elements, Perception and Beauty

The criteria by which people judge visual qualitefsthe product are generally
unclear. However, it is obvious that our persogadifects our visual-aesthetic taste
and, therefore our purchase decisions and judgeofdmtauty. On the other hand,
judging visual and aesthetic qualities may incluatber several points when

professional products, like music instruments,camecerned.

Aesthetics and beauty of a keyboard for the musiei@ not simply defined by its
colour and finish; it is attributed historic, sdaad abstract meanings, which cannot
be achieved by design. Our visual system conveys rtteaning of product

appearance to the brain and this leads to experiand sensory perception, which
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means our personal experience and knowledge iseatt gnportance about which
appeals to our brain as of beauty. Barry states*tieception is our chief means of
knowing and understanding the world; images are itiental pictures produced

with this understandirigBarry, 1997, p.70).

3.3.1. Form, Beauty and Aesthetics

Visual elements are part of the design and theyemgeée the product’s total
appearance.They are fundamentally related to each other andno& be easily
separated during visual experierig¢vVong, 1993). These elements are lines, shapes,

form and colour.

A line represents the shortest path between twotgowhich implies motion, and
suggests direction or orientatiorilHe direction and orientation of a line can also
imply certain feelings. Horizontal lines imply tigunllity and rest, whereas vertical
lines imply power and strength. Oblique lines implgvement, action and charige
(Berdan, 2004). Shapes are the result of closex$ land space is defined by both
lines and forms. Form is three-dimensional equivalent of shape, Wwhilso can be
referred as mass(Lauer and Pentak, 2005), and the form with coland finish

details give the end product.

Beauty is believed to be a matter of aestheticsiarelveals aesthetically pleasing
feelings about anything. A common anonymous pheadiséduted to the concept of

beauty is beauty is in the eye of the beholter

Tractinsky et al. (2000) seem to underpin this jdehat is beautiful is usable
suggests that perceptions of usability influencegm@ions of beauty. Therefore, he

adds, What is beautiful is usable”According to this idea, if we find something
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usable, we might find it also beautiful. In additjdOverbeeke, et al (2002, p.11),
proposes that,deauty is sometimes a nice interaction more thaisaal aspect of a
product. They complain that, aesthetics in product desappears to be restricted
to making products beautiful in appearance, andetise of use strategies do not
appear in the process. As a result, we have preduttich look good at first sight
but then, frustrate us after we start to interath the product. Again, we think that
the emphasis should shift from a beautiful appeeseato beautiful interaction, in
which beautiful appearance is a pafOverbeeke et al, in Jordan Ed, 2002, p. 11).
On the other hand, there are some experimentaltsesuiggest that people may be
more satisfied with a beautiful product that parierless-efficiently than a more

usable but less appealing product (Zhou, Fu, 2007).

Understanding of beauty in Renaissance was not ndiftdérent from beauty in
architecture or handcraft and has always been the concern of the craftsmen who
built them, ever since the earliest phase of catiori’ (Winternitz, 1966, p.5), and
the utmost goal for instruments wts be pleasing to the eye and the ear alike
These instruments may appeal overloaded with orntami® the contemporary
observer. Likewise, instruments of 2&entury would have looked strange to the

Romantic musician.

Aesthetics is derived from the Greek word aesthesisich refers to sensory
perception. The objects that provoke aesthetic iemomight vary for each
individual. We all have a variety of responseshe same subjectAll systems of
aesthetics must be based on personal experiendeat-ig to say they must be
subjectivé (Bell, 1997). Aesthetics is variously defined (Feagin & Maynard,

1997) as beauty in appearance (Lavie & Tractingkp4), visual appeal (Lindgaard
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& Dudek, 2003), an experience (Ramachandran & Blalee 1998), an attitude
(Cupchik, 1993), a property of objects (Porteol#96), a response or a judgment

(Hassenzahl, 2004a; 2004b), and a process (Lah@@er).

Evaluating visual aspects in keyboards is differeam evaluating other design
products. Understanding of beauty in the shape colur can be dependent on
different factors. A Hammond XH-200 can be unappealor most people, but it is
a legend in digital instruments and the keyboamlisterves this instrument with his
experiences and feelings. The fact that famous ¢iaunns are using it contributes to

the instrument’s appeal.

The Hammond B3 might be seen as the most famousielkeyboard of all times,

although it is not clear what makes it that famans popular. Maybe its smooth
interaction and flexibility, or its legendary sourlped to create this fame.
However it is clear that important figures who @édythis keyboard in concert halls

and recordings are the most important sources slitcess.

3.3.2. Pleasure

Pleasure is “a feeling, satisfaction or joy; sensuas an object of life” (Oxford

Dictionary, 2001). Electric, electronic and digitelstrument manufacturers are
concerned about producing instruments that givestmae satisfaction with their
acoustic counterparts. In order to achieve thisatfithey sometimes apply physical
characteristics of acoustic instruments to eleatramstruments synthetically, such
as hammer sound in pianos: the electric piano tadmitate characteristics of the
acoustic piano such as sound of the hammer, bedhisssound of hammer gives

pleasure to the player. In acoustic pianos wherh#memer hits the string, beside the
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vibration of the string another sound is producedictv is hardly audible: the
hammer sound. Although it gives the impression thas not a deserved sound,
when the electric piano was first introduced, miasis and the audience were
willing to hear conventional characteristics of astic piano, including the sound of

the hammer.

3.4. Evolution of Interface Design in Keyboard Instrumerts

The Hammond Company has been producing electratretec organs for more
than seven decades and it proved to be successfylraducing innovative
instruments and interfaces since the early yedrstefore, tracing Hammond history
could be appropriate in order to grasp the maindsen the evolution of keyboard
interface. This section is tended to elaborate ln @volution in the Hammond

interface.
3.4.1. Hammond A

The Hammond Company was first granted a patentddonewheel organ in 1934.
This patent officially enabled Hammond to produsefirst electric organ (model A)
one year after. The organ was introduced to thdipualb the Arts Expositions in
Radio City's RCA building on April 18, 1935. From the serial number 2501
onwards, the company made some changes which vastldo B3. Those changes
were to deepen the cabinet and those instrumeftés 2501) were designated AB

model.
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The first model of the Hammond had two manuals §hell and the Great manuals)
each of which had 61 keys with a 25-note pedal &agdh There were two sets of 9-
knob harmonic drawbars for each manual. In additieto drawbars are employed
for the foot pedals to control the 8' and 16' ortgares. 18 preset keys used to enable
the player to switch instantly to the instrumenal other voice desired without
setting the harmonic drawbars. Also this instrumbatl one expression pedal
controlling the Swell, Great and Pedal keyboards] there was one adjustable
tremulant for all three. All of these were containa a console or cabinet whose
dimensions were 75 centimetres wide, 91 centiméiligis and 60 centimetres deep.
In this respect, the Hammond slogahurch organ in a packing bowas a

reasonably proper description.
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Figure 62 the Hammond A Interface

On the left hand side of each keyboard there wegsep keys in a reverse colour
system: naturals are black and sharps are whitesellpreset keys are used for
basically shaping the sound of the instrument aedeainently primitive. When a
preset key is depressed it stays down and whesettend one is depressed, the first
one pops up. Only one preset key should be deptesisene time on the same
manual. The key at the extreme left is the “canbeifton and it is used when two
preset keys are depressed at the same time mibtalBecause these mistakes
sometimes caused fails and gaps in the performahcthe musician in latter
Hammonds some precautions were taken. Before gaii@ organ one preset key

has to be depressed and the tone of the organ ehdrmam one quality to another
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when different preset keys are depressed whileimdaySome of later model

Hammond organs (Model E) used preset pistons idsitbdrawbars.

Figure 63 Harmonic Controller

The Harmonic Controller is the device that enabtee player to mix the
fundamental and any of all different harmonics amious proportions. Totally there
are nine drawbars and the third from the left isigleated the Fundamentallte
four principal families of organ tones are Fluteiapason, String and Re&(1930s

Hammond Catalogue, p. 7).

3.4.2. Hammond AB

From the serial number 2501 onwards, the Hammondpaay produced Model A

organs under the name of AB in 1935. There wetle Idifferences between those
models. The cabinet was deeper in order to allowmrdor the Chorus Generator.
“This imparts a new and extraordinary richness amguiy, instantly noticeable

even to the untrained €af1930s Hammond Catalogue, p. 9). The chorus obntr
switch is placed at the right so that the orgacést be capable of turning on or off
this switch while playing the instrument. The chogenerator made possible a wide

amount of ensemble qualities. The familiar Voix €t¢ and Unda Maris are two of
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many useful organ stops which utilize the sameggpla involved in the Hammond

organ chorus effect.
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Figure 64 the Hammond AB/BC Interface

3.4.3. Hammond BC

In December 1936 Model BC was released; it wasstme as Model AB but BC
had an extra bank of tone-wheels for the Choruse@or in addition to the regular
tone-wheels. Hitherto, it has been customary to limit such afe&fto one or two
tonalities. In the Hammond organ, the chorus efiaety be on any or all tone

gualities. When the full organ is used, an addetiness and fullness of tone will be
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instantly observed: an effect of tone emanatingmfromany sourcés(1930s

Hammond Catalogue, p. 10).

Figure 65 Ethel Smith in a TV Concert

In the first years of production, Ethel Smith wase tface of Hammond
advertisements. She played this instrument in at®icnd clubs and she made
several records. Although there are many storiegutaber first relation with this
instrument, Smith quotes that she first saw a Hanthaygan in the Hammond Store
in Los Angeles. Ifirst saw it sitting in a corner in Los Angelesidio. | had never
seen anything like it befargHammond Times, Volume 31, Number 3, 1969).
Smith, in the first years of her career, performekind of music which was deeply
influenced by Classical European Music. After slaswnvited to New York, which
resulted in a 26-week engagement to play a Hammogeah in Copacabana Club in
Rio de Janeiro, she was attracted by a more popal of music. With the
possibilities provided by the Hammond organ, shes \g&ing recitals without

accompaniment.
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Figure 66 Hammond Model BC

3.4.4. Hammond Novachord

In 1939, Hammond introduced its Novachord. It wasan organ, though it can be
considered as beingHe predecessor of all the electronic organs aredftrerunner
of today’s synthesizé(The Hammond History). Novachord was an instrument
conceived largely in Lourens Hammond’s mind as @&aw that would produce all
the sounds of orchestra from notes generated b nemtuum tubégqFifty Years of

Musical Excellence, p. 8).
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Figure 67 the Hammond Novachord Interface

The Novachord was introduced in the New York WarlBair by Collins Driggs on
the keyboard. In appearance, it seems to reserhbl@iano and the aim was to
provide what the musical world had wanted withcapability to produce music with
amazing resemblance to a dance band. Howeveristeadr of the 1940s evidently
preferred to see the “band” instead of this insentmand as a result Novachord
“never caught dn(Fifty Years of Musical Excellence, p. 8). Thissirument was the

first purely electronic organ, the first synthesizad the predecessor to all the
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Hammond and other vacuum tube and transistor sgenerating organs; however it

was discontinued at the outbreak of World War II.

Novachord came sooner than the world was readyhferkind of an instrument; it
was far ahead of its time. It employed 169 vacuubes$ and its circuitry ideas were
adapted from the first computer of the world, theI&C. Upon its introduction,
Novachord received a strong resistance from musineunities. It was neither
experimental nor traditional; that is the reasonyvithwas honoured by no one.
Production ceased in 1942, July, because in additmo lack of interest from
musicians and organists, it became very difficolgét the required materials due to

the World War II.

3.4.5. Hammond Concert Model E

“Hammond Concert Model E is the first Hammond orgath a 32 note pedal
keyboard (The Hammond History). This pedal keyboard wasaave and radiating
which allowed easier and more accurate foot actiorthe pedalboard. Also two
expression pedals, two separate tremulants for bodhuals (Swell and Great
manuals) and Preset Pistons instead of Preset Weys features of this model

Hammond organ.

3.4.6. Hammond Concert Model RT

Concert Model RT, introduced in 1949, incorporatedinique solo system in its
pedal keyboard with separated volume controhée' vibrato was available on both
home and church models from 1946 on, and in 1948, improved so that it could
be used on both manuals simultaneously or on eithenual separately(Fifty

Years of Musical Excellence, p. 10). In additiont®32-note A.G.O. pedalboard,
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Model RT owned a unique pedal solo system whicloriparated the synthesizing

system of the Solovox and Novachord.
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Figure 68 the Hammond Concert Model RT Interface

3.4.7. Hammond Spinet Organ

The Hammond Company was the first organ manufactuhnéch realized the great

opportunity of homes and amateurs as potentiakiesaat buyers. They invented and
designed the Spinet Model M in 1949; this model s@ecially designed for homes,
hence was smaller in sizdts' size -slightly smaller than the first Hammondddl

A- was perfectly dimensioned for a modern livingmoor game room. And there
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was no need for additional space for amplifying aspkaker equipmeh{Fifty

Years of Musical Excellence, p. 11).
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Figure 69 the Hammond Spinet Model M Interface

Hammond Spinet M had 44 keys on each of its two uaBnand a 12-note

pedalboard.

3.4.8. Hammond Chord Organ

The Hammond Chord organ is an important step $oclaim to design smaller and
smarter instruments. Model S was introduced in 1850as a 37-key single three-
octave keyboard. Besides, it had a panel of 96obstthat is used to produce

selected chords when a key is depressed with deid finger. Model S also had two
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pedals which are used to select the root noteeofifth note of any chord played. As
a result, Hammond Chord organ became very popualang music-loving amateurs
with its user friendly interface and easy to operfatctions. Even more, one could
learn to play this Hammond within several minutgs non-musicians in simple
fashion. ‘Playing the Hammond Chord organ became as easyeasing an
ordinary road map or, for many map-puzzled motsrisar easier (Fifty Years of

Musical Excellence, p. 12).
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Figure 70 the Hammond Chord Model S Interface

3.4.9. Hammond B3

The Hammond legend B3 was introduced in 1955. & wee same as Model B2
except for Hammond Percussion, first used in B3, B3 and M3. The Hammond
B3 still keeps its reputation as being the largetling console model organ in the
market. Within a short period Hammond percussiocabe famous, especially in
the jazz style. The emphasis of the second and third harmonics eutttrol of the

volume and decay, enabled organist —professional movice alike— to create a
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multitude of new sounti§Fifty Years of Musical Excellence, p. 13).
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Figure 71 the Hammond B3 Interface

3.4.10.Hammond A-100

A-100 was the first self-contained console organmctviivas introduced in 1959TbH
many, this was the first time that they could henast of the features of the B3
without the need for external amplifier and speakequipmerit (Fifty Years of

Musical Excellence, p. 13).

89



Speaker Start - Run Svﬂmhas
Conrtols Drawbars

ErCussion
ontrols

Presats

Hammond A100

- Input Interfaces
-'i Cutput Interfaces

Figure 72 the Hammond A100 Interface

3.4.11. Hammond X-66

X-66 was thdirst pedestal designf Hammond for many organ players. Hammond
created a radical new look in the prototype of “itew star” in 1965; but the
production would start in 1967This radical new look was an overnight sensdtion
(Fifty Years of Musical Excellence, p. 15) and yeafter designers and engineers of
X-66 would consider it as a brave and novel atter[sto the Hammond X-66 had

the first composite tone generator in the indusiith tabs and tonebars.

This model featured a new system for soundingtilized tone wheels to produce

90



bright wave voices as well as pure drawbar pitclhesddition, it had a 200 watt

tone cabinet and an elaborate vibrato system wdiias the X-66 its unique sound.

In this model some new and fresh ideas were apjftiethe first time. In terms of
design, Hammond X-66 is a distinctive organ andesoew ideas were applied first
such as colour coding. On the Hammond X-66 presiohs are placed, as usual in
most Hammonds, on the right hand side but soungirstpduttons such as orchestral
manual voice tabs and accompaniment manual volxe have colour information.
As a result, they can easily draw attention andlmperceived easily. However, it
seems that colours don’t represent an order irr tlagout. Buttons devoted to
orchestral manual voice tabs are placed on thehbeitl side and upper part of the
input keys and they can function Diapason, Violamh, Trumpet, English Post
Horn and Kinuro. Those instruments are assignedolours starting from white,
then yellow, red and green respectively; which thasimpression that there is not a

clear colour order.
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CHAPTER 4

4. Keyboard Design and Musical Identity

Through thousand years of music history the mosirldes experiments and
breakthroughs took place in the"™@entury. In composition, atonal music and
polyrhythm gathered important acclaim. Besidesinfaf sonata was distorted and
new forms were tried. In addition to this, new neasiinstruments, generally
dependent on electricity, were designed and deeelopin short, the 28 century

opened up new horizons for musical expression, I&tpwvith new mediums and
tools; and from this point it has been the mostdoiciive era of music histdry

(Mimaroglu, 1993, p.120). Similarly in the P0century the varieties in musical
identity are more explicit than any century in neukistory. This chapter tends to
understand the relationship between keyboard im&ni design and music approach

of the performer.
4.1. An Ergonomic Application: Technical Perfection andDesign

In the design research process of this thesis pleamentary part was carried out in
which concave keyboards’ ergonomics, possibiliaesl advantages-disadvantages
were investigated, resulting in an arc-shape degigposal. The primary goal was
to improve virtuosity and decrease the strain aiificalty in reach by design.
Although measuring the virtuosity sounds ambiguansthis project virtuosity is
proposed to be measured by number of keys playadimited amount of time Also

another aim for virtuosity is eliminating failures.

In the process, natural movement of hands and avers measured and in the

design process human body was given the utmostlgges All parts of the
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designed keyboard were meant to increase theyahild stability of the performer.

Each part was designed to fit the nature of hunwdyblts basic shape (concavity)
roots from the basic arc of our arms; if a keyboatdyer shakes their arms
horizontally to both sides (left and right) his leer arms tend to move in an arc

shape. This principle was used in order to incréasepeed and reach.

Basically its interface was designed under thrdegmaies: Control while playing

(left hand side) houses sound selection and ssliectson buttons. Deep control
(right hand side) houses vibrato settings, perounsssettings, speaker and
microphone settings. Instant access (front mourpeadel) was designed for
momentary access and it aims at rendering an easigssible interaction. During
the performance, player may need fast alterationghe sound. The most important
is the pitch bend; many keyboardists use it rightirdy the performance for

microtones and some sound effects. Besides, tylmokedist might need to modify

the volume and bass-treble controls. However,sh@uld be really instantly so that
the performance does not have to stop. In addiptayers generally play on a base
background which is recorded to a medium like MBC@r. Consequently, he has to
rewind or fast forward in order to select the dmgitrack. The vertical surface
between the keys and player is thought to be a asecgssible place for instant
controls, because the thumb can reach this sudaea when the performer is
playing the keyboard. Midi controls, volume andchibend-modulation buttons and
knobs were placed on this vertical surface. In tamlti two touch pads on both sides

can control the LCD screen which gives an importi@xibility to the performer.
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Figure 74 Ergonomic musical keyboard for Profesaien

According to the data acquired in this researchides being independent of height
of the person, the radius of the arms when s/heestheir arms tends to be closer to

73 cm. as a mean value. This can be seen in mta# idethe figure.

Figure 75 Radius of Arms
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Participants were selected from different gendefsysical attributes, ages and
nationalities. In 14 cases, height and shouldegtlenof the person were recorded.
Movement of the arms was captured from the toptebght positions were placed
and then these compilations were scaled in CADaso#. As a result, it became
possible to measure the length of the radius aflarthe graph, details of these 14

cases are shown.
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Figure 76 Measurement of Radius with 14 cases

As can be seen in the graph, although there iageteey to increase in the length of
the radius with respect to height, there are soweepmions that keep us from

generalisations.
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Figure 77 Slope of the Inclined Keys

In the design process 99 percentile were intendedatisfy. According to the
placement of stand (97 cm high from the floor), b@grd and a normal distance
from the instruments, 18 degree of horizontal argdeveen the sloped keys and

horizontal line seems to fit the arms and hands bf5,5-cm long performer.

4.1.1. OQutcome of the Project

As it is stated in the product image, this keybdardesigned for professionals as the
curvy form and inclined keys require a professiamaining to master. Product of
this project was tested by keyboard educator Lagddexander; he agreed with the
left-right separation and proposed to place costimthe middle so that if the player
needs to access with the other hand (than thereskigne) s/he can do without

much difficulty. Another interview was done with .O€ia Ng in Leeds University;
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he, as a musician, encouraged the form, as well.

Design process was important to understand the sneed necessities of the
performer for a smooth interaction. According te tindings of the project, left-

right separation is extremely important but hasemdaeen applied properly. It helps
the performer orientate on the interface easilyaddition, although thumb performs
a very important function on many instruments,sitapparently ignored when the

electronic keyboards are concerned.

Form and interface of the keyboard are importanthenmusic style it is used for. In
this example the name “Dynx” is coming from the @atynamics and its name
reveals the intended musical style. This instrumemlesigned for popular music in
which velocity and rhythm are thought to be mor@antant than polyphony which

requires multi manuals.
4.2. Transition from Art Performance to Designed Experience

Edgard Varése points out that music scene in tflec@tury was structured by the
musician accompanied by an electriciawHat we want is an instrument that will
give us continuous sound at any pitch. The compasdrelectrician will have to
labour together to get it... Speed and synthesis cua@acteristics of our own

epochi (Interview for the Christian Science Monitor, 192

On the contrary to the keyboardidea of former centuries, the modern keyboard
player had the advantage tadk to the audience through an instrument, which had
been designed by an engineer, starting from th®<.94n instrument, which was
used as a tool to approach the listener by the aiaunsi became a product of a

manufacturing process that includes performancermdment procedures, error
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cancellation studies and Research & Developmemttsffon ergonomics. Having
been the end product of comprehensive researchtacthe result was satisfactory
enough: an instrument as capable as an orchestraes though is not sentimental
enough. It can be argued that one of the many twgscof electric instruments was
to enable high sonority which resulted in largema@t halls and a higher number of
audience attendance. When electric instruments imetfgeir infancy, namely from
1900s to 1950s, music had already left the houSasisiocrats and started heading
for squares and concert halls excessiveBlettronic keyboard instruments were
subject to similar modifications, in some instancbeing developed into
comprehensive synthesizers in their own right,rioifea number of performance
facilities. This trend has led to a considerable blurring oé thoundary between
what would normally be considered an instrument andully equipped studio

systerfi (Manning, 1993, p. 204).

The possibilities of electronic instruments captibg have inaugurated an era in
which the identity of musician and instrument sdrto differ from that in the 19
century. For instance, electronic circuitry espigidigital technology after 1980s
enabled the performer to modify music even durimg ¢ourse of the performance
such as increasing the speed, adding differenttipag on an existing theme and
using samples. This ability of the digital keyboandde it possible to take over an
orchestra in some respects. Although it may hasaddiantages in terms of touch,
feeling and sentimentalism, a hi-end digital keydozan quite successfully imitate
an orchestra. One might argue that the keyboatcument, which was a part of the
orchestra in the past, has been evolving in a wayhich it possibly is becominfe

orchestraitself.
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Record history can be an objective indication efthange in musical identity of the
20" century. As one of the greatest record compaiidti’s first release was the
works of sopranos Adelina Patti, Nellie Melba amirga Calve and tenor Enrico
Caruso who were widely considered to have beert gnaaicians of their time. The
first great star of the recording medium, Enricoru3a (Théberge, 1993, p.255),
started his first recording session on Aprif"11902 which took two hours (EMI).
Deutsche Gramophone released 240 Caruso recordis ilifetime. In the 1930s,
radio and sound films served as an important medauoonvey these artists’ sounds
to the masses. These records brought him fame anéyrthat inspired many other

artists to take part in the record industry resglin a developing market.

EMI continued record production with many artiststhhe 1910s; the attention was
mostly on European Classical Music. Columbia, i 1920s, made recordings with
some of the top conductors of the day, includingT®iomas Beecham, Sir Henry
Wood, Bruno Walter, Igor Stravinsky and Gustav Holdile the Gramophone

Company'’s leading artist was Sir Edward Elgar. He 1930s and 40s, Classical
Music sustained its existence in the record ingussrthe most popular music style.
However, after the 1950s, one can observe an ggtitowards individualisation

among musicians with different and unusual dressind hair styles. In contrast
with the musician profile of the past, theodernmusician was different from the

otherswith their costume, attitude and preferred vocabullt can be argued that
this individualisation was even inspired and enaged by the individual nature of
the keyboard, as it can be defined as one man &aothg other instruments. There
have always been star keyboard players like Riclkéiean who are well known

with their extraordinary stage costumes. HowardkBedescribes popular musicians

and new life styles they developed which often midam quite different from
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the rest. He mentions that society regards the lpopousician as deviant, which in
turn leads the musician to establishing deepesti®wo from social norms in their

lifestyle and becomeutsiders(Becker, 1963, p.79).

Keyboard music has been exposed to technologictit sind influence since the
first appearance of electric keyboards in 1930se Bu technological, social and
spatial changes in the production and consumptibnkeyboard music, art
performance could be argued to have turned irdesigned experiendeday with
presence of complicated and smart digital syntbesiand keyboards. In the 1950s,
record companies started putting pressure on thsicmimdustry through the
promotion of blues and rock music, in addition teating new sound recording
techniques. In other words, sound engineer andugerdtogether were creating a

new understanding of sonic beauty and aesthetics.

Transition from mechanical to digital keyboardssheped the identity and structure
of music which in turn led to amndustrialisation in music. Here the word

“industrialisation” implies an increase in productiand consumption of music, and
does not mean that the musician turned to be a&gsiminal who too often buys and
sells instruments and accessories but industrimisadoes mean the musician

aligned his activity to somewhere in the centremisumerist culture.

Shift from the first electro-acoustic keyboards d¢omputer controlled digital
keyboards occurred gradually and this transitiors leen reflected on their
interfaces. In this process, dependent on the @walwf interface, performer-
instrument interaction was exposed to serious emid@s. There is an unclear

chronological order in this shift between signifidg different interaction styles; the
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shift in the interaction levels can be grouped urtkeee categories:

4.2.1. Keyboard as a conventional instrument

In the 1930s, it was the Hammond which introdudael first electric organ that
incorporates a tonewheel to produce sound frontredgeg and almost the next forty
years the Hammond organ had been a pioneer irr@lacbustic musical keyboard
industry until the late 1970s when the market sashift towards digital keyboards
and synthesisers. Hammond became extremely suakdssing the first half of the
20" century because this instrument did neither dambdts acoustic ancestors like
the church organ nor was it an engineering experinmeaurens Hammond’s idea,
which inherited a lot from electric clocks, wasuse electricity as a source to get a
signal by additive synthesis and he used the toeelvland the frequency of
electricity with a drawbar facility which works Bkstopson church organ and alters
the timbre. Part of this success was no doubt due to the faat Hammond’s
ambitions were relatively conservativThéberge, 1993, p.63). This brilliant
innovation provoked church organ producers and ethis®me problems between
them and the Hammond Company since this electrasticoinstrument was really
smart, inexpensive and capable of shifting betwdifarent tones compared to the
church organ: it was advocated that the Hammondldhwot have been introduced
as anorgan, because, it wasn't believed to be so by pipe rongaducers. This
particular example can give a clue about how tleglygeer of this instrument was

willing to resemble its acoustic rivals.

Resembling acoustic instruments like the pianoaorgnd clavichord would involve
some sound effects enabled by the means of elggtrior instance, the hammer

sound of the conventional piano can be generagadrehically: when the key on
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the acoustic piano keyboard is depressed, a hainitsethe string resulting in both
vibration on the wire and a hardly audible soundsea by the strike. The hammer
sound is imitated electronically on electronic algital pianos in order to compete
with the acoustic beauty of the piano sound. Lilsgwicharacteristic sound of the
pipe organ is imitated similarly: especially on Idsquency notes the pipe organ
generates sound with a quarter-second delay deceipe has to be filled with air

and it takes time when long and wide pipes (harbas notes) are concerned.

Although first electric instruments such as the &ywphone and the Theremin
promoted a kind of music which was regarded to dpghisticated and avant-garde
for their period, the first electric organs and pianos in the 1930s were played in
the way conventional instruments used to be playgdile a sizeable group of
avant-garde composers and performers gave thekswara highly sophisticated
field of keyboard music, many others preferred @mional tools and techniques in
composing and performance. The second group usetrielinstruments for their
colour and benefitted from their smaller size. Tdnsup includes Milt Hert, Jimmy
Smith and famous keyboardist Jon Lord. Ethel Sndtlan important figure who
played the Hammond organ as a former pianist; besghe was a celebrity and

worked for the Hammond Company to promote thisumsent.

4.2.1.1. Ethel Smith

Ethel Smith (1910-1996), a former pianist, was ghemotional artist of Hammond
organ and also in charge of introducing that bremdhe public. There are some
different narratives as to how Smith met the eleatrgan the first time but she
refers that she adapted to this instrument edstlyel Smith played the Hammond

organ in pop style. She used the Hammond interfacget sound effects she
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needed; in her music, Smith uses vibrato often. rHest famous LP is a keyboard
arrangement of popular theme, Tico Tico (LP reldarsel945, Tico-Tico no Fuba,
Brazilian chorus music, composed in 1917 by ZecmiAbreu). In this performance
Smith achieves instantaneous shifts between diffetenbres using Hammond
presets which were not available on pianos andcthargans, therefore could be
regarded as a new feature enabled by the meandgedfi@ty and offered by

Hammond interface. In the musical Bathing BeauB84#) Smith’s performance on
this new instrument was filmed and broadcasteda Alsn star in addition to being a
musician, she made an important contribution to ghemotion of the Hammond

organ in the 1950s.

4.2.2. Keyboard as a tool to widen limits of creativity

As Ferrucio Busoni predicted in the early"2entury by talking about freedom as
the destiny of music, technology has been remolimgs of instruments since the
time when electricity was first applied on musicedtruments. Acoustic instruments
have many limitations caused by the material arghrtelogy in their era: for
instance some instruments can not produce sourdl émough to be played in
concert halls. Electricity enabled the instrumesirsl to be much louder than ever
before resulting in a higher number of audience.ciMmmore development and
improvement has been tried; presumably the keyhisatee one that makes the most
of that effort, because the keyboard is at the séime an interface used in
synthesizers that combines musician and synthesisegs, therefore has an

importance as a control device with record andhmysections.
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4.2.2.1. Vangelis

Being a part of the synthesis process enabled d¢lybdard to create a new sound,
timbre and effect worlds. In order to create thesdourful worlds, Vangelis

(Evangelos Odysseas Papathanassiou, 1943 born)ausaede range of electro-

acoustic or digital keyboard instruments. A decegaghe number of instruments he
has used through his career can be understood [fientoncerts and records;
Vangelis used to own more keyboards and synthesikan he does now and this is
probably due to the enhanced efficiency and capaxdithe keyboard today. The
following table shows the instruments of Rick Walkenand Vangelis through their
career. As can be seen in the table, some mantdestinave dominated the
keyboard market through particular intervals. Farstance, the Hammond
dominance can be seen in the 1970s. Also the Mamgwidely preferred between
1972 and 1979. However, when it comes to the 18804 and 2000s, the Korg is

apparently the leader in the digital keyboard marke

Figure 78 Vangelis in his studio, 1973
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In the picture (Figure 78) from 1973 Vangelis canseen with an ARP ProSoloist,

the Hammond L100, the Hohner Clavinet and a Roatce Echo box.

ARP ProSoloist is an instrument, which haftier touchthat allows the player to
force down the note of the keyboard in order to addonance, volume and
brilliance. Also ProSoloist allows him to composedaplay very fast passages
fluently, as its key touch is very comfortable atythamic. The keyboard solo on his
piece La Fete Sauvage was played on a ProSolotttlaa instrument’s keys

provided him with a dynamic medium for that rapidios

Yamaha CS-80 is often referred to as khegy of the synthesisess it could be said
that it is Vangelis who made this instrument woildsvfamous in the late 70s. CS-
80 is a five-octave, 61-key synthesiser keyboamt thas semi-weighted keys,
similar to those of acoustic pianos which respandélocity and aftertouch. Tone
selectors are placed just in the geometric midéldhe entire instrument and at the
back it has synthesis buttons and analogue sidelbars instrument has a very
unique sound and its polyphonic aftertouch made ititstrument’s tone unique and
distinctive. However, having no patch storage fegtuvhich means that the
musician has to remember slider positions in otdaecall the same sound again,
was a problem for the performeiVhere the CS-80 really shines is in its controller

implementation. The aftertouch can control pitchhemodulation with dedicated
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rate control, VCA volume and VCF sweédBrad Coates, Sythmuseum). In that
instrument Yamaha preferred to use a pitch riblmstead of mode wheels and the
ribbon has a constantly evolving centre point; gystem uses the first touch as the
starting point for pitchbends, which allows shamg #at pitchbends according to the

direction of the slide.

In 1977 Vangelis first used the legendary Yamahe8Q$ his aloum Spiral. In this
album the main instrument was the ARP ProSoloistthen, between 1977 and
1986 Vangelis composed and recorded the body ofvbik on his Yamaha CS-80.
This keyboard’s personal timbre was important fag tdentity of Vangelis’ music.
He used the brass preset of this instrument ofiklso; he used other presets such as
Guitar 1 and Guitar 2 on L'enfant (from album Op&auvage, 1979) and the
electric piano preset on Mayflower (fromhe Friends of Mr. Cairowith Jon
Anderson, 1981). The album by Vangelis, Chariot&ioé released in 1981, is also

widely known for its natural sounds.

A very important innovation was the Pitch Ribborhiein was first developed on
Yamaha CS-50, CS-70 and then CS-8thé ribbon itself was nothing new, but the
method Yamaha employed that allowed the "zero-ptanbe wherever the ribbon
was touched initially was an instant’h{Scott Rider, Maintaining the Yamaha CS-
80). In his music, Vangelis uses an incredible amaif sound effects and always
tries different timbres. For that purpose, felt @ad pitch ribbon plays a vital role;
this tool enables him to modify this instrumentiwét great freedom and ease of use.
As can be noticed in his performanCarious Electri¢ in Short Storieqreleased in
1980) Pitch Ribbon gives flexibility and great pbdgies to the player for sound

process, synthesis and effect controls. In thenallbuiends of Mr. Cairo (1981)

108



Vangelis changed his Hammond L-100 with a B3 aredukis instrument for its
strings sound. In the 1990s his gear used to ieckamrgs more than ever before. His
work for Blade Runner (1994), Oceanic (1997), Odys§2003) and Alexander

(2004) were mainly composed and played on Korgunsénts.
4.2.2.2. Rick Wakeman

Another important figure in the history of musi@atluses the Yamaha CS-80 is Rick
Wakeman who is regarded as one of the best rodidegglists. His alboum Journey
to the Centre of the World (1974), which is basedlte novel of Jules Verne and
recorded on 18of January in 1974, comprises an important nurobepund effects
used for expressionist purposes in his music. Wakem a noted player of the
Moog and the Hammond organ and on his album “Jgutaethe Centre of the
World”, he uses the Moog as main instrument witmifreond organ; Moog enables

Wakeman to create and develop his characterigtiocdso

The Moog, by principle, is an instrument that akowery different and unique
synthesis techniques depending on the creativity iaragination of the musician.
Rick Wakeman makes the most of this instrumentélp ldevelop his trademark
sound and timbre. In the Yes album “Close to thgeEdreleased in 1972, Rick
Wakeman plays the keyboards; the first track onLfAeThe Solid Time of Change,
starts with concrete sounds recorded beforehand in nature. Following th
introduction, Wakeman'’s keyboard part is quiteuogic and worth to listen to; he
preferred a timbre which sounds like liquid pour@@vn on a surface from a height.
His performance grabs the attention due to itsmééance to liquid sound; fluid and

fluent. And, this performance is enabled by theewv@blour range of the Moog
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synthesiser.

Besides accompanying groups like Yes and Strawlik Wakeman has released
more than fifty solo albums. His first solo albufidno Vibrations” dates back to
1971. The musical life of Rick Wakeman can be asedy under three main
categories. In the first era of his musical life K&aan deals with progressive rock
style. Also this period is the era when he worksaaagoup member of rock band,
Yes. One of the most important solo records of ¢éngs The Six Wives of Henry VIII
(1973), is full of spicy sound of Moog. EspeciaityCatherine Parr, Rick Wakeman
gives important clues about his trademark sounthenrMoog synthesiser that will

be more famous in subsequent years.

On The Six Wives of Henry VINWakeman plays basically six keyboards and
synthesisers. These are the custom built HammoBdo&yan, RMI electric piano
and harpsichord, Mini Moog synthesizer, Mellotrod04D (Brass/Strings/Flutes),
Mellotron 400-D (Vocals/Sound Effects/Vibes) ané ®teinway 9’ grand piano. In
addition to these instruments, he incorporatesugaqy a counter and a custom

mixer.
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Figure 80 Rick Wakeman in Studio

1 and 3 Mini Moog Synthesizer

Moog is an indispensable keyboard instrument fekRi/akeman as he achieves his trademark sound
on that instrument. Rick Wakeman has always chaagedupdated his equipments and instruments,
but he has never abandoned the Moog.

2 and 4 Mellotron 400-D (Vocals/Sound Effects/Vipasd Mellotron 400-D (Brass/Strings/Flutes)

5 RMI electric piano and harpsichord had a veryimti$ sound in comparison to Rhodes and
Wurlitzer.

6 Hammond C-3 organ

7 Steinway 9’ grand piano

Rick Wakeman especially in his later works gavegheto acoustic instruments and
acoustic sounds. Second era of Rick Wakeman stattie 1980s and in this style he
would head for a more popular sound instead of nesgjve rock. On his album
Silent Nights(1985) he sometimes uses keyboard instrumentseirstlyle of guitar;
his keyboard sounds like an electric guitar. Theegal sound of the album is

narrower and less experimental.
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In the 1980s, a tendency towards acoustic souritidk Wakeman music is quite
apparent. Between 1983 and 1993 he released foumalin which he played only
acoustic piano and used acoustic sousisa Airs(1989), Night Airs (1990), The
Classical Connectiorf1991) andHeritage Suite(1993) are these acoustic albums.
He gives weight to musical substance and essence than virtuosity in these
albums. On The Classical Connection Rick Wakeman showselfinis be a

virtuoso of the classical piafigwWwakeman, 1991).

After the 1990s, his music includes examples frombieant music;The Seven
Wonders of the Worl@@995) can be a good example to Wakeman'’s thirdtioe
period. Rick Wakeman’s equipment in 2000s can $tedi as Roland RD700 piano,
Korg 01W ProX, Mini Moog, Gem Promega3, Korg Karmé&grg BX3 single
manual organ, Korg Prophecy, Korg Triton Pro, Korgnity Pro and Roland XV88.
When the shift in his gear from 1970s to 2000soissaered, we can estimate the

reason behind the change in his musical style.

Wakeman'’s current equipment can give an idea fisr ghift to his more synthetic
and designedmusic. His equipment after 2000s includes Korg RAAro Elite,

Roland XV88, Korg Triton Pro and Korg Karma. Thésgboards enable the player
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to accomplish great modifications on sound and cegen live.

It can be claimed that sometimes in each periot Riakeman used to make music
that does not fit his musical approach in that ipaldr time. For instancéNo
Expense Spare(993) is like a return to 1970s’ progressive rogkso Cirque

Surreal(1995) calls his earlier albuRhapsodieso the listener's mind.

4.2.3. Keyboard as an interface between music and musician

The transition from electric to digital keyboardeashmany outcomes on the
production, consumption and performance of musiacc8ssful interface and
beautifulinteraction might have effects on the evolutiommafsic. Examples starting
from the mid-1990s have shown that the keyboaeddssigned product and there is
enough evidence to advocate that music performetthese keyboards is becoming
akin to what is calledlesigned experienc®igital keyboards have the potential to
enable an independently designed user interfacéchwim turn maximizes the
capabilities of the instrument in a limited spaBrgy manufacturers in the market like
Korg and Roland have realised the importance torong musical virtuosity and

technical perfection by design.

Interaction design aims at a smooth and beautiuhrounication between the
subject and the object. When it comes to instrugjeéhits motto becomes even more
important, because playing a musical instrumentaishallenge and musical
keyboards are full of functions, which take timemaster on. The capability of this
instrument has both negative and positive aspewtsjnterface might become

complicated and difficult to use especially durthg course of the live performance.

113



4.2.3.1. Derek Sherinian

Dream Theater’s sound is thought to be quite syt many; this band’s main
target is the accomplishment of virtuosity and tecal perfection by each member
of the group. Their first alourivhen Dream and Day Uniteas released in 1989.
Starting from the first aloum the band has alwagsrbcareful on thdesignof their
music, which means they carefully select their a@ed each detail like many other
groups and musicians. Keyboard solos can be imagsti in three periods since the
group has worked with three keyboardists: chroriokity Kevin Moore, Derek
Sherinian and Jordan Rudess. These keyboardistsdiifi@rent musical approaches

and it caused a differentiation in the sound oftthrd.

Kevin Moore is well-known for his melancholy andefarred a less synthetic sound,
while Derek Sherinian shows his virtuosity on tleylkoard instrument. He tries to
make the most of the instrument; therefore he &shanl an extraordinary
interaction with the keyboard. He plays the keydaam an inclined surface in order
to make his instrument parallel to his hands fbeter and faster movement. There
is important potential for the designer: technigaffection and virtuosity could be
accomplished or supported by desigrnChange of Seasoft995) is a live album of
the band. Derek Sherinian’s improvisation eaneral for a Friendin this album

reflects his virtuosity, and in addition, soundelit was designed before.
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CHAPTER 5

5. Conclusion: Design and Representation of Music in he

Industrialised Era

Electric instruments are a departure from ninetbecgntury tradition. Because they
depend on physical discoveries of this centuryy #re often considered the most
characteristic instruments of our time.

Sachs, 1940, p.447
The primary stimulation that directed humankindtigh the development of tools,
which we call instruments today, is universal imu@tter according to Sachs (1940).
“They include motor impulses — the desire to expessstion through physical
movement, ritual functions — the desire to invesingl with symbolic meaning or
magical powers, and later melodic impulses — the ak instruments to imitate
repetitive patterns in speech and sof8ach in Théberge, 1993, p.27). Music, like
other fields of art, is a representation of thd marld and the musician is deeply
influenced by the structure of his or her era.uefice of the nature and its beauty is
often clearly apparent on romantic musician df t@ntury; likewise, modern urban
lifestyle, in other words living together with thechnology in a strong relationship
could be argued to have some strong influence dhc2dtury music. The use of

machinery in music as source of sound and inspmatvas a part of a bigger

fascination for mechanised urban life.

As a part of his era and world, the composer haaya given clues about what s/he
observes and feels. For instance, music of Vivabddnprises explicit reference to the
nature; his violin concertthe Four Seasongepicts human-environment relationship

and the way nature dictates on life of the man.id&ss his music is referred as
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impressionist and sounds very worldlyith the development of industrialisation
an increasing number of composers no longer consitlie as appropriate to obtain
their thematic inspirations from a pre-industriata@ (Braun, Ed. Braun, 2002,
p.107). The 28 century was the time of factories, machines amdrtilways and
many artists and composers were inspired by thdmes them. Composers like
George Antheil, Arthur Honegger, Edgard Varese ldadheinz Stockhausen wrote
music which has reference to machines, factoriessenand transport engines. In
notable amount of electronic music, instrumentsenesed in the way they imitate
machinery and hoots. Pierre Schaffer, know as dnthe pioneers oMusique
Concréte uses pre-recorded sounds captured at a deptitef@are des Batignolles
in Paris as body of work in his first compositiBtudes aux chemins de fdrhese
recordings included steam engines of locomotivdsstiing of trains and wagons

moving on the rails.

Reflections of technology (especially electric) omsic goes back to early 20
century whemmusicmachinesandnoise concept were new and of interest to many
people living especially in cities. It was a fewayg before Stravinsky’s polyrhythm
and atonal music of Schoenberg; composer Georgbéefntised train, car and
airplane engines as the major theme in his workes@& years, 1920s, was an era of
rival between the humankind and the nature; theeefower, speed and greatness
concepts were of great importance and interest. hMacy and technology,
spacecrafts, trains, cars and planes, in othersvmmls and objects that humankind
was not much familiar with were found astonishinghjeresting by both the
composer and the audience. Arthur Honegger foundianideas and themes in
transport vehicles and used them as source ofrat&pi to compose a less-

sophisticated type of music for the general audiefibese works, which are still
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regarded as being popular to a degree (Braun, EinB 2002), give the feeling of

energy and power to the listener since being aasmtivith the railway engines.

In early 20" century musicnoisewas raised to the state of an art (Schafer, 1977).
“Recording engineers assumed increasing importance the rise of studio
aesthetics had a significant impact on the expewtatof listeners in the concert
hall” (Braun, Ed. Braun, 2002, p.9). In the light ofalBn it would be reasonable to
claim that musical aesthetics were getting akia technology-ridden activity in the
20" century. If we consider that studio recording imtgls an important amount of
post-production, editing and mastering efforts,reéf@e albums realised in the
studio environment can not possibly be reproducdee, lwe should agree with
Theodor Adorno who argues that¢hnology has gradually penetrated to the hearth
of the work of art itself(Adorno quoted in Braun, 2002, p.9). Geoffrey Hiey (Ed.
Braun, 2002) mentions about the technological eft#ctransition from lyre to
keyboard and claims that when the mechanical kevbplaced the bardic lyre in

Western polyphonic art music, this promoted an irtgoa shift in human mentality.

Arthur Honegger composed a piece for symphonicestth in 1923 named by him
as Pacific 231. By using this particular name H@eegenders sign of his respect
and gratefulness to one of the fastest Americaonhmtives of its time. In Pacific
231 Honegger picks some ideas from transport sschnargy and dynamics and
turns them into concepts of musical language. Hgeeinsisted that it was not a
program music; instead the composer believes #atamslated his impressions into
a musical structure (Ringger, 1986). Likewise, Edgéarése used technology as an
inspirational source in his music: his notable wBdéme Electroniqueonveys the

sound of factories and machines to recording medModern man, who is targeted
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by these contemporary composers, is willing to llearsound of technology as it is
really of interest to him. In addition, music ofrtemporary composers comprises
silenceas a musical ideavhich would have been used as an utmost important
component by John Cage. His work for keyboard 4'83052) gives explicit clue
about his respect to the silence as a theme incmisid’33” the keyboard player
opens the fallboard of the keyboard and waits tar fminutes and thirty three
seconds. This can be classified as being experahantl the audience hears nothing

as music but pure silence of attendees.

Jazz and blues musicians picked themes from teopohnd transport, as well.
Duke Ellington’s Daybreak Express (1933) standa asry important piece of music
inspired by trains; in parallel to Pacific 231, ity speeds up gradually. At the end,
the train decelerates and stops with an inharmeniglieeze (Schuller, 1989). In
1977, Kraftwerk with their piece Trans Europe Exsgrereflected a similar

fascination of transport themes (Bussy, 1997).

In the second half, the curiosity of early™@entury did not lessen. Due to
improving technology and a market advocating thasamerist musical culture,
electric-electronic musical instrument design anoldpction shifted from curiosity
based engineering experiments of the first halftref century (Dynamophone,
Theremin, Ondes Martenot) to efficient and reliabtecert instruments (electric
guitar, electric piano and organwhat must truly be regarded as the most

characteristic instruments of our tith€rhéberge, 1993, p.48).

Technology inspired music of our century might belent to thetechnologic heart
of contemporary music. Helicopter String QuarteKaflheinz Stockhausen (1992)

can elaborate on this inspiration. When Stockhawsas asked to compose a
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quartet forSalzburger Festpieldirstly he didn’t accept as he considered thisnfdo
belong to 18 century music. But then he composed a string gquddr four
helicopters, four sound technicians, four columrisspeakers and some other
electronic devices. Helicopter String Quartet wasfggmed by musicians each of
whom was in different helicopters playing theirtsawhile the vehicle was moving
on the air. This performance based music gets @s/ \core element from
technology; in this example, technology should égarded as both the source of

inspiration and the means of realisation.

Keyboard and synthesiser were a part of the widkure; they were an integral part
of the liberating culture of the 60s and the e@fg. ‘The synthesiser, and the sound
it produced, was a part of the counter-culture, sirdies thing, and the psychedelic
revolutiof (Pinch & Trocco, Ed. Braun, 2002, p.78). Livinggether with
technology was relatively new especially for a migjoof people. Idea of liberation
and freedom used to be understood in connectiom \pibwer, energy and
technology. An example can be John Coltrai@ssg of the Underground Railroad
(1961); the wordundergroundin title has a double meaning of transport and an
escape from the slavery (Coltrane, 1961). 196 7nsl@stone in keyboard history, in
that year Robert Moog built his first successfustioment. In such a world he
produced that instrument and affected numerous oserp, millions of people and
he sort of changed the style and way of music beigluced in his time.The
launch of modern electronic music is generally dateom Bob Moog’s paper on
‘Voltage-controlled modules for electronic musigiyen at the Audio Engineering
Society of America in 1964 and quickly followedhly patenting of designs for a
voltage-controlled oscillator (VCO), a voltage-caoited amplifier (VCA) and a

voltage-controlled filter (VCF (Jenkins, 2007, p.49). The Moog was first used
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by radio stations as an effect instrument; musiarthn put the Moog in music world
is Wendy Carlos. Her impact was sudden: followingo&t Moog’'s speech at an
International Electronic Music Conference in Unitethtes two sample pieces were
played at the hall. Moog refers that moment asticrg@an unpredicted amazement at
attendees; he says that everybody found that nalscking because Moog had
never been used as an instrument and hearing tthedni serve as a musical
instrument was astonishing. Two pieces of Bach weaged with precision and
clear tones of the modular synthesiser which isoatnmpossible on conventional

keyboard instruments.

Those years music was regarded as a happeningy thm being mere listening, it
used to render a life; being in the concert meantigpating in music. John Cage
concerts would be good examples which were mone jilnst music, but they were
art happenings. These concerts were held in verlugixe places; no photography,
no recording and filming. Music was consumed as wge pinstance of art.
Experiencing music was a way of mind expansion smavas the use of keyboard
and synthesiser for most keyboardis®ére is no doubt that the spacy sounds that
synthesiser could produce perfectly matched pes@gploration into inner-spate
(Pinch & Trocco, Ed. Braun, 2002, p.79). Groupe Ikes and ELP picked themes
from their environmental explorations and placeehthin the body of music by the
possibilities of keyboard and synthesisers. In otherds, the keyboard enabled the
musician to explore and experience different spatdakeir music. As a keyboard
instrument, meaning of the synthesiser rooted entéthnology, and this meaning
developed in the way the instrument had been uséeé performed before and then
again this meaning altered music which is playedhenkeyboard according to the

changes in the technology. After Japanese compéikeey'amaha entered the
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market, keyboard became so popular such teakery pop star had to have a

keyboard (Pinch & Trocco, Ed. Braun, 2002, p.80).

5.1.Keyboard Music in the Digital Age

Since the first decades of 20century, keyboard instrument design and
manufacturing have witnessed radical changes armatigen shifts. In this period
evolution period of keyboard instruments occurnedhidifferent way from how it
used to happen to acoustic piano or organ priéirdbuse of electricity and voltage
control. Several major factors catalyzed those gaarone of which is the mood of
production. Conventional tendency for producing italsinstruments is subject to
changes; most of the instruments were not prodbgecraftsmen named &sthier

in the last seventy years roughly. Instrument potidn has become an issue of
design and engineering that enable an increadseiarmount of production. By the
advantages of improving technology, keyboard desayid engineering saw
technological turning points such as transitiomfrmodular analogue synthesisers
to digital; or shift fromform equals to function interfad® softkey and softknob
driven touchscreen centred interface of 2000s, hwhit turn would lead to
enhancing consumption levels and rapid obsolescaibat seems interesting and
different from other musical instruments is the wig keyboard has evolved;
electricity has been applied to many instrumenth &s guitar, drum and strings but
none of them adopted different sections like rhy#dmmd harmonic accompaniment.
It could be wise to explain this as a mimetic ppimage of the keyboard has been a
meme from the Baroque Music as in that era the wciod plays the organ and
conducts the orchestra from his instrument. Thisnmelays a role to acknowledge

the keyboard as a tool to have control over musieddition, the pipe organ used to
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have a control console which houses many buttodsarves as a control facility on
the whole instrument. These controls include sttt is used to change the
registration, in other words to alter the timbre. Jum up, the keyboard inherited a
lot from its acoustic ancestors, evolved very fastike other instruments and
became an instrument which is not only used asistnument but also as a control

device on the stage.

Enormous progress in the"™28entury meant an incredible consumption due tarap
technological obsolescence as well as designinge roapable instruments. Due to
wide production and consumptioniatiustrial instrument&nd an apparent aligning
to the technology in the attitude of the musicigaustrialisation in the production
and consumption of music became apparent afterslig6ibe light of today. Several
reasons can possibly be suggested for this tranat@n: for example electronic
instruments are basically more accessible in cosgarto acoustic instruments
concerning their prices. There are several reaiworibeir lower prices such as their
material, new possibilities of mass production éexhnological improvements. An
important factor which defines the price is modgfduction: electronic keyboards
are industrial goods produced in hundreds of thodsaon the other hand,
conventional keyboard instruments, although theydtat the centre in European
Classical music, were produced in a “made to ordeture due to the high cost of
instrument and the small size of the manufactuBsfore 1740s, an average
workshop with a craftsman and maybe his assistantkl produce no more than 17
to 19 keyboards per yearlt ‘is unlikely that, before the middle of the egghith
century, there was enough demand for harpsichomt$ @avichords in any one
German region to occupy a craftsman exclusively wie making of them. Usually

these instruments were a side line of organ buslderof cabinet makers. It was
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after 1740 that the demand grew to a point wherddimg them could become an

independent tradgLoesser, 1954, p.16).

In the 1960s, inventors and entrepreneurs (gegenadtking in collaboration with
musicians) contributed excessively to the develapnoé synthesiser and keyboard
design and technology; these inventors, like Len€aoften used to work in small
“make-shift laboratori€s(Théberge, 1993). For the Moog case, Robert Moag
firstly an inventor and entrepreneur who then bexdime president. There is enough
evidence to claim that these former entreprenetten durned into ihnovation
suppliers (Baba, 1989) working for giants in the marketr fostance the creative
team behind Sequential Circuits has been absorlyelddng and became the centre
of their US based R&D effoft§Théberge, 1993, p.95). In these decades eldctron
keyboard selling figures reached up to hundredghofisand and it started to
compete even with the piano in the non-professianarket (Majeski, 1990).
According to AMC and MIAC statistics in North Amea the number of acoustic
pianos sold started to fall after the late 1970denéit the same period there was a
growth in electronic and digital piano sales. Whes beneath the manner of the
professional musician who prefers to move towamlsthie technology and its
possibilities is not simply discounts on pricedemhnological progress made during
the 1960s; it was a move in the musician’s behavama essence towards a practice
blended with a consumer practice which turned thaegsional musician into a
consumer of the technolagihe shift in the behaviour of the musician andletion

of electronic musical keyboards were synchronousvemmnts contributed by
technological improvements, market and its promm&j@nd industrial organisation.
The term professional musicians as consumers bht#agy ‘does not simply mean

that musicians have become consumers of electmnisical instruments and
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recording devices as consumer objects; but rathleey have, in various ways,
aligned their musical practises with a kind of beloar which is akin to a type of
consumer practice- a type of practice that is adtingr different from earlier
relationships between musician and their instrureesd a means of production

(Théberge, 1993, p.9).

Technological improvements in microprocessor tetdmo in the 1970s can be
argued to be important factors that causeteahhological discontinuity(Tushman

and Anderson, 1986) in electronic keyboards. Algitomicroprocessor technology
was used in many different instruments, the mostiential outcomes of it were
realised by digital keyboard and synthesiser mantufars, which in turn enabled
serious discount on keyboard and synthesiser prides would be referred to as
democratisation of synthesiser technology Robert Moog later in 1985. In
addition, electronic instrument manufacturers weot late to consider the great
demand from amateur users. Hammond was first amaypoard instrument
producers which realized that demand. This brarsdfruments have automated
accompaniment facilities like bass sound or haremnwhich are played by the
instrument itself automatically based on the desgedskey on the keyboard. The
electronic keyboard market did not have predecesdberefore marketing was
essential. Journals and periodicals became impoitarthe 1960s and kept as

primary medium to expand that consumption culturé@ the 1990s.

One of those periodicals, Hammond Times, service@ anedia to introduce new
Hammond organ models and establish a social netiatxkeen players. In addition,
the journal had an educational mission; in eacheisxercises, some simple music

transcriptions and tips for musicians were includ@a the other hand, the most

124



important mission of Hammond Times was to promodenkhond organ to amateurs
as consumer electronicsl'fe easy-play idea became an increasingly impoant

of ad campaigns for the industry during the 1960Ehéberge, 1993, p.48). This
promotion was organised very well and proved todry influential. Interestingly it
could be argued that the same attitude, which s#ee®asy-play features as a
promotion of the keyboard, caused resistance fraocaional and professional
market. It was seen as a part of cheap populadreyleasy and practical way of

learning music which could never compete with sesiconventional music study.

Among the instruments innovated or designed dutiedirst half of the 20 century
the Hammond organ might be the most successfulremgd and important as it
grabbed important attention and acclaim when it firas introduced, and kept on
being a pioneer in electronic keyboard industryilu@a®70s with successful
innovations. One of the most important factors bethis success is that Hammond
organ was not experimental in the way this instmimesed to supply an interaction
between itself and the musician; the convention vedatively traditional unlike
other electroacoustic or electromechanical instnimef its time such as Theremin
and Dynamophone. The primary aim was to develognatrument that can be
adopted by the modern musician; inexpensive, ligimteveight and smart for basic
church use. Hammond methodically used to estabksemblance between the
piano and church organ. However, the Hammond oz never received the
respect it deserves; as an example that givesidzedf disregard can be Schrader’s
Introduction to Electro-acoustic Music (1982). Imist book he mentioned about
Laurens Hammond and his invention in only a simge-long passage; although
according to him this instrument wasrie of the most commercially successful

electro-acoustic instrumerits(Schrader, 1982, p.68). The reason for that
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disregard could be found in the very sentence wf. HAlthough it has been widely
used in popular music, the Hammond organ has b#ddsutiignored by composers

of art musi¢ (Schrader, 1982, p.68).

When it comes to the 1990s and 2000s, prices demnleaven more and many
features that only high-end keyboards had featheddre (in late 80s and early 90s)
became standard such as touch screen, softkeysddtkthobs. Touchscreen and
softknob oriented keyboards of 2000s proved to Hee rmost efficient keyboard
instruments of the history as of today. Also MIRigsencing and editing is made
possible with the help of touchscreen on the kegdbdaesides the computer

interface.

In short, from the early 2Dcentury electronic keyboard instrument has caused
strong influence on the production, performance andsumption of music. In
addition, keyboard has influenced other musicalrumsents, recording technology
and the music market, as well. This influence el elucidated under four subtitles

below.

5.1.1. Transformation of Space and Place Concepts

Spatial transformation could be argued to have lmeenrring in two ways one of

which is the ease of integration of parts in el@utr system including speakers,
power amplifiers and rhythm section: electronicli@ard could be integrated to the
whole system easily, which makes it a favouredumsent for large halls. Especially
the synthesiser could enable control over all othgiruments and the whole sound
can be modified by keyboard instrument’s interfé@ephisticated interface design

of contemporary synthesisers can supply serious eagse that in turn contributes
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to the transformation in space and place. Whatemscme most here is the second
way in which the keyboard has turned to be the rnmopbrtant instrument of home
studios after 1980s. Studios in general or homeligsuin particular, have an
importance not only as a place of performance actpe but also as a mode of
production and have served as important factors shaped especially popular

music since 1980s.

Expansion of recording industry, increase in muspgroduction and domestic music
player systems, sound amplification and powerfulcest sound systems have led to
serious reformation in space and place. Home amenent industry, including
studios, home Hi-Fi systems, record manufacturerd eetailers has helped
transform home to a place for entertainment, as ageiicroprocessor development.
MIDI with floppy disk and then mini disc and compatisc have made home an
environment of music production. Such new technielognabled the musician to
work in their home studio after the 1960s in axethenvironment. According to
Paul Théberge home studios owned by increasing aurab popular musicians
changed the sound concept; “.ithveveryone having at their disposal (for a price)
the same powerful technologies of production, theas arisen the subtle yet
persistent feeling that everyone is beginning tonsothe sanfe(Théberge, 1993,
p.8). Advantages of sound studio put it in the heatwentieth century music and
gradually since the first examples of magnetic tapssic starting in the early 90
century by Pierre Schaeffer and Edgard Varése, h&to@io concept has evolved
and expanded; when it comes to the 1960s, as witliscussed in more detail later,
works of Vangelis and alike proved home studiogdh® centre of musical language

for especially keyboardists.
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Although in 1960s, setting a proper professionatlist used to cost too much and
only star musicians, Vangelis for instance, couidrd to have one, after 1980s
home studios became affordable for many amateuicrans. Especially in 1980s,
multitrack tape recorders became inexpensive tlmrlsound recording and found
enough even by the professional musician at leastdémo recording. However,
home studios have never been regarded as place®cofd production for
commercial releases, since they generally didrnvehagh quality equipment such as
microphones, mixing console and the acoustics asroéng booth itself. Multitrack
tape recording in home studios provided the musiaigth overdubbing and channel
recording in which new channels could be added,latethese channels, assigned to
different instruments or instrument groups, could bombined or equalised

electronically, which is known asixdown session

“But the multitrack tape recorder was not simply ewndevice for recording or
layering of sound or even for the composition oitiut was part of a larger social
technology (Fredericson quoted in Théberge, 1993, p.289)undo studios,
including home and professional commercial studimg especially home studios),
as a mode of music production, turned into placdschv are influential in
internationalisation of musical styles. They playgdimportant role in restructuring
the production of popular music. According to Brimo (quoted in Théberge,
1993), musicians came to the studio with only aletke of the piece instead of
finished conception and with studio facilities theyd to add some sound and then
remove some parts. What they get by mixing this mtation was their music and
this process should be regarded as the encounsmoods since it defines the actual

structure of the piece.
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Home studio is regarded as a favoured place foianpreduction since it is private
domestic space; working in private conditions rdigss of time and money paid
hourly for the professional studio makes it dededbr the musician. For many, it is
“the ideal site of musical inspiration and stag€&héberge, 1993, p.290) instead of
professional studios or concert halls. In paraitethe expansion of home studio,
more and more musicians were willing to turn a pdrtheir homes into studios,
which in turn transformed the domestic space intwasking environment. As a
result, home as domestic and private space tumedaiplace for music production
and this mobilisation was encouraged via magazares other means of media.
When we consider that some of these musicianbéat home studios to small bands
and other musicians, one might argue that privateastic space turned into public
space in those years. Another point which shouldlaefied is that electronic and
digital keyboards have mounted outputs for headestioRlaying the keyboard with
headphones while composing or practising musiclesdhe player to perform in an
audio bubbleregardless of time and space. Especially homecstisda place in
which musician can work in an absolute privacy widadphones at any time in the
day. Electric keyboard is the first instrument whaould sound through headphones
and provided the musician with good profit such pd@ying or practising this
instrument in privacy. Also it might be helpful feducation purposes: as can be
seen in the picture below, in a class environméntents can perform without
disturbing others and might communicate with thecker through the microphones

and headphones.
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Figure 81 Hammond Brochure, 1946

Electronic and digital keyboards, besides multkraape recorders, were main
instruments of the studio until 1980s. However, MHas turned keyboard into the
main instrument; because as explained before, MdDImany, has taken over the
recording, which in turn radically decreased theschdor any kind of sound

recording device, including multitrack tape receosdeHome studios were often

owned by musicians who work for TV commercials amaheed for sound effects

and different timbres. As a result, the digital lkegrd has become indispensible for
home studios. In addition, home studios often sassdemo recording facilities and
many groups can only afford a keyboardist to ptess/ background; in other words
many groups hire a keyboardist to play all striagd rhythm instruments that helps

make the digital keyboard main instrument of thenbastudio.

First commercial recording studios, Columbia andAR@Gctor, date back to the end
of 19" century (1888 and 1901 respectively). In the fitstade of the ZDcentury

their record catalogues (cylindrical disks produwstth lateral or vertical techniques
in those years) included numerous artists and etciee and after 1930s record

industry became a large market with other labetererg in and increasing number
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of home entertainment devices. From 1960s onwarthehstudios became pretty
popular, firstly in star musicians’ homes, not oalyrecording facilities, but also as
places, which then started shaping musical lifesubsequent years, home studios
became more popular since the equipment price tetmldall due to developing
technology. Another reason, a more important osethat music production and
consumption was shifting from concert or performemased to so calleecord
basedmusic. LP and tape recordings started to be redaadethe basic means of
listening to music and definition of the musiciapshpproached to taking part in
record sessions. Vangelis established his famoQss4Gare meter Nemo studio in
London in 1974. Even though it is not a home stidahnically, Vangelis used that
studio privately, which means he didn't let it tilhe&r musicians and composed many
important works in there such as Spirals, Operav&ge; Chariots of Fire and the
Bounty which are referred to be some of the mogiortant works of him. That
studio became the place where he works, pract@@aposes, records and edits;
instead of finishing a piece on paper, he rathepst the piece by adding new

partitions and layers to previously recorded sounds

Technology opened the way for the professional omsito give concerts in large
concert halls and places such as stadiums andsgitgires. Traditionally concerts
with the audience attendance of thousands people @lavays been held since the
time of Ancient theatres through the history. Aadid Nacional in Mexico City
(1952), one of the largest concert halls, has a@meage capacity of 9.565 seats. Top
concert halls list includes Vienna Musikverein, &iss (built in 1870, number of
seats: 1.744), Boston Symphony Hall, USA (built®00, number of seats: 2.565),
Sydney Opera House, Australia (built in 1973, numbikeseats: 2.579), Wiener

Konzerthaus, Austria (built in 1913, number of sedt840), Royal Albert Hall,
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England (built in 1841, number of seats: 5.544) &@adnegie Hall, USA (built in
1891, number of seats: 2.804). These concert halle been places for concerts and
music gatherings, and in addition they have defithedway music is consumed by
the audience for centuries. However, means of retégtand electronic instruments
enabled the musician in the ®@entury to give concerts in incomparably large
spaces. For instance Heavy Metal Day at the 1983&kSival, according to the
record, attracted one of the highest number ohd#ece with estimated 375,000
people. Soon, it became a matter of monetary V@iugstrument manufacturers to
get a louder sound from the instrument, increapnegision and playability as these
enabled giving concerts in larger halls to morei@uce that makes more economic
profit, which in turn transformed the manner in @himusic is produced and

consumed into a highly profitable economic value.

In subsequent years, manufacturers also realisedintportance of horizontal

integration of synthesiser for a better communaratbetween different keyboards
and it was important for live concerts, as wellhé degree of instrument
compatibility required by the MIDI specification $acreated the basis for a
horizontal integration of the synthesiser matk€bLoy, 1985, p.20). Musical

Instrument Digital Interface was both software dratdware specification mainly
aimed at horizontal integration of commercial dibikeyboards, and proved to be

essential and important for concerts and live parémces.

5.1.2. Democratisation of the Synthesiser Technology

Robert Moog (1985) referred to the 60s and theas0s period of democratisation in
the electronic keyboard industry. Undoubtedly theee some background

underpinned by development of microprocessor teogyp extensive use of
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computer hardware and software that have led tacadled democratisation of
technology The most important thing to consider might be theroprocessor
technology as it enabled the manufacturer to buitde powerful systems at lower
costs. Also microprocessor started to be used @esof timbre and tone generator
in addition to being audio control mechanism. Stamgously in those years internal
and external memory storage hardware, such asfloligk, started to be used
expansively and in turnsynthesiser could function not only as instruméotshe
production of sounds but also for their reproduntias well (Théberge, 1993,

p.122).

Intention of the keyboard manufacturers to lowee ftbrices is basically was
dependent on some interrelated trends. Firstly,ifathe price of microprocessor
technology enabled the manufacturers to produce mpowerful and faster keyboard
instruments at lower costs. Secondly, MIDI techgglosupplied the amateur
musician with great tools and capabilities, whiohtiirn grabbed the attention of
numerous musicians. These trends broadened theetmairlelectronic and digital

keyboard by more and more amateur and professionalcians using keyboards.
Digital keyboard can be advocated to have readisgoeak in this period; they were
those years when the Yamaha DX7 was hit among mansicThis keyboard became
popular with many amateur keyboardists becauseag iwexpensive and easy to
program. In addition, it used to have well prepamefault factory sounds.

Introduction of MIDI technology was a large stepotigh broadening of keyboard
instrument because it introduced many helpful festufirstly it enabled music

exchange easily by cartridge or floppy diskettescilsince it was digital record of

scores rather than sound recording, MIDI enabledatmateur musician to use pre
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recorded music and to add something on it.

5.1.3. Rationalisation of Mode of Production

The phrasemode of productiormay imply stages of composing, performance,
recording and mechanical reproduction of copiethefcompilation. However here
in this section it is intended to elucidate on texelopment of a proper notation
system, alternatives to it by means of digital laayol technology and outcomes
with reference to Weber and rationalism. It shoblel clear that touchscreen,
softknob and softkey features in the keyboard fater are quite serious attempts
towards an accomplishment of rationalisation indaard music. It is wise to argue
that MIDI technology has found its most productieevironment by the use of

touchscreen and softkey coordination.

As mentioned in Chapter 2, the first use of notatio record today’s twelve-tone
chromatic system on staff dates back to Guido Dzace (991-1033). Before
D’Arezzo, who was a monk of the Benediction ordsmme other quite primitive
conventions had been used in order to write musicpaper such as Neumatic
Notation and Tablatures. Although they were privaitin practice and quite far
away from the ability to represent many musicabglsuch as dynamics, sense or
some ornamentation, today we know hymns and cémwis Medieval Era via these
notation techniques; and Tablatures are still i by especially popular music

performers.

In especially Barogue Music, ornamentation was ofay importance and by
tradition it was improvised by the performer inste# having been written by the

composer which gives a great flexibility and freedto the performer. It was not
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until the 17" century when a proper notation system, which iagis every detail
such as nuances and even flat/sharps, was usefirSitomposer who marked flats
and sharps was Johann Sebastian Bach. Before ¢tonessused to convey data only
about rhythm, melody and harmony. Famous keyboamiposers of Baroque
Music; Rameau and Couperin in France, Scarlattlitafy, Handel in Germany
composed music without giving every detail and @naging the performer through

improvisation

After the 17" century notational writing as a way of musical anigation gained

enhanced importance which in turn caused oppositmn the Romantic musician
since musical organisation meant a dictation ferRomantic virtuoso whose motto
could be summarised well by Jan Jacques Roussemu hot made like any one |
have been acquainted with, perhaps like no on«istence; if not better, | at least

claim originality’ (1861, p.5).

Notation system, both staff notation and primitsastems such as tablatures, are
thought to be abstract means of musical organisaeores serves as a piece of
paper on which musical idea is recorded; and thsicran interprets this skeleton
with their skills and sense of beauty. In conterapprdigital keyboards, notation
system by default seems to have been changed lBxtaesive use of MIDI, which
unlike conventional notation on paper, could beauadgto be a concrete and rational
way of recording a piece of music on a chip-likedimen. Keyboardist sequences in
an environment (this environment does not haveedhe studio), later s/he can
manipulate rhythm and melody, add effects and haymohe data can be copied to
other keyboards, which can be argued to be akihabof player piano rolls. Both

rolls and MIDI files are objective means of dateareing since the musician doesn’t
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have opportunity for interpretation: s/he becomemenne who plays whatas

predetermined before for him or her.

Max Weber argues that in keyboard instrument desagonal approach became an
experimental method especially from the™16entury onward (Weber, 1958).
Therefore, according to Weber instrument desigthenWest have had a tendency
towards rationalisation after Renaissance. In rane might argue that MIDI and
breakdown of staff notation can be observed aspanoach through rationalisation.
This similarity between notation and MIDI, digiteéyboard and orchestra might be
widened through similarities between them. Scoresloeet music is an abstract
record of music that is played by an orchestra (whicla igroup of highly trained
musicians managed by a conductor, therefore ungmregision of him or her) or an
individual performer. MIDI file, as discussed befprconveys data of melody,
rhythm, harmony, dynamics and can imitate an otcaet this context, keyboard
player becomes the conductor, keyboard takes #epif the orchestra and scores
is displaced by MIDI. While the sheet music is &t and open to interpretation,
MIDI is numeric, therefore concrete and rationahdAin order to imitate the
orchestra, MIDI files can be modified slightly: fexample timing of a note can be
altered by a few microseconds or some pitches eaimdreased or decreased by
microtones, generally not more than™/This process is called &simanising the
dataand Art Neville argues that after thigentional damagé becomes impossible
to determine if it is live recording or not (quotad Théberge, 1993). It should be
noted that, here human is referred as being imggeamnd random, in contrast with
rational digital keyboard. What concerns me most hereasfdlot that use of MIDI
technology in keyboards greatly accelerated afbechiscreen based interface of

keyboards marketed after 1990s. Although formetrumsents allowed MIDI
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use, contemporary digital keyboards have incomparativantage over electronic

keyboards.

5.1.4. Sound as Commodity

When | buy a sampler, I think in terms of librariesther than capabilities

Michael Josephs, (Keyboard Magazine, 1989)

For acoustic instruments, sound quality is the stmmportant characteristic of a
particular instrument for which performer often raaleither the decision to buy the
instrument or the selection, out of several insenta generally, as to which style or
era of music s/he thinks that instrument is sugdbt. Recording and its mechanical
reproduction in 20 century has proven that star musicians have tfiracteristic
sounds determined by their sense of aestheticshtand sensibility, and eventually
timbre and sound quality of their instruments. Hegre one may argue that the most
important factor amongst is the musician itselfgdod example can be Agustin
Maruri’'s The Andrés Segovia album (2007): in thiisuan Maruri plays on one of
the famous guitars Segovia played for years: 19@2mdn Hauser Il. Although
Maruri performs Segovia compositions on Segoviasinfamous guitar, the end
result, timbre or sound, is quite different fromg8ea sound and feel. This
particular example can elucidate on what tone amibre mean for an acoustic

instrument and its performer.

Professional musician, especially if their instrunes comparably affordable like
guitar, tends to play music of different eras offedent instruments. For instance
Andrés Segovia used different guitars for differesttording sessions; he generally

used to record Spanish composers such as Enricarea@rs and Isaac Albéniz with
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his Manuel Ramirez guitar made of cedar (top) waernee recorded much of his

Baroque works on Herman Hauser (1937) guitar madprace (top).

However, sound quality, touch and timbre relatiams pretty different and have
been increasingly associated with the digital tedbgy, MIDI and computer aid for
electronic and especially digital keyboards. Smanterface and successful
interaction enabled even an amateur to deal witinégatself that includes exchange
of files on a medium and ease of use of the intetfnlike acoustic instrument
performer who can rarely afford more than threetrimsents if s/he is not a
professional, digital keyboard performer has anoojpmity to select from a great
amount of alternatives beside manipulating andngpttiem, recalling later and the
ability to share these customised sounds with o#teboard instruments and
musicians, and this is made possible by keyboaterfate. Having almost no
limitation for endless different timbre alternatvalso brought the consumerist
attitude to musical works after especially 19808. this sound consumerist
environment, timbre obsolescence became sometlangfiequent, often no more
than several product cycles, while in the past yb&ard instrument, let's say the
piano, used to last for centuries at timeMluSicians have not simply become
consumers of new technologies but their entire aagin to music-making has been
transformed into one where consumption — the eserof taste and choice — has
become implicated in their practices in the mostdamental levél (Théberge,
1993, p.267). As a result, instrument manufactwoéware suppliers and technology
have become more and more influential on music ymton; sound libraries and
media that underpinned the exchange among keylstslere two of many exterior
factors by which music practice was deeply inteecenBuying and selling these

sound samples and MIDI files generated a sub-médm®ide instrument market
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which can be named as musical materialisation Characteristic pattern of
materialisation in digital keyboard market can bemmarised within three
dimensions: increased diversity of products, freqyeof purchase and increasing

depth of commaodity relations (Théberge, 1993, p.326

By exterior interventions, purposefully supportedthe consumerist industry with

its own medium, so called trademark sound has becsamething that can be
copied and shared, which means in other words,nbecgomewhat belonging or
commodity. Today, it is possible for a musiciarhtove a very similar musical tone
to that of Wakeman via what's callesgquencingvhich is a process very close to
recording (it will be argued later if it is recondj or not) on some medium.
Sequencing, as mentioned before, is a type of ina&dtwriting that is realised with

performance gestures which takes place betweemaabstaff notation and exact
audio recording and has many common points wittptager piano rolls. According

to Oswald (1986), the difference between recordomjs and keyboard instrument
has lessened, as almost all keyboards and syrgh&ediscame tools that can turn

performance into a kind of digital audio informatio

In order to sequence, musician plays their instntna@d his or her keystrokes are
recorded digitally, and this digital data can bedified later. Also rhythm or other
partitions can be added later, as well. MIDI seguem virtually returns theaura
(Benjamin, 1969) of musical performance into anotlealm, the digits and their
different combinations. The end result turns to deproduct which is both
reproducible and exchangeable. In addition, unichugracteristics of touch can be
conveyed through sequencing and MIDI technologyictvimeans in other words, a

musician can sound similar to their favourite dtayboardist. This brings about
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important questions on technology and music interfaecause sequencing can be
classified as neither recording nor notation andives rise to accept sound as a
commoditywhich can be shared and belongs to any keyboamigte how unique it
was in the past. In addition, this commodity, nam#ie sound, is sold and
purchased or shared like a product in increasimgi;nmercialised marked. This
should not be understood as merely buying andngethore and more keyboards;
general pattern of music has become aligned tanauroerist style after the 1980s.
Besides, a technology driven or centred style ofinal attitude benefited from

production, distribution and consumption levelsnusic.

Music production after the 1980s became a procegshnmelated to not only

selecting a sound from a wide range of prefabrecabaterial according to desired
context but also giving order and adding harmoract by using existing data.
According to that consumerist culturentre is always better and musicians’
magazines in the 80s were filled with the desaimi of recording sessiohs

(Théberge, 1993, p.267). In such a market, timbresaund extracted from the
instrument and became an independent object, wtachbe calculated rationally.

And keyboard interface could be argued to enalitetite greatest degree today.

5.2.Summary

In the late 19 century, the invention of the first tool that imporates means of
electricity, such as voltage and frequency, browidut interest and acclaim from
the public. In subsequent years, engineers explweadpossibilities and areas of use
that they had not imagined before, which causea @vere enthusiasm. Electricity
and possibilities it renders would start to be uded many necessities from

transportation to telecommunication, and take naispensible place in future
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prophecy. In such a world, Dynamophone was pateatedhe first electronic
keyboard instrument of history, and then whetheirtlooks are similar or not, many
electronic instruments have been manufactured whesend production or
modification principles are dependent on frequeag voltage control. Almost all
of these electronic instruments designed in the fialf of the 28 century couldn’t

survive after the 1950s. However, in the way thgyered other keyboard
instruments evolved; which resemble conventionabuatic instruments, and
therefore regarded as being much conservative mpeadson. One of the most
important of them is Hammond organ, which was de=iigas a rival to church organ
and works with electromechanical principles. Thesstruments have gained
enormous importance after 1960s due to improviggrtelogy, and second half of
this century witnessed important shifts in the tetbgy, which in turn altered their

working principles.

1. Besides new musical possibilities and timbreralitives supplied by electronic
keyboards, they could be argued to have brougherdrgtion to music, especially
when they are used for mimicking conventional imstents like violin or guitar.

After the 1960s, mimicking possibilities were galnienportance and it has been
highlighted in their interface with numerous buomach assigned for a different

instrument.

2. Studio in general and home studio in partichks turned into an important place
of both production and consumption of music sin@80k. Keyboard as the main
instrument of the studio, due to its control oveursd and timbre, serves as an
important role for the musician. In addition, kegbw interface is indispensible for

integration among other instruments in large canlcalls. In short, keyboard could
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be argued to have transformed space concept froiredohalls to either large open

spaces or home studios.

3. Due to increasing capability of the keyboareiface, especially after the 1970s

digital keyboards could be regarded as one mansbhand

4. Musical style and the design of the instruméesign of the interface and form of
the keyboard) are greatly dependent. In many waysnatrument dictates the

performer on the music style s/he plays.

5. Touchscreen centred interface after second oflthe 1990s have gained
importance. Besides disadvantages such as beingee¢mp and slow, touchscreen
supplies the performer with efficient control ovédre instrument even at live

performance.

6. Softkey and softknob driven, touchscreen centrgtface would be an efficient
working environment for MIDI which is thought to @ important step towards

rationalisation in music.

7. Sophisticated interface design has enabled #neenaive performer to share files,
recall and modify them without much difficulty wkhicturned the so-called

trademark sound into something that can be exclabliigea commodity.

5.3. Suggestions for Further Study

This research tries to elucidate on the evolutidnkeyboard instrument from
mechano-acoustic instruments through electric, teleic and digital musical
keyboards in terms of structure and sounding guiesiin general, and interaction

and interface design in particular. Therefore,itherface between the performer
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and the instrument is of great importance and shissconstructed on technological
improvements, such as MIDI, touchscreens, softkmmlgstheir consequences on the
evolution of music and changing identity of the i@, performance and

interpretation.

In Turkish music, especially in popular music, #@lecic keyboard attracted great
attention in 1980s and soon became very populdr patticularly amateur popular
musicians as usual in many parts of the world. H@wedifferent from many
cultures Turkish wedding ceremony has adoptede“man bandsfounded by a
keyboardist as the main player and includes hisstasés. These small bands,
generally set up by not more than three staff mesb®ve become very popular
within several years and still are in demand byaaiggers. In wedding ceremonies
theseone man orchestragse digital keyboards and use related accessatieh, as
mixers, and take advantage of technology extensivighey often use MIDI and
sequencing techniques, add new sounds and rhytmmexigting audio records.
These bands, which seem to be setup in contrastwatding ceremony orchestras
of pre-70s that used to include several instrumékés electric guitar, drum and
wind instruments, generally play a wide varietyrofisic from popular songs to
traditional and folkloric melodies. In addition, ee digital keyboard centred
ceremony orchestras were very individual in semskagpproach; they don’t seem to
have been appreciated “music as a group” and tdegerform music in a more

individual approach.

In Turkish music scene, some popular musiciankaosvn as the ones who made
one man orchestras root in 1980s; Umit Besen caml@xample to those musicians.

He has a great influence on Turkish wedding cergneoitture and was followed by
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many; his pieces were imitated or directly played weddings. Also Cengiz
Kurtoglu, Arif Susam and Nejat Alp can be mentioned unithés list. This thesis
does not aim to carry on a detailed research okiSlurreflections of the digital
keyboard; and this point can be a potential stgrpoint for researchers who are

willing to make a research on cultural approacbabé¢ keyboard.

Although a new keyboard design is proposed as tagiahe research, this thesis
does not concentrate on design solutions to imprestenical virtuosity. Also in this
thesis the keyboard instruments that are used dotr@ purposes in a set up is
excluded. For instance, the keyboard can be usetdar to control sound effects in
cinema, or in some live electronic music perfornreanB®Js use the keyboard as a

control device. These can also be subjects fohéurstudy.

This study is tended to elaborate on the keyboadidmausic without concentration
on a musical style, although at some point speeXemples and explanations can be
found regarding classical music, rock and pop. H@aweit might be an option to
elucidate on the evolution of the keyboard integfagthin a distinct musical style.
For instance, the requirements of a jazz perforsheuld be different from a pop
keyboardist due to their needs for accompanimdmngthm and timbre. In my
opinion, approaching the electronic keyboard frén@ perspective of a music style

could be another research project.
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